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S.Banumathi, 

A.S.F.Subhamathi, 

Indragandhi.V

EEE

International Journal of 

Innovative Technology and 

Exploring Engineering 

(IJITEE)

2278-3075

Scopus,

https://www.scopus.com/inward/record.

uri?eid=2-s2.0-
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Enhancement of Power Quality in Power Grid 

System using Dual Voltage Source Inverter

A.S.F.Subhamathi, G.Sakthi 
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EEE

International Journal of 

Recent Technology and 

Engineering (IJRTE)

2277-3878

Scopus,
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A Generalized Framework for a Cost Optimization 

Scheme in a MicroGrid
G.S.Gayathri,V.Annapeachi EEE

Indian Journal of Science 

and Technology
0974-6846

Web of Science   

https://indjst.org/articles/a-generalized-

framework-for-a-cost-optimization-

scheme-in-a-microgrid
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Smart Diagnosis of Injection Moulding Machine 

Using Ultrasonic Sensor and Monitoring Using 

GSM

D.C.Kumaresan, V.Jayakumar, 

G.N.Sachin Amreiss
EEE

International Journal of 

Innovative Technology and 

Exploring Engineering 

(IJITEE)

2278-3075

Scopus,

https://www.scopus.com/inward/record.
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63-65
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Implementation of PV Based Multiplier Boost 
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V.Jayakumar, G.N.Sachin 

Amreiss, R.Karthikeyan
EEE

International Journal of 

Engineering and Advanced 

Technology (IJEAT)

2249-8958

Scopus,

https://www.scopus.com/inward/record.
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4a753a4cbe1aaba2bd75d8dc4e0a0
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A Cross Layer Trust Evaluation protocol for 

secured routing in communication Network of 

Smart Grid

Durga Devi.V,Ganesh 

Kumar.P, Karthikeyan.R
EEE

IEEE Journal of Selected 

Area in Communications
0733-8716

Scopus, Web of Science  

https://ieeexplore.ieee.org/document/889
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69-80

344 Speech Synthesis System using LabVIEW
Uma.J, Vanitha.P, Renuka.R, 

Swetha.J
EEE

International Journal of 

Engineering and Advanced 

Technology (IJEAT)

2249-8958

Scopus  https://www.ijeat.org/wp-

content/uploads/papers/v8i5/D65050484

19.pdf
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M.Suresh, P.Maniraj, 

S.Sundar, T.Logeswaran, 

P.Tamilarasu

EEE

International Journal of 

Innovative Technology and 

Exploring Engineering 

(IJITEE)

2278-3075

Scopus    https://www.ijitee.org/wp-

content/uploads/papers/v9i1/A52211191

19.pdf

86-88

346

Cascade Fuzzy Controller based vibration 

reduction in Switched Reluctance Motor Drive in 

Electric Screw Press Machine

Uma J, Sathya Prishma J EEE

International Journal of 

Advanced Science and 

Technology

2005 - 4238

Scopus,

https://www.scopus.com/inward/record.

uri?eid=2-s2.0-

85082019031&partnerID=40&md5=53a

818de8365fc8129b9034771bfa6a6

89-100

347
Development of Intelligent AVR for Synchronous 

Generator
Udhayakumar.A, Saravanan.G EEE

International Journal of 

Recent Technology and 

Engineering (IJRTE)

2277-3878

Scopus       https://www.ijrte.org/wp-

content/uploads/papers/v8i4/D76951184

19.pdf

101-105

348
Grid Management and House Load Operation in 

Thermal Power Station

M.Hariprabhu, 

Dr.K.Sundararaju
EEE

Journal of Adv Research in 

Dynamical and Control 

Systems

1943-023X

Scopus,

https://www.scopus.com/inward/record.

uri?eid=2-s2.0-

85077992836&doi=10.5373%2fJARDC

S%2fV11SP10%2f20192985&partnerID

=40&md5=9329c64f1cbf61854588677c

a9a3fc61

106-111

349
IoT based Fault detection in Solar Panel using 

Arduino UNO wirth Wi-Fi Module ESP 8266
M.Hariprabhu, K.Sundararaju EEE

International Journal of 

Recent Technology and 

Engineering (IJRTE)

2277-3878

Scopus       

https://www.ijrte.org/wp-

content/uploads/papers/v8i4/D72591184

19.pdf

112-115

350
Modifying Relay Logic of az11 Machine 

Horizontal Milling Machine to PLC Logic

M.Divya, S.Dharani, 

S.Banumathi
EEE

International Journal Of 

Advance Research And 

Innovative Ideas In 

Education

2395-4396

Google scholar

http://ijariie.com/AdminUploadPdf/MO

DIFYING_RELAY_LOGIC_OF_az11_

MACHINE_HORIZONTAL_MILLING

_MACHINE_TO_PLC_LOGIC_ijariie1

0952.pdf

116-122

351

Approximation of Empirical and ANN Based Solar 

Radiatio Models for Four Smart Cities in Tamil 

Nadu with Most Prompting Input Parameters

V.Annapeachi, G.S.Gayathri, 

P.S.Manoharan
EEE

International Journal of 

Recent Technology and 

Engineering (IJRTE)

2277-3878

Scopus       

https://www.ijrte.org/wp-

content/uploads/papers/v8i4/D87701184

19.pdf

123-133

352

Gradient Ascent Optimization for Fault Detection 

in Electrical Power Systems based on Wavelet 

Transformation

Iyappan Murugesan, 

Karpagam Sathish
EEE

Current Signal Transduction 

Therapy
1574-3624

Scopus, Web of Science          

https://www.eurekaselect.com/node/172

774/article/gradient-ascent-optimization-

for-fault-detection-in-electrical-power-

systems-based-on-wavelet-

transformation

134-142

353
Emergency Rescue System for Accidents by 

Traffic-Light Control
C. Rubini, C.Gayathri EEE

International Journal of 

Engineering Research & 

Technology

2278-0181

Google scholar    

https://www.ijert.org/emergency-rescue-

system-for-accidents-by-traffic-light-

control

143-145

354
Design of Sepic Converter controlled BLDC Motor 

for Electric Vehicle

S.Dinesh Kumar, 

AL.Chockalingam
EEE

International Journal of 

Recent Technology and 

Engineering (IJRTE)

2277-3878

Scopus       

https://www.ijrte.org/wp-

content/uploads/papers/v8i4/D99821184

19.pdf

146-149
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355

EPAW: Efficient Privacy Preserving Anonymous

  Mutual Authentication Scheme for Wireless

  Body Area Networks (WBANs)

Subramani Jegadeesan, Maria 

Azees, N.Ramesh Babu,

 Umashankar Subramaniam, 

J.Dhafer Almakhles
EEE IEEE Access 2169-3536

Scopus,  Web of Science      

https://www.scopus.com/inward/record.

uri?eid=2-s2.0-

85082398685&doi=10.1109%2fACCES

S.2020.2977968&partnerID=40&md5=9

dae9bfe5bea194817d39bdb3d06db4d

150-160

356
Efficient Power System For Grid Tied Photo 

Voltaic System

Mr.M.Hariprabhu , 

Dr.K.Sundararaju
EEE Journal of Critical Reviews 2394-5125

Scopus

http://www.jcreview.com/fulltext/197-

1578467184.pdf

161-166

357
Cost Minimization scheme in Micro grid using 

Firefly algorithm
Gayathri G.S, Annapeachi.V EEE

International Journal of 

Advanced science and 

Technology

2005-4238

Scopus   

http://sersc.org/journals/index.php/IJAS

T/article/view/8225

167-178
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Fault Analysis of three phase using Auto reset for 

Temporary fault and trip for permanent fault

V.Jayakumar, G.Kiran,  

M.Thangamurugan,

P.Manikandan
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International Journal of 

Scientific & Technology 

Research

2277-8616

Scopus,
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Asymmetric cascaded Multi-level Inverter using 

Two unequal DC Sources by Fuzzy Controller
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M.Sivaramakrishnan
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International Journal of 

Advanced science and 

Technology

2005-4238

Scopus,

https://www.scopus.com/inward/record.

uri?eid=2-s2.0-

85083721307&partnerID=40&md5=198

337f84a15e482f6663a1a0e6f4ce6

183-192

360

Implementation of 16 bit ALU with three different 

multiplier algorithms and power optimization 

technique using xilinx power estimator

Nalini.D, Pradeep Kumar.P,

 M.Ramesh,  Sundar Ganesh 

C.S

EEE

International Journal of 

Advanced science and 

Technology

2005-4238

Scopus,
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New Methodology of Tariff Calculation for 

Domestic Consumers

PL.Somasundaram, 

M.Devanandhini,

 G.Elamathi,

 D.Sadhura
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International Journal of 

Advanced science and 

Technology

2005-4238

Scopus,
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Abstract: Power system stability mainly involves the inputs from 

renewable energy sources and stand alone systems are playing 

major role in supplying electricity to remote areas. This paper 

displayed an altered full scaffold Triple port converter innovation 

to deal with the power stream between the sources and burden. 

Here the sun oriented PV board goes about as a principle source 

and it is upheld by a vitality stockpiling gadget battery providing 

capacity to the DC load. The proposed full scaffold Triple-port 

converter (FB-TPC) joins two converters (Buck-Boost) on the 

essential side of the transformer. The transformer inductors act 

as a filters and the power conversion and transformation 

operation involves only one step. This reduces the losses and 

increases the efficiency of the system. The zero voltage switching 

is involved in operating the switches. The principle of operation of 

the studied converter is analyzed thoroughly and the simulation 

output waveforms are compared between proposed FB-TPC and 

Modified FB-TPC. 

 
Index Terms: Buck-Boost Converter, Full Bridge Triple-Port 

Converter, Modified Full Bridge Triple-Port Converter. 

I. INTRODUCTION 

  In supplying electricity to rural areas Stand Alone Photo 

Voltaic system places a vital role [1] – [3]. The full bridge 

Triple port technology has been proposed in for this system in 

many articles [4].  A group of multiple port two directional 

DC  to  DC converters got a general topology is exhibited. 

Topology demonstrates coupling DC-link and magnetic 

coupling[5]. A work that manages structuring and measuring 

of a multiple-input power electronic converter which is 

suitable for an electrical vehicle drive circuit that 

incorporates a fuel cell (generator) & joined storage part. A 

storage unit is designed with a battery and an ultra capacitor 

tank, an ultra capacitors tank (UC) & battery unit used for 

design storage unit. MIPEC is taking care of power flow 

between the storage unit and vehicle. [6]. General topology 

and basic cells demonstrate a few potential outcomes to build 

a multiport converter for specific applications and 

furthermore, to offer a solution to constitute distinct sources 

inferable from their flexibility in structure is discussed[7].  

W. Jiang and B. Fahimi proposed circuit coordinates 

distinctive sustainable power sources just as for storing 

energy. By incorporating sustainable power sources with 

factual expectancy to satisfy one another, the impact of the 
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. 

inconsistent nature can be significantly decreased. This 

incorporation will expand the unwavering quality and usage 

of  entire system [8].  In triple port technology [9, 10], one 

input port is connected with the solar PV panel and the other 

input port is interfaced with battery. Output port and it is 

connected with the load. The expression of non isolated 

Triple-port DC to DC converters confirms the high efficiency 

because of single stage power transfer between solar PV, 

Battery and Load [11,12]. The Buck boost converter plays an 

important role that is it makes power flow between the ports 

depending upon the condition. The input supply voltage is 

available in a wide range and the converter has the control 

and makes the power balance in the circuit [13, 14].  A 

decoupled voltage regulation obtained by controlling, 

triggering order and triggering point on the interleaved 

converters [15]. By considering the above reviews and results 

a modified full bridge converter with Triple ports are 

proposed in this work and the simulation results have been 

discussed. 

II. FULL BRIDGE TRIPLE-PORT CONVERTER 

The proposed Full scaffold Triple-port converter is 

associated with PV source, Battery (input ports) and burden 

(yield port). The general square graph of proposed converter 

is given in Fig. 1. The circuit model of the converter 

exclusively with each info port is appeared in Fig. 2. The 

circuit comprises of four switches S1,S2, S3 and S4 and is 

playing out the task of two Buck Boost converter. Among 

these converters one Buck Boost converter involves the 

switch S1, S2 and inductance of T1and Lm1. The other 

circuit includes S3, S4, T2 and Lm2.  The main difference 

between conventional full-bridge converter and the proposed 

converter is transformer is made into two transformers with 

magnetizing inductance. The inductance will act as a filter.  

In the proposed circuit power transformation between any 

two ports is shown in Fig. 2 separately. Fig. 2 (a) shows the 

flow of power from solar photovoltaic to DC load; this has 

been done through a diode full bridge converter.  Fig. 2 (b) 

shows the power flow from solar PV panel to storage device, 

which involves Buck-Boost converter operation with 

inductance on two transformers. The third  
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Figure 1 Block diagram of proposed converter 

 

type power flow shown in Fig. 2(C) is between battery and 

load which takes place in the absence of PV source. 

 Considering the above power flows between PV source, 

Battery and load, indicate the PV source power as Pin, 

Battery power as Pb  and power delivered to load as Po. The 

power equation involving these Triple can be written as 

 

PoPinPin   (1) 

(c) Storage cell to load 

 

Fig.2 Equivalent Circuit Diagram of the 

Converter with any two ports 

and the circuit can operate in Triple modes:  

Mode 1: When Pin> Po, the excess power can be utilized to 

charge the battery and thus both load and battery obtain the 

power from solar panel.  Since the battery is getting charged 

from solar PV supply the average value of input power is 

positive. 

Mode  2: When Pin< Po and Pin>0, the additional power 

required by the load can be supplied with the help of battery.  

Mode 3: When Pin = 0, the load receives supply from 

battery. In mode 2 and mode 3 the storage cell discharges its 

supply to the load, it gives the negative average input power. 

In mode 1 and mode 2 all the Triple ports are involved so 

proper controlling of switches is necessary.  

Each switching sequence is consisting of four states and the 

waveform of this sequence is give in Fig.3. Each state can be 

described as follows State t0 : Switch S1 is triggered to on 

state, S2 is turned off on and switch S4 is already in 

conducting mode. Through this S1 and S4  primary winding 

of transformer T1 gets positive supply and primary winding 

of T2 receives negative voltage.  

 

 
Fig.3  Key waveforms of Full Bridge –Triple Port 

Converter 

 

 

Lo

VonVin

dt

diLo )( 
               (2) 

State t1 : Switch S3 is triggered to conducting state, S4 is 

commutated and switch S1 is already in conducting mode. 

Conduction takes place through S1 and S3 and both 

transformers receives positive supply.  iLm1, iLm2 and iLo 

freewheel through S1 and S3. 
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Lo

Uo

dt

diLo 
                      (3) 

State t2: Switch S2 is triggered to on state, S1 is turned off and 

switch S3 is already in conducting mode. Conduction takes 

place through S2 and S3, primary winding of transformer T1 

gets negative supply and primary winding of T2 receives 

positive voltage 

 

Lo

VonVin

dt

diLo )( 
                               (4) 

 

 
Fig.4 Proposed Full Bridge Triple - Port Converter circuit 

State t3: Switch S4 is triggered to conducting state, S3 is 

commutated and switch S2 is already in conducting mode. 

Transformer T1 and T2 supplied with negative voltage. iLm1, 

iLm2 and iLo freewheel through S2 and S4.   

 

Lo

Uo

dt

diLo 
                                      (5) 

 

III. SIMULATION MODEL 

A. Full Bridge Triple-Port Converter 

 Control signal of the converter can chosen in such a way 

that to maintain power equilibrium among solar power and 

the battery. The input side of the converter circuit consists of 

two Buck Boost converters. The switches S1, S2 & T1,  Lm1 

makes one converter and the switch S3, S4 & T2, Lm2  makes 

another converter circuit. The converter circuit can work in 

any mode which was discussed earlier. The load is connected 

after the conventional diode bridge rectifier. The simulink 

diagram of the planned Full Bridge Triple-Port Converter is 

given in Fig. 5. 
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Fig. 5 Simulation circuit for Proposed Full Bridge Triple - Port Converter 

 

 
 Fig.6 Modified Full Bridge Triple - Port Converter circuit 

Page 47 of 3066Page 47 of 3066



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-8 Issue-8 June, 2019 

891 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number G5462058719/19©BEIESP 

 
Fig.7 Simulation circuit for Modified Full Bridge Triple - Port Converter 

 

IV. SIMULATION RESULT AND DISCUSSION  

This chapter discusses about the simulation results obtained 

from proposed Full Bridge Triple - Port Converter and 

Modified Full Bridge Triple - port converter. The voltages 

waveforms obtained from the PV source Vin1 and Battery 

source Vin2 are given in the figure 8 & figure 9 for Proposed 

FB-TPC and Modified FB-TPC respectively. Since the 

primary side converter circuit and its operation are same in 

both the converters, the output wave form is more or less 

same. The main dissimilarity is the modified FB-TPC takes  

 

 
Fig.8 Simulated output for input voltage of Proposed FB 

TPC 

more time to reach its steady state value when compared to 

planned Full Bridge Triple - Port Converter 

In modified Full Bridge Triple - Port Converter, 

load side diode bridge rectifier is replaced by two diodes and 

two capacitors which improve output voltage, current and 

power. The simulated output waveforms like voltage, current 

and Power of Proposed Full Bridge Triple - Port Converter 

and Modified Full Bridge Triple - Port Converter 

respectively are shown in figure 10 & figure 11. From the 

output waveform it is very clear that the output voltage of 

Proposed FB-TPC is around 95 V and for Modified FB-TPC  

it is 150 V. The output current also improved from 1.7 A to 

2.9 A and the output power value also shows the 

improvement from 160 watts to 450 watts. 

 

 
 

Fig.9 Simulated waveform of input voltages of a Modified 

FB TPC 
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Fig.10 (a) Simulated output of voltage of Proposed FB 

TPC  

 

V. CONCLUSION  

Modified full bridge Triple - port converter for integration of 

non-conventional energy source is planned in this work. 

Operation of Full bridge Triple port converter connected to 

solar source, DC (input ports) & load (output port) discussed. 

The modified FB-TPC the load side diode bridge rectifier 

circuit is replaced by two diodes and two capacitors. The 

simulation diagram and simulation results of input and output 

voltages, output current and output power are discussed and 

compared between two converter circuits. The power 

transformation between any of the port includes just single 

stage, so effectiveness of the framework is high and the 

activity is controllable. The changed full-connect Triple-port 

converter can be executed for all intents. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11 (a)  Simulated output of voltage of Modified FB 

TPC 

Fig.10 (b) Simulated output of current of Proposed FB 

TPC 

 
 

Fig.10 (c) Simulated output of Power of Proposed FB 

TPC 

 

 

 

 

 

 

 

 

 

 

 

Fig.11 (b)  Simulated output of current of Modified FB 

TPC 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11 (c)  Simulated output of Power of Modified FB 

TPC
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     Abstract: In power grid system power quality improvement 

plays an important role. Dual Voltage Source Inverter (DVSI) 

scheme is proposed to improve the aspects of Power and 

consistency of the micro grid system. Here we use Distributed 

Energy Resources (DER) for power exchange and unbalanced 

load compensation and nonlinear load in the system. Load 

sharing and power injections are done by grid interactive 

inverters in micro-grid.  Based on Instantaneous Symmetrical 

Component Theory (ISCT), control algorithm is developed. For 

extraction of positive sequence voltage, dq0 transformation is 

done. An inverter connected to a 3- phase four- wire distribution 

combination is employed to test the managing strategy of the 

system. In this work we mainly focused on the assessment of 

overall performance of Proportional Integral (PI) controller and 

Fuzzy Logic Controller (FLC). Thus, the FLC provides increase 

in reliability, better performance of micro grid, less bandwidth 

requirements of inverters when compared to PI controller. The 

proposed system is validated by MATLAB simulation methods 

using PI controller and Fuzzy Logic Controller. 

        Keywords: Dual Voltage Source Inverter 

(DVSI)-Distributed Energy Resource (DER)-Instantaneous 

Symmetrical Component Theory (ISCT). Proportional Integral 

(PI) Fuzzy Logic Controller (FLC). 

I. INTRODUCTION 

Power grid technology and its implementation are expanding 

throughout the world; therefore, in realization power quality 

enhancement in power grid is more important. Power grid 

system involves transmission, distribution and generation of 

electricity.  In grid non-conventional energy resources such 

as fuel cells, photovoltaic (PV) cell system, and wind energy 

system are used for power supply using power electronic 

converters [2][3]. Interactive inverters are used for power 

exchanging in grid from micro-grid to the load that 

connected in the grid system [1]. Power quality 

improvement plays an important role to ensure the 

realization of grid reliability, cost efficient and better 

utilization of system generation and transmission. Mostly 

FACTS devices are used for the harmonic filters in the grid 

system. These FACTS devices such as STATCOM, DVR, 

DSTATCOM etc., are used for the harmonic reduction. This 

may increase the system size and therefore increase the cost. 

Load sharing and power injection are done by using single 

interactive inverters have been used in present micro grid 
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[4], [5]. In this proposed system Dual Voltage Source 

Inverters (DVSI) are used, where Voltage Source Inverter at 

generating side is utilized to introduce actual power and 

another Voltage Source Inverter at load side is used for 

reactive power, harmonics, non-linear and unbalanced load 

compensation are performed [6]. This used to understand the 

dual functionality of an inverter that to inject active power at 

generating side and unbalance and submissive energy 

reimbursement at load side is mainly focused [12]. This has 

more advantages of using DVSI which reduces power losses 

across the semiconductor switches. This increase reliability 

when compared to the single Voltage Source Inverters. 

DVSI can be operated at high switching frequency which 

reduces the size of filters and reduce the filter cost. In DVSI 

control algorithm is proposed by Instantaneous Symmetrical 

Component Theory (ISCT). For extraction of positive 

sequence component dq0 transformation is used [9], [11]. 

The effectiveness of system is validated through simulation 

result. 

II. DUAL VOLTAGE SOURCE INVERTER   

A. The proposed system topology 

The configuration of DVSI structure is given in Fig.1. It 

involves two inverters each one is coupled to source and 

load of the system. These are linked to the grid at the Point of 

Common Coupling (PCC) by supplying unbalance and 

non-linear load of the system. To compensate the reactive 

power, harmonics, and unbalanced components in the load 

side inverter 2 is used at load side. The loads current are 

denoted as il1, il2, il3 for three phase system. The main 

function of inverter 1 is employed to inject actual energy 

from the source which is connected to a dc-link to get supply. 

Split capacitor is use to supply power to inverter 2. Due to 

presence of feeder impedance, system is affected by 

harmonics. For extraction of positive sequence voltage, 

control strategy is done by ISCT and dq0 transformation. 
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Fig.1. DVSI system topology 

B.   DVSI Design Parameters 

1) Inverter at Source: 

A three-leg topology is used for inverter1. A DC-link which 

is connected to inverter acts as source. At unity power factor, 

it supplies balanced sinusoidal current. Therefore, zero 

sequence switching harmonics in the output current of 

inverter1 will be zero. Filter requirement of inverter is 

reduce because of this. 

2) Inverter at Load: 

DC storage capacitor C1 and C2, DC-link voltage, 

interfacing inductance are important parameters in Inverter 

2. By using the charges in DC-link voltage values of DC 

capacitors are chosen. From [1] let the total load rating is S 

kVA. To maintain the energy demand during transient 

formation Inverter 2 need to exchange the real power. From 

its reference value it results in deviation of capacitors 

voltage. We assume that n cycles for voltage controller i.e., 

nT seconds, here T is the periodic time of network. Change 

in capacitor power is equal to Maximum power exchange on 

inverter 2      

Therefore  

 C1 (Vdcr
2- Vdc1

2) = nST                                  

(1) 
Where Vdcr is reference DC voltage and Vdc1 is maximum 

permissible DC voltage across capacitor C1.This is similar 

to C2. 

III. ICONTROL STRATEGY 

A. Instantaneous Symmetrical Component Theory: 

Instantaneous current in three phase is defined by ia, ib, ic, 

therefore power in variant instantaneous symmetrical 

component are then defined by 

=                                       (2) 

 

Where a=cj120ͦ 

Here ia0 is refer to a real quantity which is zero if line current 

is balanced and ia1, ia2 are complex conjugate. 

 
Fig.2. Block Diagram of DVSI Scheme 

 

ISCT was developed preliminary for unbalanced and 

nonlinear compensation by active power filters for load 

compensation is based on following conditions, 

Let isa, isb, isc are load current in phase a, b, c. 

First condition is that neutral current must be zero after 

compensation 

                      isa+isb+isc=0                   (3) 

 
The phase angle and current are used to control the reactive 

power deliver from the source, which is given as  

˂ (v+
sa(t))=<(i+

sa(t))+𝝫+                   (4) 

Finally the foundation need to supply average load strength 

(Pl) 

V+
saisa+ V+

sbisb+ V+
scisc = Pl          (5) 

 
By solving these equation we get 

 

Reference current as follows: 

               irefa= Pl                                        (6) 

 

                irefb= Pl                                      (7) 

 

                irefc= Pl                                       (8) 

Where, 𝜷=  

Here 𝝫 is the phase attitude among current and 
fundamental high-quality sequence voltage. For unity 

power factor, assume 𝜷=0. Therefore, reference current for 

three phases is given by 

              iref(abc) = Pl                                      (9) 

Pl is computed as below, 

Pl =              (10) 

 

T1 is arbitrary time constant 

Finally, reference current is generated by the compensator is 

 if(abc)= il(abc)- iref(abc)                          (11) 
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B. dq0 Transformation: 

dq0 transformation is used for balanced voltages in the 

system. The reference voltages (Vrefa, Vrefb, Vrefc) are first 

transformed into dq0 reference frame is given by 

 

       = C                               (12) 

 

Here, 

C =   

 

A modified synchronous reference frame is used   Ito get ,. 

In reference frequency  and some frequency deviation are 

added to get . From Park’s transformation, it has proved 

that . Average and oscillation components 

arecontained in the transformed voltages, which are given as, 

 

Vrefd=V̄refd+V͂refd, Vrefq=V̄refq+V͂refq                (13) 

 

Where V̄refd, V͂refdare average and oscillation components for 

d- axis, V̄refsq ,V͂refqare average and oscillation components of 

q-axis. The successive positive voltages are taken from the 

inverse dq0 transformation were is given by 

 

    = CT                                                                    (14) 

 

For balanced sinusoidal voltage , , are 

used as algorithm for the reference current generation. 

C. Proportional Integral (PI): 

PI controller, limiter, and three phase sine wave generators 

are used for switching signal production and reference 

current production. The DC link capacitor compare 

reference voltage with new capacitor voltage and the error 

signal is given to the PI controller. The By tracking the 

reference signal PI controller advances to zero steady error. 

Imax is considered as the result of the controller which is the 

highest value of supply current. The Imax is multiplied with 

source voltage to obtained the reference compensating 

currents. These estimated currents are, I*sa, I*sb, I*sc and real 

current are Isa, Isb, Isc which are correlated at hysteresis band, 

that yields the error signal. The output of this hysteresis band 

is used to getting signal which controls converter switches. 

This signal is used to compensate the generated current.  

D. Fuzzy Logic Circuit (FLC): 

In DVSI, the DC capacitor voltage is sense and correlated 

with a referral value. If it has an error then obtained error is 

given as  

e(c)= Vdc,ref(n) – Vdc,act(n)                    (15) 

Therefore, change in error  

ce(n)= e(n) – e(n-1)                             (16)   

At nth sampling instant are taken as inputs for fuzzy 

processing. By tracking reference signal the error signal is 

handled through Fuzzy Logic Controller (FLC), to get zero 

steady error. The output of the FLC is reviewed as Imax which 

is highest value of supply current. Imax is used as generated 

reference current and then through them generating signals 

are generated. The FLC essential segments are 

1. Fuzzification.  

2. Interference. 

3. Defuzzification. 

IV. SIMULATION MODEL 

In Fig. 3 the simulation model for DVSI scheme is given the 

simulation model for DVSI scheme is given. Using 

MATLAB simulation R2015a. Steady state of DVSI scheme 

is evaluated the grid sharing and grid injection operation by 

this. The voltage and current waveform with a normal load 

voltage of 33kV with a variation of 110% and 120% are 

shown in the figures 4 and 5 with respective Fault Frequency 

Transient analysis. 

 

 
Fig.3 Simulation diagram for proposed DVSI scheme. 

           

For various variations the current and voltage are finally 

compensated at the load using DVSI scheme using both PI 

controller and FLC for harmonic reduction. 
 

Table 1. System Parameters 
 

S.NO PARAMETERS VALUES 

1 Main Supply Voltage 11KV 

2 Line Frequency 60Hz 

3 Line Impedance R=1Ω , L=1mH  

4 Fault Resistance 0.66Ω 

5 Transition time 12/60 to 24/60  

6 Filter Inductance 3.3-4.6mH 

7 Filter Capacitance 4700-5600µF 

8 FLC type  Mamdani 

9 MF of FLC 3×3 triangular 

10 Implication of FLC Min 

11 Defuzzification centroid 
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A. Normal Load Condition: 

 

Fig.4a. Simulation waveform voltage and source current 

at normal load without compensation 
 

 
Fig.4b. Simulation wave form for biased voltage and 

current with PI controller 
 

  

Fig.4c. Simulation wave form for biased voltage and 

current with FLC  
 

Here figure 4a, 4b, 4c shows the simulation outcomes of 

voltage and load current without compensation for normal 

conditions and with PI and FLC controllers respectively and 

below graphs are used to explain FFT analysis of these 

conditions. 
 

 
Fig.5a. FFT analysis for normal load without 

compensation 

 

 
Fig. 5b. FFT analysis for normal load with PI Controller 

 

 

Fig. 5c. FFT analysis for normal load with Fuzzy Logic 

Controller 

 

E. 110% Increased in Load Condition 

 The below figures show the voltage and current levels for 

110% at normal condition and with PI and FLC controllers 

respectively. 

 

 
    Fig.6a voltage and current for 110% variation 

without compensation 

 

 
      Fig.6b. voltage and current waveform for 110% with 

PI Controller 
 

 

        Fig.6c. voltage and current waveform for 110% 

with FLC 
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                  Fig.7a. FFT analysis for 110% variation 

without compensation   
              

 

             Fig. 7b. FFT analysis for 110% variation with 

DVSI scheme compensation 
 

 
Fig.7c. FFT analysis for 110% variation with FLC 

 

Table 2.  Comparison of THD for different loads 
 

 

C. 120% Increased in Load Condition 

These figures show the voltage and current waveforms of 

120% compensation. 

 

  

  
Fig.8a. voltage and current waveform for 120% 

variations without Compensation 
 

 
Fig. 8b. Voltage and current waveform for 120% 

variation with PI controller 
 

 

Fig. 8c. Voltage and current waveform for 120% 

variation with FLC 
 

 
Fig. 9a. FFT analysis for 120% variation without 

compensation 
 

 
Fig.9b. FFT analysis for 120%variation with PI 

controller 

 

 
Fig.9c. FFT analysis for 120%variation with FLC 

 

Here the table 2 shows the comparison of THD for different 

loads without controller and with PI and FUZZY mode. 

Thus, the load side inverter used at the load side is thus used 

for the compensation of the reactive power, harmonics and 

unbalanced components. 

V. VARIOUS RESULTS 

  The DVSI operating apparatus employs voltage angle 

control as follows: an fault signal is attained by correlating 

the referral voltage with RMS voltage standardized at the 

load point.  

 

 

 

 

 

S. 

NO 
LOAD 

CHARACTE

RISTICS 

THD(%) 

WITHOUT 

CONTROLLE

R 

PI FUZZY 

1 100% 21.89 5.09 3.85 

2 110% 32.86 7.86 6.37 

3 120% 39.03 9.33 8.08 
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Table 3.  Error comparison table 

 

The diverse virtual phase lock-loop (PLL) is utilized to 

attain the angle θ of the resource voltage. The findings 

abstracted from the PLL is hooked for diagnosis and referral 

voltage production. For various variations, the current and 

voltage are finally compensated at loads like 100%, 110% 

and 120% using DVSI scheme, with both PI controller and 

FLC for harmonic reduction. The above table 3 shows 

percentage error comparison of PI controller and FLC 

controller, where FLC has better results. Figure 10 and 

figure 11 clearly depicts the percentage of error comparison 

and THD comparison from where we get a conclusion of 

FLC has better results when compared with other modes. 

 
Fig.10 Percentage error comparison 

      
Fig.11 THD comparison 

Voltage and current statistics 

 

Table 4. Voltage and current statistics table   
 

S NO CHARACT

ERSTICS 

VOLTAGE (p.u) CURRENT (p.u) 

PI FUZZY PI FUZZY 

1 100% 1 1 1 1 

2 110% 0.982 1 0.98 1 

3 120% 0.973 1 0.982 1 

 

Here table 4 shows the voltage and current stability with load 

variations of 100%, 110% and 120% for PI and FUZZY 

controllers. As compared to PI controller, FLC has better 

results in harmonic reduction. 

VI. CONCLUSION 

In this DVSI scheme, power quality enhancement and 

durability of the micro-grid structure is propounded. ISCT is 

developed for the control algorithms. dq0 transformation is 

utilized to abstract positive series of voltages. In comparison 

to PI controller, Fuzzy Logic Controller has more 

phenomenal harmonic reduction. The proposed DVSI 

scheme with Fuzzy Logic Controller has many advantages 

such as increase in reliability, reduction harmonics and 

reduced system cost. The proposed scheme is validated 

through MATLAB simulation. Thus DVSI scheme is 

suitable for power quality improvement for sensitive load. 
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Abstract
Objectives: To develop a generalized formulation to determine the cost optimization scheme for a MicroGrid (MG) source 
by implementing Artificial Bee Colony algorithm. The generating resource with microgrid is a two-objective problem which 
consists of pv cell (solar cell) array, Wind Turbine (WT), Micro Turbine (MT), diesel generator and Fuel Cell (FC). Methods: 
The generating energy sources of the microgrid units are essential to minimize the operating cost of the output power 
which is generated. Here, the ABC algorithm is modelled into two stages. The optimum configuration of the microgrid at 
a minimum fuel cost is obtained by the first stage of the ABC algorithm. Findings: By using the minimum cost function, 
the second stage of the ABC algorithm was attained at the reduced operating and maintenance cost. The main aim is to 
minimization of fuel cost, fuel consumption cost and the emission such as NOX, SO2, and CO is reduced in these microgrid 
sources. Applications: For any required load demand the minimum fuel cost is obtained by using artificial bee colony 
algorithm.

1. Introduction
Microgrid is evolved because of the requirement for more 
extensible power systems, varying regulatory and various 
fiscal states, tradable of energy sources and environmen-
tal effect are gives lowers to the betterment of microgrid, 
which are adding main role in the power generation 
close to the time ahead. Here, the problem is handled by 
introducing multiple steps, starts with constructing the 
microgrid architecture model and the development of 
Artificial Bee Colony (ABC) algorithm. The Artificial Bee 
Colony algorithm is used to obtain the optimum usage of 
the microgrid generating energy resources and In ABC 
system model, irradiation, wind speed and temperature 
are the inputs. The algorithm proceeds to the next level of 
the other alternatives such as micro turbine, diesel engine 
fuel cell when the generating power from the photovoltaic 
panel and wind turbine is less than the customer demand. 
These are used depend on the total amount of load and the 
corresponding consumption of energy resources cost1-2.

2. Microgrid Topology
The name microgrid (µG) defined as the notion of small 
electrical power system related with a small scale power 
grid. It can operate independently or it can operate by 
combination of the other small power resources. One of 
the main aims of microgrid is to collective prosperities 
of nonconventional or conventional lower carbon gen-
eration services and high proficient combined heat and 
power systems. As shown in the Figure 1, the power gen-
eration in gross is equal to the power demand in gross.

The Figure 1, which shows that a micro grid system 
usually comprises of distribution generating resource, 
energy storage systems, distribution systems, and com-
municating devices and control systems.

3. System Modelling
The sustaining properties of the development of 
MicroGrids (MG) are malleable electric power systems, 
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dynamic regulation with fiscal outline, savings of energy 
and environmental impingement. The management of 
the MG units stand in need of precise economic model 
to report the operating as well as maintenance cost are 
taking into account.MG model is nonlinear and distinct 
in nature and to minimize the operating and maintenance 
costs, optimization tools are used here3.

3.1 Wind Turbine 
Bellow model is used to estimate the wind turbine gen-
erator output. The start up speed is defined as the speed 
at which the rotor and blade impel to rotate. The lowest 
wind speed is referred as cut in speed at which the wind 
turbine will generate serviceable generated power. The 
wind turbines wind speed is between 7 to 10 mph. The 
wind turbine will generate electric power at least wind 
speed is called as rated wind speed. Normally, 25 to 35 
mph is the range of wind speed for large machines. If the 
blade of the wind turbine starts rotating at the speed of 45 
and 80 mph, then it’s called as cut out speed. The cut-put 

speed is as the speed when its starts shutdown the wind 
speed at which turbine stops to rotate is called the cut-out 
speed/curling speed.

The output power generated by wind turbine genera-
tor:

WE cinP 0                                    V V     = <  (1)

2
WE cin rP q*V w*V e        V V V  = + + < <  (2)

WE coutP P                                   V V= >  (3)

WE

cin

cout

where    P -The rated power 
               V -cut-in wind speed
               V - cut-out wind speed 
               V -rated wind speed
               V-actual wind speed
The parameter model are a

τ

WE,

cin cout

s follows:
q 3.4   w -12    e 9.2   P 120 watt
V 4 metre/sec   V 20 metre/sec   V 17.5 metre/sec

τ

τ

= = = =
= = =

3.2 Photovoltaic 
The optimal Photovoltaic cell contains a separate diode 
associated with current source which is light generated 
one, Iph, here, its output current, I, can be expressed as:

( )ph s TI I I exp V/nV 1 = − −   (4)

Where is cell saturated current, VT is voltage with thermal 
constraint kTc/q, where k is Boltzmann’s constant = 1.38  
10−23 J/K, Tc = cell temperature, q =charge of electron 
(1.6 · 10−19 C). The below model is used to surmise the 
generated output by the Photovoltaic cell. 

pv STC IN ct rt STCP P   G (1 k(T -T )) G= + ÷  (5)

pv

STC

IN
2

STC

where    P -output power of the module at Irradiance
             P -Module max power at standard test condition
             G -incident irradiance
             G -irradiance at STC 1000(wb/m )
   

ct

rt

           k-Temperature coefficient 
             T -pv cell temperature
             T -reference temperature

3.3 Diesel Generator
A diesel generator is the mixture of a diesel engine and an 
electric generator which generates electrical energy. This 

Figure 1. Microgrid Architecture.
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is an exact case of engine-generator. The energy gener-
ated by a distributed generation with rated power output 
is expressed as4.

2
DG,j j , ,

1

C d P P
T

j DG j j DG j
j

e f
=

= + +∑  (6)

j j j

DG,j

j j j

where N -number of generators:
          d ,e ,f  are the coefficients of the generator
          P -output power of diesel generator j,
          j 1,2,...N
        d 0.4333   e 0.2333  f 0.0074

=
= = =

3.4 Fuel Cell Cost
The static energy conversion device which gets electrical 
energy from chemical energy and also produces water as 
a product is defined as Fuel cells. The radio of the electri-
cal power output and the fuel input is called as efficiency 
of fuel cell and it must be in the same units (Watt)5.

The fuel cost for the fuel cell is calculated as :

FC gC P /nl g
g

C η= ∑  (7)

g

g

where   -natural gas price to supply the fuel cell
              P -Elecrical power produced at interval g
              -cell efficiency at interval g

nlC

η

3.5 Micro Turbine
Micro turbines are mini combustion turbines nearly the 
size of a refrigerator within the range of 25 kW to 500 kW. 
They developed for truck turbocharger, supplementary 
power units of planes, and small jet engines6. 

The fuel cost for the fuel cell is calculated as :

MT gC P /ml g
g

C η= ∑  (8)

g

g

where   -natural gas price 
              P -Elecrical power produced at interval g
              -cell efficiency at interval g

mlC

η

3.6 Battery Model
A battery is defined as a combination of multiple singular 
cells. A cell is the combination of materials and electro-
lyte starting with the simple chemical energy into electric 
energy. The chemical reaction takes place in the singu-
lar cell when it is discharged and reversed. Thus in the 
charged cell , electrical energy stored as chemical energy 
which can be recover as electrical energy when the cell 
is discharged. As energy storage device is very difficult 
to compress negative energy the supreme state of charge 
(SOCmax) is increased to 100% and state of charge 
(SOCmin) is decreased 20% of its amp hour capacity 
(AH), respectively7. 

4. Proposed Method
The microgrid units can be chosen in such a way that it 
full fill the customer side load demands at lowest cost. The 
accurate economic model is required to manage the MG 
units. Here for producing the output power the operat-
ing case is also considered. The proposed method include 
Artificial Bee Colony (ABC) algorithm to minimizing the 
fuel consumption cost, maintenance costs, operating cost 
and emission cost .The major impartial function of MG is 
obtained based on the following necessities to lessening 
the operating costs in $/h of the microgrid:

1 1 1

CF ( ) ( )
T T M

j j j i ji j
j j i

C F OM EF Pα
= = =

= + +∑ ∑∑  (9)

j

j

where   C - generating unit fuel cost j $/L for the diesel,
                   and $/kW for natural gas
              F - Fuel consumption rate of generator unit i

j

i

ji

OM - Operation and maintenance cost of 
                   generating unit j in  $/h                          
            - Externality cost of emission type  i
          EF - Emission factor of gene

α

x 2 2

rating unit,emission type i
             M- Emission types(NO  or  CO  or SO )
             T- Number of generating units j

Where
The Equality constraints are Power balance constraints:

T

j D loss
i

P P P= +∑  (10)
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j

D

min max
j j j

where 
        P -The total power generation kW,     
        P -The total power load kW,
The Inequality constraints are power generation 
 capacity constraints:
                       P P P ,j 1,.≤ ≤ =

min
j

max
j

..,T
where
        P  - generation with minimum limit,

        P - generation with maximum limit,

Externality or spill over’s cost is the profits or costs of a 
product or its manufacture that upset people exterior to 
the market for the product henceforth, the name is called 
externality Table 1.

Table 1. Emission cost for NOX,SO2, CO2

Types of 
Emission

Externality 
cost $/kg

Emission 
Factors 
for DE 
kg/MWh

Emission 
Factors 
for FC 
kg/MWh

Emission 
Factors 
for MT 
kg/MWh

NOX 4.2 22 0.03 0.44

SO2 0.9 0.5 0.006 0.008

CO2 0.014 1.4 1.1 1.6

Here the aim is to reduce the maintenance cost and oper-
ating of MG, which is described as:

{ }j
C F

F (C)minψ
∈

=  (11)

Where,

1 1 1

F(C) ( ) ( ) 
T T M

j j j i ji j
j j j

C F OM EF Pα
= = =

= + +∑ ∑∑  (12)

Here, the fuel consumption cost is represented as Cj, the 
generating unit is measured in Rs/Litre for the diesel and 
Rs/kilo watt for the natural gas, the generating units of 
fuel consumption rate is represented as Fi, the operating 
and maintenance cost represented as OMj, and i = type of 
emission used as a externality cost, EFji is the generating 
unit emission factor; here the type of emission is repre-
sented as M, and the number of generating unit is repre-
sented as N7 (Table 2).

Table 2. Various power generations

Demand Fuel 
Cell

Micro 
turbine

Diesel 
engine

Normal 
Cost ABC cost

3.6 0 3.6 0 0.7549 0.6108

4.4 0.4 4 0 1.0113 1.0002

5.55 1.55 4 0 1.2178 1.1119

6.4 2.4 4 0 1.5175 1.3379

8.1 4 4 0.1 2.4542 2.4003

9.2 4 4 1.2 2.3576 2.3152

{ }1 2 3
C F

( ), ( ), ( ) ,min f C f C f Cϕ
∈

=  (13)

The three groups of bees are considered in the ABC model 
viz:  the employed bees, the onlooker’s bees and the scout’s 
bees. Here it assumes that each food source is assigned to 
each one of the artificial employed bee.A random initial 
population of food sources (NS) is generated as:

, min, max, min,r and (0,1) ( )i j j j jx x x x= + ∗ −  (14)

Where,  i=1,2,3,….,SN  
              j=1,2,3,….,D

The employed bees transfer the information about the 
food source to the onlookers. The onlookers tend to fur-
ther looks for the food around the informed food source. 
Based on the probability value, the onlooker selects the 
food source (Table 3).

Table 3. Load remained from PV and wind
Sl. No. Total Demand Demand PV Battery Wind
1. 14.5000 3.5000 2 6 3

The following process is involved in artificial bee colony 
algorithm,

• Initially the food sources were generated for 
every employee bees.

• Repeat the below process.
• Every employed bee goes to food source, form a 

neighbour source around them and then assess 
its nectar amount and dances in the hive. This 
process is done in their memory.

• Each onlooker lookouts the dance of the 
employed bees and selects one of their sources 
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subject to the dances, and then goes to that cor-
responding sources. After selecting a neighbour 
around that, the bees assess its nectar amount.

• Surplus food sources are replaced by a new food 
sources. These new food sources are found by 
scout’s bee.

• The optimal food source determined so far is 
recorded.

The above process is repeated until the requirements are 
met as shown in Figures 2-4.

Figure 2. Process flow for artificial bee colony algorithm.

Figure 3. Load remained from PV, wind.

Figure 4. Power curves for hours.

5. Results
The proposed method is studied in the Matlab 
7.10.0(R2014a) platform. The optimization problem con-
tains a diversity of energy sources that are probable to be 
making in a microgrid. Here the minimization of fuel 
cost, operating and maintenance costs as well as emission 
cost were obtained by using artificial bee colony algo-
rithm. Figure 5 shows the minimized cost of MG.

Figure 5. Fuel cost on hourly based using ABC.

6. Conclusion
The optimum configuration of the microgrid at a mini-
mum of fuel consumption cost and minimum of oper-
ating and maintenance cost can be attained for different 
microgrid units using proposed artificial bee colony 
method. It is clearly examined from the gained results 
that the ABC method has attained the best selection of 
the power generators of the MG under various power 
demands at a minimum cost. The proposed method is an 
effective technique to model and manage the MG con-
nected system, which is more proficient compare to the 
other techniques. It can also be applied using Particle 
Swarm Optimization, Genetic Algorithm to obtain an 
efficient result.
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Abstract: The plastic infusion forming is broadly utilized for 

the assembling of entangled molded and high esteem included 

items. The plastic infusion shaping machine is the most vital gear 

for the business. The improvement of the infusion forming 

machine significantly influences the use of plastic parts in the 

fields of hardware, media transmission, and therapeutic treatment 

and auto enterprises. Lately, the fast improvement of the control 

method in the infusion forming machine gives conditions to the 

modern infusion shaping. This paper plans the infusion forming 

machine control frameworks based controller, the new control 

framework is sensors and utilizing Arduino. Savvy sensors and 

actuators present intend to reasonably improve robotization 

innovation. Infusion shaping machine controlling procedure is 

hard with hand-off rationale. So Arduino controlling framework 

utilized for implantation shaping machine. This procedure is 

superior to the transfer rationale and it gives a viable and simple 

approach to control the water powered framework. 

 

Index Terms: Injection molding, Paper industry, 

Manufacturing Industry, Hydraulic Injection Molding Machine, 

Actuators, Ultrasonic Sensor.  

I. INTRODUCTION 

Infusion forming machine control framework is made out of 

driving framework and electronic controller. GSM based 

remote innovation intended to address the one of a kind needs 

of ease, low-control remote sensor. This new control 

framework can accomplish better execution is powerful, Will 

diminish vitality utilization of the adjustment framework. The 

temperature of the machine is about sixty degree Celsius. So 

that the sensor we used can withstand that much Celsius and 

can give accurate result with the help of actuators. [1] to [4] 

  

II. EXISTING SYSTEM 

 

A. EXISTING MODEL 
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B. WORK FUNCTION 

The existing module doesn’t use any external mechanism. 

They use only mankind as a source to gaze the Injection 

Molding machine. There are thirty seven types of bars are 

used. Each bars takes different time to operate. So this makes 

the mankind difficult to gaze. If the machine operates to fail 

and the mankind failed to gaze means the machine become 

cool. And it takes more time to start again at operating 

temperature. [5] to [9] 

 

C. DISADVANTAGES 

 Mankind is requiring for observing the working 

condition of the machine. 

 Mankind may make some flaw. 

 Machine becomes cool and it takes time to restart. 

 It makes delay in the production. 

 It makes great loss to the company. 

 

III. PROPOSED BLOCK DIAGRAM 

 

 

 

 

 

 

 

\ 

 

 

IV. COMPONENT 

USED 
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 Arduino Uno: 

The arduino UNO board is a controller subject to AT 

MEGA 328. This is fourteen computerized info/yield sticks in 

which 6 can be utilized as PWM yields, a 16 MHz fired 

resonator, an ICSP header, a USB association, 6 simple 

information sources, a power jack and a reset catch.[12] 

 

 5V EU Cable: 

This connector is high caliber and dependability. It is light 

and simple to convey while voyaging. The completely 

directed 110~240V makes that can be utilized around the 

world. The yield voltage is 5V.The max yield current spans 

1A. [13] 

 

 HC-SR04 Ultrasonic sensor: 

As showed up over the HC-SR04 Ultrasonic (US) sensor is 

a 4 stick module, whose stick names are Vcc, Trigger, Echo 

and Ground freely. This sensor is an unmistakable sensor used 

in various applications where studying assignment or 

perceiving objects are required. The module has two eyes like 

exercises in the front which plots the Ultrasonic transmitter 

and Receiver. The sensor works with the essential 

collaborator school condition that Partition is equivalent to 

the result of speed and time  The Ultrasonic transmitter 

transmits a ultrasonic wave, this wave goes in air and when it 

gets tended to by any material it gets reflected back toward the 

sensor this reflected wave is seen by the Ultrasonic recipient 

module as showed up in the picture underneath..[15] 

 

 
 

 SIM900A: 

SIM900A is worked with double band GSM/GPRS motor 

SIM900A wears out frequency 900 to1800 MHz. SIM900A  

going with interface, that licenses are accomplice PC 

comparably as a microcontroller with MAX232. The speed of 

data transfer is configurable from 9600 to 115200 from AT 

heading. [10] 

It requires a SIM card to be worked and works over a 

system go bought in by the system administrator. It tends to be 

associated with a PC through sequential, USB or Bluetooth 

association. GSM modem is generally desirable over a GSM 

cell phone. [11] 

V. WORKING PRINCIPLE 

That the 5V EU cable is used to feed the Arduino board and 

the regulator is used to regulate the power supply. The 

Ultrasonic sensor is connected to the Arduino board and the 

receiver of the Ultrasonic sensor should not receive the signal 

form the transmitter more than ten minutes. If it receives the 

signal more than ten minutes means it vigilant the proprietor 

about the issue in the machine with the help of GSM module. 

There are thirty seven different types of bars used for 

manufacturing. These the kit can be used for all the thirty 

seven types using actuators and can able to give cent percent 

accuracy. And the temperature of machine is about sixty 

degree Celsius. The sensor is placed in the door step of the 

hydraulic type injection molding machine. [14] 

 

VI. POSITIONER SIZING 

 WEIR TYPE SPOUT BANG: 

 

positione

r size 
12 25 50 75 101 130 150 

Bang 5/8” 2” 3” 3” 3.1/8” 3.1/2” 4.5/8” 

 

spout 

size 
½ ¾ 1 

1 ¼ & 

1 ½ 
2 2 ½ 3 4 6 

Bang ¼” 3/8” ½” 13/16” 11/8” 13/8” 15/8” 21/8” 31/8” 

 STRAGHITWAY SPOUT BANG: 

 

positione

r size 
12 25 50 75 101 130 150 

Bang 5/8” 2” 3” 3” 3.1/8” 3.1/2” 4.5/8” 

 

spout 

size 
1 

1 

½ 
2 

2 

½ 
3 4 6 8 10 

Bang 15/16” 
1 

¼” 

1 

7/8” 
2 

2 

5/16” 

3 

5/16” 

4 

¼” 

6 

¼” 

7 

½” 

 

VII. ABBREVIATIONS AND ACRONYMS 

 

 PWM : Pulse Width Modulation 

 ICSP  : In-Circuit Serial Programming 

 MHz  : Megahertz 

 USB   : Universal Serial Bus 

 V        : Volts 

 A        : Ampere 

 

VIII. CONCLUSION 

 

These the kit can able to provide cent percent accuracy 

even for thirty seven types of bars and even at sixty degree 

Celsius. So the production rate can be improved. As well as 

the profit for the company can be improved. 
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Implementation of PV Based Multiplier Boost 

Converter Fed by PMSM 

V. Jayakumar, GN. Sachinamreiss, R. Karthikeyan

 
 

 

Abstract: The proposed system is very useful for the 

agricultural system. The converter topology used here is 

Multiplier Boost Converter which will enhance better voltage 

gained from the input source which is solar PV. Now the PV can 

able to produce 80V which is boosted upto 285V through the 

converter. The inverter design is quite easy such that it is possible 

to drive a PMSM motor. The controller is not necessary here as 

the voltage produced by the DC-DC converter is quite reliable. So 

this might find application in water pumping and electric vehicles. 

 

Keywords:  Multiplier boost converter, ripple, PV, PMSM 

I. INTRODUCTION 

Solar energy is one of the renewable energy resources which 

play a crucial role in water pumping applications. Input of the 

solar panel can be retrieved from sunlight. Solar panel can 

able to produce the maximum output voltage. Need and 

requirement can be placid through this converter design [3]. 

The converter topology used here is multiplier boost 

converter which converts single input to multiple outputs. In 

order to drive a permanent magnet synchronous machine it 

need AC supply. But the converter output is DC supply. For 

converting DC to AC voltage here inverter is used. While 

using PMSM it can be able to improve the efficiency of the 

motor much better over AC induction motor. The energy from 

the solar PV is not efficient to running a water pumping 

motor, for utilizing this power, the extracted energy from the 

PV are to be boosted by using multiplier boost converter. 

While PMSM motor offers small size and more efficient 

compare to AC Induction motor [1]. So here PMSM is used 

for various agricultural applications [2]. Centrifugal water 

pump is driven by PMSM motor; it receives the tolerable 

voltage from the inverter that is fed from solar PV through a 

multiplier boost converter [4].   

II. BLOCK DIAGRAM 
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The block diagram shows complete operation. Multiplier 

boost gets the supply from solar and dc is converted to ac for 

fed to PMSM. 

III. CONVERTER OPERATION 

 
Figure 1.1 Circuit diagram of Multiplier boost converter 

 

The circuit diagram of multiplier boost converter is shown in 

figure 1.1. The multiplier boost converter can be operated in 

two modes namely continuous and discontinuous conduction 

mode [6]. During continuous conduction mode, switch S is in 

ON condition, diode will be in ON condition. Current passing 

across the diode then circuit get energized. Finally current 

passes through the load [5]. 

The voltage equation in continuous conduction mode is,  

                                     dc
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L E

dt
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From the above equation we can derive, 
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 where D – duty ratio,
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When the circuit is at ideal state, we can obtain  
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                                              .....(6) 

The input and output power of the multiplier boost  

converter are equal, 

i dc o oE I E I                                                      …..(7) 

 

 

 

By substituting above equation, then 
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When circuit is at practical state, 
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                                       …..(9) 

During discontinuous conduction mode, switch S is in OFF 

condition, diode will be in OFF condition. No current passing 

across the diode, then circuit get de-energized. Similarly, the 

same operation is repeated for coupled multiplier boost 

converter [7]. Finally the voltage level is boosted 

 

Fig 1.2: Waveform of solar panel output voltage 

The above figure 1.2 represents the output voltage of solar 

panel which produces 86 V 

 
Fig 1.3:Waveform of  motor voltage 

The above figure 1.3 represents the voltage of  the motor 

which is measured at 290 V 

 

Fig 1.4:Waveform of rotor speed 

The above figure 1.4 represents the speed of the rotor which is 

measured at 3000 RPM 

 

Fig 1.5:Waveform of the stator current 
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The above figure 1.5 represents the current of the stator which 

is measured at 34 A 

 

Fig 1.6:  Waveform of electromagnetic torque 

The above figure 1.6 represents the motor torque which is 

measured at 30 N-M 

IV. SPECIFICATION 

V. CONCLUSION 

The design and analysis of this converter plays a vital role 

in agricultural field, water pumping. The settling time to reach 

the speed of the motor is about 0.2s.Centrifugal water 

pumping is driven by PMSM motor. The proposed multiplier 

boost converter is designed for solar applications. For high 

power applications, solar PV is utilized will enhance the 

efficiency and reliability. By using this converter will reduce 

the switching losses. The simulation results are verified by 

MATLAB software 
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S.NO COMPONENTS RATING 

01 Solar PV Output voltage 80V 

02 Converter 

Inductance 20e-6 H 

Capacitance 50e-6 F 

Resistance 250 ohm 

Output voltage 285 V 

03 

Permanent 

magnet 

synchronous 

machine 

Input voltage 285 V 

Rotor speed 3000 RPM 

Torque 30 N-m 

Stator current 34  
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A Cross-Layer Trust Evaluation Protocol for
Secured Routing in Communication

Network of Smart Grid
Durgadevi Velusamy, Member, IEEE, Ganeshkumar Pugalendhi, Senior Member, IEEE,

and Karthikeyan Ramasamy, Member, IEEE

Abstract— Cybersecurity is one of the major issues to be con-
sidered while designing a communication network for Smart Grid
(SGCN). However, due to the openness and unpredictable nature
of the wireless network, it is often prone to different adversarial
attacks that exploit vulnerabilities to launch cross-layer attacks
during data transmission. To address this issue, we proposed
a novel trust-based routing framework with Bayesian Inference
to calculate direct trust and Dempster-Shafer (D-S) theory is
used to compute the indirect trust by combining the evidence
collected from reliable neighbours. The analytical hierarchy
process (AHP) calculates the node’s creditability trust by taking
cross-layer metrics like transmission rate, buffering capacity and
received signal strength. Further, the fuzzy theory is combined
with BDS-AHP to incorporate fairness in utilizing cross-layer
metrics for calculating the link trust to enable reliable routing.
Extensive experiments are carried to evaluate the performance of
the proposed fuzzy-based trusted routing algorithm (FBDS-AHP)
with the presence of malicious nodes launching packet-dropping,
bad-mouthing, on-off and Sybil attacks. Simulation result proves
that the proposed trust evaluation algorithm achieves promising
results in defending against these attacks thereby providing
improved reliability and ensures secured routing in SGCN.

Index Terms— Cross-layer security, trust management mecha-
nisms, Bayesian theory, Dempster-Shafer theory, analytical hier-
archy process, fuzzy theory, smart grid communication network.

I. INTRODUCTION

SMART Grid (SG) employs the bi-directional flow of
electrical energy and information to construct a highly

automated and distributed power distribution network. Smart
grid relies on intelligent techniques to provide real-time mon-
itoring and control for improving the overall reliability and
stability of the electric grid. The smart grid communication
network (SGCN) provides the key potential to attain the
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above benefits for reliable operation of SG with its distributed
advanced communication technologies that integrate various
power system devices with the network for the betterment of
the future generation.

Smart Grid Communication Network (SGCN) is one of
the essential subsection in the smart grid that modernizes the
traditional power grid by integrating the contemporary func-
tionalities of advanced communication technologies like IEEE
802.11 wireless mesh network (WMN), advanced metering
infrastructure (AMI), wireless sensor networks (WSN) and so
on. Nevertheless, the interconnection of various heterogeneous
systems exposes the SGCN to a new form of vulnerabilities,
security threats and attacks [1]. Cybersecurity is a paramount
issue to be considered for effective implementation of SG
as the extensive deployment and integration of the informa-
tion and communication technology (ICT) devices inevitably
increased the potential risk of cyber attacks in SGCN.

Security mechanisms available in the literature can
be classified into the identity-based mechanism and
trust-based mechanism. The identity-based approaches use
traditional security mechanisms like cryptographic encryption/
decryption [2], access control mechanisms [3], authentication
and authorization [4], and so on. Developing a security
model using identity-based approaches to establish secure
communication for critical infrastructure like SGCN
requires high technical knowledge to understand the
underlying mechanisms used by the attackers to attack
electrical subsystems. Moreover, traditional cryptographic
and authentication mechanisms cannot pinpoint the exact
origin of cyber attacks. Since these methods presume that all
the nodes exhibit a cooperative and trustworthy behaviour,
the cryptographic/authentication based methods are unable to
find malicious adversaries especially the internal adversaries
performing fraudulent activities to interrupt the operation of a
network. As a result, the existing cryptographic mechanisms
are inapplicable, unviable, impractical or simply insufficient
to tackle the security challenges of the highly distributed
and large-scale infrastructures like SGCN [5]. Therefore,
the concept of a trust-based routing mechanism is employed
to provide secure communication in an SGCN.

In this paper, we establish a cooperative trust among the
nodes to defend against the malicious attacks launched by
untrustworthy nodes on WMN of an SGCN. The security

0733-8716 © 2019 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See https://www.ieee.org/publications/rights/index.html for more information.
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attacks can be initiated externally by an outsider or internally
by an adversary compromising a legitimate node (inside
attacker). In case of any wireless network inside attackers
require special attention as they exploit the cooperative nature
of nodes, tries to compromise a node in the network with an
intention to degrade the overall performance of the network.
Unlike external attackers, the internal attackers evade the tra-
ditional authentication mechanisms, compromise a legitimate
node using their credentials and gain access to all keying and
access control mechanism posed by the legitimate node [5].
Hence, the adversaries are capable of using their identities to
disrupt various network functionalities of an SGCN. Moreover,
the cryptographic mechanisms require a large memory space
for highly complex computation that makes it inapplicable to
resource-constraint wireless devices.

Taking into consideration the above facts, the trust-based
method enables a secured transmission of data by distinguish-
ing legitimate nodes from a misbehaving node. Also, it does
not enforce extensive computational burden on the energy con-
straint wireless devices and helps to pinpoint the exact origin
of unlawful events. In this paper, the trust-based mechanism
is employed to defend against cross-layer attacks. A cross-
layer attack is an illegitimate action in which an attacker
can launch multiple attacks simultaneously in a coordinated
fashion across different layers to degrade the performance of
the network. To address the above issues, a fuzzy trusted
routing framework is proposed that incorporates cross-layer
information to defend against malicious attacks originating
from inter-layers to enable secure routing. To the best of
our knowledge, prior works in trust management have not
combined Fuzzy theory with Bayesian, D-S theory to enable
secured data transmission in an SGCN other than our previous
work reported in [17]. As a major focus of this research is to
enhance our previous work with multi-criteria decision making
that combines Bayesian Inference, D-S theory, AHP and Fuzzy
to achieve reliable and secured routing in an SGCN. In the
proposed model, we evaluate node trust based on direct and
indirect observation. The Bayesian inference model calculates
direct trust by making a direct observation and indirect trust
is calculated to strengthen the robustness of trust evaluation
by combining recommendations acquired from the neighbours
using the D-S theory of evidence. The AHP is used to compute
the creditability of the node by giving weight to each factor
contributing to the trust calculation. Further, the Fuzzy theory
is used to estimate the path trust for the secure transmission
of data from smart meters to utility centres.

To analyze the performance of the proposed algorithm in
selecting a valid route, we have integrated node trust and link
trust for effective routing. The efficacy of the proposed scheme
is evaluated through an extensive set of simulations to find how
the algorithm detects and excludes the adversaries during the
data transmission in an SGCN.

The salient features and significant contribution of this paper
can be summarized as follows:

1) We proposed a novel trust management model that
integrates Bayesian Inference theory to compute trust
of a node by monitoring the activity directly and the

D-S theory is used to gather recommendations from
the neighbours and combine the trust values to find the
reliable neighbours using indirect observation.

2) We introduce a trust evaluation scheme that combines
the concept of AHP to calculate the creditability trust
of a node by taking the cross-layer metrics with a focus
mainly on the received signal strength, transmission rate
and buffering capacity of a node.

3) The FBDS-AHP trusted model (enhancement of our
previous work [17]) evaluates the stability of the link
by calculating the trust of the link to carry the data
using fuzzy theory. The performance of the link is
computed using decision variables like number of hops,
reliability of link, and node honesty. This estimation
improves the performance of the network to find a
reliable route thereby avoiding unnecessary route dis-
coveries and delay in delivery of data.

4) The proposed trusted routing algorithm enriches trust
evaluation with a logarithmic punishment factor to make
the model more robust and practical. This enables the
proposed trust model to provide a coherent decision with
appropriate defense mechanisms to defend malicious
node launching different types of attacks. The trust
management framework updates the trust of a node by
giving suitable defending strategies to each adversary
depending on their severity of misbehaviour rate.

It is important to note that our proposed trust evaluation
algorithm FBDS-AHP is not a comprehensive trust manage-
ment method that can provide security for all communications
in SGCN, say, for example, our method is not well suited
for application scenarios like vehicle to grid (V2G) and grid
to vehicle (G2V) communication where the vehicles move
dynamically, in such a cases FBDS-AHP will not function
properly.

The remainder of this paper is organized as follows. Related
works in the literature are presented in Section II. Section III
discuss the proposed trust evaluation and routing architecture
while Section IV provides a detailed discussion about the
proposed FBDS-AHP protocol to identify malicious attacks.
Section V presents the simulation results and discuss about
the performance analysis of the proposed FBDS-AHP proto-
col. Finally, Section VI provides the conclusion of the study
and directions for future work.

II. RELATED WORKS

Recently, the trust management mechanisms have been
gaining increased research attention among the researchers in
the field of adhoc networks [6], WSNs [7], [8], and so on as
a security mechanism to defend against the malicious attacks.
In this section, we present a brief review of the prior works
on trust management methods used for detection of malicious
attacks in an SGCN.

The SGCN is a highly distributed multi-hop wireless
network that exhibits the common characteristics of the
multi-hop WMN and WSNs. Secured routing/transmission
of data packets plays a vital role in improving the relia-
bility and performance of the SGCN which is crucial for
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reliable functioning of the SG. However, the existence of
insider attackers/compromised nodes with legal identities in
an SGCN exploit similar kind of vulnerabilities exhibited
in WMN and WSNs that eventually degraded the overall
operation and reliability of this critical infrastructure. Only
few works reported in the literature used trust management
mechanisms for detecting malicious attacks [9]–[11], [14],
[15], [17], optimal trust system placement in SCADA networks
[12], mitigating false-negative intruders [13] for establishing
a secured routing in the SGCN. In many existing works,
the authors have not exploited the integration of cross-layer
metrics for trust evaluation in an SGCN.

To the best of our knowledge, except the trust computation
mechanisms reported in [10], [16], [17], the other methods
have not reported about the use of non-linear punishment
factor in node trust evaluation. While designing a trust eval-
uation framework for a highly scalable, heterogeneous and
distributed architecture like SGCN, it is expected that the
integration of cross-layer design techniques facilitate nodes
to acquire knowledge about its neighbour’s behaviours before
establishing a connection for data transmission. This motivated
us to design a trust management framework that enables
trusted routing in an SGCN by considering cross-layer metrics
to defend against malicious adversaries. This study presents a
trust management mechanism that incorporates multiple crite-
ria decision making to prioritize various cross-layer parameters
for trust derivation.

As said earlier, this paper is an extension of our previous
work reported in [17]. In our previous work, we have inte-
grated the concept of Bayesian, D-S theory and fuzzy theory
to identify a reliable path for secured transmission of data in
an SGCN. However, we have incorporated an equal priority
for each factor in the D-S theory while deriving the trust value
(all QoS factors do not have equal priority). Since variation
in prioritization of factor variables cannot be achieved with
D-S theory, AHP is used to determine pairwise comparisons
of the cross-layer metrics selected for trust evaluation in this
work. The motivation behind this study is to enhance our
previous work by developing a trust management framework
that combines Bayesian, D-S theory, AHP, and Fuzzy theory
for trusted routing in SGCN and find how effective the
functionality of the system on the integration of these methods.

In this paper, we compute trust evaluation based on a
simple mathematical calculation taking into account the char-
acteristics and limitations of wireless devices. The proposed
work provides a viable solution for making routing decisions
using cross-layer parameters from the physical, medium access
control (MAC) and network layers to enhance the reliability
of the SGCN. The Bayesian theory is used to compute direct
trust of the node based on the successful packet forwarding
ratio. Later, the D-S theory combine evidence from several
neighbours to compute the indirect trust of a node. The
AHP evaluates creditability trust of a node by acquiring
cross-layer metrics like received signal strength, transmission
rate and buffering capacity by finding the relative importance
for prioritization of these metrics with each other. Finally,
the Fuzzy logic approach [17] is used to evaluate the trust
of the link by considering the honesty of a node, the number

of hops from source to destination and reliability of the link
for secure routing in an SGCN.

III. ARCHITECTURE OF THE PROPOSED TRUSTED

ROUTING FRAMEWORK

A. Network Model

Trust is defined as the degree of belief that a node has
on another node in a network. In this paper, we proposed
a trust-based routing framework for secure communication in
an SGCN in which collaborative communication is carried out
between two nodes. During the trust evaluation process, each
node calculates the direct trust for all its one-hop neighbouring
nodes based its packet forwarding behaviour.

Each node in the network periodically broadcast HELLO
message (every 1 sec) to one-hop neighbours within its vicin-
ity. In the HELLO Message, each node embeds its ID and
direct observation about its neighbours. Upon reception of a
HELLO message, each node updates the indirect trust infor-
mation about its neighbour’s next-hop neighbours (two-hop
neighbours). Also, using HELLO message reception ratio each
node calculates the neighbours received signal strength (RSS)
quality and bandwidth. Each node maintains a trust table and
the size of the trust table depends only on the number of neigh-
bouring nodes within the two-hop range. So, the proposed trust
evaluation protocol is scalable in terms of network diameter.

When a node wants to transmit a data but does not have
a route, it initiates a route discovery process by broadcasting
an RREQ control message to discover a reliable path to the
destination. The destination node upon receiving the RREQ
message selects a next-hop node (in the path back towards
the source node) with the highest trust value for transmitting
an RREP message to the source node. The RREP message is
embedded with path length (hop count), capacity and quality
of the link (minimum value in the path is taken). Upon
reception of RREP message, each node evaluates the link trust
to find the reliable route to the destination.

B. Security Model and Assumptions

The network model considered is a multi-hop heterogeneous
network with nodes communicating within a two-hop commu-
nication range. In this paper, we have considered a malicious
node performing various attacks like packet dropping attacks,
on-off attacks, bad/good mouthing attacks and Sybil attacks
to degrade the performance of the network. A compromised
node may show a complete selfish behaviour (packet dropping
attack) or partial selfish behaviour (on-off attack), it may
praise a malicious node as a good node (false praising / good
mouthing attack) or blame a good node as a bad one (false
accusation/bad-mouthing attack) and exploits received signal
strength to change its identity (Sybil attack). An inside attacker
in a network tries to compromise a legitimate node to launch
attacks cooperatively or tries to perform unlawful actions to
severely damage the functionalities of a communication net-
work resulting in a catastrophic failure of a smart grid network.
In this scenario, a security model is required to detect and
defend against the nodes launching malicious attacks. We have
developed a fuzzy trust evaluation framework that exploits
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Fig. 1. Structure of the proposed Trusted Routing Framework.

the inter-layer parameters to defend against the cross-layer
malicious attacks to provide secured routing in an SGCN.

The following assumptions are made in the proposed trust
model (i) The network is assumed to be static and initial
network deployment has no malicious adversaries (ii) the node
always trust themselves; (iii) all the nodes agree to cooperate
in data transmission (iv) only very few nodes in the network
shows malicious behaviour.

C. Proposed Trusted Routing Framework

In an SGCN, owing to the existence of malicious or
illegitimate nodes in the network, the communication network
becomes unsecured. This paper presents a novel trust eval-
uation framework based on Bayesian, AHP, D-S theory and
Fuzzy theory to estimate the cooperativeness of a node in the
network during the establishment of reliable communication
thus avoids routes with a compromised or malicious node.

The evaluation of trust is performed in two stages namely
(i) cross-layer node trust computation and (ii) link-trust cal-
culation. The cross-layer node trust computation comprises of
node-trust and creditability trust calculations. Fig.1 shows the
structure of the proposed trust evaluation protocol for reliable
communication in SGCN.

In node trust calculation, each node will compute the direct
trust of an observed node based on its packet forwarding
ratio using the Bayesian inference theory [6]. When a node
cannot directly monitor the activity of an observed node,
it will get a recommendation from its one-hop neighbours to
compute indirect trust of a two-hop neighbouring node. With
the testimony received from its neighbours, an observer node
will calculate the indirect trust of the observed node using
D-S Theory [6]. The node trust computation is explained in
detailed in section IV-A.1.

The creditability trust is computed using inter-layer metrics
like transmission rate and received signal strength from the
Physical layer, and buffering capacity of a node from the MAC
layer for reliable transmission of data using the Analytical
Hierarchy Process [18]. Then, the confidence value of a node is
computed by combining overall trust and creditability trust and
detailed explanation about cross-layer node trust calculation is
given in section IV-A.2.

The link trust computes quality and capacity of the link
which is explained in section IV-B. The fuzzy theory is used

TABLE I

NOTATIONS

to evaluate whether a link is reliable or not by considering
inter-layer metrics like number of hops, capacity and quality
of link and node honesty as three input parameters. These three
input parameters are fuzzified with its associated membership
functions to identify a link as malicious, suspicious or trusted
link using naive fuzzy control rules and the fuzzy results are
defuzzified using the center of gravity defuzzification method.

IV. ENHANCING SECURITY IN SGCN USING FUZZY

THEORY INTEGRATED WITH BAYESIAN-DS
THEORY AND AHP

In this section, we discuss about the implementation proce-
dure of the proposed algorithm to defend against attacks like
packet dropping, on-off, bad-mouthing and Sybil. The data
carrying capability of a node and link is computed using the
following parameters (i) Trust of the Node (ii) Transmission
rate (iii) Buffering capacity (iv) Received Signal Strength and
(v) Reliability of the Link.

A. Cross-Layer Node Trust Calculation

1) Node Trust Calculation:
a) Direct Trust Calculation: The Bayesian inference

model is a probability model that follows the beta probability
distribution. At the beginning of the transaction, when the node
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starts communication, it is assumed that the nodes show benign
behaviour and cooperates in data transmission. The node A
computes direct trust by directly observing the activities of
node B in promiscuous mode using equation (1).

DT(A,B) =
α

α + ϑβ
(1)

where α = s + 1 and β = f + 1, such that s, f ≥ 0, here
s denotes the estimated successful transaction and f denotes
the estimated failed transaction. Initially, when the transaction
begins, there is no history of observation, all the nodes in
the network are assigned with a trust value of 0.5 intuitively.
The ϑ is a penalizing factor used to diminish the trust of the
capricious node and is calculated using equation (2).

ϑ = 1 + log2

(
1 +

( f

s + f

))
(2)

where ϑ ≥ 1. When there is an increase in the malicious
activity of node, there will be an increase in the value of
penalizing factor ϑ which declines the node trust value. In this
paper, we have used a non-linear punishment factor using a
logarithmic function so as to have a sharp decline in the trust
value with the increase in the value of the punishment factor.
When the trust of a node is less than the trust threshold value
τ , the node will be marked as malicious and punished by
removing it from further transactions.

b) Indirect Trust Calculation: In the indirect trust compu-
tation, the observer node A selects a set of one-hop neighbours
(say C1, C2, ...Cm) having trust value above the trust threshold
value τ into the set Ω. Each node in the set Ω will share the
indirect trust with the observer node A about the observed
node B based on its packet forwarding ratio and reliable
delivery of MAC ACK.

The indirect trust calculation is defined using
the D-S theory such that frame of discernment
Θ = {trustable, untrustable}. The power set includes
{φ, H0, H1, H2 }, where φ = {Empty}, hypothesis
H0 = {trustable} state, hypothesis H1 = {untrustable}
state, and hypothesis H2 = {trustable, untrustable}
represents the uncertain state ie., either the hypothesis
is in trustable state or in untrustable state. The basic
belief assignment function for Θ has to be such that
m(H0) + m(H1) + m(H2) = 1 and m(φ) = 0.

The recommender node Ci calculates the probability of
reliable interaction for its neighbouring node B based on
p =

nsuccess_MACACK

ntransactions + 2
to find whether node B is benign or

malicious. The belief, disbelief and uncertainty are computed
using equation (3) to (5)

mCi

B (H0) = Pr{DT(Ci,B)} ∗ Pr{p} (3)

mCi

B (H1) = (1 − Pr{DT(Ci,B)}) × Pr{p} (4)

mCi

B (H2) = 1 − mCi

B (H0) − mCi

B (H1) (5)

Each neighbouring node Ci computes the value of
mCi

B (H0)
mCi

B (H1)
.

If
mCi

B (H0)
mCi

B (H1)
> 1, node B is considered as trusted and node Ci

will send the recommendation trust value to node A, else node

B is marked as malicious. The observer node A computes the
average of all recommendation received from its neighbour Ci

using equation (6).

Recavg(B)=
1
m

m∑
i=1

(1−mCi

B (H2)), s.t(1−mCi

B (H2))>τ.

(6)

Then, observer node A computes the difference between it’s
neighbours Ci trust value on observed node B and recommen-
dation average value using equation (7).

Diff(Ci,B) =|
(
1 − mCi

B (H2)
)
− Recavg(B) | (7)

When the difference computed shows a larger deviation
(above and below 15% than the Recavg(B)), then that rec-
ommender trust value is not used for indirect trust calculation
(assume k recommenders). The indirect trust is computed by
node A on observed node B using equation (8).

IT(A,B) =
1

m − k

m−k∑
i=1

(
1 − mCi

B (H2)
)
, m ∈ Ω. (8)

c) Overall Trust Calculation: The observer node A com-
putes the overall trust (OT) for the observed node B by
combining direct and indirect trust with a weight value. The
overall trust of observed node B is calculated as given in the
equation (9).

OT(A,B) =ω × DT(A,B)+(1 − ω) × IT(A,B), 0 ≤ ω ≤ 1
(9)

Here, ω and (1 − ω) are the weight given to the direct trust
value and indirect trust value respectively.

2) Creditability Trust Calculation: In a highly distributed
environment like SGCN, the selection of a reliable node is
influenced by several criteria. In this work, three criteria
namely Buffering Capacity, Transmission Rate and Received
Signal Strength (RSS) of a node have been considered for
evaluation. Since it is difficult to determine the importance
of each parameter for computing the cross-layer trust of
a node. The problem of multi-criterion decision making is
handled by employing widely used Analytical Hierarchical
Process (AHP) that determines suitable weights for each
attribute by constructing a pair-wise matrix with criteria versus
criteria mapping based on priority. Whereas, the other com-
petitive methods like TOPSIS, VIKOR, MOORA and so on
determine a suitable score for each attribute by constructing
decision matrix with criteria versus alternative mapping based
on rank preference [20]. In addition to the score calculation,
these methods still require suitable methods to compute the
weight for each criterion which is two-step time-consuming
and laborious process. Hence, in this paper, the AHP is used
for computing the relative importance of the criteria directly.

A one-nine (1−9) point scaling method is used to calculate
the weight of each parameter associated with creditability trust
calculation. Using AHP, the value of λmax = 3.01829 and
three weight values ρ = 0.5499, γ = 0.2402 and � = 0.2098
associated with the three parameters are calculated. The weight
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TABLE II

RANDOM CONSISTENCY TABLE

obtained for each parameter is validated mathematically by
computing the consistency ratio (CR) using equation (10).

CR =
CI

RI
< 0.1 (10)

where CI =
λmax − n

n − 1
, n− the number of parameters used in

cross-layer trust evaluation and RI-random consistency ratio
given in the Table-II. We calculate the consistency index as
CI = 0.00914 and the random consistency index RI = 0.58.
The consistency check is accepted as the consistency ratio
CR = 0.016 which is less than 0.1.

a) Buffering Capacity of a node: In SGCN, the observer
node A calculates the trust of an observed node B based
on its buffer capacity by recording the round trip time(trtt)
ie., packet arrival time(ts) at the observed node B and time
of reception of an ACK by the observer node A. When the
observer node A does not receive an ACK packet after the
tolerable time delay (td) then the buffering capacity trust
BufQ(T ) of the observed node B is calculated as given in
equation (11). The maximum tolerable delay for the ACK
packet is 300 ms.

BufQ(T )(A,B) =

{
1, when trrt <td

1 − (2(log(trrt−td))/10), when trrt >td

(11)

b) Transmission Rate of a node: The transmission rate is
defined as the number of bits of data transmitted per unit time.
The information about the transmission rate of a sensor node
and DAPs can be obtained from the 802.15.4 and 802.11 PHY
layer. During trust computation, when the transmission rate
Rt of the node increases above δmax or decreases below δmin

then the node expected to exhibits some suspicious activities
and the transmission rate trust value Rt(T ) of the node is
calculated using equation (12). Here the value of n > 1 and
0 < q < 1.

Rt(T )(A,B)

=

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

log10(1+((n− 1)× Rt

δmin
))

,
log10 nwhenRt < δmin

1, when δmin < Rt < δmax

q(
Rt

δmax
−1), when Rt > δmax

(12)

c) Received Signal Strength of a node: The received
signal strength (RSS) is one of the link quality metrics repre-
senting signal strength at the receiver end during packet recep-
tion. In SGCN, devices with limited memory and resource

constraints ie., IEEE 802.15.4 co-exists with IEEE 802.11s.
The observer node A exploits the received signal strength of
the observed node B for trust calculation using the power
received at the receiver end as given in the equation (13).

Precv(d)[dBm] = Precv(d0)[dBm]

+10ηlog10

( d

d0

)
+ Xσ[dBm] (13)

where PL(d0) - power in Watts at reference distance d0,
η- path loss exponent in the range (2 − 5), X - the zero
mean Gaussian random variable and σ-standard deviation.
Since a node in the network does not vary its RSS value
unpredictably, the RSS value lies within the range of ±5 ie.,
within RSSThresh threshold value (RSSmin and RSSmax

represents the Minimum and Maximum RSS threshold value
respectively).

Assume that node B tries to change its identity from B1 to
B2 in order to spoof its identity from detecting as an inside
attacker by varying its RSS. Consider, when the observed node
B changes its identity to launch a Sybil attack in the network
with different RSS. In such a case, the observer node A can
find the spoofed identity of a node by computing the difference
between the RSS received from B1 and B2 along with RSS
information received from its neighbour Ci. The observer node
A detects a Sybil attack when the difference of RSS ratio
is close zero or within the threshold value, else there is no
detection of Sybil attack [19]. The RSS trust RSS(T ) of a
node is evaluated by an observer node based on its received
signal strength using the equation (14).

RSS(T )(A,B)

=

⎧⎨
⎩

1, when No Sybilattack

1 − log
(
1 +

RSS

RSSThresh

)
, Otherwise

(14)

The creditability trust (CT) of a node is calculated using
the transmission rate, buffering capacity and received signal
strength of the node with the weight values obtained using
the AHP and is given in the equation (15)

CT(Ci,B) = ρ × BufQ(T )(Ci,B) + γ × RSS(T )(Ci,B)

+� × Rt(T )(Ci,B) (15)

where ρ+γ+� = 1. The creditability trust value CT(A,B) is the
average of the recommendation about node B received from its
one-hop neighbours (say C1, C2, ...Cm). After collecting the
evidence as a recommendation from the neighbours, node A
combine these values to establish a reliable communication by
computing the CTavg(A,B) for node B based on the cross-layer
metrics as given in equation (16).

CTavg(A,B) =
1

m+1

[
CT(A,B)+

m∑
i=1

CT(Ci,B)

]
, s.t m ∈ Ω

(16)

The creditability trust is directly proportional to overall trust
of a node (i.e.) when the creditability trust decreases, then the
overall trust of the node also decreases. This shows a positive
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Fig. 2. Fuzzy Membership function for decision variables. (a) Distance. (b) Node Trust. (c) Reliability of Link. (d) Link Trust.

correlation between the creditability trust and overall trust as
given in equation (17).

OT(A,B) = |1.04522× CTavg(A,B) − 0.08398| (17)

The confidence value for node B is calculated by combining
the creditability trust and overall trust using equation (18).

Conf(A,B) = OT(A,B) × CTavg(A,B) (18)

B. Link Trust Calculation

The trust of the link is computed by analyzing the link-state
information of the MAC layer parameters namely the link
capacity and network layer metrics namely link quality and
hop distance (number of hop counts).

1) Link Quality and Capacity Calculation: The capacity of
the link is computed using the equation (19),

Clink(i) =
Linkno_suc_tx(i)
Linktotal_no_tx(i)

(19)

A node will calculate the link quality by taking the confidence
value to find the effectiveness of the link in transmitting the
data using equation (20).

Qlink(i) = arg
l∈link
max
j=1

[min(ConfA,., . . . , Conf.,B)] (20)

Out of N links, a sender selects one link with maximum
reliability to transfer its smart meter data to the control center.
The reliability of the link is calculated using equation (21).

Rellink(i)

=

⎧⎨
⎩

(2×Qlink(i)−1)×Clink(i)+1
2

when Qlink(i) > 0.75

Qlink(i) × Clink Otherwise

(21)

2) Fuzzy Trust Calculation: In SGCN, the stability of a
wireless link depends on the number of hops, node honesty
and reliability of a link. As these metrics are conflicting with
each other while determining the end-to-end reliable route,
this paper recommends widely used fuzzy logic to handle
this uncertain and imprecise situation. The fuzzy inference
system is flexible to design and implement in a wireless device
when compared with other approaches. Also, it can be tuned
by changing the rules and membership function to provide

a feasible solution for a highly distributed environment like
SGCN.

For every 50 transactions, every node will compute the
following metrics to update its neighbours with the reliability
of the link from the source to the destination.

1) Hop Distance
2) Node Trust
3) Reliability of the Link
4) Link Trust

The input variables hop distance is partitioned to have three
membership functions namely short, medium and long as
illustrated in Fig.2a. The node trust has three linguistic values
namely Low, Medium and High as displayed in Fig.2b. The
reliability of the link with three linguistic terms viz., poor,
medium and excellent is shown in Fig.2c. Similarly, the output
variable Link Trust is partitioned into five linguistic terms
namely Malicious, Suspicious, Less Trustable, Trustable, and
Completely Trustable as shown in Fig.2d. To represent various
linguistic terms in fuzzy theory, the triangular and trapezoidal
membership functions are used to map the crisp values to
appropriate fuzzy linguistic values.

Each node in the network will calculate the trust of a path
based on the number of hops, node trust, reliability of the
link using the fuzzy control rules summarized in Table-III
to select a reliable path for transferring its information from
source to destination in an SGCN. The fuzzy rule base consist
of if (antecedents) and then (consequents) as propositions
containing linguistic variables.

The fuzzy inference engine uses a fuzzy input parameter
with if − then rules from the rule base to construct a fuzzy
output by combining the results of all fuzzy rules. In this paper,
we have used the Mamdani fuzzy inference engine to perform
qualitative reasoning with product t-norm and max t-conorm
to obtain the output response. The response of all fuzzy rules
is aggregated and then converted into appropriate crisp output
using centroid defuzzification method using equation (22).

LT(p) =
∑n

i=1 lti × μ(lti)∑n
i=1 μ(lti)

(22)

where n is the number of fuzzy control rules (here, it is 27), lti
is the output of rule i, μ(lti) specifies the membership degree
of lti.

Page 75 of 3066Page 75 of 3066



200 IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, VOL. 38, NO. 1, JANUARY 2020

TABLE III

FUZZY IF-THEN CONTROL RULES FOR TRUSTED ROUTING

V. SIMULATION AND PERFORMANCE EVALUATION

In this section, we discuss the results obtained through
simulations carried out to evaluate the competence of the
proposed FBDS-AHP algorithm against malicious attacks.
Extensive simulation is carried out using Network Simula-
tion 2 (NS2) to estimate the performance of the FBDS-AHP
algorithm. The experiments were conducted by changing the
trust threshold value and the number of attackers. The packet
dropping and Sybil attacks are simulated to examine the
influence of these attacks on the proposed system in providing
trusted routing in an SGCN. We evaluate the performance of
the combination of Bayesian and D-S algorithm, combined
approaches of Bayesian with D-S theory and AHP (BDS-AHP)
and the proposed Fuzzy based Trusted Routing (Bayesian,
D-S theory, AHP integrated with Fuzzy theory) under the
various situation to test the robustness of the protocol against
malicious attackers.

A. Experimental Setup

The experimental evaluation is carried out on a 2.60 GHz
core i5 processor with 4 GB RAM to analyze the performance
of the proposed method. The network simulated consists of 30
nodes statically deployed in a distributed area of 200m×200 m
region. The transmission range of each wireless node is fixed
as 50m. The number of traffic flow in the network is 10.
The sensor nodes use the IEEE 802.15.4 MAC protocol
and the Local Data Aggregation Point (LDAP) and Global
Data Aggregation Point (GDAP) use IEEE 802.11 MAC
protocol. The data aggregator/concentrator (CC) is deployed

TABLE IV

NETWORK CONFIGURATION PARAMETERS

statically at 100m× 100m in the network. The data collected
from the devices in a house is transferred to LDAP by smart
meters; the data collected from several smart meters by an
LDAP is forwarded to the GDAP and then all the data gathered
by GDAP is transferred to the Data Aggregator. Further,
the Data Aggregator transmits all the aggregated data through
a wired backhaul network to the utility center for further
analysis.

The values of the simulation parameter used in the network
configuration are shown in Table-IV. Initially, a trust of 0.5
is assigned to all the nodes in the network intuitively using
the Bayesian Theory. The trust value of a node is increased
gradually from 0.5 after every successful interaction.

B. Performance Evaluation

In our simulation, we evaluate the performance of the pro-
posed FBDS-AHP approach using metrics like packet delivery
ratio, end-to-end delay, throughput, and normalized routing
overhead. The above metrics are computed for successful
transmission in SGCN, among these metrics packet delivery
ratio and end-to-end delay is considered as important metrics
in accomplishing the objective of the cyber-physical infrastruc-
ture like an SGCN. The performance evaluation is repeated
with the same set of simulation parameters and the process is
repeated for 25 independent trials. The average value of the
25 independent experimental results is considered as the result
of each method.

1) Impact of Variation in Trust Threshold Value: The per-
formance of BDSTR, BDS-AHP, BDSFTR and FBDS-AHP
protocol is evaluated by varying the trust threshold value.
In this experiment, the number of attacker node is set to 2 and
by varying the trust threshold from 0.3 to 0.8 the performance
of the network is analyzed. The simulation results are shown
in Fig. 3a to Fig. 3g.

The variation in the trust threshold value impacts the perfor-
mance of the protocol under the adversarial environment. From
Fig. 3a, we can observe that FBDS-AHP gradually improves
the packet delivery ratio to 91.614% as the trust threshold
increases to 0.4. This is due to the fact that some of the
attackers are likely to show benign behaviour at lower trust
threshold value and those nodes are identified as malicious
when the trust threshold increases. However, there is a drop
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Fig. 3. Performance of network with varying the trust threshold value.

in the packet delivery ratio when the trust threshold increases
to 0.5. When the threshold is increased above 0.4, the attackers
have less probability to launch attacks and few benign nodes
are assumed as suspicious. So, these legitimate nodes are also
marked as intruders during the routing process that gradually
decreases the packet delivery ratio of the protocol. When the
threshold is 0.8, the delivery ratio of FBDS-AHP, BDSFTR,
BDS-AHP, and BDSTR is 89.74%, 87.12%, 86.9614%, and
84.513% respectively.

The average end-to-end delay of the protocols is illustrated
in Fig. 3b. It can be visualized from the figure that the
average end-to-end delay of FBDS-AHP gradually increases
from 8.9 ms to 13.599 ms as the trust threshold varies from
0.3 to 0.8 respectively. Due to malicious activities in the
network, the protocol tries to find an alternate route to transmit
the data packets along the longest path with the highest trust
value to avoid suspicious nodes. While increasing the trust
threshold, the protocol tries to avoid suspicious nodes and uses
a path with added hops that increases average queueing and
retransmission delay. However, there is an increase in end-
to-end delay of FBDS-AHP to 13.599 ms. However, it is
comparatively less than the BDSFTR, BDS-AHP and BDSTR
with 18.75 ms, 15.175 ms and 21.61 ms respectively. It can
be observed from the figure that BDSFTR has more delay
than BDS-AHP, as it tries to avoid less trusted nodes which
increases the delay.

The routing overhead elevates with an increase in trust
threshold value as displayed in Fig. 3c. As the trust threshold
increases above 0.4, the nodes identified as malicious increases
as a result more number of route request (RREQ), route
reply (RREP) and data packets are transmitted via the trustwor-
thy paths to exclude malicious nodes. The nodes try to identify
a benign node to transmit its data packets. But at certain

stage, the benign node is unable to handle the data packets
due to buffer overflow resulting in unintentional packet drops
that simultaneously increase the number of retransmission and
the routing overhead of the protocol. The routing overhead
of FBDS-AHP is 0.2647 which is comparatively lower that
BDSFTR, BDS-AHP and BDSTR. However, the BDSTR
does not employ any computational methods for calculating
cross-layer trust and link trust to detect a malicious attack as
a results its routing overhead increases to 0.3051.

It can be seen from Fig. 3d, the network throughput of
FBDS-AHP is higher than BDSFTR, BDS-AHP and BDSTR.
It is evident from Fig. 3a that higher the packet delivery
ratio then higher the network throughput. FBDS-AHP applies
critical decision-making methods to find a trusted link to
route its data packets. When the trust threshold increases
above 0.4 FBDS-AHP does not show a large deviation in
network throughput. However, when the threshold is 0.8,
the throughput of FBDS-AHP, BDSFTR and BDS-AHP is
0.6248, 0.60808 and 0.6056 packets per second and that of
BDSTR is 0.588 packets per second respectively.

The performance of all four protocols is evaluated in terms
of the detection accuracy, false positive and false negative rate
with varying trust threshold. From Fig. 3e, it can be visualized
that the performance of the proposed FBDS-AHP is com-
paratively better than the BDSFTR, BDS-AHP and BDSTR
in terms of malicious attacker detection. Since FBDS-AHP
takes into account the packet forwarding ratio, cross-layer
metrics and trust of the link for malicious node detection
and it achieves a detection accuracy rate of 93.33% for a
trust threshold of 0.8. The relative false-negative rate and
false-positive rate of the four protocols are shown in Fig. 3f
and Fig. 3g respectively. Since BDSTR does not employ RSS
metrics to find the node launching a Sybil attack, it has a
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Fig. 4. Performance of network with varying the number of malicious nodes.

drastic decrease in packet delivery ratio that directly impacted
on the malicious detection rate and a false positive rate of the
protocol.

To evaluate the performance of the proposed FBDS-AHP
with the increase in the number of nodes in a network,
we have considered network environment with 40 nodes, 50
nodes and 60 nodes with the same network configuration.
It can be visualized from Fig. 3h that the packet delivery
ratio of the proposed FBDS-AHP an increases with increase
in the number of nodes in the network. The FBDS-AHP
protocol is able to stabilize through periodic exchange of trust
information between a node and its neighbours directly or
indirectly so as to discover the possibility of illegitimate nodes
in the route. Thus, the proposed FBDS-AHP protocol helps
to establish a robust network defending against cross-layer
malicious attackers in an SGCN.

2) Impact of Number of Attackers: We evaluate the per-
formance of FBDS-AHP protocol by varying the number of
attackers from 0 to 8 to study the robustness of the proposed
FBDS-AHP protocol with the trust threshold value of 0.4 and
compared its performance with the BDSTR, BDS-AHP and
BDSFTR. The performance results can be visualized from
Fig. 4a to Fig. 4g.

When the number of attackers is increased from 0 to 8
we can observe that there is a sharp decline in the delivery
ratio of all protocols. Fortunately, FBDS-AHP is still able
to achieve a packet delivery ratio of 82.0677% even with a
presence of 26% malicious attackers whereas the delivery ratio
of BDSFTR, BDS-AHP and BDSTR are 78.90%, 78.0677%
and 72.29% respectively as shown in Fig. 4a. This is because
the FBDS-AHP tries to choose an alternate reliable link with
a reasonable capacity to transfer its data by avoiding mali-
cious nodes with an increase in end-to-end delay and routing
overhead. In the beginning, due to lack of trust information,

few benign nodes may be deceived by the attackers causing a
disturbance in the delivery ratio. As the time goes, FBDS-AHP
is able to stabilize with the trust information acquired by itself
and from its neighbours that helps FBDS-AHP to perform
better in terms of delivery ratio even with the presence of
26% malicious nodes.

The average latency of FBDS-AHP, BDSFTR, BDS-AHP
and BDSTR increases steadily with a 26% increase in the
number of attackers in the network as shown in Fig.4b. Even
though the network has 26% of attackers, FBDS-AHP has
a comparatively low latency of 22.645ms than BDSFTR,
BDS-AHP and BDSTR. Since BDSTR does not employ
inter-layer trust mechanism to find nodes with an overloaded
buffer results in frequent retransmission of a packet that
increases the average latency. The BDSFTR, BDS-AHP and
BDSTR protocols employ more RREQ and RREP control
packets for finding a reliable node in each hop to avoid
malicious nodes. As a result, more time is consumed in
discovering a reliable route, gradually increases the latency
in the network.

As shown in Fig.4c, the routing overhead of these protocols
elevates when malicious nodes increase from 0 to 8. When
there is an increase in the malicious node, BDSTR fails to
evaluate cross-layer metrics like buffer overflow or reliability
of link to forward data to the destination. Due to this, BDSTR
misroutes data packet to a node with low buffer or through
a less reliable link resulting in a significant packet drop
and an increase in routing overhead. However, the FBDS-
AHP routing employs computation mechanisms to find a
stabilized trustworthy path to route packets and reduces the
routing packet overhead. As the number of malicious nodes is
increased to 8, the routing overhead of FBDS-AHP, BDSFTR,
BDS-AHP and BDSTR protocols is 0.3, 0.321, 0.3347 and
0.365 respectively.
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Apparently, when the packet delivery ratio of a network
is higher then network throughput is also high as shown
in Fig.4a. As the number of the malicious node is varied from 0
to 8, it is observed from Fig.4d that there occurs a drastic drop
in network throughput with an increase in malicious nodes.
When the number of malicious node is 8, the throughput
of BDSTR is about 0.51, is approximately half the network
throughput. The FBDS-AHP has a network throughput of
0.56464 which is better than BDSFTR and BDS-AHP with
0.55 and 0.5445 respectively when the network has 26% of
malicious nodes.

The performance of all four protocols are evaluated in terms
of the detection accuracy, false positive and false negative
rate with varying the number of malicious nodes. From
Fig. 4e, it can be visualized that the performance of the
proposed FBDS-AHP is comparatively better than the BDS-
FTR, BDS-AHP and BDSTR in terms of malicious attacker
detection. Since FBDS-AHP identifies malicious attackers and
tries to avoid those links with the malicious node by applying
trust metrics and achieves a detection accuracy rate of 95.1%
for a trust threshold of 0.4 with 8 malicious nodes. The relative
false-negative rate and false-positive rate of the four protocols
are shown in Fig. 4f and Fig. 4g respectively.

To evaluate the performance of the proposed FBDS-AHP
with the increase in number of nodes in the network, we have
considered network environment with 40 nodes, 50 nodes
and 60 nodes with the same network configuration. It can be
visualized from Fig. 4h that the packet delivery ratio of the
proposed FBDS-AHP is significantly higher for a network size
of 60 nodes. As the network size increases, the behaviour of a
node can be easily distinguished into malicious or benign that
helps legitimate nodes in the network to choose an alternative
link with the highest trust for data transmission by avoiding
links with malicious nodes.

3) Time Complexity: In the proposed FBDS-AHP model,
assume a node needs to select suitable next hop neighbours
having maximum trust from the current neighbour node list,
so the time complexity is O(n), where n is the number
of neighbour nodes having trust greater than trust threshold.
If there are n neighbours for each node and m number of nodes
in the path then the time complexity is O(n×m). Assume that
if there are n number of neighbouring nodes with p number
of possible paths having a maximum of m number of nodes
on the selected path, then the time complexity of FBDS-AHP
is not more than O(n × p × m).

VI. CONCLUSION

In this paper, a novel trust evaluation framework using
Bayesian, Dempster-Shafer, Analytical Hierarchy Process and
Fuzzy theory (FBDS-AHP) is proposed to facilitate secured
data communication in a smart grid communication network
(SGCN). 1) Initially, the Bayesian theory is applied to compute
the direct trust of a node based on its packet forwarding
ratio. Then, Dempster-Shafer theory is applied to compute
the indirect trust of a node by receiving the recommendation
from the one-hop neighbours. 2) Subsequently, the concept of
Analytical Hierarchy Process, a multi-criteria decision-making

model is used to evaluate the creditability trust of a node using
the cross-layer metric like Buffering capacity, transmission rate
and received signal strength. Later, the confidence value is cal-
culated by combining overall and creditability trust to examine
the trustworthiness of a node. 3) Finally, the Fuzzy theory is
used to compute the link-layer trust using node trust, distance,
capacity, and quality of the link to find a secured and reliable
link for transmitting data packets. Experimental results show
that the proposed FBDS-AHP approach provides an effective
mechanism for identifying and alleviating the effect of the
illegitimate nodes during data transmission. The FBDS-AHP
establish a stable route that improves the packet delivery ratio
even in the presence of attackers and ensures reliable routing
in an SGCN. In addition, the FBDS-AHP protocol is able to
achieve a detection rate of 95.1% with a false positive rate
less than 2% in the presence of 26% malicious node in the
network. Further, the use of simple mathematical calculation
for formulating routing decisions provides a feasible solution
for practical implementation. As an extension of this work,
we have planned to consider this trust management scheme
to explore more interesting research topics requiring complex
routing decisions in dynamic environments such as vehicle to
grid (V2G) and grid to vehicle (G2V) communication.
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Abstract: The present work is synthesis of voice signal using 

LabVIEW with the input of text signal in the form of image file, 

typed text or pdf. The synthesis of signal based on the Optical 

Code Recognition (OCR) techniques. Even though already so 

many technologies available in the synthesis of voice signal, the 

LabVIEW based system is very user friendly and cost effective. 

The programming of LabVIEW is graphical based enhances the 

users to be compatible. The proposed system has two parts such as 

optical character recognition and text to speech conversion (TTS). 

The Text to Speech interfaces is provided by Microsoft Speech 

SDK. In addition to that LabVIEW supports special characters 

and special language characters. The input of either a text 

document or written text is read and it is converted into speech 

signal. The output of an audio file is listened by headset or speaker 

connected with the processor. The above proposed system of a 

speech synthesis is very useful for educational purpose, for 

visually impaired people and for shorthand writing. 

 

Index Terms: LabVIEW, Microsoft Speech SDK, Optical 

Character Recognition (OCR), Text to Speech Conversion (TTS) 

I. INTRODUCTION 

  Speech synthesis converts the normal language text into the 

voice signal or speech signal. The synthesizer can have the 

model of vocal tract. The system of production of speech 

signal from the text or image file is called as synthesizer. 

Speech synthesizer is often called as Text To Speech (TTS) 

system having symbolic linguistic representations like 

phonetic transcriptions into speech. A TTS comprises of text 

normalization and synthesizer. In text normalization converts 

the text into equivalent of written out words and in synthesizer 

converts the words and numbers into sound signal. TTS can 

read a text from a document, Web page or e-Book, generating 

synthesized speech through a computers speaker. TTS is 

mainly useful for disabled such as poor vision. In [1] TTS is 

implemented using a hybrid strategy, a minimal set of rules to 

predict the lexical stress. The present study [2] represents the 

speech synthesis using concatenative data driven methods and 

also it compares the musical synthesis and speech synthesis 

related to tone and naturalness. In the report of [3] uses 

elicitation approach for improvement of syllabification 

process and also it compare different spectral smoothing 

methods. The author proposed [4] unit selection algorithm for 

Marathi language synthesis and uses units like words, 

Di-phone and tri-phones as database. The author [5] has used 
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unit selection algorithm Using Bi- grams Model for speech 

synthesis. The author [6] has introduced the speaker 

recognition algorithm. Here speech classification is done 

through Output Probability Clustering algorithm. The paper 

proposed [7] acoustic units from speech using property rules 

and text processing stage, by extracting linguistic units using 

phonetic and lexical rules. In this paper [8] author has uses 

statistical model based algorithm for minimizing mean 

squared error from speech enhancement. The author [9] 

proposed Multilingual Speech Synthesis System for Indian 

English, Tamil and Telugu by using Concatenative speech 

synthesis. Authors [10]have used Concatenative Synthesis 

method for Marathi language and the  quality of generated 

speech depends on the unit size. The author [11] focused on 

synthesis of speech signal only for Tamil language using 

Concatenative synthesizer. The author introduces that the 

speech listeners used combinational information about 

rhythmic structure, phrasal structure and phone tactics to 

segments their native language. 

 The present study helps the people requiring voice signal 

from the text input especially in banking sector and for blind 

people. In the present study the possibilities of transforming 

written text signal into voice or audio signal using LabVIEW 

programming environment. The TTS is specially provided by 

Microsoft SDK and in addition LabVIEW supports special 

characters and special language characters. Input is given 

either as a text document or written text which is read, 

converted into speech and the output is produced as an audio 

file.  

II. SUB VI FOR SPEECH SYNTHESIS 

A. Initialize Routine 

The input of text or image signal is given in the case 

structure as in the name of initialize. Whenever the new input 

is fed into the text to be spoken flag box and the power ON 

terminal in the front panel of main VI is enabled. The process 

of synthesizing a audio signal will take place .The case 

structure of first sequence execution is when both the inputs of 

the selector switch initialize and power ON need to be 

enabled to take in the input text message of the dialog box. 

The Fig. 1 shows the block diagram of Initialize sub VI and 

Fig. 2 shows the front panel diagram of Initialize sub VI 
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Figure. 1The block diagram of Initialize sub VI 

 

 
Figure. 2 The front panel diagram of Initialize sub VI 

B. Power ON Routine 

In the power ON routine the user has to select the text to be 

spoken and also a type of voice signal .After the input signal  

is fed it will allow the read dialog bow to read the data. The 

Fig. 3 shows the power on case module 

  C. Read Routine 

In the Fig. 4 of Read routine, the text to be spoken and the 

type of voice need to be output is selected. The process of text 

normalization and synthesize of the audio signal is happening 

in the particular case structure sequentially. The LabVIEW 

has icon of Speech Voice, SpeechObjectTokens, SpeechLib, 

SpeechVoice modules. After a conversion the output is able 

to listen in the headset or speaker connected to the processor.  

 

 

 
Figure 3 Power on case module  
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Figure 4. Read routine block diagram 

I.  MAIN BLOCK EXECUTION OF SPEECH CONVERSION TECHNIQUES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Main block diagram description 
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A. Initialization  

In this case, all the controls and indicators are reinitialized 

to their default values using Invoke node. In order to reduce 

the numbers of wires Controls Constant Cluster and Indicator 

constant clusters are created. The voice selection button and 

the text to be spoken will be in disabled state. When the power 

button is switched on it will go to the next case else it will wait 

until the power button is switched on. 

B. Power On 

In this case, voice selection button and the text to be spoken 

will be in enabled state and it will wait until you enter the text. 

C. Read 

In this case, the text to be spoken will be analyzed and it 

will look for the special characters. Then it will replace all the 

special characters with its spelling. Now the text to be spoken 

will not have any special characters, this text will be given to 

read. Using the invoke node the speech attributes are set. 

Using the speech library files the voice is set. When the both 

parameters are available, the application starts to read the 

text. 

D. Stop 

When the user press the stop button the application will 

stop and sets default values to all the objects.Since the 

application has to run continuously and stop when the user 

presses the stop button while loop is used. To have a state 

transition, this application is built using state machine 

architecture. The Fig. 5 and 6 shows the main block and front 

panel diagram respectively. 

 

 
Figure 6 Front panel diagram of Mani VI 

IV. CONCLUSION 

The LabVIEW instrument permits to execute the Text to 

Speech change .LabVIEW has its solid inbuilt Speech library 

to actualize the Text to Speech transformation. Different 

strategies and procedures are accessible for discourse 

amalgamation which is talked about in this report. Here, in 

content to discourse transformation VI ,a content box is made 

so client can compose content which is to be changed over 

into discourse in .wav record position and makes a wave 

document named yield .wav , which can be tune in by utilizing 

wave document player. 

The ACTIVE X sub bed in Communication bed is utilized to 

trade information between applications. ActiveX innovation 

gives a standard model to bury application correspondence 

that distinctive programming dialects can execute on various 

stages. Microsoft Speech SDK has been utilized to fabricate 

discourse empowered applications, which recover the voice 

and sound yield data accessible for PC. This library permits 

choosing the voice and sound gadget one might want to 

utilize, enter the content to be perused, and modify the rate 

and volume of the chose voice.  

The application created is easy to understand, savvy and gives 

the outcome in the constant. Besides, the program has the 

expected adaptability to be adjusted effectively if the need 

emerges. 

V. FUTURE SCOPE 

A discourse blends framework for example a content to 

discourse change framework is created utilizing the 

LabVIEW. Still some more work should be possible in this 

field as referenced underneath: 

 1. By including some resonation it might be conceivable to 

build the loveliness of manufactured discourse 

subsequently  

2. Diverse sound wave design records, for example, .mp3 and 

so on or other configuration required by client, can created 

utilizing distinctive methods  

3. Diverse techniques for right articulation can be utilized to 

improve better and right  

4. Arrangement for controlling the bits/tests, and thus the 

discourse speed, pitch control and so on can be included as 

new component.  

5. Another module can be included for the voice initiated 

remote control applications. 
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Abstract: The electricity demand is increasing day by day and 

leads do increase in generation and power transmission. India 

consumes about 3.4% of world energy consumption. The energy 

demand has grown at the average of 3.6% per annum over the 

past 30 years. Usually the demand for the electricity increases 

abruptly during peak hours. So it is necessary to monitor the loads 

during peak hours in order to provide energy sufficiently. The 

government has taken steps to reduce power consumption in 

industrial sector. Demand reduction can also possible in domestic 

sector. This Paper presents a  load management model for 

domestic houses. Every house has a maximum demand limit for 

essential loads. During peak hours, if the consumer consumes 

power more than the preset limit,, based on the priority of load the 

power supply to the load will be turned off automatically and by 

using the cloud, the data can be visualized and analyzed. The 

power consumption during peak time is updated in cloud using 

NODEMCU and Thingspeak. The information can also be used 

for load forecasting 

 
Keywords: Demand, Essential and Non-essential loads, Load 

Management, Peak Hour 

I. INTRODUCTION 

In the report of central electricity authority of India, during 

the year 2017-18, the peak load met was 160,752 MW with a 

deficiency of 3,314 MW against 169,130 MW expected load. 

In the report of Load Generation Balance 2018, India's 

Central Electricity Authority predicted that energy surplus 

and peak surplus to be 4.6% and 2.5%. India ranks the 3
rd

 

largest energy producer as well as 3
rd

 largest energy 

consumer. Considering global world power  consumption ,  

India consumes only 3.4% power of world consumption. 

Considering last 30 years of electricity report of India, 

demand increases constantly 3.6% per annum. By 2030,  the 

total power demand for electricity in India is estimated to 

cross 950000 MW. As per the report of central electricity of 
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India, total energy produced in India is about 2,05,163.47MW 

per day. In this, around nearly 18% of power lost during 

Transmission and Distribution losses which are about 

36929.42MW. Comparing to normal hours, during peak time 

the Transmission and Distribution losses gets increased 

gradually. The power of 14771.76 MW is lost during  peak  

time. The estimated losses about 40%  of the losses are 

happened around 5PM to 11PM  (i.e) during peak hours.  The 

increase in annual electricity demand is due to the rapid 

growth of industrial sector and rapid growth of  buildings and 

houses which consumes power more than their sanctioned 

power limit from the Electricity Board. So, power demand 

problem arises during peak hours. During Peak hours, if any 

consumer consumes power above their load limits, other 

consumers too get affected due to low voltage problems. 

S.Ashok, Rangan Banerjee [2001] briefed the classification 

of loads for industry based on fixed time and controllable 

load.[1] 

R. Rajarajeswari, D. Suchitra, J. Vijay Krishna and  

Joydeep Das Gupta [2019] briefed the scheduling of user 

devices based on the priority. They also analyzed that the load 

during peak hour is reduced and cost as well.[2] 

Onur Ayan and Belgin Turkay[2018] has classified the 

domestic loads based on the shiftable and non shiftable loads. 

They have also listed the various appliances in the house hold 

and their priority order .[3] 

II. LOAD MANAGEMENT  

In order to overcome power demand during peak time, the 

load should be moved from peak hours to non-peak hours. 

The domestic loads are classified into  essential and non- 

essential loads. Essential loads are the loads which will be 

required to meet the basic needs of the house. Some of the 

essential loads are Flash lights, fans, telephone power, fire 

alarm systems etc. Non essential loads are the loads which can 

be operated after specific time  interval. Some of the non 

essential loads are Air conditioner, Water heater, Dryer, 

Pump, etc 

III. PROPOSED LOAD SCHEDULING MODEL 

Every consumer needs to mention the Maximum Current 

Limit (ML) or Maximum Demand for their houses while 

applying for the  new connection. If consumer consumes 

above the maximum demand of their house, it will affect other 

consumers by several problems like low voltage problem.  
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This proposed model is to make consumers to get maximum 

demand properly and to reduce peak time power consumption 

by shifting peak time loads to non-peak time by segregating 

the loads into essential and non-essential loads. 

This proposed model consists of two sections, one is for 

existing houses and other is for newly constructed houses 

A. For Existing Houses 

 
Figure 1: Block Diagram for existing Houses 

 
Figure 2: Circuit Diagram for existing Houses 

 

For existing wired houses, we may not able to separate 

essential and non-essential load lines. The consumer uses 

above their specified load limit during peak hour, then all the 

essential and non essential loads will be turned off. Current 

sensor is used to sense the current  and it sends the value to 

microcontroller. Microcontroller compares the set value and 

actual value. The current value exceeds the maximum limit, 

microcontroller send the command signal to relay to trip all 

the loads. Real time clock is used to turn on the project during 

peak hours. By implementing this method for existing wired 

houses, the power consumption above the essential load limit 

during Peak time can be turned off. Thus the power consumed 

by non essential loads can be shifted from peak hour to non 

peak hour. The power drawn by the consumer is displayed in 

the LCD. Node MCU transfers the data about the time of 

violation of limit to the server. 

 

B.  For Newly Wired Houses 

 
Figure 3: Block Diagram for New Houses 

 

For Newly wiring houses, separate wiring should be done for 

essential and non essential loads.  With the help of real time 

clock, the microcontroller switches off all the non essential 

loads automatically during peak hours. 

Thus, the power consumed by the non essential loads will be 

changed from peak hours to non peak hours.  

IV.  CLASSIFICATION OF LOADS 

The loads in the houses can be classified based on the priority. 

 

Table 1: Classification of  various loads 

Low Essential 

Loads 

Medium 

Essential Loads 

High 

Essential Loads 

Water heater 

Electric iron box 

Television  

Decoration lamps 

Washing machine 

Air cooler 

Air conditioner  

Radio 

UPS 

Computer 

Refrigerator 

Mixer 

Grinder 

Water purifier 

Water Pumps 

 

 

Lamp loads 

Fan loads 

Mobile phone 

charger 

 

V. RESULT AND DISCUSSION 

The table shows the power rating of the appliances generally 

used in the houses.  

 

Table 2: Rating of the appliances in house hold 

 

 

 

 

Appliances Type of load Power (W) No of 

quantities 

Refrigerator Non Essential 200 1 

Television Non Essential 150 1 

Computer Non Essential 150 1 

Lamps Essential 20 6 

Air-Conditioner Non Essential 1500 1 

Washing 

Machine 

Non Essential 500 1 

Fan Essential 75 3 
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The power consumed during Peak hour and non peak hour is 

also displayed at consumer point so that the consumer will be 

aware of their individual power consumption 

 

 
Figure 4: Power Consumption Display 

 

The power  consumed by the individual houses can be 

updated in the server. The information can also be used to 

determine the future load and its corresponding losses  

 

 
Figure 5: ON/OFF Time of  load details in server 

VI. CONCLUSION 

By adopting the above proposed model, the power of 

approximately 2500W can be shifted to non peak hour in 

every house, thereby peak hour demand and losses in the peak 

hour also reduced. 
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Abstract  
This paper presents the cascade fuzzy controller based switching angle compensator for reducing the 

torque ripples and vibrations of the SRM drive used in electric screw machine. The switching angle 
such as Turn- ON and Turn-OFF angle of the motor are automatically changed with respect to 

speed and current values. Cascade fuzzy controller consists of two fuzzy controller connected in 

series, the first controller tune the Turn-OFF angle according to the speed and current changes and 
second controller tune the Turn-ON angle according to the tuned Turn-OFF angle and current value. 

The vibration of the motor under different load conditions and FFT spectrums of measured vibration 

signals are calculated. The proposed algorithm has been tested through the MATLAB simulation. A 
simulation results are proved that the proposed switching angle compensator can increases the 

performance of drives in terms of less speed oscillation, less torque ripples and less vibration even at 

low speed in steady state condition than the constant switching angle method. 

Keywords:SRM Drive,Cascade,Fuzzy Controller,Vibration Analysis,Torque Ripple,Switching Angle 

 

1. INTRODUCTION  

Switched Reluctance Motor (SRM) is the prime choice as a prime mover for machine 
automation applications due to its simplest and rugged construction. The design procedure for SRM 

is described in [1]-[2] and its steady state and dynamic characteristics are analyzed and reported in 

[3]. SRM has been used for various industrial applications such as electric vehicle population [4]-[5], 
driving textile machine [6] and very recently it is used for making automation in electric screw press 

machine [7]. SRM has many advantages over the conventional motors. However, the major 

limitations of SRM are high torque ripples, acoustic noise and vibrations. In literature many ripples 

minimization methods are developed based on motor design modification and control techniques 
[8]-[11]. In [11], vibration and torque ripples are reduced by Fourier series based phase current 

profile optimization. In the above all the methods are successfully proved that torque ripples 

minimization but failed to justify that vibration reduction through minimization of torque ripples by 
measuring the motor vibrations signals simultaneously with torque. These methods need complex 

calculations and not easily implementable through Programming Logic Control (PLC)..  

Literature review that has been done author used in the chapter "Introduction" to explain the 

difference of the manuscript with other papers, that it is innovative, it are used in the chapter 
"Research Method" to describe the step of research and used in the chapter "Results and Discussion" 

to support the analysis of the results [2]. If the manuscript was written really have high originality, 

which proposed a new method or algorithm, the additional chapter after the "Introduction" chapter 
and before the "Research Method" chapter can be added to explain briefly the theory and/or the 

proposed method/algorithm [4]. Now days most of the industrial machine automation can be 

done through PLC and artificial intelligent based techniques may give optimum and best 
performance control over conventional methods [12]-[15]. In [13], the Fuzzy Logic controller 

based turn off angle compensator has been proposed for torque ripples minimization. This 

method is very simple and very easily implementable through PLC. This method need to 

improve further by incorporating the Turn-On angle variations according to the tuned turn off 
angle value. 
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Research regarding vibration and acoustic noise problem generation, analysis and reduction 
in SR motor has been investigated and their findings are reported in the literature work [16]-[21]. 

As per the previous literature work the acoustic noise can be classified and it was found that the 

vibration measurement gives better results than acoustic noise measurement system. Normally the 
vibration reduction in SR motor has been achieved through optimum motor design, converter control 

methods. The random turn on and off angle tuning have used to control the vibration in SR motor 

[20]. This method gives better results and also there is no much complex procedure to 

implement. A hybrid excitation method was developed [22] based on overlap excitation concept. 
In [23], new vibration and noise reduction method is proposed based on transfer function and 

response surface methodology. In [24] a comprehensive experimental analysis is carried out in 

order to compare the vibration and noise reduction methods. In the above research work proposed 
new reduction methods it includes RFPWM etc. In [25], new method is developed to reduce 

acoustic noise in sensorless SR drive based on variable DC bus voltage. This method can reduce 

the noise level 15db compared to other scheme in low speed operation but this scheme required 
quality power supply. However, the above all the methods are not practicable for industry machine 

automation applications such as CNC tooling machine, electric screw press machine and robotics. 

In [26], NI based vibration measurement suit was used to measure the vibration of the motor at 

different speed and load conditions. In this paper, Fuzzy controller based switching angle 
compensator is proposed for SRM drive in electric screw press machine. 

 

 

2. ELECTRIC SCREW MACHINE 

The Switched Reluctance Motor drive is used to drive the press through the 

flywheel arrangement. A sleeve spindle of flywheel and copper nuts frequently drive the screw and 

move the ram up and down. Figure 1 shows the schematic diagram for the Electric screw press 

bricks making machine. The flywheel is connected to the SRM drive through belt drive and screw is 
connected eccentrically to the flywheel which converts the rotational motion to vertical linear 

motion. In bricks manufacturing industry this machines can be controlled and the processes has 

been automated by PLC system. Initially the pre set speed values is given as the forward driving 
command based on the impact power, when the motor meets the set speed, the press (ram) uses the 
energy stored by the flywheel to impact the die to form the bricks. 

Once after the flywheel release the energy, the motor drives the flywheel rotate inversely 
to drive the ram to the set position and the motor come into the stop state. The main problem for 

using the SRM in the electric screw press machine is the misalignment problem in screw, belt 

drive and flywheel due to the frequent motor vibrations. It may leads to form the improper shape 
of the bricks and lose productivity. In this work proposed very simple algorithm for reducing the 

vibration of the motor and also can easily implemented through PLC programming. 
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Fig.1 Electric Screw Press for bricks making machine 

 

 

3. SWITCHED RELUCTANCE MOTOR 

A SRM stator construction is similar to brushless dc motor, rotor has only iron laminates 

and also it has no permanent magnets. The stator is energized and it will attract the rotor. While 

attracting the rotor it does not depend on the polarity of the stator pole. Due to the attraction between 
the electromagnet and the iron rotor the torque is produced in the motor. Figure 2 shows the cross 

section of typical 4 Phase (8/6) SRM. 
 

 

 

 

 

 

 

 

 

 

 

Figure.2 Cross- sectional view of 4 

Phase SRM 

 

 

The phase voltage applied to the stator windings is given by 

𝑣𝑘 = 𝑅𝑘   𝑖𝑘 +  
𝑑𝛹𝑘 (𝜃𝑟,𝑖𝑘)

𝑑𝑡
                k=1, 2, 3, 4                                                                                    (1)  

Where vk is the stator phase voltage, Rk is the stator phase resistance; ik is the 

stator current, k is the stator phase flux linkage and r is the rotor positon. 

The stator flux linkage can be expressed without mutual inductance of the phase to 
phase windings as k ( θ r , ik ) Lkk (θr , ik ) ik        k 1,2,3,4                            

(2) 

Where Lkk (θr , ik ) is the per phase self-inductance. 

 

The electromagnetic torque can be represented as 

𝑇𝑒 = 
1

2
  

𝑑𝐿𝑘

𝑑𝜃
 𝑖𝑘

2                                                                                                                                          (3) 

The general mechanical equation of the SRM is 

Te Jm r Bm r TL(4) 

 

In electric screw pres machine is comes under the category of loads with 

translational and rotational motion. So the moment of inertia and load torque can be 

calculated as 

𝐽𝑚 = 𝐽0 + 𝑀 (
𝑉

𝜔𝑚
)

2

                                                                                                                                                               

(5) 

𝑇𝐿 =
𝐹

𝜂
(

𝑉

𝜔𝑚
)                                                                                                         

 (6) 
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Where Jm is the moment of inertia, F is the force, V is the velocity, Bm is the viscous 

frictional 
 

Coefficient, r is the rotor speed and TL is the load torque. Based on the observation made in [24] 

large 

torque ripples and notch between adjacent phase are presented in the torque waveform due to its 
non ideal current waveform. 

 

4. SOURCE OF VIBRATION AND NOISE 

The vibration and noise sources for SR motor are discussed in the literature work [24]. 

Normally stator vibration is produced due to the rate of demagnetization process. The total 

torque generated in the motor is divided into two components such as radial force and tangential 

force. The radial force is the main source for the torque ripples, if minimizing the sum of the 
radial force may reduce the vibration in the motor. Another reason for producing vibrations is 

interaction between the winding phase current, magnetic effects, bearing faults and other 

mechanical faults. The vibration and noise of the SRM can minimize by proper design of 
motor and development of appropriate control algorithm. In this work propose new cascade 

fuzzy controller based switching angle compensator for reduce the torque ripples and vibration 
in SRM. 

5.     CASCADE FUZZY CONTROLLER BASED VIBRATION REDUCTION 
The proposed SRM drive system mainly consists of switched reluctance motor, PWM 

converter, 

 

PI speed controller and cascade fuzzy based switching angle compensator. A two Mamdani 
based fuzzy controllers are connected in series. The first fuzzy controller tune the Turn-OFF 

angle (β) based on the speed and current value and the second fuzzy controller tune the Turn-

ON angle (α) based on the tuned turn off angle (β) and current value. The commutation 
process can generate the gate pulse according to the new Turn-ON and Turn-OFF value. A 

figure 3 shows the block diagram of the proposed drive system. 

 

 

 

 

 

 

 

Fig. 3 Control configuration of the SRM drive with switching angle compensator  

 

A. Compensated switching angle calculation 

 
The instantaneous phase current of the SRM drive during energizing and deenergizing process are 

given 
 

by 

𝑖1 (𝑡) = 𝑖0  𝑒
(−𝑡 𝜏1)⁄ + 

𝑉

𝑅𝑇
 (1 − 𝑒(−𝑡 𝜏1)⁄ )                                                                                           (7)  

 

Page 92 of 3066Page 92 of 3066



 

293 ISSN: 2005-4238 IJAST  

Copyright ⓒ 2019 SERSC 

 

 

𝑖2 (𝑡) = 𝑖0  𝑒
(−𝑡 𝜏2)⁄ + 

𝑉

𝑅𝑇
 (1 − 𝑒(−𝑡 𝜏2)⁄ )                                                                        

(8)  
Where i0 is the initial current V,-V are the energizing and de-energizing voltages,

 

 

𝜏1 = 
𝐿(∝) 

𝑅
      

is the energizing time constant 
  𝜏2 = 

𝐿(𝛽)

𝑅
   

is the de-energizing time 

constant , L( )  

and L( ) ,are phase    
inductance value at turn on and turn off angle respectively 

and RT is the total resistance value and it is defined by 

 

𝑅𝑇 = 𝑅 +
𝜕𝐿

𝜕𝜃
ɷ                                                                                                                        (9) 

 

The energizing and de-energizing time are derived from the equation (5) and (6) 

 

𝑡𝑠 =  
𝐿∝

𝑅
 ln(

𝑉

𝑅𝑇 𝑖𝑜+ 𝑣 
)                                                                                               

(10) 

 

𝑡𝑑  = 
 𝐿𝛽

𝑅
 ln(

𝑉

𝑅𝑇 𝑖𝑜+ 𝑣 
)      (11) 

 

The energizing and de-energizing time constant can be adjusted by the turn on and 

turn off angle with initial phase current (i0), speed (ω) and total resistance value 

(RT). The phase current profiles of the machines are modified according to the 

dynamic switching angle and the torque ripple can also be minimized. 

The SRM drive start with constant turn on and turn off angle (ϴon, ϴoff). In order 

to reduce the torque ripples the compensating angles ∆ϴ1, ∆ϴ2 are generated based on 

the following relations 

1 f ( , I phase)                                                                                                              

(12) 2 f ( , I phase)                                                                                                             

(13) 

The new and modified switching angle can be calculated as follows 

off 1                                                                                                                                                                        
(14) 

 

on 2                                                                                                              (15) 

Where α is the new turn on angle and β is the new turn off angle. A new switching angle can be 

generated by cascade fuzzy controller. 
 

B. Cascade fuzzy controller design 

 
A standard Mamdani type FLC has been applied of this cascade control structure. The 

input 1 is the speed (ω), the input 2 is the phase current (Iphase) and output is the compensated 

turn off angle ∆ϴ1 for the first fuzzy controller. The input 1 is the speed (ω), the input 2 is 

the new turn off angle (β) and output is the compensated turn on angle ∆ϴ2 for the second 

fuzzy controller. Gaussian membership functions are selected for the input speed and current 

due to its non linearity nature and triangle membership functions are selected for the 
switching angle due to its linear nature. Figure 4 shows the designed membership functions 

of the cascade fuzzy controller. 
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Fig.4 Input and output Membership function of cascade Fuzzy controller 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5 surface view of the rule base for cascade fuzzy controller  

 

The rule base is designed based on the knowledge obtained from the SRM drive simulation. 

 

Totally 5x5 =25 IF-THEN rules are framed for relating the input and output fuzzy parameters. 

The surface view of the framed rules is shown in figure 5. The Root Sum Square (RSS) is used to 

calculated strength of the each of the contributed membership functions. The centroid area 
defuzzification method is used to calculate the crisp compensated angle ∆ϴ. 

 

6.    SIMULATION RESULTS AND DISCUSSION  
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SRM drive was simulated in MATLAB/Simulink software. The developed cascade 
fuzzy controller based switching angle compensator has been implemented with the PI based 

speed controlled SRM drive as shown in figure 3. In the present research work the current 

controller for inner-loop control uses the PWM controller. The self- inductance profile of the 
SRM model was obtained at current from 1 to 10 A by making off line measurement of a 

practical 4 phase 8/6 motor. The flux linkage of the measure inductance profiles is shown in 

figure 6. Table 1 lists detail specifications of SRM used in this simulation work. The 

Matlab/Simulink implementation block s shown in figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 Flux and current characteristics of 8/6 SRM  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 Matlab/Simulink diagram for proposed control structure 

 

The simulations are carried out in three different conditions such as low speed with low 

torque and high speed with high torque and electric screw press machine operation condition. 
Initially the drive has been tested with constant switching angle and later tested with 

compensating switching angle. Figure 8 shows the SRM drive parameter response under low 

speed with low torque. The figure 8(a) shows the performance at constant switching angle 

Page 95 of 3066Page 95 of 3066



 

296 ISSN: 2005-4238 IJAST  

Copyright ⓒ 2019 SERSC 

 

 

such as Turn-ON is 11
o 

and Turn –OFF angle is 26
o
, figure 8(b) shows the 

performance of the drives at compensating switching angle condition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) (b) 

Fig. 8 steady state performance of the drive at Nr=500 rpm , T =1N-m, (a) constant 

switching angle Ton=11
o
, Toff=26

o
) (b) fuzzy based switching angle compensator 

 

The simulation results shows that speed oscillation and torque ripples are 

considerably minimized in the proposed compensator compared than constant turn 
on and turn off angle method 
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Fig. 9 steady state performance of the drive at Nr=1000 rpm , T =1.8N-m, (a) constant 

switching angle Ton=11
o
, Toff=26

o
) (b) fuzzy based switching angle compensator 

 

Figure 9 shows the SRM drive steady state parameter response under high speed with 
high torque condition. The figure 9(a) shows the performance at constant switching angle 

such as Turn-ON is 11
o 

and Turn –OFF angle is 26
o
, figure 9(b) shows the performance of 

the drives at compensating switching angle condition. The torque ripples and percentage 

of the speed oscillation can be calculated as give below and the values are tabulated in table 2 

𝑇𝑟= 
𝑇𝑚𝑎𝑥−𝑇𝑚𝑖𝑛

𝑇𝑎𝑣
                                                                                                                            

(16)
 

%ɷ𝑜= 
ɷ𝑚𝑎𝑥−ɷ𝑚𝑖𝑛

ɷ𝑎𝑣
X100                                                                                                            

(17)
 

Table 2 Torque ripples and % of speed oscillation of SRM 
 

Speed at 500 rpm and Load torque at 1 Nm 

 Tmax Tmin Tavr Tr ωmax ωmin ωavr %ωo 

Constant angle method 2.20 0.6 1.1 1.45 502 498 501 0.79 

Proposed method 1.47 0.7 1 0.77 502 502 500 0.20 

Speed at 1000 rpm and Load torque at 1.8 Nm 

Constant angle method 3.50 1.20 2.10 1.09 1005 998 1001 0.69 

Proposed method 2.45 1.40 1.80 0.58 1000 997 999 0.30 
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From the table 2, it is observed that 60% of torque ripples and 50% of speed oscillation are minimized 

by 
 

the proposed method compared than constant switching angle method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 10 simulation of Electric screw press machines four quadrant operation 

(a) constant switching angle Ton=11
o
, Toff=26

o
) (b) fuzzy based switching 

angle compensator 

 
Figure 10 shows the simulation results of SRM drive with applications of electric screw 

press machine operation. Generally the electrical screw press machine operates in four 

quadrant mode like forward driving, forward braking, reverse driving and reverse braking. A 
1000 rpm is set for SRM drive for driving the ram to reach the set position during forward 

driving mode. In the forward breaking mode the speed command is set to zero and during 

this interval the ram used the flywheel energy to complete the die melding process. In the 

reverse breaking mode the speed command is set to -1000 rpm for driving the ram into the 
original set position. 
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7.    CONCLUSION 

This paper proposed a fuzzy controller based switching angle compensator for varying the turn 

on and turn off angle based on the speed and current value. The developed algorithm is very 

effective to reduce the torque ripples as well as vibration of the SRM used in electric screw 

press machine and also and easily implementable through PLC. The measured vibrations signals 
and its FFT frequency spectrum are validating the proposed algorithm under different load 

conditions. The simulation results proved that the proposed compensator maintains the motor 

speed at set value with very minimum speed oscillations, torque ripples and vibrations. The 
designed compensator is highly effective to reduce the sum of the radial force components in the 

generated torque during turn on and off. 
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Abstract -The major part of an automatic voltage regulator (AVR) 

is to normalise the terminal voltage of synchronous generator. 

The structure modelled contains of the amplifier and generator. 

The AVR organisms are recycled usually in exciter control system. 

The part of an AVR is to grip the generator terminal voltage 

constant below standard operating surroundings at different load 

levels. The AVR loop of excitation mechanism preparation works 

terminal voltage error for adjusting the field voltage so as to 

mechanism the terminal voltage. The basic mechanisms of an 

exciter control system arrangement comprises of four leading 

components, namely amplifier, sensor, exciter and generator. The 

generator and amortisseurs systems state matrix are included, the 

system equations developed in that model includes one d-axis 

amortisseurs and two q-axis amortisseurs. This exertion targets to 

improve a simulation on steady state analysis of a power system 

with a controller established on fuzzy logic to maintain the 

terminal voltage. 

Keywords - Small-signal stability analysis, power system 

dynamics, eigenvalues, power system components modeling. 

I. INTRODUCTION 

While doing a literature study, there are a few things need to 

be understand. There are the concepts excitation systems of a 

single generator, automatic voltage regulator (AVR).  The 

strategy of AVR for synchronous generator using mat lab 

simulation [3] of the synchronous generator is done using 

Matlab instructions which based on d-q axes models and the 

considered AVR as against wind up fuzzy controller. 

Describes that AVR is designed for synchronous generator 

utilizing fuzzy logic controller to retain the terminal voltage 

of the generator at the rated value . When an inductive load is 

useful to the generator the terminal voltage drops, the AVR is 

spontaneously increasing the excitation to get free of this the 

disturbance as fast as possible.The synchronous Generator 

models are identified and parameter operating datas are 

Estimated is illustrated as H. Bora Karayaka, and Ali 

Keyhani. A related learning can be originate in for a small 

round rotor synchronous generator.  

 

1.1 Notations 

p.uin  saturated

 inductance mutualrotor  stator to axis-q & L ,L aqsads d

1q1d L,L  = d& q- axis equivalent leakage inductance. 

aR = Armature resistance per phase. 
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lL  = Stator leakage inductance. 

1q1d R,R = d & q-axis equivalent resistance. 

fdR  = field resistance. 

qd v,v = Generator terminal voltage d & q-axis. 

qd i,i  = Stator current d & q – axis p.u. 

fdI = field and amortisseurs circuit currents. 

fdL = Leakage inductance of field winding . 

ex = Reactance of transmission line. 

61 KK  = constants of the linearised model of the 

synchronous machine. 

d0T = d-axis open circuit field time constant. 

M, H=Inertia coefficient, constant (M=2H) 

D= Damping coefficient. 

P=Electric power output. 

mP =Mechanical power input. 

 Q = output reactive power to machine. 

 = Torque angle. 

 = angular velocity 

refV = reference input voltage 

II  PROBLEM DESCRIPTION 

The configuration of the synchronous mechanism typical 

recovered in this study is iiustrated in a figure 3.1 given 

below, with one damper in d-axis and  two damper in q-axis. 

        The state space demonstration of this prototypical is 

            

 

Where    A= is the state or plant matrix; B= is the control or 

input matrix; C= is the output matrix; D= is the feed forward 

matrix.  

 

Figure 3.1 Synchronous machine equivalent circuits for 

                      d-axis and q-axis 
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The state space model of the synchronous generator is 
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The complete state equation is given by 
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III. IEEE TYPE I EXCITER 

It delivers dc power to the field winding of synchronous 

instrument. It organizing the power stage of the excitation 

scheme.In progressions and supports input mechanism signals 

to a smooth and from proper for device of the exciter. This 

includes both regulating and excitation system for stabilizing 

functions. 

     

 
Figure 3.2 IEEE type 1 – Continuously Acting Regulator 

and Exciter 

3.1 Fuzzy logic controller 

The improvement of the control arrangement based 

on the fuzzy logic rules. 

    Fuzzy if-then rules are given below [1] 

 If (error is LN) then (control is LN) (1)  

 If (error is MN) then (control is MN) (1)  

 If (error is S) then (control is S) (1)  

 If (error is MP) then (control is MP) (1)  

 If (error is LP) then 

(control is LP) (1)  
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       If (error is S) and (output rate is LP) then (control is 

LN) (1) ,            

  If (error is S) and (output rate is LN) then (control is LP) 

(1) ,     

 LN – Large Negative;  

    MN – Medium Negative,   

   S – Small;    

   LP – Large positive;      

 MP – Medium positive 

IV.   PROBLEM MODEL FORMULATION 

       The synchronous mechanism for which output the 

voltage is organized by an AVR functional to its excitation 

coordination is simulated in the Matlab[1].  The block 

diagram of synchronous machine without controller is 

Fig.4.1. 

 
Fig 4.1 Block diagram representation of synchronous 

machine without controller simulated   in Matlab 

 

The succeeding step conversion without controller introduce 

to IEEE type 1 exciter for the for the better performance of the 

terminal voltage of the synchronous generator. The block 

diagram  representation of the synchronous generator with 

controller is illustrated in Fig.4.2. 

 

 
Fig 4.2  AVR controller with synchronous machine 

 

he ensuing stage is without controller to replace by an AVR 

scheme in imperative to patterned its terminal voltage in the    

synchronous machine excitation voltage control as shown in 

Fig.4.3. 

 
Fig 4.3 Block diagram synchronous machine with fuzzy 

controller simulated in Matlab 

V .   DISCUSSION OF THE PROPOSED WORK 

     Results of synchronous machine without controller 

 
Fig 5.1 Response of Del Te without controller 

 

 
Fig 5.2 Response of Del W without controller 

The next step including AVR there is better results for 

previous one. Results of synchronous machine with AVR 

simulated in Mat lab given below. 
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Fig5.3 Response of Del V1 with AVR 

 

 
Fig 5.4 Response of Delw with AVR 

 
Fig 5.5 Response of Del Del with AVR 

 
Fig 5.6 Response of Del Te with AVR 

The next step including Fuzzy logic controller there is better 

results for previous one. Results of synchronous machine with 

fuzzy simulated in Mat lab given below. 

 

 
Fig 5.7 Response of Del VI with fuzzy controller 

 

 
FIG 5.8 RESPONSE OF DEL W WITH FUZZY CONTROLLER 

 

 
Fig 5.9   Response of Del Del with fuzzy controller 

 

 

Fig 5.10   Response of Del Te with fuzzy controller 
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Fig 5.11 Response of Del Te characterstics for 

Without, AVR, Fuzzy controller 

 

Fig 5.12 Response of Del w characterstics for 

Without, AVR, Fuzzy controller 

VI. CONCLUSION 

The synchronous generator with AVR is modeled using state 

space equations. The d-axis and q-axis dampers are reserved 

as state variables. From the results of IEEE type 1 exciter and 

Fuzzy logic controller it could be observed that, the 

performance characteristics of fuzzy logic controller are 

excellent. 
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Abstract--- Increase in population increases the power demand. In order to satisfy the power demand power 

generation should be increased and transmission is to supply the reliable electrical energy to the consumers. This 

paper deals with the efficient control of power plant using microcontroller embedded technology. In the case of grid 

failure, it tends to operate at the islanding mode, where the generation of electric power in the unit is called House 

load operation. At this condition, the generator has to run the house load to keep the plant at the continuous 

operating condition. When the synchronization of the grid is achieved back due to the restoration of the grid then the 

load is increased. This islanding mode of operation is to drive the house load which is called auxiliary power 

consumption. 

Keywords--- PIC Microcontroller, Pulse Width Modulation (PWM), Thermal Power Station. 

I. Introduction 

 In this paper Peripheral Interface Controller (PIC Microcontroller) is used. When frequency changes 

suddenly in the gird, to maintain the pressure and flow of the steam, the generator tends to respond the house load as 

a step response. In this operating condition the response obtained as step is given by delaying the time by means of 

microcontroller programming. The main objective of this paper is to get back the desired frequency opposing the 

unforeseen load change. As a outcome, it overcomes the demerits of the Pulse Width Modulation (PWM) based load 

control. 

II. Existing System 

Pressure set value of main is around 130 Kg/cm2. Difference between process value and Main steam Pressure 

Set Value is called error signal. This error signal is connected to one PWM generator with sampling period. 

Corresponding error signal value, to change the PWM duty cycle and speeder gear motor direction to be desired. 

Error signal value max and min set value as +3.5 and -3.5. Between this limit the Pressure control system of main 

steam in auto control mode. This error signal is goes to beyond that set value the Pressure control system of main 

steam goes to manual mode.  

 

Fig. 1: Existing System Line Diagram 

In normal operating condition, Pressure value of main steam is maintained at the desired value. If any grid 

disturbance, suppose frequency was suddenly reduced (anyone Grid-connected generator will be Trip or suddenly 

increase the grid connected loads) from 50 Hz, the turbine governing system to increase generator load due to 

opening of turbine steam control valves. 
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In this condition process value of main steam pressure goes to low and error signal value goes to beyond the set 

value. The turbine steam pressure control system goes to manual mode. Suppose frequency was suddenly increased 

(anyone generator to connected Grid or suddenly throw of grid-connected loads) from 50 Hz, the turbine governing 

system to decrease generator load due to closing of turbine steam control valves. In this condition process value of 

main steam pressure goes to high and error signal value goes to beyond the set value. The turbine steam pressure 

control system goes to manual mode. Both the above conditions, operator to operate the speeder gear motor 

direction (either forward or reverse) by manually and maintain the steam pressure value to near the set value 

immediately and steam pressure control system put into auto control mode. Every grid disturbance, the generator 

load, and steam pressure value to maintain the desired set value (210 MW & 130 Kg/cm2) immediately. But the grid 

frequency does not maintain the desired value. 

III. Proposed System 

 

Fig. 2: Block diagram of Grid Island and House load Operation 

IV. Grid Frequency Based Load Control 

A. Pressure Control Method 

High Pressure saturated steam from Boiler to HP (High Pressure) Turbine via MSSVs (Main Steam Stop Valve) 

and ESVs (Emergency Stop Valve). MSSVs are in Motor Operated valves and ESVs are Hydraulic operated valves. 
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MSSVs and ESVs have fully opened / fully closed valves. CVSM (Control Valve Servo Mechanism) is used to 

control the High-Pressure saturated steam to the HP Turbine and IP (Intermediate Pressure) Turbine. CVSM is a 

Hydraulic operated mechanism. CVSM consist of 2 control valves for the HP Turbine and 2 control valves for IP 

Turbine. CVSM control oil pressure is controlled by one DC servo SG motor (Speeder Gear Motor) which is placed 

on a Front pedestal of the High Pressure Turbine. SG Motor operates in 220 V DC for Field windings and 36 V DC 

for Armature windings. 

SG motor rotate in a forward direction, the CVSM control oil pressure is increased and CVSM will open to 

increase the High Pressure saturated steam to HP Turbine through control valves. So, the Electrical Energy (MW) 

derived from Generator stator windings is increased. SG motor rotates in reverse direction, the CVSM control oil 

pressure is decreased and CVSM will close to decrease the High Pressure saturate steam to HP Turbine through 

control valves. So, the Electrical Energy (MW) derived from Generator stator windings is decrease. Main Steam 

Pressure Set (MSP SV) is around 130 Kg/cm2. In auto control operation in the pressure control method, the error 

signal in MSP PV and MSP SV the controller will generate PWM (Pulse Width Modulation) output. The PWM 

digital output is connected to two relays. The relay contacts control the operation of SG Motor. If the error signal is 

positive (MSP PV – MSP SV) the PWM signal width is Positive. Hence the SG motor rotates in forward direction 

and increase the control oil pressure in CVSM. HP turbine control valves are will open and maintain the MSP set 

value. 

If the error signal is Negative (MSP PV – MSP SV) the PWM signal width is Negative. Hence the SG motor 

rotates in reverse direction and in CVSM the pressure of control oil decreases. HP turbine control valves are will 

close and maintain the MSP set value. The MSP low setting is 125 Kg/cm2 and high setting is 135 Kg/cm2. MSP 

PV is 125 Kg/cm2 to 135 Kg/cm2, the auto mode operation of Pressure control is possible otherwise to operate SG 

Motor in forward / reverse direction by pressing INC / DEC push buttons on manually. Grid frequency variation is 

balance of the Grid Generation and Grid Demand. If sudden change of Grid Generation / Grid Demand the Grid 

frequency is suddenly changed. In this condition the Turbine Governing system will operate to maintain the Grid 

Generation / Grid Demand. In this time, the MSP PV is suddenly changing to above / below limit of auto control 

limits. So, the auto control of pressure method is change to manual mode and Operator to manually operate the 

INC/DEC the push buttons to required direction of SG Motor to maintain the MSP PV. So, maintain the balance of 

the Grid Generation and Grid Demand is difficult. Hence, this method of PWM method is converted into step 

method of SG motor operation with co-ordinate method. 

B. Co-ordinate Method 
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Fig. 3: Frequency based Load Control system (New) 
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Co-ordinate control is also known as Generator Load control method. In this method the Pressure auto control 

with Coal Flow and Feed water flow auto control. Normal Generator Load set is 210 MW. The maximum Generator 

load is 220 MW and minimum Generator Load is 180 MW. PWM based Pressure control method is change to Step 

response method. The deviation of Generator Load set and Process value is converted into step response output to 

SG Motor. The Generator Process value is within the prescribed limit settings the Co-ordinate control mode is 

applicable for auto control mode. 

The Generator PV is below set value; SG Motor rotates in forward direction in step response and increase the 

Generator PV to nearest Set value. The Generator PV is above set value; SG Motor rotates in reverse direction in 

step response and decrease the Generator PV to nearest Set value. If Generator Load PV is goes to below / above 

limit of set value “LOAD CTL TROUBLE” will displayed on LCD screen. The Grid frequency is below 48.5 Hz 

and above 51.0 Hz the “LOAD CTL TROUBLE” will displayed on LCD screen. In this time, operator manually 

operates Generator Load INC / DEC push buttons to maintain the Generator load at desired level and to support 

balance the Grid condition. 

 

Fig. 4: Power Map of Tamil Nadu 
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V. Merits 

1. Simple and compact. 

2. Good performance and less man power. 

3. Fully automatic, No Manual Operation Needed. 

4. Reprogramming is easier. 

5. Low power consumption. 

6. High reliable, flexible and versatile. 

VI. Conclusion and Future Work 

Based on the error signal of main steam set and process value the direction of speeder gear motor changes. In 

turbine master control mode the microcontroller is pre-programmed in step command and error signals are obtained 

from it. In generator load control mode the process value and generator load value also pre-programmed in step 

command and based on the error signal of process value and generator load value the direction of the motor changes. 

If that error signal goes to low or high value the speeder gear motor control automatically change to forced manual 

condition in both Mode of operation. If there is a variation in generator load then the flow of feed water and coal 

changes in the generator load control mode. But in this paper we explained only about the flow of feed water and 

coal. In future increase/decrease of coal flow and Feed water flow will be commanded separately. 

For every disturbance that occurred in the grid, the grid frequency stabilization time was larger. Existing system 

only maintain the steam pressure value near the set value based on the PWM output. The existing PWM controlled 

output to be replaced with step response of error signal with required sampling time period and also control the 

generator load, flow of the feed water and coal flow. 

Step output will be generated from micro controller and control the speeder gear motor direction based on the 

error control signal. If any disturbance in the grid, the generator load gets varied gradually by step and also changes 

the coal feeding rate and feed water flow. 

So, load stabilization time will increase and frequency stabilization time will decrease. In this method all the 

generator load control system which are to be implemented are connected to the grid. Further changes in turbine 

mechanical governing system the grid frequency will take into our project. After that we are monitor the grid 

frequency variation and that variation is minimum for any grid disturbance, grid frequency will be accounted to my 

research in future renovation. 
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Abstract: Increase in population increases the power demand. 

Solar is one of the natural resource used for generation of 

electricity. Solar panels are used for generation. If any scratch or 

small damage occurs in the panel then it will cause degradation in 

output. To improve the energy efficiency the damages should be 

detected. For deducting the damages various techniques had been 

used but they are time consuming process and are of high cost. 

This project proposes that whenever fault is occurred it is 

automatically detected with the help of internet of things. Each 

solar panel is connected to a current sensor if a fault occurs due to 

cracks on the  surface of the panel then the current values in the 

damaged panel gets varied. This information is obtained with the 

help of current sensor. Then these values are sent to the 

monitoring centre through WI-FI module. By this the fault can be 

easily detected and automatically send to the engineers. 

 

Keywords: IoT, WI-FI module, Arduino uno, pulse-width 

modulation, General purpose input/output pins (GPIO) 

I. INTRODUCTION 

Embedded system is programmed by controller and it consists 

of hardware and mechanical parts. It is controlled by RTOS 

(Real time operating system). The hardware of the embedded 

system can be a microcontroller or microprocessor. 

Embedded system software is written in high level setup and 

is used to perform specific function. The main characteristic 

of the embedded system is to produces output within its time 

limit. It consumes less power and operates at a fast rate. It is 

highly reliable and is economical. 
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 Fig. 1. Embedded System 

II. EXISTING SYSTEM 

A. Internet of Things 

The term IOT is the interconnection via internet of computing 

devices. It is used for monitoring and supervisory actions. It 

can collect information and send it and it can also receive 

information and act on it. Here the information is collected by 

providing the sensors accordingly to the use of the 

organization. So with the combination of internet and the 

sensors it is possible to sense the information to make 

accurate decisions automatically and also by gathering the 

data we can reduce the human performance or effort, cost and 

losses. For instant, when any physical objects are connected 

to IOT, it starts to monitor and control the objects 

automatically without any human effort. 

B. Thermal Imaging Process 

One of the methods for evaluating the photovoltaic cell is by 

monitoring the panel with a thermal imaging camera. Now a 

day the uncooled thermal imaging cameras are widely used 

for better quality control of the panel because of its flexibility 

and lightweight features. One of the advanced features is that 

it can be linked with the GPS data which can result in clearing 

the fault in a huge area like solar farms easily. Un-cooled 

micro bolometer detector consists of glass which is not 

transparent. When we view the panel from the front side with 

a thermal imaging camera we can able to view the heat 

distribution in the solar panel 

which describes the thermal 

performance of the solar panel.  

IoT based Fault detection in Solar Panel using 

Arduino UNO with Wi-Fi Module ESP 8266 

M. Hariprabhu, K. Sundararaju 
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If the glass surface of solar panel is small in size then the 

temperature variation can be found with thermal image 

processing. In order to make the thermal differences to be 

visible, thermal sensitivity of the camera must be more than 

80k. Due to the automatic equalization of camera's histogram 

which adjusts to the measured temperature which exist 

between maximum and minimum, many of the small thermal 

irregularities are not visible. But this process consumes more 

time; it needs human involvement and is of high cost. 

                             

 
Fig. 2 Thermal imaging of solar panel 

C. Electro Luminescence Process 

Due to the uniform background characterization of the mono 

crystalline cell, the Micro-crack detection is relatively straight 

forward. As multi crystalline cell does not have uniform 

background micro crack detection is very complex due to 

intrinsic structures like dislocation clusters and grain 

boundaries which form the dark areas. Differentiating micro 

crack pixels from the background is called multi crystalline 

grains which is procedure due to the grayscale values of these 

two areas are significantly same and is more challenging. This 

problem becomes more complex when there seems a presence 

of other defects like the broken fingers, darker grains and dark 

area. It is possible to identify the micro-cracks as it appears in 

a strong line form with high gradient and low intensity.  

 
Fig. 3. Micro cracks in solar panel 

 

 
Fig. 4. Micro crack in the solar panel 

D. Drawbacks Of Existing System 

 The existing system is of high cost and it is 

uneconomical. 

 The existing system consumes more time and there will 

be shutdown of solar power plant for a short period of 

time if fault occurs. 

 Human involvement is used for detecting the fault. 

 Micro cracks and small damage in the panel can’t be 

found with the help of existing model.  

III. PROPOSED SYSTEM 

A. Introduction 

To increase the current solar cells are connected in parallel 

and to increase the voltage they are connected in series. We 

consider only few cells but to generate high power in practical 

photovoltaic cells are connected either in series or in parallel. 

If a fault occurs in any one panel it is difficult to find fault in 

large area. The current sensor is connected to the output of 

each panel. The output of the sensor is in the form of analog 

value and using Analog to digital converter (ADC) it is 

converted into digital value. These values are given to the 

Arduino UNO. If any fault occurred in the solar panel the 

current value will be less than that of the threshold value. 

Then this information is send to the monitor control unit with 

the help of Wi-Fi module. By this the fault is detected in the 

solar panels and the information is updated immediately to the 

monitoring unit. 
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Fig. 5. Block diagram of proposed model 

B. Specification of solar panel 

Dimension                        : 128x190x2mm 

Maximum Power Current : 320mA 

Short Circuit Current        : 250-270mA  

Maximum System Voltage : 550V  

Open Circuit Voltage  : 12V 

C. Temperature sensor 

Negative temperature coefficient thermistor is used for 

temperature measurement. NTC provides high accuracy and 

its resistance varies for small temperature variation. It is a non 

linear resistor that varies resistance according to the 

temperature variation. Thermistor is a combination of thermal 

and a resistor. It is temperature sensitive and it is available for 

a wide range. 

D. Arduino uno 

Arduino is a open source platform that can be used to design 

various electronic projects. Arduino uno is hardware which is 

based on microcontroller AT mega 328P. It is programmed 

using arduino programming language. It accepts voltage 

between 7 volt and 20 volt so it is connected to a 9 volt battery 

externally.  

Input Voltage is 6-20V and there are 14 Digital Input/ Output 

Pins of which 6 provide Pulse width modulation output. 6 

Analog Input Pins are present, DC Current per I/O is Pin 40 

mA, DC Current for 3.3V Pin is 50 mA, Flash Memory of 

arduino is 32 KB (ATmega328) of which 0.5 KB used by boot 

loader, SRAM is 2 KB (ATmega328), EEPROM- 1 KB 

(ATmega328) and Clock Speed is 16 MHz. 

In this project arduino uno is used to receive the current 

values from each solar panel and check whether the values are 

within the threshold values. If the values go below the 

threshold range then it will send alert message to the monitor 

control centre. Here arduino is used as it is more reliable, 

economical and it operates at a faster rate.  

E. Wi-Fi Module Esp 8266 

Wireless network is that it used to connect anywhere and it is 

called Wi-Fi. The one of the most important merit is that it 

adapts mostly with every operating system and electronic 

devices. As it connects anywhere it is possible only by radio 

waves to deliver the information over a network. ESP8266 

consists of 16 general-purpose input/ output pins (GPIO). 

Wi-Fi transmits data over the network at a frequency of about 

2.4 GHz or 5 GHz. It uses 10 bit analog-to-digital conversion 

and uses pulse-width modulation (PWM). The next promoted 

state of WiFi is that WiMax. This is much similar to WiFi but 

accessibility over a large area.       

 
Fig. 6. Wi-Fi Module 8266 

IV. CONCLUSION 

 

    This process the faults are detected using Arduino UNO 

which is simple and it does not consume more time and it is 

very economical. In this process fault is detected without any 

human involvement. It improves the safety and security and it 

can also used in large industries. The current values can be 

updated from anywhere using the Wi-Fi module and the 

system operates based on the surrounding temperature.   
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Abstract 

 The proposal of PLC logic is made for az11 machine.  Designed to withstand vibrations, temperature humidity and 

noise of the machine. Inputs and outputs interfacing already inside the controller. PLC’s are easily programmed 

and have an easily understandable programming language. It uses s7300 processor Existing system is complex 

relay logic and difficult with changes occur, hold-up time is idefinite,usally long .In this project az11 machine is 

converted a simple operating machine and also with easy replacement of program when any fault occurred in the 

system. 

Keywords:s7300 processor, PLC logic,az11machine.

 I.  INTRODUCTION 

 Az11 machine also know as horizontal milling machine is a heavy-duty industrial machine. This 

machine tool is used for both boring (drilling) and cutting purpose. Boring operation is commonly preferred because 

we can correct hole size or alignment. Milling refer to a rotating cutter which has five axes in it. Namely: X-

axis(horizontal),Y-axis (vertical),Z-axis (parallel to spindle),W-axis(outer axis parallel to z-axis) and B-axis (table 

axis). With the advent of new technologies, the functionality of conventional az11 machine can be enhanced by 

replacing the burden of cabled connection with the help of PLC control techniques. The goal of this is to identify the 

faults easily. It brings flexibility to the operation and also reduces the breakdown time, clutch controls and easily 

identify the faults. It enhances maximum automation at minimum cost saves installation space. Few objectives that 

are also achieved during the operation of machine are: 

Implementation of interfacing of different electrical and mechanical components with PLC. 

Interfacing of different motor with different operating voltages with PLC. 

This design reduces continuous monitoring by man force and also saves time. 

This project presents automation of az11 machine by replacing complex wire connections with PLC technique. Now 

a days, in most industries automation plays an important role which reduces cost, human interface and increases 

safety in working conditions. this project  describes about automation using PLC which result in the reduction of 

work force, number of contactors, saves time and energy. 

 

 

 

Page 116 of 3066Page 116 of 3066



Vol-5 Issue-6 2019            IJARIIE-ISSN(O)-2395-4396 

10952 www.ijariie.com 909 

II. SYSTEM STRUCTURE 

2.1 PLC AUTOMATION 

A Programmable Logic Controller, or PLC, is more or less a small computer with an operating system . This 

OS is highly specialized and optimized at the time of their occurrence to handle incoming events in real time. The 

PLC has input lines connected to notify of events (such as temperature above/below a certain level, liquid level 

reached, etc.), and output. 

2.2 PLC BLOCK DIAGRAM:  

 
 

Fig.1 PLC BLOCK DIAGRAM 

 

2.3MAJOR COMPONENTS IN  PLC 

i) power supply: 

The power supply gives voltage required to run the PLC primary components. The power supply gives supply to 

internal DC current to operate the processor logic circuitry and input/output assemblies. 24V DC (or) 120V AC are 

power levels. 

ii) i/o modules: 

Input carries signals into the controller from the process. The actuator is the output modules, the PLC can change to 

adjust (or) control the process. E.g.: Moors, lights, relays, pump, etc. Both i/o modules provide signal conversation 

and isolation within the PLC between the internal logic-level signals high level signal of the field. 
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iii) Processor: 

It provides intelligence to control and manage the entire PLC system’s activities. Only the central processing unit 

(CPU) is the processor. CPU is the PLC’s “brain” . The size and type of CPU will determine the available 

programming functions, the size of available application logic, amount of available memory  and processing speed. 

iv) Programming device: 

It is used to enter the desired program which will determine the process equipment (or) driven machine sequence of 

operation and control. The PLC is programmed using a programmer specially designed to load and change the logic 

inside. Most modern PLCs are software programmed on a PC . 

 

III .RELAY CONCEPT IN PLC 

 A relay is an electromagnetic switch operated by a relatively small electric current that under 

faulty condition can turn ON/OFF a much larger electric current.  

3.1 PLC REPLACING ELECTRIC CIRCIUT RELAY: 

  

 

Fig.2. INTERNAL WORKING OF PLC 

3.2 PROCESSING CYCLE OF PLC 

It’s very simple to operate a PLC. The processor makes decisions based on a user written logic ladder program. the  

PLC must communicate with the different  field devices it is tasked with monitoring and controlling in order to use 

the program properly. 
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Fig.3.FL0W CHART OF PROCESSING CYCLE OF PLC 

 3.3 OPERATION SEQUENCE 

i)Self Test: 

Testing of its own hardware and software for faults. 

ii) Input scan: 

If there is no problem in the system, PLC will copy their values in the memory. 

iii) Logic solve (or) scan: 

 ladder logic program is solved using input  and outputs are updated. 

 

Read user program and copy to 

RAM 

Start PLC from EEPROM 

Read input signals, store in 

table 

Determine new output state of 

output module 

Write output commands in table 

Set output values on output 

modules 
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iv)Output scan: 

The output are updated in memory while solving logic, it is updated in temporary memory. 

3.4 PROGRAMING LANGUAGES OF PLC: 

Common languages in PLC programming are : 

       Ladder Logic 

       Functional Block Diagram 

Sequence Function Chart 

Boolean Mnemonics  

3.5  LADDER LOGIC 

Ladder logic is the commonly used programming language for PLC .It is  suited to express combinational logic 

circuit. 

The ladder logic symbol represents these main elements : 

 Make contact: 

 

 

 Break contact: 

 

 

 Relay coil: 

 

  

 

 

 

 

 

VI   SIMATIC S7-300 PROCESSOR: 

Az11 machine uses an advanced control system(i.e. PLC automation) using    S7 300 processor. 

The input to the processor is given by two ways: Memory card and Flash card. The SIMATIC S7-300 is used in 

many applications worldwide and has been proven successful million of times. 
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4.1 COMPONENTS USED: 

 

 

Fig.4. COMPONENTS OF S7 300 PROCESSOR 

Control of coolant motor is considered an example over here. In order to control the conveyor belt, you will need the 

components shown: Power supply for the control components. 

CPU 312C with integrated input and output module.. 

Momentary contact switch.. 

PC Adapter USB for connecting the PC with the CPU312C. 

4.2 VARIABLE FREQUENCY DRIVE (VFD) 

The feed motor which is used to move /run the axes at the required speed rate is done with the help of 

electromagnetic clutches. The flow of mechanical power is controlled by the clutch. These clutches are used for 

smooth starting of the machine.   

It is operated manually and driven when shifting the gear. In order to eliminate the manual operation VFD 

is being employed. VFD is employed to control AC induction motor, speed and torque. By this, the motor 

running speed range is extended from zero speed to above motor speed in order to improve the efficiency. In 

cases, where motor needs lower capacity, the VFD can reduce motor speed in order to save energy. 

 

V CONCLUSION 

This project comprises of wide range of control operations of az11 machine which as being modified and 

controlled with the help of  PLC automatic . PLCs are evolving and remain the best option for a variety of 

applications for industrial automation.  Today the PLCs are used in a single machine  for control and automation 

work and it increases the production (or) testing process in a factory to the full auto machine. By this project, the 

fault occurrence at any part of the system is being identified and necessary control measures are taken accordingly, 

breakdown time is reduced and also  enhances maximum automation. 
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Approximation of Empirical and ANN Based Solar 

Radiation Models for Four Smart Cities in Tamil 

Nadu with Most Prompting Input Parameters 
V.Annapeachi, G.S.Gayathri, P.S.Manoharan 

Abstract: The abundant source of Solar Radiation is possible in 

different latitude of Tamil Nadu. The several Empirical models 

have developed and accuracy of the model is further validated 

with Artificial Neural Network models. The ANN and Empirical 

model is developed with different combination of input attributes. 

The Approximate Sunshine Solar Radiation, Temperature and 

Relative Humidity are the input attributes. In this paper, it has 

been evaluated that combination of Approximate Sunshine Solar 

radiation and Temperature ANN based model is best for 

prediction of Daily Global Solar Radiation when compared to ST 

based Empirical model. The Correlation analysis is performedfor 

selection of most relevant input attributes. And hence the 

estimation of daily global solar radiation is performed with 

minimum number of input attributes. The training and testing of 

each model is performed by ANN Simulink model. And from this 

trainingofinputvariables,theoverfittingofthemodelisreduced. The 

estimated GSR is validated with experimental data which is 

collected from Tamil Nadu AgricultureUniversity. 

Keywords — Approximate Sunshine Solar radiation, Artificial 

Neural Network, Empirical Models, Meteorological Parameters, 

Classification, South India. 

 

I INTRODUCTION 

Solarenergyisthemostreliablesourceofenergythathas 

capacitytoendureandconversethelifeofalllivingorganism on 

earth. It is the renewable energy sources that has high 

potentialtomeetachallengearoundtheworldwithrespectto the 

environment issues associated with other non-renewable 

energy resources. The availability of solar radiation data is 

important solar energy application especially in the 

developing countries. Since the cost of radiation measuring 

instrument is high. And it is not practically possible to 

implement the pyranometer at all the location. Therefore itis 

essential to assessment solar radiation models based on 

commonlyavailablemeteorologicaldatasuchastemperature, 

sunshine radiation and relative humidity and so on.Selection 

of input parameter is the first step to develop models for 

estimation of daily global solar radiation. The prediction 

model has developed based on sunshine duration and 

clearnessindex[1].Predictingthedailyglobalsolarradiation 

bydayoftheyearinsixcitiesusingcurvefittinganalysisand 

regressioncoefficienthasbeenevaluatedfordifferentmodels 

[2]. Prediction of direct normal radiation and global solar 

radiation using neural network is proposed in [3].The 
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network configuration to select the number of hidden neuron 

andtransferfunctionofdifferentmodelshasbseenevaluated. 

And similarly the estimation model is developed based on 

temperature, sunshine duration, clearness index and relative 

humidity.Inthis,theauthorextendedanideaforselectingthe 

most relevant input parameter for estimating the monthly 

averageddailyglobalsolarradiationfordifferentlatitude[4]. 

The empirical model such as angstrom linear and nonlinear 

models has developed for horizontal surface. And accuracy 

model is assessed for central region of India at Bhopal [5]. 

Regression analysis is performed for thirteen locations in 

Turkey using linear, quadratic and third order polynomial 

equation [6]. The author recommended the idea to select the 

geostatistical interpolation and stochastic interpolation 

simulation approach based on distance between the target 

area and nearest neighbour station [7]. The estimation of 

futuresolarirradianceusingtimeseriesanalysisisdiscussed. In 

this work the short term, medium and long term solar 

radiation forecasting has been carried out using an algorithm 

such that EWMA and WCMA. And then suggested that for 

short term forecasting WCMA algorithm is suitable and for 

long term forecasting pro energy algorithm is most suitable 

[8].Thenumberofinputvariableisreducedbyselectingmost 

relevant variables using support vector machine algorithm. 

And exploratory variables such as sunshine duration, 

temperature, relative humidity, longitude, latitude and 

altitude are identified as most relevant input variable [9, 10, 

11]. Artificial neural network modeling based Estimation of 

daily global solar radiation using on meteorological data has 

developed. The accuracy of the model is evaluated with and 

without considering particulate matter as an input variable 

[12]. The input predictor clearness index and sunshine 

durationismostimportantinputvariabletoestimatediffused 

solar radiation for humid – sub tropical climatic region [13, 

14, 15]. Estimation of monthly global solar radiation by 

temperature and sunshine duration as an input parameter 

based model has analyzed for southern region of India [16, 

17, 18]. The model has developed for prediction of global 

solar radiation based on selecting relevant input parameters 

using WEKA for Artificial Neural Network [19]. The 

accuracy and model has 

developed with ANN is 

detailed studied in following 

literatures [20-24]. Theunique 
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empirical model cannot be selected for southern region of 

Tamil Nadu, since as the latitude and longitude varies the 

prediction accuracy of the model is varied. Therefore, the 

correlation between different input parameters and output 

parameter has to be studied to evaluate the prediction 

accuracy. The computation time for empirical model ishuge. 

Hence, in this work it has concentrated to develop the more 

accurate and unique model with suitable input attributes to 

estimate daily global solar radiation is a significant research 

gap. 

This work is focused on the identification of most 

relevant input attributes and to reduce complexity of the data 

using Artificial Neural Network. It also concentrated to 

improve the correlation coefficient and to reduce the error of 

selected solar radiation models. In this a comparison studies 

hasbeenperformedtoselectbestmodelamongtheANNand 

Empirical Model. Six ANN models are observed. Sunshine 

data is not available for all position. Therefore, the 

temperature based ANN models developed instead of 

sunshine data. ANN Hybrid model are developed with more 

thanoneattributecombination.Basedonthestatisticalerrors 

such as Mean Absolute Percentage Error, Root Mean Square 

Error, Mean Square Error, Mean Absolute Error and 

Correlation Coefficient, the accurate and unique model is 

selected for southern region. The developed ANN and 

Empirical models are evaluated for prediction of dailyglobal 

solarradiationforfourcitiesinTamilNadunamelyChennai, 

Coimbatore, Trichy and Madurai. The estimated daily global 

solar radiation standards of all models are compared with 

experimental data of Tamil Nadu Agriculture University 

(TNAU),Madurai. 

 
II DATABASE 

The majority of literature not focused on Estimation of 

dailyglobalsolarradiationinsouthernregionofTamilNadu, 

were great potential exit. And most of literature models are 

developedwithsunshinedatawhichdataisnotpossibleforall 

location and accuracy of the model varies with different 

latitude. Fig. 1 shows the selected geographical study region 

in different latitude of Tamil Nadu in India. The 

meteorologicaldataiscollectedfromTamilNaduAgriculture 

University. 

 
Fig. 1. Location of study region 

The Approximate Sunshine Radiation, maximum 

temperature, minimum temperature and relative humidityare 

the input attribute selected for four different locations in 

Tamil Nadu were collected from TNAU. Latitude, longitude 

and climatic classification are the geographical parameters 

shown in Table I. And collected data is separated as a 2/3
rd

 

trainingdatasetand1/3
rd

testingdataset.Thesedataisfurther 

processed with six ANN and thirteen Empirical models. 

MATLAB 2017a computing software is used for developing 

ANNmodelsandCurveFittingtoolsinMATLABisusedfor 

developing Empiricalmodels. 

Table- I: Geographical parameters for particular location. 

Location Latitude Longitude Climatic Zone 

Madurai 9.92 78.12 Southern 

Trichy 10.79 78.70 Cauvery delta 

Coimbatore 11.01 76.95 Western 

Chennai 13.08 80.27 North eastern 

 
Here the four different zone performances are analyzed 

throughtrainingasetofdataandtestingremainingsetofdata. And 

comparative studies have made between the ANN and 

Empiricalmodels. 

III EMPIRICAL MODEL DEVELOPMENT 

The five years solar radiation data is taken as input 

variable. In the present study, the models were developed by 

correlating  the  data  of  . The approximate sunshine 

duration on the horizontal surface is considered about 120 

MJ/(m
2
day)ofmeasuredsolarradiationandthemaximum 

possible  radiation   based on measured data from the 

considered location 
 

 
(1) 

Where,  Hscis  the  solar  constant  with  the  value  of1367 

W/m
2
, istheratioofglobalsolarradiationattheearth 

surface (    ) and the extraterrestrial radiation ( , n is the 

Julian day of the year,  is the  location latitude,  and and 

s is mathematically defined as: 

=23.45  (2) 

(3) 

(4) 

The estimation of global solar radiation is depends on the 

meteorological data and geometrical data. Therefore, models 

can be classified in to three following: 

1. Approximate Solar Radiation 

2. Temperature 

3. Hybrid parameters 
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A.SUNSHINE – BASED MODELS STUDY 

SELECTED 

Thirteennumbersofmodelsareemployedforestimation of 

daily global solar radiation from commonly available 

meteorological parameters is available in the literature. Five 

models are developed with sunshine duration as input 

parameters. These models are developed and statistical index 

areanalyzedbyCurvefittingtoolinMATLABasreferredin 

literature [15]. Most of the literature has shown the highest 

accuracy result on sunshine based model. Hence, the 

clearness index is related with sunshineduration. 

Group 1 

 

 

 

 

 

 

 

 

 

 

Group 4 

 

 
(17) 

 

 
(18) 

 

 
(19) 

 

 

If  the  coefficient  associated  with  exponential  is 
The Angstrom and Prescott first order polynomial model is 

given by 

 (5) 

The following Eq. (6-9) are obtained daily global solar 

radiation model based on DB for Madurai, Trichy, 

Coimbatore and Chennai. 

 (6) 

(7) 

(8) 

negative then, its result in decreased value. If the coefficient 

associated with exponential is positive then, its result in 

increased value. 

 (20) 

The following Eq. (21-24) are obtained daily global solar 

radiation model based on DB for Madurai, Trichy, 

Coimbatore and Chennai. It is the exponential modelderived 

for four cities by considering sunshine duration as the input 

parameters. 

 (21) 

 
(22) 

 

 

Group 2 

(9)  
(23) 

Kadir Bakirci [2017] developed the nonlinear Model such as 

thequadratic(second order polynomial)form. 

(10) 

 

 

Group 5 

 
(24) 

Where a, b and c are quadratic model regression coefficient. 

Eq.(11-14)asfollowbelowisthemodelsdevelopedforfour cities 

Vishnu and Annam [2018] proposed model for Madurai 

(11) 

Obtained model for Trichy location 

(12) 

The following Eq. (26-29) are obtained daily global solar 

radiation model based on DB for Madurai, Trichy, 

Coimbatore and Chennai. It is the natural logarithmic model 

derivedforfourcitiesbyconsideringsunshinedurationasthe 

inputparameters. 

 (25) 

(26) 
Derived model for Western Zone (Coimbatore) 

 

 
Estimated second order polynomial model forChennai 

 

Group 3 

 

(13) 

 
 

(14) 

 

 
(27) 

 
 

(28) 

The third-order polynomial Liu and Jordan based 

Model are as follows; 

(15) 

(16) 

 
(29) 
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B.TEMPERATURE BASED MODELS 

The four temperature based empirical models are 

developed.InsteadofSunshinedata,thetemperaturedataare 

used. Since Sunshine data is not readily available in every 

location.Thesefollowingmodelsaredevelopedasreferredin 

literature[11]. 

Group 1 

The following Eq. (30-49) are obtained daily global solar 

radiation model based on DB for Madurai, Trichy, 

Coimbatore and Chennai. These are the model derived for 

four cities by considering Temperature as the input 

parameters. 

 

 
 
 

Group 4 
 

 
 

 
(44) 

 

 

 

 
(45) 

 

 

(46) 

 (30) 

(31) 

(32) 

(33) 

 

 

 
 

 

 
C. HYBRID BASED MODELS 

(47) 

 

 

(48) 

 

 

(49) 

 

 

 

Group 2 
 

 
 

(34) 

 

 

 

 
(35) 

 

 
0.420 (36) 

 
 

(37) 

 
 

(38) 

 
 

(39) 

Here, four groups of models are developed with 

morethanoneattributesinputparameters.RelativeHumidity 

andApproximateSolarRadiationcombinationaredeveloped in 

first group. And the combination of Relative humidity and 

Temperature based models are performed in second group. 

Similarly three attribute combination has developed in third 

group. It involves attribute as Approximate Solar Radiation, 

Relative humidity and Temperature. And finally the fourth 

group has developed by the combination of Approximate 

Solar Radiation and Temperature. 

Group 1 

The following Eq. (50-54) are obtained daily global solar 

radiation model based on DB for Madurai, Trichy, 

Coimbatore and Chennai. These are the model derived for 

four cities by considering Approximate Solar Radiation and 

Relative humidity as the input parameters. 

(50) 

 

 
Group 3 

 

 
 

 

 

(40)  

(41)  

(42)  

(43) 

(51) 

 
 

(52) 

 

 
(53) 

 
 

(54) 
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Group 2 

The following Eq. (55-59) are obtained daily global solar 

radiation model based on DB for Madurai, Trichy, 

Coimbatore and Chennai. These are the model derived for 

fourcitiesbyconsideringTemperatureandRelativehumidity as 

the inputparameters. 

(55) 

(56) 

(57) 

(58) 

IV ANN BASED MODEL DEVELOPMENT 
 

ANN is simple to predict to predict the behavior of 

complex systems with multiple input domains. The ANN 

Gradient descent approach is used to functioned ANNoutput 

and the target. The ANN target can be attained by adjusting 

weightsandbiasesofANNoutput.ANNcanperformatasks 

thatwhichcannotperformbylinearmethod.ANNlearnsand 

does not need to be reprogrammed. Simultaneously, the 

performance of multiple inputs can be analyzed. The four 

ANN models to assess the daily global solar 

radiation are given in Table II. The model has 

developed by using single input parameter such as 

Approximate Solar Radiation, Relative Humidity 

andTemperature. 
 

Table -II: Models developed by using ANN 
 

(59) 

 
Group 3 

The following Eq. (60-64) are obtained daily global solar 

radiation model based on DB for Madurai, Trichy, 

Coimbatore and Chennai. These are the model derived for 

four cities by considering Approximate Solar Radiation, 

Temperature and Relative humidity as the input parameters. 

(60) 

 

 

 

 

 
Andalsomodelshavedevelopedbyusingthecombinationof 

Approximate Solar Radiation, temperature and relative 

humidityascombinationofinputvariables.Thecorrelation 

 

 

 
 

 

Group 4 

(61) 

 
(62) 

 

(63) 

 
(64) 

result for different attribute is presented in a Table III. 

Maximum temperature is the first input parameter gives the 

best correlation of 0.780 to assess the solar radiation. 

Approximate Solar Radiation is the second input parameter 

gives the correlation of 0.666. Relative humidity gives the 

leastcorrelationof0.336.Predictionresultisbetter,whenthe R 

value ishigher. 

Table -III: Correlation developed by ANN for different 

attributes with measured GSR 

The following Eq. (60-64) are obtained daily global solar 

radiation model based on DB for Madurai, Trichy, 

Coimbatore and Chennai. These are the model derived for 

four cities by considering Approximate Solar Radiation and 

Temperature as the input parameters. 

(65) 

(66) 

(67) 

(68) 

(69) 

 

 

 

 

 
The correlation Coefficient R values ranges between 0.336 

and 0.666. The necessity of the Correlation analysis is to 

reduce the number of input attributes. And also it is used to 

obtainaresultthathowtheoutputdataisrelevanttotheinput 

attributes.  

Regressionplots 

developed between input 

attributes and output data using 

neural network is shown inFig. 

Models Variables 

ANN-S S, S 

ANN-T 
 

 

ANN-ST, TH, 

SH,STH 
S,S , ,RH 

 

Input Variable Correlation R Rank 

Bright sunshine 0.666 2 

Tmax 0.780 1 

Tmin 0.531 3 

Relative Humidity 0.3361 4 
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2. Maximumtemperatureisthefirstinputparametergivesthe 

best correlation of 0.780 to enhance the prediction of global 

solar radiation. 
 

Fig .2. Regression plots developed between input attributes 

and output data using neural network 
 

A. TESTING PERFORMANCE 

The selected best ANN-ST model is tested for four 

sites in Tamil Nadu. The best model is selected based on the 

trainingerror.Themodelhasalesserrorandhighcorrelation 

isselectedasthebestmodel.Fig.3givestheSimulinkmodel for 

testing analysis. Initially the network has the threelayers. 

Input as a first layer, hidden is the middle layer and target as 

an output layer. In input layer, two parameters are taken as 

input such as Sunshine radiation and temperature- minimum 

and maximum. The log sigmoidal and purlin are thefunction 

of the network. Since, the solar irradiance data varied for 

every month. It is also a seasonal data which is lead to non-

linear data. 

 

 

Fig. 3. Simulink of selected best ST-ANN model 

In hidden layer five neurons are used and weights are 

obtained. Hidden to output layer is the second layer where a 

singleoutputisobtained.Thesolarirradiancedataisobtained 

intheoutputlayer.TheSimulinkmodelistestedforfoursites and 

daily solar irradiance is predicted. The weights 

adjustmentinthenetworkisshowninFig.4.Thefiveneurons 

carries the weights in the hidden layer is product with the 

input parameters. The single output solar irradiance is 

predicted very accurately based on the collecteddata. 

 

 
 

 
Fig. 4. Weights adjustment of the model network 

 

Andregressioncurveisdrawnbetweenthemeasuredand the 

observed data. The converged weights are given in 

equations 70 to 73. The weights and biases between the 

inputandthehiddenneuronsaregivenin72and73.The 

weights in the hidden neurons are dot product with the 

inputparameters. 

 

 

 
= (70) 

 

 

 

 
= (71) 

 

 

 

 
Where, W11 - Weight between first input parameter and first 

hidden neuron. 

 
W12 - Weight between first input parameter and 

second hiddenneuron. 

 

W22 - Weight between second input parameter and 

second hiddenneuron. 

 
W33 - weight between third input parameter and 

third hidden neuron. 

 

b1 is the bias of the first neuron. 

 
b2 is the bias of the second neuron. 

 
The weight and bias between the hidden neuron and output 

layer is given in the equations 72 to 73. It is second layer of 

the network. 
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= (72) 

MAPE=3.6%, RMSE=0.580 (MJ m
-2

day
-1

), MAE=0.153 (MJ 

m
-2

day
-1

) and this model can be used for the location where 

the sunshine radiation is only available. 

Table -IV: Error statistics and Empirical coefficient of 

estimation of daily GSR in Madurai and Trichy 
 

=  (73) 

 

Where,Wijistheweightbetweensecondhiddenlayeroutput and 

the outputlayer. 

b is the bias of the hidden neuron. 

The correlation between measured and observed GSR is 

showninFig.5.Fromthisfigureitisanalysedthatagreement 

between the estimated and measured daily global solar 

radiation is veryhigh. 

The regression coefficient R
2
 value for Madurai is 

0.9908 and 0.9828 for Trichy, which shows the higher 

accuracy for selected smart cities. Similarly the regression 

coefficient for Coimbatore and Chennai is 0.93813 and 

0.99614.The ANN model performance gives the higher 

accuracy than empirical model. By the comparative studiesit 

is analysed that for south India the ST model is best for 

assessment of daily global solarradiation. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. Scatter plots showing the correlation between 

measured and observed GSR from selected model ANN (H4 

or ST). 

 
V OVERALL PERFORMANCE 

The performances of sunshine, temperature and hybrid 

empirical model are analyzed through the Curve Expert 

Software. Each location was analyzed with thirteen models. 

An error statistics and empirical coefficients result of the 

thirteen empirical models for Madurai and Trichy are 

presented in Table IV. For Madurai Hybrid model H4 gives 

the best GSR estimation with least MSE=0.20 (MJm
-4

day
-1

), 

MAPE=5.1%,RMSE=0.440(MJm
-2

day
-1

),MAE=0.224(MJ 

m
-2

day
-1

) and regression coefficient value of 0.962.Sunshine 

based model S5 gives the better GSR estimation with 

MSE=0.34 (MJm
-4

day
-1

), 

And further the temperature based model gives the worst 

performance for this location. Hybrid model H2, gives the 

worst performance compared to other hybrid models. Since 

the model is based on Temperature and Relative Humidity.It 

does not depend on Sunshine radiation. And it can analyze 

that combination of sunshine radiation and Temperature (H4 

or ST) based model is the most relevant input parameter to 

predict the DGSR. Trichy is very hottest city in the Tamil 

Naduandislocatedonthecentralsouth-easternofIndia.For 

Trichy, the best performance is presented by model H4 in 

hybrid category with R value of 0.95, MSE=0.29 (MJ m
-

4
day

-1
),    MAPE=3.2%,    RMSE=0.538    (MJ m

-2
day

-1
), 

MAE=0.162 (MJ m
-2

day
-1

). In sunshine model S5 gives the 

best performances with  R  value  of  0.756,  MSE=1.13  

(MJ  m
-4

day
-1

),  MAPE=1.1%,  RMSE=1.06  (MJ m
-2

day
-1

), 

MAE=0.532 (MJ m
-2

day
-1

). Temperature based model gives 

the worst performance. Since according to the climatic 

condition, the minimum and maximum temperature of the 

southeasternregionvariesrandomlyforeachday.Hencethe 

temperature based models is not suited for south eastern 

region of India. Similarly, thirteen models are performed for 

Chennai and Coimbatore. Table V gives a summary of error 

statistics and empirical coefficients of the thirteen empirical 

models for south western and south central are presented in 

India. Chennai is located on the north eastern of India and it 

has tropical wet and dry climate. For Chennai, the best 

performance is presented by model H4 in hybrid category 

with regressioncoefficient 

R=0.987, MSE=0.165 (MJ m
-

4
day

-1
), MAPE=1.1%, 

RMSE=0.404   (MJ  m
-2

day
-1

), 
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MAE=0.08 (MJ m
-2

day
-1

). S4 is the second best model with 

R=0.78, MSE=1.17 (MJ m
-4

day
-1

), MAPE=1.1%, 

RMSE=1.08 (MJ m
-2

day
-1

), MAE=0.78 (MJ m
-2

day
-1

). The 

thirdbestmodelisT3intemperaturecategorywithR=0.659, 

MSE=0.75 (MJ m
-4

day
-1

), MAPE=1.8%, RMSE=0.867 (MJ 

m
-2

day
-1

), MAE=0.09 (MJm
-2

day
-1

). 

Table–V:ErrorstatisticsandEmpiricalcoefficientof 

estimationofdailyGSRinChennaiandCoimbatore 

 

CoimbatoreislocatedonthesouthwesterninIndiaandithas a 

pleasant climate. For Coimbatore, the best performance is 

presented by model H4 in hybrid category with regression 

coefficient R=0.918, MSE=0.40 (MJ m
-4

day
-1

), 

MAPE=2.1%, RMSE=0.632 (MJ m
-2

day
-1

), MAE=-0.04(MJ 

m
-2

day
-1

). T4 is the second best model with R=0.865, 

MSE=0.476 (MJ m
-4

day
-1

), MAPE=1.1%, RMSE=0.68 (MJ 

m
-2

day
-1

), MAE=0.06 (MJ m
-2

day
-1

). 

S3 is the third best model with R=0.681, MSE=1.423 (MJ 

m
-4

day
-1

),     MAPE=3.4%,    RMSE=1.19    (MJ   m
-2

day
-1

), 

MAE=-1.89 (MJ m
-2

day
-1

). Overall, the model H4performed 

best for all four studies with R value between 0.918 and 

0.987, RMSE value between 0.404 to 0.632, MSE values 

between 0.163 and 0.404 and MAPE value between 1.1 and 

5.1. The higher accuracy is obtained by using most relevant 

input attributes. The H2 has least performance, since model 

has developed with least attributes. H4 has highest accuracy, 

since it depends on most relevant attribute as Approximate 

SolarRadiationandTemperature.Therefore,theapproximate 

solar radiation and temperature data plays an important role 

for estimation of global solar radiation. Temperature input 

parameters gives best estimation for only pleasant climate 

such as Coimbatore, since the maximum temperature 35.9
▫
C 

and minimum temperature is19.8
▫
C. 

 
In this section the performance of best evaluated 

parametricmodeliscomparedwithANN-STmodelbasedon 

their result. Thirteen models have developed using curve 

expert software for different location. And then it have 

analysed that ST based parametric model (H4) gives the best 

result during training the data. Similarly for ANN-ST model 

gives the best result with minimized error and improved 

performance. Comparison of measured and predicted data of 

ANNandEmpiricalmodelisshowninFig.6.InthisJan2018 data 

has predicted using both ST based model in ANN and 

Empirical. It shows that the ANN predicted data is high 

accuracy, while compared to the ST-empirical. Since the 

mathematical model derived is not well suited for the daily 

solar radiationprediction. 

 

Fig .6. Evaluation of measured and predicted data of 

ANN and Empirical model 

Some of days predicted data is far different from measured 

data.AndforpredicteddataofANNisclosertothemeasured 

data.Itisachievedbytrainingalargenumberofdataanddata has 

learned by the network. The mean square error of ANN and 

empirical model is shown in Fig. 7. It is evaluated that error 

between the measured data and predicted data is minimized 

in ANN. So the prediction accuracy can be improved 

byANN. 
 

Fig .7. Mean square error comparison between ANN 

and Empirical 

When compared to ANN, the error calculated from the 

empirical is higher and the accuracy is minimized. Hencethe 

ANN – ST model can be used for predictive basedproblems. 

The performance indicator for both selected ANN-ST and 

Empirical-ST model is given in Table VI. The mean square 

error, mean absolute error, mean absolute percentage error, 

root mean square errorand 

regression coefficient are the 

statistical indicator which has 

calculated for four cities. Fromthe 
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tableitisanalyzedthatthehighestaccuracyisachievedusing 

ANN-ST model for four sites. 

Table -VI: Performance indicators of the selected ANN-ST 

and Empirical-ST models for four sites. 

Model/ 
Location 

MAE MA 
PE 

MSE RMSE R 

Empirical (MJ 
m-2day- 
1) 

(%) (MJ2 

m-4day-1) 

(MJ 

m-2day-1) 

 

Madurai 0.224 5.1 0.200 0.440 0.303 

Trichy 0.16 3.2 0.29 0.538 0.388 

Chennai 0.08 1.1 0.165 0.404 0.724 

Coimbatore -0.04 2.1 0.40 0.632 0.707 

ANN      

Madurai 0.128 4.3 0.016 0.2076 0.990 

Trichy 0.149 3.0 0.022 0.173 0.982 

Chennai 0.086 1.8 0.007 0.134 0.996 

Coimbatore 0.055 1.0 0.003 0.110 0.938 

 

reaches in the month of January and April. And the 

lowest GSR value reaches in the month of October and 

December. And then for Coimbatore the highest GSR 

values reaches 

betweenJanuarytoAugustmonthandlowestvaluereachesin 

the month of September to December. The correlation 

between measured and estimated GSR is given in the 

scatter plots shown in Fig. 8. The regression is analyzed 

from best hybrid model H4 (ST) for four selected cities. 

It is noted that the correlation coefficient ranges from 

0.9381 to0.9961. 

Hence H4 model with combination of 

Approximate 

SolarRadiationandTemperatureissuitableforfourdifferent 

zones in Tamil Nadu. And unique model has developed 

for southernregion. 

Initially for Coimbatore has the highest accuracy of 0.999, 

since it has a mild climate and solar radiation is not varied 

rapidly. Next to it, Madurai is achieved the highest accuracy 

of 0.998. And similarly for Trichy, the regression coefficient 

isabout0.992.ComparedthesefourcitiesChennaihaslowest 

VICONCLUSION 

In this work, the comparative studies have 

made between Empirical and ANN models for the 

prediction of GSR. Three sub-classes of model have 

developed namely temperature, sunshine and hybrid 

model. It is foundsunshine 

andtemperatureismostinfluencingparametersforestimation 

of daily GSR. And relative humidity is 

minimuminfluencing parameter. In both empirical and 

ANN, the combination of 

sunshineandtemperaturemodelgivesthebestresult.Further 

thisselectedbestmodelhastestedforfourcitiesin Tamil 

accuracy of 0.9883. Similarly the error statistics has 

calculated between the measured data and predicted data of 

empirical. The lowest accuracy has obtained for all sites. 

Since the daily the solar radiation data and temperature is 

rapidly changes. Hence the Madurai and Trichy has a lowest 

accuracyof0.303and0.388.ChennaiandCoimbatorehasthe 

accuracy of 0.724 and 0.707. Since these both has located in 

centralandwesternofTamilNadu.Butitsresultisnotcloser to 1, 

which denotes the highest accuracy. And compared to ANN-

ST, the empirical-ST gives worst performance forfour 

cities.HencetheANN-STmodelcanbeusedforpredictionof daily 

global solar radiation. This combination oftemperature 

andsunshinebasedANNmodelisbestforpredictionofdaily global 

solar radiation in southern states ofIndia. 

Predicted and estimated daily average GSR of best hybrid 

modelH4forfourcitiesinTamilNaduisshowninFig.8.The average 

daily GSR computed for four smart cities of Tamil Nadu using 

H4model. 

 
Fig .8. Comparison of Empirical (H4) with measured 

daily average GSR. 

 
ForMaduraithemonthlymeandailyGSRreachesitshighest values 

between months of March to August. And GSR reaches its 

lowest value between months of September to 

February.AndthenforTrichyreachesitshighestvaluesinthe July 

month. And it reaches lowest value in the month of 

October.Similarly,fortheChennaithehighestGSRvalue 
Nadu and error statistics has calculated. The highest accuracy 
of ST based ANN model is 0.996 and ST based Empirical 

model is 0.707. The accuracy of ANN –ST model is high, 

since the large number of data is learned during training 

process.Duetodeeplearningofthedata,itcouldachievethe 

required ANN target and over fitting is alsoreduced. 
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Abstract: Background: This paper presents electrical power system comprises many complex and in-
terrelating elements that are susceptible to the disturbance or electrical fault. The faults in electrical 
power system transmission line (TL) are detected and classified. But, the existing techniques like artifi-
cial neural network (ANN) failed to improve the Fault Detection (FD) performance during transmission 
and distribution. In order to reduce the power loss rate (PLR), Daubechies Wavelet Transform based 
Gradient Ascent Deep Neural Learning (DWT-GADNL) Technique is introduced for FDin electrical 
power sub-station. DWT-GADNL Technique comprises three step, normalization, feature extraction 
and FD through optimization. Initially sample power TL signal is taken. After that in first step, min-max 
normalization process is carried out to estimate the various rated values of transmission lines. Then in 
second step, Daubechies Wavelet Transform (DWT) is employed for decomposition of normalized TL 
signal to different components for feature extraction with higher accuracy. Finally in third step, Gradi-
ent Ascent Deep Neural Learning is an optimization process for detecting the local maximum (i.e., 
fault) from the extracted values with help of error function and weight value. When maximum error 
with low weight value is identified, the fault is detected with lesser time consumption. DWT-GADNL 
Technique is measured with PLR, feature extraction accuracy (FEA), and fault detection time (FDT). 
The simulation result shows that DWT-GADNL Technique is able to improve the performance of FEA 
and reduces FDT and PLR during the transmission and distribution when compared to state-of-the-art 
works. 
Methods: An electric power system incorporates production, broadcast and distribution of electric en-
ergy. To send the electric power to massive load centers, transmission lines are exploited. The fast 
growth of electric power systems results in huge number of lines in operation and total length. TL are 
susceptible to faults in case of lightning, short circuits, mis-operation, human errors, overload, etc. 
Faults resulted in tiny to long power outages for customers. To protect the reliable power system opera-
tions, Fault identification, isolation and localization are imperative. The voltage lessened to minimal 
value, when fault occurs on TL. FD is an essential problem in power system engineering to minimize 
the PLR. DWT-GADNL Technique is introduced for FD in TL during transmission and distribution. 
Results: Power Loss due to the fault occurrence during the transmission and distribution is a common 
problem in electrical power system. To lessen the PLR, the fault is detected in earlier stage. From the 
sample transmission line, the features are extracted and the values are calculated. When the observed 
value is lesser than the actual value, the fault is detected through performing the gradient ascent optimi-
zation process in transmission line. In this optimization process, the local maxima are identified to re-
duce the PLR.  At different time instances, PLR gets changed. At instance 3, the PLR of proposed 
DWT-GADNL framework is 12% where the PLR of Fuzzy Logic Based Algorithm [1] and Fault Diag-
nosis Framework [2] are 27% and 19% respectively. Through comparing all the ten instances, PLR is 
reduced in GWMD-DE technique by 59% and 40% compared to existing [1] and [2] respectively. 
Conclusion: DWT-GADNL Technique is introduced for FD during transmission and distribution with 
minimal PLR. Sample power TL signal is taken and min-max normalization process performs the vari-
ous rated values estimation of transmission lines. DWT decomposes normalized TL signal to different 
components for feature extraction with higher accuracy. Gradient Ascent Deep Neural Learning detects 
the local maximum from extracted values with help of error function and weight value.  When maxi-
mum error with low weight value is identified, the fault is detected with lesser time consumption. The 
performance of DWT-GADNL technique is tested with the metrics such as PLR, FEA and FDT. With 
the simulations conducted for all techniques, the proposed DWT-GADNL technique presents better per-
formance on FD during transmission and distribution as evaluated to state-of-the-art works. From simu-
lations results, the DWT-GADNL technique lessens PLR by 50% and enhances FEA by 9% than the ex-
isting methods. 

Keywords: Deep neural learning, Electrical power system, Fault detection Optimization, Feature extraction, Gradient ascent, 
Normalization. 
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1. INTRODUCTION 
The errors on electrical power TL are discovered and 

classified properly. The protection system is employed in TL 
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to preserve power system from outages. A improved FD sys-
tem affords reliable, fast and secure method of relaying op-
eration. To discover faults in electrical distribution system, A 
fuzzy logic based algorithm with discrete wavelet transform 
[1]. But, the PLR was not minimized using fuzzy logic based 
algorithm with discrete wavelet transform.  

To discover set of nodes in multiple fault events, Fault 
diagnosis framework was designed in [2]. For detect the 
faulty nodes, faulty types and appearing time, An Auto As-
sociative Neural Network (AANN) and Adaptive Neuro-
Fuzzy Inference Systems (ANFIS) methodology was de-
signed based on system history data. But, the FDT was not 
reduced using fault diagnosis framework. Two fault classifi-
cation algorithms called single ANN approach and modular 
ANN approach were introduced in [3]. A study of two classi-
fiers was presented to choose ANN fault classifier structure 
resulted in best performance. The modular ANN-based fault 
protection does not exploited for online fault classification 
and location in TL. A state space method was introduced in 
[4] through variations by output and analysis with fault di-
rection in every component of power system. State space 
comprised information from output signals to detect the di-
rection where disturbance occurred. But, the FD accuracy 
was not improved using the state space method. 

Insulators are imperative to isolate and hold wires in 
high-voltage power transmission. Faults through deteriora-
tion of insulators result in several issues to power TL. The 
designed technique was presented in [5] for acoustic detec-
tion of insulator faults. But, the FDperformance in TLwas 
not improved. Artificial neural network (ANN) was intro-
duced in [6] for detection and classification of faults. Three 
phase currents and voltages of one end are taken as input. 
The identification and classification of fault were presented 
by feed forward neural network and back propagation algo-
rithm. However, the computational complexity was not re-
duced using ANN. 

For high impedance fault (HIF) recognition, a reliable 
protection scheme was presented in [7]. The designed algo-
rithm exploited the dynamic features taken by stationary 
wavelet transform and insert into support vector machine 
based decision making system. HIF occurrence was detected 
with normalized features taken from post disturbance data 
windows. But, the FEA was not improved using reliable pro-
tection scheme. 

In [8], A new algorithm was designed for TL distance re-
laying and power swings. In [9], A fuzzy logic and neural 
network-based technique was designed for electric power FD 
and classification in power distribution network. But, the 
feature extraction process was not carried out using fuzzy 
logic and neural network-based technique. A new method 
was introduced in [10] for detecting the line section of HIF. 
Through HIF, the discrete wavelet transform eradicates the 
transient features. The contribution of the work is given as: 

DWT-GADNL Technique is introduced for FD with 
minimal PLR during transmission and distribution in electri-
cal power sub-station. Min-max normalization step is carried 
out for sample TL signal to estimate the various rated values 
of transmission lines. The normalization step produces the 
rated maximum and minimum values from transmission 
lines. DWT step evaluated distorted signal to various fre-

quency domains for extracting features from signals. To dis-
cover the frequency components in signal, Wavelet trans-
form exploits the expansion and contraction. Gradient ascent 
is an optimization function that changes the weights consis-
tent with the error occurred in the transmission line. When 
the weight value is less with higher error value, the faults 
gets detected in TL using DWT-GADNL technique. 

The rest of paper is arranged as follows. Section 2 de-
scribes related works.   Section 3 explains DWT-GADNL 
Technique with overall flow diagram. Section 4 describes 
the simulation settings and result analysis with help of pa-
rameters. At last, Section 5 provides the conclusion. 

2. RELATED WORKS 

To categorize HIF in electrical distribution systems, a 
new model was designed in the study [11]. The designed 
model based on non-linear resistance that indicates superior 
impedance path. The results of many electric variables linked 
with high impedance faults were examined. But, the feature 
extraction process was not carried out in designed model. A 
new plan was introduced in [12] for measured voltage data 
of box-type substations. In order to discover the fault, the 
designed method exploits difference among actual voltage 
and measured voltage of lines. If fault happens in box-type 
substations along lines, then faulted line section identified 
with described sequence. But, the FD rate was not improved. 

To partition the arcing fault from non-arcing distur-
bances, A model-based general detection method was de-
signed in [13]. An arcing fault model and non-arcing distur-
bance model were connected with disturbance features, load 
parameter and substation voltage. For increasing the accu-
racy, voltage drop in distribution line was considered. How-
ever, the FD was not carried out in efficient manner using 
model-based general detection method. A new system was 
designed in [14]. With list of faults in electric power net-
works and tool for identification, new system was used for 
recognition and localization of failures. 

The faults were recognized in [15] through annual series 
of meter readings attained from the automatic meter reading 
systems in Swedish district heating systems. By using 
threshold techniques, many faults were detected in substa-
tions. The identified faults were classified into three fault 
groups, namely inappropriate heat load pattern, lesser aver-
age annual temperature variation and poor substation control. 
But, the FD efficiency was not improved. For fault diagnosis 
of power systems, A fuzzy reasoning spiking neural P 
(FRSN P) was designed in [16]. But, the accurate FD was 
not carried out in efficient manner. An analytical model was 
introduced in [17] to examine the interaction between elec-
tric arc with HIF and transmission line.  But, the feature ex-
traction was not carried out using analytical model. 

To search candidates of lower conflict set, a relation 
guiding algorithm (RGA) was introduced in [18]. But, the 
FD was not carried out in efficient way. Based on wavelet 
entropy of sampled signal with diverse fault occurrence, the 
diagnostic method was designed in [19]. However, the FD 
was not carried out in efficient manner. The feature extrac-
tion method was introduced in [20] depending on discrete 
wavelet transform with neural network. The designed 
method was introduced to identify the spatial–temporal pat-
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terns of electrical current data. But, the FEA was not im-
proved. 

From the above discussion, the fault is correctly detected 
during transmission and distribution through optimization 
with lesser time consumption and higher accuracy. 

3. DAUBECHIES WAVELET TRANSFORM BASED 
GRADIENT ASCENT DEEP NEURAL LEARNING 
(DWT-GADNL) TECHNIQUE 

An electric power system incorporates production, 
broadcast and distribution of electric energy. To send the 
electric power to massive load centers, transmission lines are 
exploited.  The fast growth of electric power systems results 
in huge number of lines in operation and total length.  TL are 
susceptible to faults in case of lightning, short circuits, mis-
operation, human errors, overload, etc. Faults resulted in tiny 
to long power outages for customers. To protect the reliable 
power system operations, Fault identification, isolation and 
localization are imperative. The voltage lessened to minimal 
value, when fault occurs on TL. FD is an essential problem 
in power system engineering to minimize the PLR. DWT-
GADNL Technique is introduced for FD in TL during 
transmission and distribution. The overall flow diagram of 
DWT-GADNL technique is described in Fig. (1).  

From Fig. (1), the FD process is carried out for efficient 
power transmission and distribution. Initially, sample TLsig-
nal at one end is taken. After that, normalization process is 
carried out for the transmission lines. Then, the decomposi-
tion process is carried out using DWT for feature extraction 
from the transmission lines. 

Finally, the optimization process is carried out using gra-
dient ascent deep neural learning for FD during efficient 
transmission and distribution. The feature extraction and 
optimization for FD are carried out using DWT and Gradient 
Ascent Deep Neural Learning respectively are briefly ex-
plained in sub-sections. 
 

 
Fig. (1). Overall flow diagram of DWT-GADNL technique. 

3.1. Daubechies Wavelet Transform Based Feature Ex-
traction 

FD is the procedure of discovering fault in line signals of 
transmission and distributed system. Power transmission line 

voltages and currents are considered from one end of line to 
verify the fault occurrence. TL protection is an essential 
problem in power system engineering as 85-87% of faults 
are taking place in transmission lines. TL signals are initially 
normalized to minimize the computational complexity be-
cause of line magnitude. In steady state operation of power 
systems, line currents or voltages are normalized using min-
max normalization process in DWT-GADNL technique to 
attain the rated peak value. The normalized waveforms of 
line signals vary from –1 to 1. The normalization is em-
ployed to estimate various rated values of transmission lines. 
The min-max normalization of power transmission line   is 
formulated as, 

( ) 1,1
 p pmin
p

pmax pmin

Y Y
Y t

Y Y!

!
=

!
                                             (1) 

From (1), denotes sample power transmission line. Sym-
bolizes the minimum value represent the maximum value of 
power transmission line. After the normalization process, 
feature extraction process is carried out using DWT in DWT-
GADNL technique.  To examine the signals, DWT is ex-
ploited which is a tested tool. The wavelet transform deter-
mines measured distorted signal to several time–frequency 
domains. To discover frequency components in signal, 
Wavelet transform utilizes expansion and contraction. To 
extract voltages and current values, DWT decomposes TL 
signal into diverse bands of frequencies. 

DWT is from orthogonal wavelets and classified by large 
number of vanishing instants. For each wavelet, a scaling 
function called father wavelet which generates orthogonal 
multi resolution analysis (MRA). The signals are decom-
posed to various resolution levels by MRA. The level with 
suitable resolution has approximation information of mini-
mal frequency components and conserves features of origi-
nal signal. The level with finer resolution preserves informa-
tion regarding superior frequency components. MRA de-
notes the signal approximation at different resolutions 
through approximation (A) signals and detail signals (D) as 
described in Fig. (2). 

 
Fig. (2). Normalized Transmission Line Decomposition using 
Daubechies Wavelet Transform. 
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MRA presents enhanced time resolution and lower fre-
quency resolution at superior frequencies with better fre-
quency resolution and lesser time resolution at minimal fre-
quencies. MRA are employed using DWT through decom-
posing signal into bands ‘m’ of frequencies ω. It is given by, 

1

1 1
2 2m mT T

!+ " " Where m=1,2,34,…..k                                     (2) 

From (2), ‘T’ denotes the sampling period. ‘k’ represents 
the number of resolution levels. DWT examines fault tran-
sient results with high frequency components. The feature 
extraction of line signals is carried out through discretisation 
are carried out by, 

( )( ) ( ) ( ).p p pY Y t Y t dt!= "                                                                 (3) 

From (3), denotes the normalized current or voltage sig-
nal of power transmission line.  denotes the phase of trans-
mission line, symbolizes the basic analysis termed as wave-
let and formulates as, 

( ), t va b
u

!!
!

"# $= % &' (
                                                                              (4) 

From (4),  ‘ ’ and ‘ ’ are real numbers 
for scaling and translation parameters. ‘a’and ‘b’ are real 
numbers.  By this way, the feature extraction of voltage and 
current values is carried out using DWT. The algorithmic 
procedure of  DWT based Feature extraction is portrayed in 
algorithm 1. 

Algorithm 1 Daubechies Wavelet Transform based Fea-
ture Extraction Algorithm. 

 // Daubechies Wavelet Transform based Feature Extraction 
Algorithm 

Input: Sample Transmission Line Signal at One End 

Output: Extracted Features from Transmission Line Signal 

1. Begin 
2. for Sample Power transmission line signal 
3. Normalize inputtransmission line signal 
              ( ) 1,1‘ ’pY t

!
 

4. Decompose transmission line signal into bands ‘ ’ 

               of frequencies ‘ ’ 1

1 1
2 2m mT T

!+ " "  

5. Extract Transmission Line Features ( )( )p pY Y t  

6. end for 
7. end 

The above algorithm is explained for effective feature ex-
traction from TL. Initially, min-max normalization process is 
performed for identifying the rated peak value. Then, the 
decomposition process is carried out for efficient separation 
of high frequency and low frequency components from the 
transmission lines.Finally, the feature extraction is carried 
out from the decomposed components for efficient FD with 
higher accuracy. After the feature extraction, the gradient 

ascent deep neural learning optimization is carried out and it 
is briefly explained in the next sub-section. 

3.2. Gradient Ascent Deep Neural Learning Based Opti-
mization for Fault Detection 

Through the depth, the Deep-learning neural networks 
are discriminate from neural networks. Depth is the number 
of hidden layers in which data travels. Neural networks have 
one input and output layer and at most one hidden layer. The 
neural network with more than three layers is termed as deep 
neural learning. In deep neural learning, more than one hid-
den layer is employed as shown in Fig. (3). 

In deep neural learning networks, every layer of nodes 
instructs many features depending on earlier layer output. 
With advancement in neural networks, complex features are 
recognized as cumulative and recombine features from pre-
ceding layer. It is termed as feature hierarchy. 

Feature hierarchy constructs deep-learning networks able 
to control number of TL with several parameters which pass 
via nonlinear functions. Gradient ascent is an iterative opti-
mization algorithm for detecting the maximum of function. 
For identifying the local maximum of the function through 
gradient ascent, it considers the steps proportional to the 
positive of gradient. 

Gradient ascent is the optimization function that changes 
the weights consistent with the error occurred. Gradient is 
termed as the slope. Slope on x-y graph denotes how the two 
variables concern with each other. The slope explains the 
relationship between TL error and the weight. While the neu-
ral network discovers, it changes many weights as they maps 
signal to meaning appropriately. The relationship between 
the TL error and each weight is derivative.  determines the 
degree where slight change in weight leads to slight change 
in TL error. 

 
Fig. (3). Deep Neural Learning Flow Process. 

Each weight is an individual factor in deep network with 
different transforms. The signal of weight passes through the 
activation and adds over many layers. The chain rule is 
marched back through activation and output. The weights are 
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updated after every epoch for extracted features. The trans-
mission line error ‘E’ is computed by, 

( )21   
2

i i

i

E Rated value Output value= !"           (5) 

From (5), the error occurred for the extracted features are 
computed. The magnitude and weight update are evaluated 
with error gradient and it is given by, 

j
j

Ew
w

! "# =
"

                                                                                    (6) 

From (6), ‘η’ is the learning rate. The weights get up-
dated through update rule. The update rule is formulated as, 

w •
   w + ∇wj    (7) 

From (7), ‘∆wj’ represents the vector that comprises 
weight updates of weight coefficient ‘w’. By substituting 
equation (5) in (6) and use partial derivative as follows, 
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From (10) ‘∆wj’ denotes the weights of extracted fea-
tures. The error and weight relationship diagram are shown 
in Fig. (4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (4). Gradient Ascent Optimization Process. 

From the Fig. (4), it is clear that, when weight value is 
lesser, the error value is higher. For gradient ascent, the gra-
dient gets moved in positive direction till it discovers the 
local maximum value. When the error value is maxima, fault 

is detected. This process gets continued until the weight of 
current features and previous features are same. The algo-
rithmic process of gradient ascent deep neural learning algo-
rithm is explained in algorithm 2. shown in figure. 

Algorithm 2 explains the Gradient Ascent Deep Neural 
Learning Algorithm in DWT-GADNL technique for FDfrom 
the extracted features. 

// Gradient Ascent Deep Neural Learning Algorithm  
Input: Features from Transmission Line 
Output: Fault detected point 
1. Begin 
2. Initialize k=0 
3. While (stopping criterion && ) do 
4. Calculate error value  
5.       Perform weight update  
6.       k = k+1 
7. end while 
8. End	  

Algorithm 2 Gradient Ascent Deep Neural Learning Al-
gorithm 

Initially, the stopping condition and the iteration count 
are initialized. Then with extracted features, the error value 
for every epoch is calculated. After the error value calcula-
tion, weight update is carried out. The process gets repeated 
until it fulfills the stopping criterion. When the weight value 
is lesser, the fault was detected in TLsignal with lesser time. 
In addition, DWT-GADNL technique is used to reduce the 
PLR and improves FEA. 

4. SIMULATION SETTINGS AND RESULT ANALY-
SIS 

DWT-GADNL Technique is implemented in MATLAB 
Simulink with 3.4 GHz Intel Core i3 processor, 4GB RAM, 
and windows 7 platform for FDduring the transmission and 
distribution from electrical substation. The time, voltages 
and current data are tested at 150 Hz. For system running at 
60 MHz which is sampling at 150 Hz, 6 × 105 cycles are 
presented between monitoring states for performing the fault 
detection. DWT-GADNL Technique is introduced for FD 
and compared with existing Fuzzy Logic Based Algorithm 
[1] and Fault Diagnosis Framework [2]. The effectiveness of 
DWT-GADNL technique is evaluated along with the metrics 
such as PLR, FDT and FEA. 

4.1. Feature Extraction Accuracy 

FEA is evaluated as the amount of features which are 
correctly acquired from sample TL. It is computed in per-
centage (%). It is formulated as, 

                    (11) 

Superior FEA, more efficient the method is said to be. 

Local  
Maximum E 

W 

Local Mini-
mum 

Global 
Maximum 

Initial 
Weight 
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Table 1. Tabulation for feature extraction accuracy. 

Feature Extraction Accuracy (%) 

Instances Fuzzy Logic 
Based  

Algorithm 

Fault Diaginosis 
Fram Work 

DWT-
GADNL 

Framework 

Instance 1 75 81 89 

Instance 2 75 83 91 

Instance 3 77 84 92 

Instance 4 79 86 92 

Instance 5 79 87 93 

Instance 6 80 89 94 

Instance 7 76 82 91 

Instance 8 79 85 93 

Instance 9 82 87 95 

Instance 10 85 89 97 

 
Table 1 explains the FEAof three methods, namely Fuzzy 

Logic Based Algorithm, Fault Diagnosis Framework and 
DWT-GADNL Framework at different instants. Every in-
stant is taken at different time of same TLsignal. From the 
above table, the FEA using DWT-GADNL Framework is 
greater as compared to [1] and [2]. The graphical representa-
tion of FEA is shown in Fig. (5). 

Figure 5 illustrates the performance results of FEA with 
respect to different instances. Different instances are taken in 
‘X’ axis and the fault FEA is taken in ‘Y’ axis. As described 
in figure, the green color curve denotes the FEAof DWT-
GADNL Framework where red color and blue color repre-
sents the FEA results of Fuzzy Logic Based Algorithm [1] 
and Fault Diagnosis Framework [2]. From above graphical, 
the FEA using DWT-GADNL Framework is superior than 
the existing [1] and [2]. 

Transmission and Distribution of created power from the 
generating station to the consumers are essential one in elec-
trical power station. During the transmission and distribution 
of power, there is possibility for fault occurrence. In order to 
detect the fault, the feature extraction is important. Feature 
Extraction from the TL plays an essential role for fault detec-
tion. DWT is exploited for the feature extraction. DWT de-
composes the original TL into different frequency range for 
extracting the features (i.e., current and voltage). Through 
decomposing the signals, the features get extracted in accu-
rate manner.  

Let us consider sample transmission where readings are 
taken at different time period. At instance 4, the FEAof 
DWT-GADNL Framework is 92%. Similarly, FEAfor Fuzzy 
Logic Based Algorithm and Fault Diagnosis Framework are 
79% and 86% respectively. This demonstrates the significant 
enhancement of proposed DWT-GADNL Framework. Cor-
respondingly, nine instances are carried out at different time 
period for all three methods. Finally, comparison results of 
both the proposed and existing methods are analyzed. The 

FEA of DWT-GADNL framework is improved by 18% and 
9% compared to existing Fuzzy Logic Based Algorithm [1] 
and Fault Diagnosis Framework [2] respectively. 

4.2. Fault Detection Time 

FDT is evaluated as amount of time taken for detecting 
faults in TL signal. It is difference of ending time and start-
ing time of identifying faults. It is evaluated in milliseconds 
(ms). 

 
                                                                (12) 

Lower FDT, more efficient the method is said to be. 

Table 2 describes the FDT of three methods, namely 
Fuzzy Logic Based Algorithm, Fault Diagnosis Framework 
and DWT-GADNL Framework at different time periods. 
From the above table, the FDT using DWT-GADNL 
Framework is minimal as compared to [1] and [2]. The 
graphical representation of FDT is illustrated in Fig. (6). 

Table 2. Tabulation for fault detection time. 

Fault Detection Time (ms) 

Instances Fuzzy Logic 
Based  

Algorithm 

Fault  
Diagnosis 

Framework 

DWT-GADNL 
framework 

Instance 1 36 31 24 

Instance 2 37 34 27 

Instance 3 35 31 24 

Instance 4 31 28 20 

Instance 5 28 25 18 

Instance 6 26 22 15 

Instance 7 30 24 19 

Instance 8 32 28 23 

Instance 9 35 32 25 

Instance 10 39 35 28 

 
Fig. (5). Measure of feature extraction accuracy. 
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Figure 6 explains the performance results of FDT for dif-
ferent instances at different time period. In the graph, differ-
ent instances are taken in the ‘X’ axis and the FDT is taken 
in the ‘Y’ axis. From the figure, the green color curve repre-
sents the FDT of DWT-GADNL Framework where blue 
color and red color symbolizes the FDT of Fuzzy Logic. 
Based Algorithm [1] and Fault Diagnosis Framework [2]. 
From above graph, it is observed that the FDT using DWT-
GADNL Framework is comparatively lesser than the exist-
ing Fuzzy Logic Based Algorithm [1] and Fault Diagnosis 
Framework [2]. 

 
Fig. (6). Measure of fault detection time. 

The fault from TL is discovered by FD process during 
the transmission and distribution of power. FD is employed 
to reduce the power loss. Gradient Ascent Optimization 
process is carried out to detect the fault from the transmis-
sion line. Initially, the feature extraction process is carried 
out through decomposition to identify the current and volt-
age values at particular instances. With extracted values, the 
weight value is calculated. The weight value and error rela-
tionship is evaluated to detect the fault with minimal time. 
When the error value is higher at any particular instance, 
there occurred the fault. Through Gradient Ascent Optimiza-
tion, the fault gets detected with minimal time. 

Let us take ten instances at different time period for fault 
detection. At every instance, the FDT gets changed corre-
sponding in all three methods.  When the feature extraction 
process consumed large amount of time, FDT also gets in-
creased.  At instance 6, the FDT is lesser in all three methods 
compared to other instances. The FDT of DWT-GADNL 
framework is reduced by 33% and 23% as compared to ex-
isting [1] and [2] respectively. 

4.3. Power Loss Rate 

PLR is defined as the ratio of power loss to the total 
amount of power generated. Power loss is computed by dif-
ference of generated power and power received by the con-
sumers. It is measured in terms of percentage (%). It is for-
mulated as, 

  *100G R

G

P P
Power Loss Rate

P
!=                                         (13) 

From (13), ‘P_G’ denotes the total power generated. 
‘P_R’ symbolizes the total power received. Tiniest PLR, 
more efficient the method is said to be. 

Table 3. Tabilation for power loss rate. 

Power Loss Rate (%) 

Instances Fuzzy Logic 
Based Algo-

rithm 

Fault Diag-
nosis Frame 

Work 

DWT-GADNL 
Framework 

Instance 1 23 15 9 

Instance 2 25 17 10 

Instance 3 27 19 12 

Instance 4 21 14 8 

Instance 5 25 17 10 

Instance 6 26 18 11 

Instance 7 28 20 13 

Instance 8 25 17 10 

Instance 9 21 14 8 

Instance 10 21 14 8 

 
Table 3 explains the PLR of three methods, namely 

Fuzzy Logic Based Algorithm, Fault Diagnosis Framework 
and DWT-GADNL Framework. From the table value, it is 
clear that the PLRusing proposed DWT-GADNL Framework 
is lesser when compared to existing Fuzzy Logic Based Al-
gorithm [1] and Fault Diagnosis Framework [2]. The graphi-
cal representation of PLRis explained in Fig. (7). 

Figure 7 explains the performance results of PLRfor dif-
ferent instances at different time period. In above graph, in-
stances are taken in ‘X’ axis and PLR is taken in ‘Y’ axis. 
From figure, the green color curve represents the PLRof 
DWT-GADNL Framework where blue color and red color 
symbolizes the PLRof Fuzzy Logic Based Algorithm [1] and 
Fault Diagnosis Framework [2]. From figure 6, it is clear that 
the PLR using DWT-GADNL Framework is comparatively 
lesser than existing Fuzzy Logic Based Algorithm [1] and 
Fault Diagnosis Framework [2]. 

 
Fig. (7). Measure of power loss rate. 

Page 140 of 3066Page 140 of 3066



8    Current Signal Transduction Therapy, 2019, Vol. 14, No. 0 Murugesan and Sathish 

Power Loss due to the fault occurrence during the trans-
mission and distribution is a common problem in the electri-
cal power system. To lessen the PLR, the fault is detected in 
earlier stage. From the sample transmission line, the features 
are extracted and the values are calculated. When the ob-
served value is lesser than the actual value, the fault is de-
tected through performing the gradient ascent optimization 
process in transmission line. In this optimization process, the 
local maxima are identified to reduce the PLR. At different 
time instances, PLR gets changed. At instance 3, the PLR of 
proposed DWT-GADNL framework is 12% where the PLR 
of Fuzzy Logic Based Algorithm [1] and Fault Diagnosis 
Framework [2] are 27% and 19% respectively. Through 
comparing all the ten instances, PLR is reduced in GWMD-
DE technique by 59% and 40% compared to existing [1] and 
[2] respectively. 

CONCLUSION 

DWT-GADNL Technique is introduced for FD during 
transmission and distribution with minimal PLR. Sample 
power TLsignal is taken and min-max normalization process 
performs the various rated values estimation of transmission 
lines. DWT decomposes normalized TL signal to different 
components for feature extraction with higher accuracy. 
Gradient Ascent Deep Neural Learning detects the local 
maximum from extracted values with the help of error func-
tion and weight value. When the maximum error with low 
weight value is identified, the fault is detected with lesser 
time consumption. The performance of DWT-GADNL tech-
nique is tested with the metrics such as PLR, FEA and FDT. 
With the simulations conducted for all techniques, the pro-
posed DWT-GADNL technique presents better performance 
on FD during transmission and distribution as evaluated to 
state-of-the-art works. From simulations results, the DWT-
GADNL technique lessens PLR by 50% and enhances FEA 
by 9% than the existing methods. 
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Abstract— In developing countries like India, Traffic 

congestion is recognized as a severe problem in modern 

urban areas since most of the people prefer self 

transportation rather than public transport. The rapid rise of 

the automobile industry over time has directly affected all 

aspects of people in terms of obesity, other health issues and 

polluting the mother earth by enhancing global warming. In 

most urban areas, people should forecast the risks of vehicles 

travelling at high speed because most of the accident results 

in serious injuries and can be fatal. Moreover, the traffic 

blockages have caused much waiting for the emergency 

vehicle to reach the accidental spot on time. Hence, the life of 

a victim is put at risk. To avert this hazardous situation we 

have introduced a new technique called Emergency Rescue 

System. The intention of this method is to provide an 

emergency vehicle on the accidental spot on time by 

implementing an ITS that control the traffic light. Thus, it 

finds the accident location accurately and assists the victim 

within their golden hour by expediting the emergency vehicle 

using traffic light control. 

 

Keywords— Vibration sensor, Short Message Service, Global 

System for Mobile Communications (GSM), Arduino Global 

Positioning System (GPS), RF transmitter, RF receiver, (SMS), 

Encoder and Decoder. 

 
I. INTRODUCTION 

Road transport plays a major role in our daily life 

as it offers mobility at low cost. However, it also leads to 

the risk of accidents, injuries and loss of an individual life. 

In India, modernization and growing urbanization causes 

exposure to severe traffic.  

              During the calendar year 2018, road deaths in 

India increased to nearly 1.49 lakhs and caused injuries to 

4, 70,975 persons. On an average, there occur 405 deaths 

every day or 53 accidents and 17 deaths every hour in the 

country. The State of Tamil Nadu has recorded the highest 

number of road accident, but Uttar Pradesh has registered 

the maximum spike in fatalities [2].According to a survey 

conducted with Trauma care staffs, “If the casualty is 

displaced within the golden hour, the chance of survival 

would be increased. In India most of the bystanders are 

hesitating to assist the accidental victim due to the fear of 

legal complications including police enquiries and court 

appearances. 

The primary step to correct this is to implement a 

system which would send the emergency vehicle to assist 

the victim within the time frame since every second is 

valuable. In [11] PN Petri nets are used for intersection 

road areas to avoid traffic congestion. The shortest path is 

determined by using algorithm for emergency vehicle to 

reach the hospital [4]. 

 
COUNTRY NO.OF ROAD DEATHS 

INDIA 1,49,725 

US 40,000 

CHINA  2,60,000 

RUSSIA 18,214 

UK 26,610 

IRAN 32,575 

Table 1.1: NO. Of road accident death in each country 

 

The primary goal of this proposal is to identify the 

accident spot accurately, send the message to the 

emergency assistance team as well as the guardians as it 

offers an uninterrupted transition of the emergency vehicle 

to reach the medical center within the time. The RF 

component helps in controlling the traffic lights 

accordingly. 

 

II. SYSTEM DESCRIPTION - EMERGENCY 

RESCUE SYSTEM 
The system consists of three sections namely 

vehicle section, emergency assistance vehicle section and 

traffic network section 

 

A.  Vehicle Module 

A vehicle module which includes a Vibration 

sensor and MEMS sensors, Arduino UNO, GPS, and GSM 

Modem should be installed in every automobile.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Fig.1: Schematic diagram of vehicle module 
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When an accident occurs, immediately the 

vibration sensor embedded in the vehicle module will 

identify the signal and sends it to the Arduino UNO. The 

sensor is made up of piezoelectric material. After that, this 

signal is given to the amplifier unit for amplification 

purpose. This amplified signal is given to the ATmega 

controller.   Here we use flash type programmable 

controller. This ATmega controller is already programmed 

for our process.  

From the GPS ATmega gets the location 

information of the vehicle. On accident detection, ATmega 

transmit the message to the stored number it may be a 

Police control room and the EMA team with the help of 

GSM modem. The RS 232 is a serial communication cable. 

It is used to interface the ATmega with GSM. Mobile 

number can be entered by using the keypad. After receiving 

the information, the Police and EMA team can immediately 

discover the accident spot by GPS MODEM. Then after 

double-checking the details, appropriate action will be 

taken.  

In case of minor accident, the operation will be 

terminated by the vehicle driver in order to save the EMA’s 

team valuable time.  

 
B.  Emergency Vehicle Module 

 
 

 

 
Fig.2: Schematic diagram of Emergency vehicle module 

 
This module holds a keypad which is connected 

remotely to control that. For each key pressed, the 

respective road only gets cleared while others are 

obstructed. When the key is pressing this information is 

given to the encoder. Then this encoded signal is 

transmitted via RF transmitter. Once the emergency 

vehicle crossed the signal, then it will be switched on to 

its ordinary routine. 

C.  Traffic Network Module 

 

 

 

 

 

 

 

 

 

 
 

Fig.3: Schematic diagram of Traffic Network module 

RF receiver receives the signal and sends it to 

the decoder. Decoded signal is given to the Arduino Uno 

which in turns controls the traffic light. Driver circuit is 

used to control the LED’s and traffic lights since it 

cannot be controlled directly by the controller. 

 

III. HARDWARE RESULTS 

 

A. Vehicle Module 

 

 
Fig.4: Vehicle module Hardware result 

This section holds a vibration/MEMS sensor to 

identify the accident, GPS and GSM modem to 

determine the accident location accurately and send the 

message to the concerned team for necessary action to 

be taken post accident. All the devices are connected to 

the Arduino controller which acts as a heart of the 

section. 

B. Emergency Vehicle Module 

The emergency vehicle section consists of a 

keypad, an encoder and RF transmitter. On pressing 

each key the signal is encoded and sent to the RF 

transmitter. 

     
Fig.5: Emergency vehicle module Hardware result 

C. Traffic Network Module 

 
Fig.6: Traffic network module Hardware result 
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This section consists of RF receiver, a decoder, 

Arduino and traffic light. The encoded signal is received by 

the RF receiver then it is decoded and the traffic light for 

the respective road alone is made as GREEN while the 

other roads are change to RED so that they are blocked. 

Once the emergency vehicle crossed the road, the lights are 

switched to work in a regular manner. 

IV CONCLUSION 

This work saves the human life by providing 

medical assistance within their golden hour. It reduces the 

time lag, since much time is wasted in waiting for the 

emergency vehicle and during the displacement of the 

victims between accident spot to hospital.  

The Major advantage of this system is decision 

making is much simpler as the accidental vehicle is 

identified accurately with its geographical location without 

any delay and the victim is assisted immediately. By using 

a cell phone signal booster, we can get network coverage in 

rural areas as well. Thus, by implementing this system in 

highly populated areas like our nation, fatality rate can be 

reduced maximum. 
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Abstract: This paper represents the design and analysis of the 

Brushless Direct current motor. The usage of brushless motor is 

increasing day by day in that the design aspects are more 

important and the customer satisfaction is important. Based upon 

the rating the needs brushless DC motor is designed. The design 

has been done with the controllers and the real time applications 

such as EV, the controllers had been used to get the proper design. 

The results are analyzed using the MATLAB simulink software. 

Keywords : Brushless Direct Current Motor(BLDC), 

Proportional Integral Derivative Controllers (PID), Voltage 

Source Inverter (VSI). 

I. INTRODUCTION 

A Brushless Direct current motor is also as the permanent 

magnet brushless dc motor also as poly or many phase motor. 

This magnet cannot operate without its electronic controller. 

Therefore, a Brushless DC motor is a motor drive system that 

combines into one unit an AC motor, solid state inverter and a 

rotor position sensor. The solid state inverter uses transistor 

for low power drives and thyristor for high power drives. 

Rotor position sensor monitor the shaft sends the control 

signal for tuning on the controlled switches of the inverter in 

the appropriate sequence [1]. A Brushless DC motor is without 

brushes the Commutator and the carbon brushes is being 

eliminated in this motor. The problem of commutation is solved 

using the electronic commutation. The characteristics of the 

Brushless DC motor is more or less similar to the conventional 

DC motor, the commutation for the Brushless DC motor is done 

by sensing and switching which is of several types  [2]. In these 

Brushless DC motor the sensing is done magnetically and 

switching by power transistors. Therefore, the mechanism of 

phase commutation and generation of torque ripple can be 

observed and analyzed in this model. A Brushless DC motor 

system should have the torque –speed characteristics of the 

conventional DC permanent magnet motors. The torque speed 

characteristics of a conventional DC motor hence the 

Brushless DC motor has the same characteristics [3]. The 

controllable AC motor systems depends on a variable 

frequency, variable ac voltage, which has to be coordinated 

with the short velocity to produce a controlled slip frequency 

current in the rotor windings, because the rotor-stator 

structure can be considered a transformer, it does not work 

well at low frequencies. This is the fundamental difference 

between the AC motors and Brushless DC motor [4]. Since 

the field torque is produced by the interaction of a magnetic 

field produced by a permanent magnet rotor, and magnetic 
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field due to a Direct Current in a stator structure..In small 

machines the core rotor part is to get the direct torque the shaft 

is directly connected to it. The rotor has to equal with the 

usage of radial ducts in the ventilating ducts. The usage of 

axial ducts is to make the path flow for the radial ducts [5]. 

For the cooling purpose on the rings the thrust ring is used. 

The thrust ring is partially used in the axial ducts. The number 

of radial ventilating ducts providing in the ventilating ducts 

providing in the rotor is equal to that in rotor. Since there is no 

Commutator segments and carbon brushes we go for a 

permanent magnet rotor. The rotor is made up of solid 

cylindrical mild steel core upon which the magnets are being 

placed this whole structure forms the rotor. Instead of 

commutating the armature current using brushes, electronic 

commutation is used for this reason it is an electronic motor. 

This eliminates the problems associated with the brush  and  

the  Commutator  arrangement[6,8]. From a controller 

standpoint, two styles of windings are treated exactly the 

same, although some less expensive controllers are designed 

to read voltage from the common center of star connected 

winding. 

II.OPERATION OF BLDC MOTOR 

The operation of the brushless Direct motor is consists of 

three parts they are (i) modelling (ii) controller (iii) inverter. 

The Proportional Integral and derivative controller is used in 

all the electronic application, if the system want to get the 

desired output and the accurate one then the Proportional 

Integral and derivative controller want to use carefully [7]. 

For tuning the system or process the PID controller is used 

mostly, the process involved in the controller is to get the 

three variables and the gain is to be achieved by tuning the 

modes the three variables are proportional, integral and 

derivative. Various control solutions methods are proposed 

for speed control design of BLDC Motor. However, PSO 

FOPID Controller Algorithm is an easy implementation, 

flexible & highly reliable. In this system or process, by the 

PSO approach the second order system and it is developed by 

using the fractional order proportional integral and derivative 

controller [8]. For controlling the speed of brushless direct 

current motor the fractional order proportional integral and 

derivative controller has been used.  

In this the performance of the Brushless direct current motor 

using proportional integral and derivative controller is analysed 

and simulated. The performance of Brushless direct current 

motor as stator current, speed torque and stator voltage and 

the harmonics has been analysed and observed using the 

MATLAB Simulink software. 
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Fig.1 block diagram of Brushless Direct Motor 

 

Normally the trapezoidal waveform and the quasi waveform 

will be the output of the Brushless DC motor in that it links 

with back emf (electromotive force), in that the Brushless 

Direct Current motor the back electro motive force will get 

induced, and its form as trapezoidal wave form and the 

constant part as stator will be quasi wave as it should be 

square waveform, in the normal asynchronous motor the emf 

will get induced and constant part will be the sinusoidal 

waveform.All the above mentioned control valves are 

controlled manually, which will be difficult for the workers to 

control. So this will affect the production of the paper. And if 

starch obtained is impure then the paper will have low 

smoothness and rigidity [9]. Thus the paper quality gets 

affected. In order to overcome this manual method automatic 

method is designed using PLC-S7 300. 

 
Fig.2 Normal trapezoidal waveform of Brushless DC 

motor 

A. Hall Sensor 

The hall effect sensing system is utilises the sensor 

which detects the magnitude and polarity of the magnetic 

field. The signals are amplified and processed to form logic 

compatible signal levels. The sensors are usually mounted in 

the stator side, where they used to sense the magnitude and 

polarity of the permanent magnet magnetic field in the air gap 

[10]. The output of the sensors control the logic function of 

the controller configuration to provide current to proper coil 

in the stator and the system can provide some compensation 

for armature reaction effects which are prominent in some 

more design. 

The angular sensing is the electro optical switch, the 

photo effect transistor and the light emitting diode is the 

combination of the electrical optical switch. The light 

transmission of sensor and the transmitter is controlled by the 

shutter mechanism. The sensor voltage can be processed to 

supply logic signals to the controller. 

B. Proportional Integral and Derivative Controller 

To get the clear result from the closed loop system the 

proper result is needed so to get accurate result the 

proportional integral and the derivative combination is 

chooses and the performance will be efficient. The 

proportional integral and derivative in that the transfer function 

is needed and it is mentioned below, 

 
Based upon the global applicable the low order of 

controller only been choose, by the low order it can be applied 

in any of single input single output system the examples are 

time delay, nonlinear, linear etc. First the single input single 

output system form a loop and it is designed by the 

proportional integral and derivative controller, and then the 

multiple input m ultiple output loop is formed [10]. The main 

reason for using the proportional integral and derivative 

controller is huge one, so that also it is used in industries. In the 

particular application the process has to be tuned for various 

level for that the proportional integral and derivative controller 

has been used. The most important is that choosing the 

variables in PID controller and it should be an dependent one. 

If any process is went wrong the system stability will be change 

and it becomes irregular to the closed loop system [8]. 

 
Fig.3 Proportional Integral Derivative Controller 

Diagram 

 

 
   

Fig.4 control Diagram of fractional PID 
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Fig.5 general diagram for fractional order PID 

3. Simulation Diagram 

 
Fig.6 Simulation of Brushless DC motor 

4. Simulation Result 

 
Fig.7 output of Brushless DC motor (phasor Voltage) 

 

 

 
Fig.8 comparison of PID and  FOPID controller 

 
 

Fig.9 Torque of Brushless DC motor 

II. CONCLUSION 

This paper represents the design and analysis of the 

electronically commutated Brushless DC motor using the 

Proportional Integral Derivative Controller and Fractional 

order Proportional Integral Derivative Controller. Thus by 

comparing these two controllers the deviations created by the 

proportional integral controller is identified and it is cleared 

by the fractional order PID. The open loop and the closed 

loop system is used to tuning the controllers. 
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ABSTRACT The recent advancement in wireless body area networks (WBAN) plays an important role in
remote health care systems. However, these networks are suffering from data security and privacy threats.
Lack of anonymous authentication and secure data communication leads to operation failure in WBAN.
Computational cost and privacy preservation are the two major hindrances for anonymous authentication
in many existing schemes. Therefore, a secure and efficient privacy-preserving anonymous authentication
scheme is proposed to provide data security and privacy to the users with low computational and communica-
tion cost. The performance analysis and experimental simulation results ensure that our proposed anonymous
authentication method outperforms the existing systems in terms of providing data security and privacy with
less computational overhead.

INDEX TERMS Anonymous authentication, computational cost, conditional tracking, privacy preservation,
wireless body area network.

I. INTRODUCTION
Ongoing advancements in wireless communication, design,
and size of sensors help to form the short-range wireless
networks in the human body to monitor the health, which is
known as a Wireless Body Area Network (WBAN). It con-
sists of different wireless sensors that are implanted in the
human body, mainly for the continuous monitoring of the
physical parameters. The physical parameter includes heart-
beat level, body temperature level, blood pressure level, oxy-
gen saturation, blood glucose and so on [1]. WBAN can be
used for different medical and non-medical applications due
to its remote monitoring ability. For example, it permits us
to continuously monitor elderly people and chronically ill
patients remotely [2]–[5]. WBAN is also used to analyze the
automatic dosing in diabetics.

The WBAN follows two stages of communication. In the
first stage, the sensor nodes collect the physical parameters

The associate editor coordinating the review of this manuscript and

approving it for publication was Muhammad Imran .

and transmit them to the controller such as smartphones
and Personal Digital Assistant (PDA). In the second stage,
the controller transfers the collected information to the users
and the network manager. Thereby, the controller acts as a
gateway betweenWBAN and users. Thus the performance of
healthcare is significantly improved through WBAN. Hence,
there is no need for patients to visit the hospital frequently.
The collected health information is analyzed with the med-

ical data and the treatment will be given to the patient based
on the data analysis report. Since the health information about
the patient is highly confidential, only the authorized doctors
can access the medical information of a particular patient [5].
If the medical information is accessed by an unauthorized
user, then it may be abused, distributed or it may be altered.
As a result, it may lead to disastrous consequences for the
patient. Therefore, it is important to provide data security to
WBANs with less computational cost. The essential security
requirements include user authentication, data integrity, and
user privacy. For valid user communication, anonymous cer-
tificate and signatures should be shared and verified between
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the doctor and patient. To track the misbehaving of the doc-
tors in the system, an effective tracking mechanism is also
required for WBANs.

In the proposed work, the efficient privacy-preserving
anonymous mutual authentication scheme for WBANs is
presented to meet the above-mentioned security requirements
and challenges.

The main objectives of the proposed work are given below

• To ensure the legitimacy of the patients and doctors
• To provide the message integrity
• To develop a conditional tracking system to track the
misbehaving doctors in the WBAN.

The rest of this paper is structured as follows. Detailed
discussions of the recent works are presented in Section II.
The system model and the necessary preliminaries to support
the proposed work are given in section III. Section IV gives
a detailed explanation of the proposed work. Security anal-
ysis of the Efficient Privacy-Preserving Anonymous Mutual
Authentication Scheme for Wireless Body Area Networks
(EPAW) is presented in section V. In section VI, the pro-
posed work is compared with existing works in terms of
performance. Finally, section VII gives the conclusion of the
proposed work.

II. RELATED WORKS
In many existing schemes, public-key cryptosystems (PKC)
is used for remote authentication [6], [7]. Since PKC wants
to calculate modular exponentiation, it may suffer from
computation overhead. Therefore, these existing systems
are not suitable for Ad-Hoc networks. Later, many alter-
native authentication methods have been proposed based
on the elliptic curve cryptosystem (ECC) [8]–[10]. ECC
provides better performance with a smaller key size [11].
For example, RSA uses 1024-bit to provide data secu-
rity, but the same level of security can be achieved by
160-bit in the ECC method. However, the ECC-based sys-
tem requires certification authority (CA) to maintain the
certificate of the user which leads to high computational
overhead.

Recently, many researchers are working towards RFID
based anonymous authentication protocols to verify the
legitimacy of RFID tags without revealing their real iden-
tities [12], [13]. But, many symmetric key cryptosystem
based RFID authentication schemes [14]–[16] assumes RFID
readers as fully trusted. Bichsel et.al. [17] scheme based
on PKC, anonymous credentials is used to preserve the
anonymity of tags against RFID tag readers. But, it consumes
more computational cost and complexity in management.
An efficient anonymous authentication method is proposed
by Armknecht et.al. [18], but it needs an anonymizer to
ensure anonymity. Therefore, it is clear that the recent
RFID based authentication methods are not suitable for
the remote monitored WBAN application. Further, the effi-
ciency of ECC-based methods can be also improved by using
the ID-based cryptosystem [19], particularly in ID-based

FIGURE 1. Overall system model.

signatures (IBS) [20]–[24]. In [20] authors proposed a certifi-
cate less public key cryptography to deal with the fundamen-
tal limitation of IBS-based methods. An efficient certificate
less signature (CLS) method is proposed in [21], which is
more efficient than IBS. But, a scheme which was pro-
posed by Al-Riyami and Paterson [20] failed to attain the
traceability.
The proposed work is different in two aspects comparing

with existing authentication and privacy-preserving methods.
First, the proposed method authenticates the users anony-
mously with less computational cost and preserves the actual
identities of the user from other users. Next, the tracking
mechanism gives conditional privacy by disclosing the actual
identities of misbehaving doctors with very little cost in terms
of computation.

III. SYSTEM OVERVIEW
The overall system model, the security requirements and the
definitions of the bilinear pairing technique are described in
this section.

A. OVERALL SYSTEM MODEL
The proposed WBAN comprises a network manager (NM ),
doctors and patients with monitoring sensors. The system
model of the proposed EPAW method is shown in Fig. 1.
In this method, NM is considered as a trusted system and
all the users are required to register their credentials before
starting to use the WBAN system. In this method, the regis-
tration is performed using NM offline mode, i.e., the doctors
and the patient should directly contact the NM and register
by submitting their required details such as name, address,
mobile number, etc. to get the WBAN services. The WBAN
comprises of lightweight sensor nodes, which are wearable
as well as implanted and are connected with the controller
through wireless nature. The controller is considered to be
trusted for storing the patient’s health information, secret key,
etc. It collects the patient’s health information such as heart-
beat, body temperature, blood pressure, blood glucose level
and oxygen saturation from various sensors and transfers the
messages to the doctors in an emergency or on-demand basis.
The actual identity of the doctor and the patient is only known
by the NM , in case of dispute, NM can disclose the doctor’s
actual identity.

VOLUME 8, 2020 48577

Page 151 of 3066Page 151 of 3066



S. Jegadeesan et al.: EPAW: Efficient Privacy Preserving Anonymous Mutual Authentication Scheme For WBANs

B. IMPORTANT SECURITY REQUIREMENTS FOR WBAN
The main objective of the proposed work is to provide secure
and efficient privacy-preserving anonymous authentication to
fulfill the following security requirements:
1 Authentication and Data integrity: If a doctor wants to

access the patient’s health information from the WBAN,
he/she should be anonymously authenticated by the
WBAN before starting the communication. To preserve the
integrity of transferring information in WBAN, an anony-
mous signature is attached to each transferring messages.

2 Identity privacy-preserving: To preserve the privacy of
patients from different security attacks, the actual identi-
fication of the patient’s data should be kept secret in the
WBAN system.

3 Traceability: In case of any dispute or misbehavior,
the NM has the ability to obtain the doctor’s actual identi-
fication through its anonymous certificate and disclose the
real information to all other users in the WBAN.

C. BILINEAR PAIRING
Let G1, G2 and GT represent a multiplicative cyclic group
of prime order p. Let m1 denotes generator of G1, m2 be a
generator of G2 and ψ be an isomorphism from G2 to G1
such that ψ(m2) = m1. e : G1 × G2 → GT is a bilinear map
and the properties of bilinear pairing are described as follows,
1. Bilinear: e(ma1,m

b
2) = e(m1,m2)ab for allm1 ∈ G1,m2 ∈

G2 and a, b ∈ Z∗p .
2. Non-degeneracy: e(m1,m2) 6= 1GT .
3. Computability: There exists an efficient algorithm to

simply compute the bilinear map e : G1 × G2→ GT .

IV. PROPOSED METHOD
The proposed method consists of three phases such as sys-
tem initialization, registration and EPAW anonymous mutual
authentication.

A. SYSTEM INITIALIZATION
Initially, the NM selects two random numbers p, q ∈ z∗p
that are preserved secretly to calculate the public keys effec-
tively. Next, the NM choose a cryptographic hash function:
H : {0, 1}∗ → Z∗p . The NM also chooses a private key
as SNM ∈ Z∗p and calculates its public-key as UNM =

mSNM+p1 Where m1 is the generator of G1. Finally, the NM
distributes the system parameters to the users param =

(p,G1,G2,GT ,m1,UNM ,H , e).

B. REGISTRATION
Step 1: In the registration phase, the doctor Dj is required to
register with the NM . Once the Dj has registered in the NM
successfully, then the NM selects the private key as SDj ∈ Z

∗
p

and calculates the corresponding doctor public key as UDj =

m
SDj+q

1 . Next, the NM transmit the SDj to the doctor through
the secure channel and it announces UDj at the public.
Step 2: Similarly, for the patient Pj, NM selects the ran-

dom number SPj ∈ Z∗p as a private key and generates its

TABLE 1. Notation and its description.

corresponding public key as UPj = m
SPj+p

1 . Next, the NM
sends SPj to the patient secretly through the secure channel
and it announces UPj to the public.
Step 3: After that, the NM provides the license (WLDj ) to

every doctorDj to access the health information of the patient
securely, where WLDj = Up

Dj ∗ m
p
1.

The NM maintains (id −Dj,U
p∗q
Dj ) in the checklist, where

id−Dj is the identification of ‘Dj’ assigned by theNM during
the registration.

C. ANONYMOUS AUTHENTICATION
1) PATIENT TO DOCTOR ANONYMOUS AUTHENTICATION
In this section, the anonymous authentication is performed
between the patient and the doctor to communicate sensitive
health information securely and to avoid communication with
malicious users. To preserve the privacy of patients from other
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WBAN users, the Pj uses one time secret key for verification.
If the patient gets the service from the doctor once through
WBAN, then the validity of an authentication key will get
over. The patient wants to get service from the doctor through
WBAN again; he/she needs to come across a fresh authenti-
cation process.
Step 1: The Pj first selects a random number xj from a set

of ‘X ′ random numbers x1, x2, . . . , xX ∈ Z∗p as a one-time
private key and then calculate the corresponding public key

as yj = m
xj+SPj
1 for j = 1, 2, . . . ,X .

Step 2: For each one-time public key yj, the patient calcu-
lates the one-time anonymous self-generated certificate CRPj
as follows:
a. The patient randomly selects k1 ∈ Z∗p and calculates a1

and a2 where a1 = m
SPj
1 and a2 = m

SPj+k1
1 .

b. Then, calculates the challenger c = H (yj ‖ a1 ‖ a2 ‖
UNM ) and also Pj computes a′1 and a

′

2 where a
′

1 = m
xj−k1
1

and a′2 =
1
m
xj
1

.

c. Finally, set CRPj =
{
yj ‖ a′1 ‖ a

′

2 ‖ c
}
as the one-time

anonymous self-generated certificate.
Step 3: To maintain the integrity of a patient’s health data

d , the Pj computes the signature as sign = m
1

xj+SPj
+H (d)

2 and
transmit the following data to the doctor Dj data = (d ‖
sign ‖ yj ‖ CRPj ‖ TP), where TP is the current timestamp.
Step 4: After receiving data = (d ‖ sign ‖ yj ‖ CRPj ‖

TP), the doctor Dj first checks the freshness of TP value.
If not, Dj simply terminates the connection. Next, Dj checks
the validity of the information source and data integrity as
follows.

The Dj first calculates

a′′1 = yj × a′2

a′′2 =
yj
a′1

Finally, Dj computes c′ = H (yj ‖ a′′1 ‖ a
′′

2 ‖ UNM ). If c =
c′, then the yj andCRPj crosses the verification and the patient
authenticated by the receiver successfully.
Proof of Correctness:
The challenger computed by Pj andDj should be equal, i.e,

a′′1 = a1 and a′′2 = a2.

a′′1 = yj × a′2

= m
xj+SPj
1 ×

1

m
xj
1

= m
xj+SPj−xj
1

= a1

and

a′′1 =
yj
a′1

=
m
xj+SPj
1

m
xj−k1
1

= m
xj+SPj−xj+k1
1

= m
SPj+k1
1

= a2

Step 5: Once the certificate is verified, then the doctor
validates the integrity of d as follows:

e(yj.m
H (d)
1 , sign) = e(m1,m2)

If it holds, then the data d is accepted by the doctor, it will
be rejected otherwise.
Proof of Correctness:

e(yj.m
H (d)
1 , sig) = e(m

xj+SPj
1 .mH (d)

1 ,m
1

xj+SPj
+H (d)

2 )

= e(m
xj+SPj+H (d)

1 ,m
1

xj+SPj
+H (d)

2 )

= e(m1,m2).

where, the e(m1,m2) value can be pre-calculated.

2) DOCTOR TO PATIENT ANONYMOUS AUTHENTICATION
In this section, the anonymous authentication is performed to
transfer the medical data from the doctor to the patient in a
secure manner and to avoid communication with malicious
users. To preserve the privacy of a doctor from other users,
the Dj uses one time secret key for verification. If the doctor
enters into the WBAN and accessed the information once,
then the validity of an authentication key will get over. The
doctor wants to access the information from WBAN again;
he/she needs to come across a fresh authentication process.
Note that, if a user Dj is compromised by an adversary, then
the NM will withdraw to broadcasting the information to the
particular user Dj.
Step 1: The Dj first selects a random number kj from a set

of ‘K ′ random numbers k1, k2, . . . , kK ∈ Z∗p as a one-time
private key and then calculates the corresponding public key

as lj = m
kj+SDj
1 for j = 1, 2, . . . ,K .

Step 2: For each one-time public key lj, the doctor calcu-
lates the one-time anonymous self-generated certificate CRDj
as follows:
a. The doctor randomly selects t1, t2 ∈ Z∗p and calculates
b1 and b2.
Where b1 = m

t2+SDj
1 and b2 = m

t1+kj
1

b. Then, Dj calculates the challenger c = H (lj ‖ b1 ‖ b2 ‖
UNM ) as well as b′1 and b

′

2 where b
′

1 = mt2−t11 and b′2 =
1

m
−t1−SDj
1

.

c. Finally, sets CRDj =
{
lj ‖ b′1 ‖ b

′

2 ‖ c
}
as the one-time

anonymous self-generated certificate.
Step 3: To maintain the integrity of a prescribed med-

ical data ‘md ′, the doctor computes the signature sig =

m
1

kj+SDj
+H (md)

2 and transmits the following value to the patient
Pj, data = (md ‖ sig ‖ lj ‖ CRDj ‖ TD ‖ WLDj ).
Step 4: After receiving data = (md ‖ sig ‖ lj ‖ CRDj ‖

TD ‖ WLDj ), Pj checks the freshness of TD. If not, Pj simply
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terminates the connection. Next Pj checks the validity of the
information source and data integrity as follows.

The Pj first calculates

b′′1 = b′1 × b
′

2

b′′2 = b′2 × lj

and then the patient checks the challenger c′ = H (lj ‖
b′′1 ‖ b

′′

2 ‖ UNM ). If c = c′, then the lj and CRDj crosses the
verification and the doctor Dj is authenticated by the patient
successfully.
Proof of Correctness:
The challenger value generated by the doctor and the

patient should be the same. i.e., b′′1 = b1 and b′′2 = b2.

b′′1 = b′1 × b
′

2

= mt2−t11 ×
1

m
−t1−SDj
1

= mt2−t11 × m
t1+SDj
1

= m
t2−t1+t1+SDj
1

= m
t2+SDj
1

= b1
b′′2 = b′2 × lj

=
1

m
−t1−SDj
1

× m
kj−SDj
1

= m
t1+SDj+kj−SDj
1

= m
t1+kj
1

= b2

Step 5: Once the certificate is verified, then the patient
validates the integrity of md as follows:

e(lj.m
H (md)
1 , sig) = e(m1,m2)

If it holds, then the medical data md is accepted by the
patient. Otherwise, it will be rejected.
Proof of Correctness:

e(lj.m
H (md)
1 , sig) = e(m

kj+SDj
1 .mH (md)

1 ,m
1

kj+SDj
+H (md)

2 )

= e(m
kj+SDj+H (md)

1 ,m
1

kj+SDj
+H (md)

2 )

= e(m1,m2).

where, the e(m1,m2) value can be pre-calculated.
Step 6 (Conditional Tracking): If the received medical data

‘md ′ from the doctor who is having a license WLDj has been
doubtful, then the NM has the ability to track the actual
identity id − Dj, by seeing the record (id − Dj,U

p∗q
Dj ) in the

tracking list.

(WLDj )
q

mp∗q1

=

(Up
Dj ∗ m

p
1)
q

mp∗q1

=

Up∗q
Dj ∗ m

p∗q
1

mp∗q1

= Up∗q
Dj

V. SECURITY ANALYSIS
This section presents both the informal and formal security
analysis of the proposed EPAW method.

A. INFORMAL SECURITY ANALYSIS
In EPAW, to execute an impersonation attack, the opponent
needs to find the one-time key of the authentic user and the
private key of the user which is distributed by the NM . Also,
the opponent cannot compromise the registration process.
Since it is implemented directly in offline mode. Hence,
the proposed work is more secure from the impersonation
attack.
• Authentication and Data Integrity: To ensure data
integrity, the signature attached to every data before
the transmission. For anonymous and secure mutual
authentication, anonymous certificate is attached with
each data before the transmission. In the proposed work,
the signature is appended on data d is defined as sig =

m
1

xj+SPj
+H (d)

2 . sig is depends on the one-time private key
xj and the patient private key SPj which are known only
to the particular patient Pj. Therefore, it is very difficult
for the attacker to forge the signature without knowing
the one-time private key xj and patient private key SPj .
SimilarlyCRPj is depends on one-time private key xj and
patient private key SPj . Therefore, it is very difficult for
an adversary to forge the certificate. Moreover, the value
xj will get changed from time to time. Even if the intruder
found the one-time private key xj, it is not possible for
his/her to generate CRPj , without knowing the patient
private key SPj . If Pj need continuous monitoring, then
the health information of Pj should be communicated
to doctors after appending signature and certificate with
the information to ensure the data integrity and source
authentication. Hence, we can avoid the impersonation
attack [9] with the nature of data integrity and source
authentication.

• Conditional Privacy Preservation: In the proposed
EPAW scheme, the patient and doctors can protect their
actual identities from other users by using their anony-
mous certificates and signatures. But, the NM has the
ability to track the actual identity of a doctor by using
its anonymous certificate. For example, when a doctor
transmits bogus data to the patient with their anony-
mous certificate, the NM can verify the message con-
tent. If the message content is found as bogus, then
NM will collect the anonymous certificate of the bogus
information and maps it with the tracking list. From the
mapping, the NM can track the actual identification of
a doctor efficiently. Afterward, the NM can reveal the
privacy of the doctor and withdraw that doctor from
WBAN.

• Anonymity: It is computationally hard to find the real
source of the information by using the proper sig and
CRPj . Therefore, the opponent cannot identify the source
of the message from sig and CRPj .
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• Nonrepudiation: The user (patient and doctor) cannot
repudiate after sending the data. Because, when the user
Pj or Dj receives the information from the opponent Pj
or Dj, they can verify the authenticity of the user using
the certificate CRPj and they can ensure the integrity of
the received information using the signature. When a
dispute occurs, the user can contact NM with the infor-
mation. NM can trace the actual identity of the user by
using the received information. After that, the NM can
disclose the privacy of the particular user and withdraw
the user from the WBAN.

• Replay Attack: The timestamp values are included dur-
ing each data communication between patient and doc-
tor. The information transferred from patient to doctor
is data = (d ‖ sig ‖ yj ‖ CRPj ‖ TP). Once the
data is received by the doctor, he/she will check the
freshness of TP. If it is true, the doctor will accept
the received data. Otherwise, he/she will simply reject
the received data. Similarly, the information transferred
from the doctor to the patient is data = (md ‖ sig ‖
lj ‖ CRDj ‖ TD ‖ WLDj ). After receiving the data, Pj
will check the freshness of TD. If it holds, Pj will accept
the data. Otherwise, received data is rejected by the Pj.
So, it is easy for the verifier to detect the replay attack.
Therefore, our proposed scheme is secure against the
replay attack.

• Unlinkability: The sig and CRPj are calculated depends
on the randomly chosen one-time private key xj. Also,
the value of xj gets changed from time to time. Therefore,
the one-time private key xj generates new sig and CRPj
for each communication. Hence, it is very difficult for
the intruder to find the source of information except NM
during the data communication between WBAN users.

• Bogus message attack: All the entities in the WBAN
validate the correctness of the received messages by
using the attached signature. During the signature verifi-
cation, the received message has to pass the verification
test. Otherwise, the entity will reject the message imme-
diately. Hence, the proposed EPAW scheme is secure
against the bogus message attack.

B. BAN LOGIC BASED FORMAL SECURITY ANALYSIS
Burrows, Abadi and Needham developed BAN logic for ana-
lyzing the authentication protocols [33]. The BAN logic is
very simple and easy to understand and use. It will find the
security vulnerability of the protocol.
Postulates of BAN logic:

• Rule 1 (R1): Message-meaning rule

P believes Q
K
←→ P,P sees {X}K

P believes Q said X

P believesQ has said X if P believes the keyK is the shared
key with Q and P sees X is encrypted by K .

• Rule 2 (R2): Nonce – Verification rule

P believes fresh(X), P believes Q said X
P believes Q believes X

P believes Q believes X if P believes X is sent currently
and Q has said X .
• Rule 3 (R3): Jurisdiction rule

P believes Q controls X, P believes Q believes X
P believes X

P believes X if P believes Q has the jurisdiction for X and
P believes Q believes X .
• Rule 4 (R4): Decomposition rule

a)
P sees (X,Y)
P sees (X)

b)
P believes fresh (X)
P believes fresh (X,Y)

c)
P believes (X,Y)
P believes (X)

Various postulates are used for decomposing messages and
for verifying their freshness. Informally, (a) P can detect X if
it observes all (b) Combination of X , Y is fresh if one of the
components is fresh and (c) Combination of various message
components implies belief in them individually.
• Protocol proof using BAN logic
1. As per message-meaning rule (R1)

Dj believes Dj
CRPj
←→ Pj,Dj sees {data}CRPj

Dj believes Pj said {data}

2. According to nonce verification rule (R2)

Dj believes fresh (TD), Dj believes Pj said {data}

Dj believes Pj believes {data}

3. As per rule 3 (R3)

Dj believes Pj controls {data} , Dj believes Pj believes {data}

Dj believes {data}

4. As per rule 4 (R4)

Dj believes Dj
CRPj
←→ Pj

5. According to message meaning rule (R1)

Pj believes Pj
CRDj
←→ Dj,Pj sees {data}CRDj

Pj believes Dj said {data}

6. According to nonce verification rule (R2)

Pj believes fresh (TP), Pj believes Dj said {data}

Pj believes Dj believes {data}

7. As per rule 3 (R3)

PjbelievesDj controls {data} , Pjbelieves Djbelieves{data}

Pjbelieves {data}

VOLUME 8, 2020 48581

Page 155 of 3066Page 155 of 3066



S. Jegadeesan et al.: EPAW: Efficient Privacy Preserving Anonymous Mutual Authentication Scheme For WBANs

8. As per rule 4 (R4)

Pj believes Pj
CRDj
←→ Dj

9. Pj believes Dj believes Pj
CRDj
←→ Dj

Because, Pj believes fresh (TP), so we can acquire
Pj believes fresh (TP + 1).

Therefore, we can get Pj believes fresh ( {TP + 1}CRPj ).
Because,

Pj believes CRPj ), Pj sees {TD + 1}CRDj ).

10. According to rule 1 (R1)

Pj believes Dj said {TD + 1} CRDj ).

11. As per rule 2 (R2)

Pj believes Dj believes {TD + 1} CRDj ).

Finally, we can get

Pj believes Dj believes Pj
CRDj
←→ Dj

Similarly, we can get

Dj believes Pj believes Pj
CRPj
←→ Dj

C. FORMAL SECURITY VERIFICATION USING AVISPA TOOL
In this section, we have discussed about the widely used
Automated Validation of Internet Security Protocols and
Applications (AVISPA) tool, the security verification and the
simulation results of the proposed EPAWmethod in AVISPA
tool.

In the AVISPA tool, the High-Level Protocol Specifi-
cation Language (HLPSL) is used to verify the designed
protocol. First the HLPSL code is converted into the
Intermediate Format (IF) then it is given to one of the
four backend’s (On-the-fly model checker, Constraint-Logic-
based Attack Searcher, SAT-based Model- Checker and Tree
Automata-based protocol analyzer) as input [34]. The IF
produces the Output Format (OF). The OF gives a security
verification result after the detailed analysis of the designed
protocol. The OF consists of several divisions such as [34].
• SUMMARY: It gives the result as the designed protocol
is safe or unsafe or the analysis is inconclusive.

• DETAILS: It gives a detailed explanation about why the
designed protocol is safe or on what basis the designed
protocol is unsafe or why it is inconclusive.

• PROTOCOL: It gives the detailed HLPSL specification
of the designed protocol in the intermediate format.

• GOAL: It explains the goal (security verification of
the designed protocol) which is being performed in the
AVISPA tool.

• BACKEND: It gives the details of the backend (any one
out of four) which is used for the security verification.

• STATISTICS & COMMENTS: This section gives a
detailed explanation of the possible vulnerability to the
designed protocols along with relevant comments.

FIGURE 2. Security verification result in AVSPA (under OFMC backend).

For our proposed work, we have used the Security Protocol
Animator (SPAN) for the simulation. The OFMC backend is
used for taking simulation results. The simulation result is
shown in Fig. 2.

D. SECURITY COMPARISON
In this section, the security properties of the proposed EPAW
scheme are compared with existing schemes. Security prop-
erty comparisons of different schemes are listed in Table 2.
The symbol X indicates that the scheme under consid-

eration satisfies the specific security property. The symbol
× indicates that the scheme under consideration does not
satisfy the specific security property. Hu et al. [35] and
Cagalaban and Kim [36] scheme does not achieve privacy,
anonymity and also they have unlinkability problem. Braeken
et al. [37] scheme does not satisfy the confidentiality, nonre-
pudiation and unlinkability properties. Liu et al. [27] scheme
has the confidentiality and unlinkability problem. The pro-
posed EPAWscheme satisfies all the security properties under
consideration.

VI. PERFORMANCE ANALYSIS
In this section, the performance of the proposed EPAW
method is evaluated in terms of computational cost to verify
the certificate, signature appended to the message and the
communication cost.

A. COMPUTATIONAL COST COMPARISON
The computational cost is referred to the total time needed
to verify both signature and certificate for user authentication
and to verify the data integrity. The performance of the pro-
posed EPAW method is compared with many other existing
methods J. Liu et al. Scheme [27], Z. Zhao et al. Scheme [28],
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TABLE 2. Comparison of security.

TABLE 3. Computational cost to perform signature and the certificate
verification process of different schemes.

L. Wu et al. Scheme [29], J. Shen et al. Scheme [29],
S. S. Al-Riyami et al. Scheme [20], X. Chen et al.
Scheme [21], Z. Zhang et al. Scheme [24], D. Boneh et al.
Scheme [31] and Z. Gong et al. Scheme [32]. Let Tp is the
time needed to perform a pairing operation, Th is the time
taken to perform a one-time hash operation and Tm is the
time needed to perform the point multiplication operation.
The time is taken for performing the exponential operation
in G1 and G2 are represented as Te1 and Te2.

From Table 3, it is proved that the proposed EPAWmethod
consumes a very low computational cost to perform the
signature and certificate verification process compared with
other existing methods. Since, the proposed EPAW method
consumes only 2Tp, 2Tm and Th to perform a single signature
and certificate verification process.

Hence, the proposed EPAW method takes 5.9 ms
to verify a single signature and certificate comparing

FIGURE 3. Signature and certificate verification time comparison.

with J. Liu et al. Scheme (15.6 ms), Z. Zhao et al.
Scheme (30.06 ms), L. Wu et al. Scheme (20.74 ms), J. Shen
et al. Scheme (24.31ms), D. Boneh et al. Scheme (11.8 ms),
Z. Gong et al. Scheme (13.4 ms). It is observed that, in the
signature and the certificate verification process Tp and Th
are the most time-consuming operation. The proposed EPAW
method takes two pairing operations to verify the single
signature and it takes (1+ n) pairing operations to verify ‘n′

signatures. Hence, the proposed method consumes very less
computational cost compared with other existing methods.
To determine the exact calculation time of the proposed

anonymous mutual authentication method, we have chosen a
2-GHz computer system with 4-GB memory capacity, run-
ning Cygwin 1.7.35–15 [24] with the GCC version 4.9.2 for
our proposed scheme. Each output is analyzed for more than
100 simulation runs and then the average values of the output
are taken into account. In our simulation, the time parameters
Tp, Th and Tm are measured and it is calculated as 1.6 ms
(milliseconds), 2.7 ms, and 0.001 ms, respectively. The time
required to perform an exponential operation Te1 and Te2 is
calculated as 0.7 ms and 0.6 ms respectively. Table 3, shows
the computational cost of the signature and certificate process
of J. Liu et al. Scheme, Z. Zhao et al. Scheme, L. Wu et al.
Scheme, J. Shen et al. Scheme, D. Boneh et al. Scheme,
Z. Gong et al. Scheme and proposed EPAW methods.
Fig.3 shows the received message (n) and its verification

time in millisecond (ms). It is observed that, when ‘n′ is
more, our proposed EPAW method is more efficient than the
other existing methods and consumes very less time for the
verification process, compared with other existing schemes.
From Fig. 3, it is very clear that the proposed EPAW

method takes only takes 87.64 ms to verify 30 numbers
of signatures and certificates comparing with J. Liu et al.
Scheme (281.7 ms), Z. Zhao et al. Scheme (601.38 ms),
L. Wu et al. Scheme (414.96 ms), J. Shen et al.
Scheme (486.26 ms), D. Boneh et al. Scheme (175.2 ms),
Z. Gong et al. Scheme (237.6 ms).
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TABLE 4. Total computation time of various schemes.

FIGURE 4. Total computational time of different authentication schemes.

To analyze the computational cost of anonymous authen-
tication in EPAW, we have considered the computational
cost as T sengen and T recverify. T

sen
gen is the time needed to pro-

duce one anonymous signature and certificate by the sender
and T recverify is the time needed to validate single anonymous
certificate and signature by the receiver. For the proposed
EPAW method, the total computational time (TCT) for the
anonymous authentication TTCT is calculated as:

TTCT = T sengen + T
rec
verify

In this study, TCT of the proposed method is compared
with the existing method and it is tabulated in Table 4. From
Fig. 4, we can see that the TCT of our EPAW is better than
the other existing methods.

B. COMMUNICATION COST COMPARISON
To calculate the communication cost of the proposed scheme,
we have assumed that d = md = 160 bits, the patient and
doctors self generated certificate is CRPj = CRDj = 160 bits,
the patient and doctors signature as sign = sig = 160 bits,

TABLE 5. Comparison of communication cost of various schemes.

the public keys of patient and doctors is yj = lj = 320 bits,
the time stamp added by the patient and doctors is TP =
TD = 32 bits and the license of doctors associated with the
particular WBAN is WLDj = 160 bits [38]. In the proposed
EPAWscheme, twomessages data = (d ‖ sign ‖ yj ‖ CRPj ‖
TP) and data = (md ‖ sig ‖ lj ‖ CRDj ‖ TD ‖ WLDj ) are
communicated between the patient and doctor for authenti-
cation. These two messages consume 832 bits (from patient
to doctor) and 992 bits (from doctor to patient). Totally, the
proposed EPAW scheme requires 1824 bits as a communi-
cation cost for a single communication. Communication cost
comparison of EPAW scheme with other existing scheme are
shown in Table 5. The total communication cost required
for the D. Boneh et al. Scheme, Z. Gong et al. Scheme,
S. S. Al-Riyami et al. Scheme, X. Chen et al. Scheme and the
Z. Zhang et al. Scheme are 3842 bits, 3532 bits, 1536 bits,
3040 bits and 2112 bits respectively. The proposed EPAW
scheme consumes second less communication cost compared
with the other existing schems.

VII. CONCLUSION
In this study, a new EPAW scheme is proposed to provide
secure and efficient data transmission in WBAN. In the
EPAW scheme, doctors are anonymously authenticated by
the controller efficiently before sending the patient health
information. The EPAW scheme takes the very little cost for
signature and certificate authentication and it is essential for
the WBAN environment. Also, it gives an effective privacy
and tracking system to disclose the actual identification of the
malicious user to improve the WBAN performance. During
the signatures, certificate verification and communication the
proposed work performs better than that of existing works.
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ABSTRACT 
Solar power can be used in many applications like stand-alone solar powered houses; solar water heaters etc. solar cells can be used for power 
generation. In the future, the power demand in our country may tend to increase to peak level. To eliminate power scarcity, this idea helps to convert 
superfluous solar energy into effective power and solar energy can be converted as electricity and energized using grid. With  help of solar cells the solar 
energy can be captured and used to produce DC voltage. The IGBT based three phase full wave inverter is used to convert DC into AC voltage. In the yield 
signal higher order harmonics are removed using Filters. By filtering the converted voltage, this sieved AC voltage could be energized by means of grid 
using Phase Locked Loop (PLL) base controller systems. 
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INTRODUCTION 

Solar Energy 
 

It can be categorized as passive or active on solar power and they are 
based on seizures or as solar power or solar energy issues or changes. 
Solar power system, solar heating and solar water are the way under 
active solar energy. It is the source of all energy in this world. Then 
plan the way under passive solar energy, the space that passes air 
through the environment, and select components with the right 
amount of heat or light scattering. Solar devices that convert the solar 
radiation into electricity that is less tranquil, less polluting, make them 
stronger and longer lasting. Solar energy is a discreet and easy way to 
use solar energy. 

 
Grid Tie Systems 
Solar PV which is produced using a grid coupled power system i.e. 
linked to the utility grid. Solarboard, power electronic converters and 
integrated battery are present in a grid connected system. They are 
characterized as small residential to commercial rooftop based on their 
utility. It is associated to the service grid and coupled to supply 
extreme power. Photovoltaic power may be fewer than mean intake so, 
consumers can feedback more power to the grid Transfer of power at 
the feedback can be monitored by fixing a meter. Rooftop systems fixed 
to Grid that have volume fewer than 10 kilowatts and able to encounter 
the capacity by many consumers. Based upon everyone energy needs 
along with resident net energy, the customer wants to wage the 
electricity cost for which they spent lesser than worth of electricity 
produced. If more electricity is produced than utilized by the company, 
then meter shows a negative number. 

 
SOLAR CELLS 

Solar board is a device which changes the light source from sun to 
electrical source. Light absorbed from the sun lifts the electron to flow 
in the higher energy state and this transition makes the electrons to 
move to the external circuit from the solar panel. Then, in this circuit 
the energy gets dissipated and flows back to the panel and the panel 
generates the current and voltage as its product. 

Fig. 1: I-V arc of a PV cell showing short circuit current 
 

Fig.2: I-V arc of a PV cell showing open circuit voltage 
 

I-V Arc 
The superposition with the I-V curve of the solar cell diode generated 
from the photocurrent is the I-V curve of the solar cell. With energy 
available to be extracted from the diode, the light movement IV  
reduces the fourth quadrant of the arc. The diodes in the diode law 
illuminate the compartment and increase the shadows. The usual 
currents provide the following: In which IL is the light produced current 
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Short Circuit Current 
Whenever voltage across the panel seems to be zero, the panel 
experiences a short circuit current flow in it. 

 
Open Circuit Voltage 
Voc is the open circuit voltage, the internal current and the extreme 
voltage of your solar cell. The amount of direct polarization on the 
photovoltaic cell that deflects the PV current at the junction of PV cells 
is assigned by Voc. Voc can be found as given below, and the 
displacement corresponding to the total current at zero in the solar cell 
formula can be found 

 
 
 

Fill Factor 
Extreme force ratios such as the PV cell for the Voc and Isc product can 
be called the fill factor. This is a restriction that defines the extreme 
power of the PV cell. Extreme power of the sun is determined with it, 
while in a mixture with Voc and Isc. However, equally at the operating 
point, the power from the PV cell is the largest square, similar to its 
match IV with zero curvature. IV features for the fill factor are given as 
shown2 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Where "Normalized Voc" is given by Voc. The formula tells simply that 
the filling rate can be high, but also a large voltage. Lower due to FF 
incident parasitic resistance loss. Therefore, FF was most commonly 
found using the IV arch scale, which is also called extreme power 
distributed by the Isc * VOC product. 

 
Efficiency 
 
Efficiency is called the ratio of the energy yield of a solar cell source to 
the sun. This solar cell event is the concentration and temperature 
range of sunlight. In comparison, the performance of another 
instrument must be carefully controlled to measure efficiency. Using 
the power section created when switching on the power, the PV cell 
supplied as follows: 

 
 

                                     Fig. 3: Characteristics Showing Fill Factor  

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

 
Fig.4: Series Connected Set of Solar Cells 
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DCCHOPPER 

Fig. 5: Solar Array IV and PV characteristics 
 

Raise-up Converter 

Variable DC is output from a solar panel based on the solar radiation on 
the cells, which tunable DC can convert to static DC. For proper long- 
term operation, the inverter wants a static DC-to-DC chopper; DC can be 
used to change the DC variable to a fixed amount DC at the output of the 
solar cell. Switching regulators at higher power levels, electronic 
exercises operate in their linear mode. Based on the current or voltage 
dividers, it operates with low power density, since it may only require a 
low frequency line transformer. High-energy conversion efficiency can 
be achieved through the use of switching regulators. The status of the 
control switch mode is on and off. If the operating frequency is high, 
transformers and capacitors will be lighter. New age control switches 
can operate at higher frequencies. 

 

Roles of DC-to-DC Converter 
The DC-DC converter continuous input or step-down voltage booster 
against line fluctuation and load fluctuation can be adjusted by using DC 
converter the function of the DC-DC converter using the duty cycle can 
be as follows: DC performance. Voltage ripple below essential level 
possible DC yield Voltage ripples below the essential level can be 
Reduced. Separation between the input cause and load is provided. 

 
 
 
 
 
 
 
 
 

Fig. 6: Step-up or Boost Converter 
 

The voltage source VSis DC input, enhanced inductor, control adjustment 
and load reverse. The boost converter schematic is shown in Figure 6 as 
soon as switch S is held on, diode D turns off at that particular time and 
the boost inductor current rises linearly. While the control S is turned 
off via the diode, the energy gained in the RC circuit and deposited on 
the inductor as free. 

 
Fig. 7: MATLAB – Boost Converter Simulink Circuit 
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Fig. 8: Boost Converter Output 

 

Fig. 9: Specifications of Pulse Generator 
 

To raise up response adjustable DC to set voltage on output chopper can 
be used. The pulse originator that control the switch is the reason for 
output voltage value which also rest on the duty sequence. As an 
alternative of Buck- Boost, boost converter is selected and so that the 
yield of PV plate is constantly lesser than needed voltage. Suppose 
higher voltage is present in the cause on the side then step-down 
converters can be utilized. Nevertheless beyond the load requirement, 
yield of the PV plate never goes. 

 
Boost Converter 
 
By means of Mat lab software the Raise converter given in Fig 6 
represents Moving scheme then also pulsate producer about 100 kHz 
frequency. Output of the specified circuit can be found using the duty 
sequence of 50%.Input and yield voltages values for the particular duty 
cycle can be calculated. 

 
Based on duty cycle, the output voltage can be varied. Figure 9 
represents the output of boost converter. With help of Pulse generator, 
the outline of the converter can be altered, as shown below in Fig8.The 
chief use of inverter is offering three phase voltage. In most of the 
Industrial applications, sinusoidal waveforms are used as presented in 
Fig 10. The power from the DC chopper output must be transformed to 
AC parameters, thus yield given into Inverter. 
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Fig. 10: Three Phase Inverter 

 

Three Phase Voltage Source Inverter Simulation by MATLAB 
The input is a DC voltage and the VSI output voltage AC.VSI is working in 
a 180-degree mode of processing based on three phases and six pulsed 
IGBTs. In this mode, the phase difference between the switches in the 
same branch works with a phase difference of 120 degrees, and the 
movement of the IGBT occurs exactly at a 180-degree phase change. 

 

Fig. 11: Phase Inverter based on IGBT 
 

Through the capacitors bridge the inverter is coupled with the yield at 
the DC chopper. Fixed signal gives output of chopper. Life span of 
inverter can be increased as shown in Fig 11. 

 

Harmonics and Filters 

 
Fig. 12: Second Order Low Pass Filter 

 
The actual shape of a wave with significant products that take 

frequency as the major multiple of the essential factor is known as 
harmonics. 

 

 
 
 
 
 

FILTER 

Filter output is not sinusoidal. Given that a second order low-pass filter 
is not available in Figure 2, 13 active and active filters. Passive filters can 
filter small orders, while only larger orders are eliminated by the active 
filter. Total harmonic distortion can be reduced by filters. Passive filters 
are more cost effective than the active filters active filter. 

 

Fig. 13: FFT Analysis Before Using Filter of Waveform 
 

Fig. 14: FFT Analysis after Using filter of Waveform 
 

The output voltage of the chopper can be transformed like a sinusoidal 
AC voltage at a rate of 50Hz by six pulsating converters. By passing the 
second-order low means through the inactive filter, it is possible to filter 
out harmonics where the output of the inverter is large. After previous 
analysis using the filter, it is shown in Figure 13 and 14.Figures 15 and 
16 show the output waveform of the filter. 

Page 165 of 3066Page 165 of 3066



EFFICIENT POWER SYSTEM FOR GRID TIED PHOTO VOLTAIC SYSTEM 

Journal of critical reviews 258 

 

 

 
 
 
 

 
Fig. 15: Output waveform before using filter 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 16: Output Waveform after Using Filter 

SYNCHRONIZATION 

In phase tracking and synchronization for communications and 
motion handling systems Digital Phase lock loop is used. The circuit can 
re-gain breadth, or alteration of the grid voltage synchronization and its 
phase. DPLLs are classified in terms of their nature of the sampling 
method as constant and variable DPLLs. Acquisition time and less circuit 
difficulty have been improved compared to the constant type with an 
immovable time delay unit as anticipated in the delay time of Loop 
Tanning Digital Loop (TDTL) .The performance is clear sinusoidal then 
the It can be adjusted to the network after filtering. Output inverter is 
compared to the network frequency also phase, then it is harmonized 
with the help of a response loop that observes and controls the 
harmonization. 

 
CONCLUSION 

According to the rated specification and characteristics, the solar 
panel was designed accordingly to match the maximum load and then 
the output obtained as of the PV plate is provided into the DC chopper 
(boost), which gives constant power as a output. The constant voltage is 
obtained by varying the duty cycle of the DC chopper. 

 
REFERENCES 

1. B.J. Huang ,, W.L. Ding and Y.C. Huang, 2011 “long-term field test of 
the generation of photovoltaic solar energy using a 3-position solar 
tracking axis” Solar Energy, Volume 85, Number 9, Sep., Pp1935- 
1944. 

 

2. M.Hariprabhu, Dr.K.Sundararaju, “Sophisticated Fuzzy rule set 
(SFRS) based MPPT technique for Grid connected photovoltaic 
Power plant with the DC-DC boost converter”, Journal of Advanced 
Research in Dynamic Systems and Control vol. 9. Sp– 18/2017, PP: 
2612-2637 

 

 

3. The synchronization of a renewable energy investor with the 
network is by Nader Anani, Omar Al-KharjiAl Ali, Mahmoud Al- 
Qutayri, and Saleh al-Araji. 

 

4. K.Sundararaju, M.Hariprabhu, “Application of Intelligent Network- 
PV interconnected with the DC-DC converter of the topology of 
Water Topology for Agriculture Pumping System” International 
Journal of Pure and Applied Mathematics, ISSN: 1.314 to 3.395 , pp: 
2147-2160 
 

5. C.S. Chin, A. Babu, and W. McBride, 2011 “for the design,  modeling 
and testing of an independent single axis active solar tracker using 
MATLAB/SIMULINK” Renewable Energy, Volume 36, Issue 11, Nov, 
PP. 

 

6. M.Hariprabhu, K.Sundararaju, K. Arnold Wilson, “Analysis of using 
exhaust flue gas for power Generation in thermal power plant 
“International Journal of Pure and Applied Mathematics, ISSN: 1314 a 
3395 vol. 118 No. 20 2018, 2161-2171. 
 

7. S. Ozcelik, H. Parkash, and R. Challo, Procedia Computer Science, 
vol. 6, pp. 457-462, 2011. 

 

8. Luis Fraas and Larry Partein, Solar cells and their applications, 
Wiley Publishing, 2010. 

 

9. M.Hariprabhu, K.Sundararaju, International Journal of Recent 
Technology and Engineering ISSN "Performance Improvement of 
Grid Connected Photovoltaic Power Generation System Using 
Robust Power Balanced Control (RPBC) Technique with Active 
Power Line Conditioning", Volume -7, Edition 5S3-February 2019. 

 

10. A. Chikh and A. Chandra, "a method for Unoptimal monitoring of 
the maximum power point of photovoltaic systems", IEEE Energy 
General Assembly of the Association, San Diego, CA, pp. 1-6, 
July'2011. 

 

Page 166 of 3066Page 166 of 3066



Page 167 of 3066Page 167 of 3066



Page 168 of 3066Page 168 of 3066



Page 169 of 3066Page 169 of 3066



Page 170 of 3066Page 170 of 3066



Page 171 of 3066Page 171 of 3066



Page 172 of 3066Page 172 of 3066



Page 173 of 3066Page 173 of 3066



Page 174 of 3066Page 174 of 3066



Page 175 of 3066Page 175 of 3066



Page 176 of 3066Page 176 of 3066



Page 177 of 3066Page 177 of 3066



Page 178 of 3066Page 178 of 3066



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 04, APRIL 2020       ISSN 2277-8616 

689 
IJSTR©2020 
www.ijstr.org 

Fault Analysis Of Three Phase Using Auto Reset 
For Temporary Fault And Trip For Permanent 

Fault 
 

V.Jayakumar, G.Kiran, M.Thangamurugan,
 
P.Manikandan 

 
 Abstract: The motive of this paper is to create a routine tripping mechanism. For a three phase system, the output of our project 

resets for the temporary fault, while, in case of permanent fault, it trips the system. These shortcomings are detected by our 
gadget and it naturally separates the inventory to keep away from blast/fire harm which may influence the control equips in the 

sub-stations. The stumbling framework is made by utilizing 3, 1-stage transformers which have both info and yield in star 
association, and 3 transformers in delta associations with contribution of 220 volt and yield of 12 volt. Here low voltage testing is 
shown. For both transient and long span flaws 555 clocks are utilized. To activate tripping mechanism, switches are used which 

creates the three types of fault in low voltage side. Transient/Short duration fault gives a quick recovery as a temporary trip 
whereas longer duration of faults gives a permanent trip. This technique, if extended may help in IOT based applications for 

SMS based services to customers as well as utilities for fault detection. 
 
Index Terms: Faults, Filament Bulbs, IOT, Relays, Smartphone, Transformer (230 V– 12V AC), Voltage regulator (LM7805),  

                                                                       ——————————      —————————— 

 

1. INTRODUCTION 
During operation of the electrical networks, the electrical 
equipment and electrical machines, the chances of occurring 
of fault is more. Such faults are undesirable, as they may 
change the characteristic value of impedance of the electrical 
network and may interfere with the normal operation of the 
power system. Temporary fault is a fault which is caused by 
insulation flashover and needs to be immediately tripped. This 
mechanism ensures the safety for the rest of the equipment 
from the aftermath of the fault. For the most part, there are 
three kinds of deficiencies. They are LG (Line to Ground), LL 
(Line to Line), 3L (Three lines). This fault is a typical transient 
fault where the circuit breakers isolate the fault for some 
time(say few seconds) and then re-establishes the contact for 
normal operation of the grid (re-energized). The natural 
phenomenon like lightening and gusting wind is the causes of 
the transient fault. The falling-off of trees and swinging of wires 
are main reason behind the permanent fault. The chances of 
occurring of transient faults are 70-80% whereas the chances 
of permanent faults are 20-30%. As the permanent fault 
causes breaking of wires, it may result in permanent damage. 
Currently, in the power system, the major problem is tripping, if 
we employ a proper tripping equipment then we can trip the 
system automatically without manual operation and thus, 
reclosing and reopening of the system becomes easier 
 
 

 
 
 
 
 
 
 
 
 

 
2 SYSTEM ARCHITECTURE AND CIRCUITRY 
 
2.1 System set-up 
Right now step-down transformers are utilized for holding the 
whole circuit under low voltage basis of 12V.This is done to 
test and investigate 3 stage variations from the norm[4]. The 
essential and the auxiliary terminals of the three transformers 
are associated with three stage power supply. While, the other 
three transformers have their optional as delta associated. The 
necessary yield at that point can be gotten after amendment 
from singular arrangement of inverters. The entire set up then 
is given to 6 transfer curls and 6 press catches[4] to [10]. The 
ordinarily shut contacts of the considerable. number of 
transfers are associated in an equal way to keep the various 
focuses grounded. 
 
2.2  Block Diagram of Proposed work  
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2.3  Circuitry 
The equal association of Normally Closed transfers is given to 
pin2 with the resistors R5 to a 555 clock, for example a 
monostable circuit. At that point we feed the yield of 555 clocks 
to an Op-Amp LM7385, through wire 11 and 12 to non-
upsetting sort input pin3. We must be certain that info altering 
voltage is steady through resistor V2.To make voltage at pin2 
from the potential divider higher than pin3, we utilize operation 
amp as a comparator, which gives zero-rationale incentive to 
pin1. 
 
2.4 PROPOSED CIRCUIT DIAGRAM 
                        

 
 

Fig. 1: Schematic Diagram 

 
3 COMPONENTS USED: 
 
3.1   VOLTAGE REGULATOR  
Right now will investigate fixed, controlled force supplies. We 
will utilize the 78XX and 79XX arrangement of voltage 
controllers. They are made by a few makers, most are 
promptly accessible, and are economical. The LM78XX 
arrangement of three terminal positive controllers is accessible 
in the TO-220 bundle. Each type utilizes inside current 
restricting, warm shut down and safe working territory security, 
making it basically indestructible. On the off chance that 
satisfactory warmth sinking is given, they can convey over 1A 
yield current. These gadgets can be utilized with outside 
segments to get flexible voltages and flows. Accessible yield 
voltages: 5, 6, 8, 9, 10, 12, 15, 18, and 24V. 

 
Table 1 : Features of voltage regulator 

 

3.2    555 TIMER 
The 555 timer is an integrated circuit chipset primarily used for 
generating pulse, and oscillatory waves. It can be used to 
induce time delays like a flip-flop element. 
  

 
 
                          Fig. 2: 555 Timer 
 
3.3    LM358 
The LM358 IC is an op amp which consumes low power and it 
is a dual channel. It is crafted by National Semiconductor. This 
IC operates for single supply to wide varied range of supplies. 
 

 
 

Fig.3: LM 358 
 

4   PROCEDURE 
The load up is given a 3-stage power supply which is AC, yet 
the various six hand-off loops get DC voltage, and the basic 
focuses are detached at NC and goes to the typically opened 
terminals, which guarantees that a rationale high is provided at 
pin2 of 555 clock U1 which implies that it is being worked at 
monostable mode [11] to 1[12]. On the off chance that any of 
the press fastens close by the transfer is squeezed it opens 
that hand-off contact and right now, contacts moves to the NC 
position which gives a rationale low at trigger pin of 555 clock 
to give a yield that brings the U3 555 clock which works under 
astable mode, for its reset pin to high esteem with the end goal 
that the astable activity happens at its yield which is given out 
as a glimmering by the LED D11. For brief nature of 
shortcoming, i.e., in the event that the press button is 
squeezed and promptly discharged, at that point the U1 
monostable incapacitates U3, which triggers the yield to 
decrease to zero. On the off chance that any of the press 
button is squeezed for a more extended span of time, the 
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monostable yield gives a more drawn out time yield beats for 
U3, which is the astable clock. [1] to [3].This yield at that point 
charges capacitor C13 through R11 with the end goal that the 
yield over the comparator shoots up high that makes the hand-
off to turn off three stage load. This is characteristic of a 
changeless flaw, and in this manner here, we utilize no auto-
stumbling resembles that the force framework stays under off 
condition for the remainder of the heaps. 

 
 

Fig.4: SCC Vs Time 
 

 
 

Fig.5:Set-Up of kit 
 

 
 

Fig.6: Implementation of Basic Proposed Model 

5. RESULT AND DISCUSSION. 
 
5.1 RESULT 
From the working model of our experiment, we were able to 
analyze the three phase system fault by using individual 3 single-
phase transformers as system supply side. The project senses fault 
and is able to send notifications to phone with the help of the Wifi 
module by identifying the exact nature of the fault. 
 
5.2 DISCUSSION 
In case of a temporary fault it trips the circuit for minimal time and 
re-establishes the connection. Whereas, in case of a permanent 
fault it trips it permanently. Since this project is already in use, this 
has been extended for the IOT project. Using Bluetooth module 
HC051, the users can also get the information for the fault 
produced via messages. 

 
6   CONCLUSION 
There are numerous efforts produced and published for 
dealing with the permanent and the temporary faults. In our 
project 555-timer is used with the relay for the fault analysis. 
Short duration fault is connected / returned to the supply 
immediately after the removal of fault, this is termed as 
temporary trip while long duration disconnects / trips the circuit 
permanently. As in this project we have deployed an app 
based connection which gives us the time duration for which 
the fault has occurred and also the time of occurrence of fault, 
this project can in future also be used in connection with IOT 
(Internet Of Things). In this way it is without chance contrasted 
with other kind of ensuring framework for 3-stage shortcoming. 
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Abstract 
From the several levels of DC voltage the multilevel inverters are used to get the desired voltage 

waveform from the different inputs. By using the Multilevel inverter it has several advantages such as it 

will improve higher efficiency and make the output voltage without harmonic distortion, and make the low 

electromagnetic emissions and it also make the capability of operate in the very high voltage levels and 

different modularity’s. in the multilevel inverter it has different topologies in that we have use here as 

cascaded H-bridge inverter, Flying capacitor and Diode clamped Multi level inverter. Fuzzy controller 

being chosen to regulate the output voltage and minimize harmonics of designed seven-level inverter. The 

load variations causing the switching surges produce no effect on THD. Fuzzy controllers are used for 

wide range of parameter variations and the level of accuracy is compared to be more with PI controller. 

The speed of response can be calculated even in microseconds and the control value can be set for multi-

level inputs. 

 

1. INTRODUCTION 

For the very high power voltage application the multilevel inverter structure is very much used, in the low 

switching frequency also the high modulation index or frequency can makes the high voltage.By reducing 

the no. of input supply it can able to improve the stability and reliability.The reason behind the same total 

harmonic distortion is that operate in low switching frequency and it makes losses. Now a days in the 

industry one source is not enough to run the machine they uses the many sources for the long cables and it 

makes the unbalance in voltage level.By reducing the more number of  DC supply we prefer the multilevel 

inverter topologies here cascaded multilevel inverter is more favorable one for the motor drive, the main aim 

of these paper is to focus on the asymmetric cascaded Multilevel inverter by using the two or many unequal 

dc supply. This will makes the different level step output [1][2].   

In this paper we are using the sinusoidal pulse width modulation techniques for the cascaded multilevel 

inverter. By comparing with previous techniques such as traditional triangular based pulse width modulation 

techniques, for the high spectral quality we are prefer the inverted sine carrier pulse width modulation, 

without any pulses dropping these multilevel inverter also makes higher output fundamental voltage [3]. By 

utilizing the different switches in the multilevel inverter the fixed frequency will affect the PWM 

Techniques. In the PWM techniques the variable frequency carrier based PWM is more preferable for the 

balancing of switching cycles among the different levels in the inverter.This paper has the advantage of 

combining both the multi frequency carrier signals and the inverted sine signals. In this paper we have 

comparing the high frequency inverted sine signal and the sinusoidal reference signal by these we will 

generate the control signals. In our paper we will describe the novel method of VFISPWM (Variable 

Frequency Inverted Rectifier Sine Modulation Technique) for a seven level inverter [4][5]. By reducing the 

switching utilization in the different level of inverters the total harmonic distortion will be lesser by using 

this VFISPWM Technique. The number of switching pulses for the each band is same for selecting the 

carrier frequency. The result of this paper is to reduce the total harmonic distortion and the output voltage 

should make maximum.  For developing the AMLI we need the different controller to control the system 

here we using the PID controller[6]. In below we broadly explain the project contains the both novel 
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controllers and by output results such as total harmonic distortion, output voltage efficiency, implementation 

cost and weighted THD is able to compare and evaluate between the conventional modulation techniques 

and VFISPWM.The performance and results are verified with the experimental setup and the simulation 

software for the both MLI circuit topology and new control scheme. [15-19] 

 

1.1 Block Diagram of Proposed System 

 

 
 

Fig.1.1 Block Diagram Of Proposed System 

 

 The Fig 1.1 shows the proposed system block diagram which is detailed further below. 

 

SOURCE 

  The DC sourceused as input to the asymmetric cascaded multilevel inverter which is being of 

VdcForH1 Bridge and Vdc/2 for H2 Bridge. 

 

MLI 

  It is type of inverter in which the bridges are cascaded to increase the number of levels in order to 

reduce low order harmonic distortion [7][8]. Gate signal are fed from fuzzy controller to trigger the 

inverter circuit, those signal are compared with the reference value to provide a proper feedback 

system and to avoid distortion less gate triggering pulse signal. 

 

CONTROL CIRCUIT 

  It is a circuit which acts as a feedback system to enhance the output with High accuracy.  In this 

project fuzzy controller are used as a feedback system to improve the performance of MLI circuit by 

eliminating the errors produced in the circuit due to the factors are[20-24] 

 Switching frequency 

 Total Harmonic Distortion 

 Transients 

 Imbalance due to switching 

 

LOAD 

  In this thesis we propose the transients occur during switching in inverter circuit.  We consider 

only the resistive load for evaluating purpose [9][10].  Transients are mainly occurring due to 

switching of loads from one level to another level. 

 

 

PI/FUZZY        
CONTROLLE
R 

LOAD 
CASCADED 

MULTILEVEL 

INVERTER 

SOURCE  
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1.2 Generalised Circuit Diagram 

 

 
 

Fig 1.2 Circuit diagram of ACMLI 

 

  In this Fig 1.2 which shows the generalized circuit diagram consisting of two separate dc sources 

in a phase showing reduced number of sources used in each phases of a asymmetric multilevel 

inverter.  This separate dc sources may increase the level of output voltages.  The switching sequences 

are based on the instructions provided by the variable frequency inverted sine pulse width modulation.  

As shown in the fig 1.2 the output voltage from the inverter is fed as a feed back to the voltage 

controller along with a reference signal.  The output from the controllers in the form of modulation 

index has to fed to the fuzzy logic controllers to generate the controls signals to the inverter.  Here 

based on the switching topologies the switching operation is carried out.  As a result low distorted 

output voltages can be produced.[25-28] 

 

2. PULSE WIDTH MODULATION TECHNIQUE 

For controlling the internal electrical devices to power are we are most commonly used technique is Pulse 

width Modulation is done by the real time modern power electronic switches.By tuning the switches in on 

and off with fast timing between the load and supply is control the dc average value that is fed to the load.  

The speed of the switching frequency by PWM technique is needed to be must faster than load that affects it. 

That is power usage by the device[11][12]. In the electric stove in per minute the more switching is needed. 

Based on the ratio of switching on time to the total time period or regular interval of time the duty cycle is 

described. In most of the time power is off due to that duty cycle consumes very less power. Based on the 

full 100% only the duty cycle is expressed. 

The power loss that obtained in the PWM Technique by the switching devices is very less comparative to 

other techniques.The switching operation should be in real time when the switch is on across the switch there 

is no voltage drop will occur, when the switch is off no current will flow. The multiplication of the current 

and the voltage the power loss should be zero in both cases.In the digital control technique also the PWM do 
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better, it is done by the performance of on/off nature. For the communication system application also the 

PWM Technique has been used. 

 

3. PULSE WIDTH MODULATION - FUZZY LOGIC CONTROLLER 

Fuzzy inference is the process of formulating the mapping from a given input to an output using fuzzy logic.  

The mapping then provides a basis from which decisions can be made or patterns discerned.  The fuzzy 

control is basically a nonlinear and adaptive in nature, giving the robust performance in the cases where in 

the effects of parameter variation of controller is present.  It is claimed that the Fuzzy logic controller yields 

the results which are superior to those obtained with the conventional controllers [14]. The fuzzy systems are 

capable to integrate information from different sources, such as physical laws, empirical models or 

measurements. Fuzzy set theory offers a better compromise and obtains solutions, which cannot be easily 

found by weighting methods.  Hence fuzzy approach is chosen for solving the problems in the electrical and 

electronic systems Fuzzy Logic shown in fig 4.2 to be an extension of classical logics when partial truths are 

included to extend bi-valued logics to a multi valued logics [15]. 

 

4. SIMULATION AND RESULTS  

 

The simulation was done with the help of Simulink using the control algorithm. By employing the new 

modulation technique in S function block the switching signals are generated in the MATLAB/ 

SIMULATION software with the cascaded level inverter. [31-33] 

 

Table 4.1 Simulation Parameter 

PARAMETER VALUE 

DC1 100 V 

DC2 200 V 

Resistance R 1000 K ohms 

Resistance R1 10000 K ohms 

Inductance R2 1 Milli Henry 

Inductance R3 7.9 Henry 

Capacitance R6 1886 Micro Farad 

Capacitance R9 1890 Micro Farad 

Type of the Motor Capacitor Start 

Power 0.25*756W 

Voltage 230V 

Frequency 50 Hz 

Main Winding Stator Resistance 2.02 ohms 

Main Winding Stator Inductance 7.4 mH 

Main Winding Rotor Resistance 4.12 ohms 

Page 186 of 3066Page 186 of 3066



2250 
ISSN: 2005-4238 IJAST  

Copyright ⓒ 2020 SERSC 

 

 

Fig 4.1 Fuzzy Simulink model 

 

Main Winding Rotor Inductance 5.6 mH 

Auxiliary Winding Stator Resistance 7.14 ohms 

Auxiliary Winding Stator 

Inductance 
8.5 mH 
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Fig 4.2 Output Current Waveform 

 
Fig 4.3  Simulation Waveform – Motor Speed Waveform 

 

 
Fig 4.4 Simulation Waveform – Torque Waveform 
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Fig 4.5 THD Level of resistive load With Fuzzy Logic Controller 

 

5. CONCLUSIONS 

Asymmetric cascaded multi level inverter using two unequal DC sources for each phase requires 

minimum number of switching devices. So the switching frequency being reduced thereby causing low 

switching losses. Fuzzy controller being chosen to regulate the output voltage and minimize harmonics of 

designed seven-level inverter. The load variation causing the switching surges produces no effect on 

THD. Fuzzy controllers are used for wide range of parameter variations and the level of accuracy is 

compared to be more with PI controller. The speed of response can be calculated even in microseconds 

and the control value can be set for multi-level inputs. 
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Abstract 

ALU is a key component in any data processing units like real time embedded systems, digital signal 

processing units, etc,. The complex and time consuming part of an ALU is the multiplier unit. The main 

restrictions of such a multiplier is offering -- high speed, low power consumption and fewer silicon  area 

occupation or perhaps a mixture of all these in one multiplier and making it suitable for various high 

speeds, low power applications. A simple way of multiplication uses both “addition and shift” operations. 

The key performance of any multiplier is the number of summation circuit required for the addition of 

partial product, which is the most significant term. Number of partial product terms can be reduced by 

using Radix-4 algorithm, whereas by using Wallace Tree multiplication methodology one can achieve 

with deduction in the  usage of more number of successive adders for the intermediate product result 

summation and which  improves  the speed of operation. Reduced speed, increased silicon area for the 

implementation will happen sometimes as a result of  increase  in parallelism , and the quantity of 

shifts between the intermediate products will also get  increase, which finally ends with more  power 

requirement for its operation resulting from complex routing . In this paper three different the 

multiplication algorithms in a 16-bit ALU are implemented using VHDL code and their parameters like 

speed, area, power or the combination of these metrics were measured. 

Keywords: radix-4, radix-2, Wallace tree multiplier, full adder, partial product, booth algorithm, 

encoding, compressor, VHDL. 

 

1. Introduction 

In Digital Signal Processors, Calculators, Microprocessor and FIR Filters, where the complex 

arithmetic operations and high performance needed are found to be happened by using multiplier as the 

major block. Usage of larger silicon area in a chip also results with large amount of power consumption 

which is the major problem associated with the multiplier circuit design. Thus optimizing 

the performance of such a digital circuit could be a major design issue in numerous of the applications. 

The following are the two essential operations of a multiplier. 

 production of intermediate  partial products  

 Sum of those intermediate products results.  

And consequently the speed of multiplication can be moved forward by two key ideas.  

 Reducing the number of intermediate (partial) products.  

 Utilizing highly efficient and quick parallel adders for summing up those partial products.  

Page 193 of 3066Page 193 of 3066



2263 

ISSN: 2005-4238 IJAST  

Copyright ⓒ 2020 SERSC 

The figure below illustrates the very basic multiplication operation done by a serial multiplier. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Serial Multiplier 

The results of serial multiplier are quite slow as the final results were only assessable after 

completion of all the ‘m’ clock cycles, where ‘m’ is the size of the operands. The applications were 

silicon area occupation and power consumption are of utmost significance and an increased delay can be 

endured, in such case serial multipliers are suited. The partial product generated while multiplying two 

numbers of lager bit size are added using Parallel adders which sums up simultaneously all results with 

reduced speed and increase in silicon region due to irregularity in  their structures which again leads to 

increased power utilization and  additional interconnections are needed  between the circuits, resulting 

from complex routing as shown in fig2. 

 
Figure 2. Parallel Multiplier 

In order to achieve better performance one can use combination of serial-parallel multipliers, which also 

results with less area and low power consumption. In this paper the various multiplication algorithms 

were designed separately and their adders where constructed using carry look adder. Speed and power are 

two parameters measured between these multiplication algorithms to found the best one out of it. 

2. Booth Algorithm 

Booth’s algorithm is a proficient way to multiply two digital values in its two’s complement notation. 

For the smaller circuit, it is found to be fastest and easy implementation technique. 

For 16x16 multiplier, the Radix-2 Booth calculation generates 16 times of intermediate products 

results, which can then be added in a parallel fashion using either simple half adders or full adders or any 
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other parallel adders. The necessity of 16 shifts and normalization of 8 increments for a 16-bit multiplier 

for radix-2 calculation methodology is found to be very difficult task for larger digital words.  When there 

is a case of separated 1’s within the multiplier value, the algorithm’s execution fails to do the 

computation. Radix -4 algorithm overcomes these drawbacks. 

 

Figure 3. Block diagram of Booth Multiplier 

 

3. Radix-4 Multiplier 

The difficulty of Radix-2 can be overcome by using the Radix-4 procedure, as it diminishes the 

number of partial products during multiplication by half. With the overlapping methodology of 3 bit at a 

time and the combination starts from the Least Significant Bit of the multiplier improves the speed of 

operation when using lager bit size. Radix-4 assists in diminishing the number of partial products in 

calculating stages. As the Booth's multiplier (Radix - 2) had two shortcomings, as specifically  it requires 

more number of Add or Subtract operations and also it is found to be variable with the number of bits to 

be multiplied, and substantially it will be hard when planning to do parallel multiplication. 

The calculation gets to be disorganized when there are confined 1s. These issues can 

be toppled by utilizing Radix 4 Booth's calculation which can browse strings of three bits of digital values 

at a time and consequently number of intermediary partial products will get lessen.  

4. Wallace tree Multiplier 

Wallace algorithm is found to be one of the popular parallel multiplier techniques, in which the 

multiplication is done using a three step process. The first and foremost step is production of 

intermediate products results. The second step involves shifting of partial products if the multiplier bit 

is zero. Finally all the partial products generated are added together using parallel adders or 3:2 

compressors to improve speed. When compared to previous two multiplier algorithms, Wallace tree’s 

are marginally quicker and require lesser gates which basically minimize the number 

of summation stages required to perform the addition of partial products.  

     The following figure shows the way in which the partial products are added in a hierarchy fashion 

in order to generate results of multiplication. As critical path delay is directly relative to the logarithm 

of the quantity of bits in the multiplier, Wallace tree algorithm is found to be one of the fastest 

multiplication methodologies. This approach considers all the bits in each column of the partial 

products at a same time and shrinks them into two bits namely sum and its carry. 
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Figure 4. Schematic diagram of Wallace tree Multiplier 

There are generally three major stages in the Wallace tree algorithm for performing multiplication of 

digital bits, they are 

1. Partial Product Production stage 

2. Partial Product Cutback Stage 

3. Partial Product Summation Stage. 

As compared to other type of multiplier architectures,   Wallace multiplier uses compressors for adding 

the partial products as a result the multiplier circuit consumes less power and its switching speed is found 

to be faster. 

4. 1. Compressors 

Compressors are the logic circuits, designed for performing addition of 3 or more number bits at a 

time. And hence it plays a vital part in multiplier architectures. For summing all the partial products 

generated while multiplying will done using compressors, thus number of adders will gets reduced. The 

Wallace tree algorithm uses 3:2 and 4:2 compressors depending upon the number of bits in the multiplier. 

Thus decreased power consumption and significant path delay can be achieved by using A compressor 

based Wallace tree architecture. 

 

Figure 5. 3:2 Compressor 

 

The 3:2 compressors can simultaneously add three digital values at a time and presents two outputs 

namely a sum and carry. Similarly 4:2 compressors add up 4 digital inputs and results with two outputs. 

Thus the entire partial product array can be reduced into two bit streams of equal length which can then 

be added using any of the fast adder architectures. The speed, area and power consumed by the Wallace 

tree circuit can be directly measured with the compressor effectiveness. 
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Figure 6. Multiplication of two 4-bit numbers showing the adders used for addition of 

intermediate terms 

Fig. 6 shows the product of two digital significant bits namely A and B as its partial products are either 

preceded to a compressors or half adder or Full adder.  

5. Clock gating 

Clock gating could be an admired methodology employed in numerous synchronous circuits for 

dropping dynamic power dissipation. Supplying clock pulse consumes about 60-70 % of total chip power 

and is expected to extensively rise in the next generation of designs of 45nm and below. This is because 

of the reality that power is a direct proportion of voltage and the frequency of the clock applied as it is 

exposed in the following equation: 

P (Power Consumed) = C (Capacitance) * V2 (square of Voltage) * F (Frequency) 

When a register is found to be inactive i.e, no “data” input and no data output is found then there is no 

necessicity to pass clock pulse for that register and hence the “clock” can be gated to switch it off. If 

series of registers are supplied with an “enable” signal to gate the clock, which is called the “clock gating 

enable”. In this paper clocks are removed to the arithmetic or logic or sift operating circuits when they are 

not in use. 

 

Figure 7. Clock gating- a power optimization technique 
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6. Experimental Work 

At first the arithmetic operations, shift registers and logical operational circuits were constructed using 

Xilinx Design suite. By using any one of the three algorithms in an ALU finally the design parameters 

like speed of operation, power requirement and number of logic gate requirements were found. Radix-4 

booth algorithm is better suited in terms of rapidity and also when the numbers of bits of multiplier are 

larger and Wallace tree booth multiplier is faster and also consumes less power compared to both Radix-2 

and 4.  VHDL code for the three multipliers are done separately and simulated to get the precise 

simulation results as output of each multiplier .The design result of Radix 4, Radix 2 and Wallace Tree 

Booth multipliers are shown below. 

Table 1. Test Results of 16 bit ALU with different multiplication algorithms 

Multiplication 

Algorithm 

Delay Leakage 

Power 

Wallace Tree 13.649ns 0.471W 

Radix-4 24.797ns 0.497W 

Radix-2 41.028ns 0.545W 

 

7. Results and Discussion 

In this paper the radix-2, 4 and Wallace tree algorithms have been designed using Xilinx. The delay or 

speed of operation and the power consumption are shown in Table 1 were computed using Xilinx power 

Estimator. The time delay characterizes the total number of phase delays required to calculate the final 

output, as a result it is found that the Wallace tree multiplier circuit has lesser latency compared to 

conventional Booth multipliers. From the above analysis Wallace tree Multiplier Design is best suitable 

for Low Power and Faster real time applications. 

 

Figure 8. RTL view of 16 bit ALU 

 

Figure 9. 16 bit ALU constructed using Wallace tree multiplier and Clock gating technique. 
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8. Conclusion 

This paper presents three different 16x16 multipliers that are designed using VHDL. The synthesis 

result confirms that the Wallace tree multiplier is suitable for low power and small area applications. This 

paper presents the performance of three different Booth multipliers such as Radix-2, Radix-4and Wallace 

tree along with clock gating technique employed in the ALU design for achieving low power, high speed 

multiplication. The delay and number of gates are found to get reduced by using Wallace Tree Booth 

multiplier and the speed of operation is found to be increased than both Radix-2 and Radix-4. Thus found 

speed of execution of a 16 bit ALU using Xilinx Design suite ISE and power consumption by using 

Xilinx power Estimator software. 
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Abstract 

This paper proposes the tariff calculation based on the reactive power consumption. Nowadays the electric 

appliances like lamp, motor and air conditioner plays the major role in our daily life. In such manner, 

most of the people does not know about their energy consumption and also unaware of their electricity bill 

calculation. In our project, we are going to calculate the tariff rate using the reactive power consumption. 

Here, the voltage and current sensor act as a input and we are going to interface the microcontroller and 

the LCD module. The purpose of microcontroller is to measure the power from the input and according to 

the power factor value we can calculate the reactive power consumption. The tariff rate is measured 

according to the reactive power consumption. The required tariff rate is displayed on the LCD module. 

Keywords: Real power, Reactive power, power factor  

 

1. Introduction 

 Energy meter is a device which measures the energy consumption. Normally, the energy 

consumption can be classified into two types of loads such as resistive and inductive loads.  Resistive loads 

are used to convert the current into heat energy. For examples: heaters, toasters, iron box, ovens, 

incandescent lamp, etc., inductive loads are used to generate the magnetic fields. The active and reactive 

power can be determined by using the generators [2]. The exchange of real power in the electric energy is 

the important intention one and the reactive power cost structure is also important to perform in the power 

market [6]. In normal energy meter we can calculate tariff rate only for the real power consumption by 

using these kinds of loads. The reactive power can also be calculated by using Y-bus matrix which 

decomposes the voltage to calculate the reactive power [3]. Resistive loads are gives only the real power 

consumption and cannot gives the reactive power consumption. A power which is actually consumed or 

utilized in an AC circuit is known as real or active or true power. It can be measured in Watts (or) Kilo 

watt (KW). As resistances do not produce any phase difference between voltage and current waveforms, 

all the useful power is delivered directly to the resistance and converted to heat, light and work. Whenever 

we consumed the energy there is some loss can be happened and also the component loss will also 

happened. These can be recovered by using the bus bar system [5]. But inductive loads can gives both real 

power as well as reactive power consumptions. The power transmission from source to load is the well 

known one, when the current and voltage vary harmonically, the real power is dissipated in the load and 

the reactive Power oscillates between the source and the load [4].In our paper, we are calculating the tariff 

rate by using reactive power consumption which can consumed by inductive load with the help of power 

factor. The reactive power pricing can be proposed by using capacity based method and also by using 

reactive power production [1]. We are undertaking our load as a single phase induction motor of rating, 

240V, 5A, 50 HZ power supply. According to the power factor value we can determine the reactive power 

consumption [6]. By using this consumed reactive power, we can determine the required tariff rate value 

with the help of look-up table. 

 

2. Methodology 

2.1 Existing Method: 
Whenever the electrical energy is used in uncontrolled environment so there will be wastage of 

energy and the expenses of the consumer will also be high in the form of electricity bill. One of the 

methods to reduce extra energy consumption is that we will have to make the residential community aware 

of the results of energy consumption. The consumers can only be aware about the energy consumption 

whenever they get notification about their extra energy consumption because they do not know how to 

calculate electrical energy that has been used in their house. It is not possible for the user to calculate the 

amount of energy used by using description of all equipment. The energy meter is a device that shows the 
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energy being consumed and most of the user does not know the bill calculation from the readings of 

electricity bill. The utility provider reads the reading from the energy meter at the end of the month and 

calculate electricity bill for that month. In this procedure, the user only gets the electricity bill each month 

but they cannot do anything for energy management[8]. Still we can determine the tariff rate by using only 

the real power consumption with the help of energy meter and the wattmeter. The energy is the total power 

which is consumed and utilised by the given load which is used in domestic and industrial AC circuit for 

the measuring the power consumption[9]. The amount of money framed by the supplier for the supply of 

electrical energy to various types of consumers is known as an electricity tariff. In other words, the tariff is 

the methods of charging a consumer for consuming electric power[10]. The consumers bill will be varied 

depends upon their usage. Comparing with industrial tariff rates domestic tariff rates is less because of 

over power consumption. For our domestic consumers two part tariff used that is fixed and variable cost. 

Generally, Tariff can be determined from various power consumptions from domestic, commercial, and 

industrial.  

 

2.2 Proposed Method: 
 

The load used for our circuit is single phase AC induction motor. The rating of the load is 240V, 

5A power supply. This supply gives to the voltage and current sensor. The voltage rating is sensed and 

sampled by the voltage divided circuit for getting the required voltage. Current rating is sensed by the Hall 

Effect sensor. These sensed voltage and current signals where given to the ATmega328. The power factor 

value can be taken from look-up table. According to the power factor values, the reactive power values 

will be measured. If there is any changes occur in power factor, the reactive power will also change. 

Reactive power of an AC circuit when the current is out of phase is measured by using power factor. In an 

AC circuit power factor can be defined by the ratio between active power KW is used and apparent power 

KVA is drawn. KVA is apparent power the total power consumed. The combination of both real and 

reactive power is known as total power that is apparent power. KVAR is a reactive power. The power 

given to the load is not consumed as useful power, the power is alternating equally positive and negative 

cycles. This means that some amount of power is taken by the circuit and same power will be return to the 

source. So ideally, no net power is utilized. But the voltage drop occurs across the inductor and also the 

system is taking current it gives the statement that this will do consume power. This power is called 

reactive power. If we replace the pure inductive load by pure capacitive load the same thing will happen. 

By relating these three powers and making triangle which is called power triangle. The power triangle 

relates the apparent power with active and reactive power. it will show the ratio of actual power consumed 

to the total amount of power taken by the circuits. This ratio between the amounts of power taken is called 

power factor. The power factor can get the values in the range from 0 to 0.95. When all the power is the 

reactive power with no real power (usually inductive load) the power factor is 0. 

  

 2.3 Block Diagram: 

 
Figure 1 block diagram 
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3. Result 
Normally, an electric meter or energy meter is used to measure the amount of energy consumed by the 

consumers. We can take only the real power for the electricity bill calculation. Here we can calculate the 

reactive power as well as the real power. The reactive power cannot be calculated without the presence of 

real power. So, the power from the voltage and the current sensors will determine the reactive power in the 

microcontroller. Here the Arduino ide software is used to compile the code and for successfully loaded the 

microcontroller. By using the software we can calculate the power factor value. Here the look-up table is 

created to calculate the reactive power value according to the power factor value. For the required reactive 

power consumption, the tariff rate is displayed on the LCD module. The LCD module displays the voltage, 

current and power value and the current may varried. For the power consumption, the reactive power value 

and its cost will displayed on the LCD module.  

 

Table 1.  Look-Up Table 

S NO Power Factor Cos-1 Sin Ø V=240v I in Amperes VIsinØ 

1 0.3 72.54 0.95 240 6.5 1482 

2 0.4 66.42 0.91 240 6 1310.4 

3 0.5 60 0.86 240 5.3 1093.9 

4 0.6 53.13 0.79 240 5 948 

5 0.7 45.57 0.71 240 4.4 749.76 

6 0.8 36.86 0.59 240 3 424.8 

7 0.85 31.78 0.52 240 2.5 312 

 

 

4. Importance of Power Factor 

To know the importance of power factor, first we know about the basics of two terms such as active and 

reactive power. In an electrical system, the power flow has the two components, one is flow from source to 

load and it will be able to work at the load is called the active power and another one which cannot 

perform any work and it can be generated because of voltage and current known as a phase angle. Another 

one is the apparent power which is the sum of actual and reactive power. In an ideal power system, if the 

KVAR is low, the KW and KVA would be low. So we are able to design the system with the power factor 

value 1 than only we can get the maximum output from the system. The major one of the power factor 

importance is the power triangle and the impedance triangle. The power triangle is the right angle triangle 

which shows the relation between active, reactive and apparent power. The impedance triangle is that the 

AC circuit which contains both resistance and reactive that are combined together to give a total 

impedance that limits the current flow around the circuit. If the power factor is less than one, they have to 

supply more current to the consumer according to the power usage. For industrial purpose, they charged 

the penalty if the power factor value is much different from one. In industry, the lagging power factor is 

used where the current lags the voltage to reduce the losses occurs on the system. 

 

5. Improvement of Power Factor 
Improving the power factor can maximize the current carrying capacity and by improving the voltage to 

the equipment, the power losses and the electricity bills can be reduced. The easiest method of improving 

the power factor is to adding the power factor correction capacitors to the electrical system. Here the power 

factor correction capacitors act as the reactive current generators. To improve the power factor, we need to 

add equal and opposite amount of reactive power. So, the ways to improve power factor are nothing but 

the ways to generate the reactive power. Most commonly used ways are capacitors or capacitor banks, 

synchronous condensers and phase advancers. By these three ways the reactive power will be generated 

and it is capacitive in nature where the load is inductive. Inductive load which takes lagging current and 

decreases the power factor. For power factor improvement, capacitors are installed in parallel with such 

loads. Capacitor provides leading current which utilize the lagging components of inductive loads. Thus, 

power factor can be improved. It is the cheapest one, low maintenance and low losses. Synchronous 
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condenser is generally preferred by large power customer as the cost is very high. Phase advancer is used 

for power factor improvement of induction motor. 

 

6. Components: 

6.1 Power Supply 
Block is used to provide power to the PIC16F877A (controller). The 230 volt AC supply is converted to 5 

volt DC supply suitable for the controller.  

 
                                                                             Figure 2 power supply

6.2 Voltage Sensor 
                           Voltage sensor is used to calculate and monitor the amount of voltage. The input used for the 

sensor is voltage and the output will be the switches, Analog voltage signal, current signal, an audible 

signal. Voltage divided circuit is used for sampling purpose which samples the voltage level for our 

required voltage. Voltage divider is used to reduce large voltage into a smaller level. It is one of the most 

fundamental circuits in electronics. The sampled voltage will given to the rectifier circuit for the 

conversion of AC into DC. So, the voltage sensor can determine both AC voltage and DC voltage level. 

                        6.3 Current Sensor 

                            A current sensor is a device which detects and converts the current into the measure output 

voltage. This output voltage will be proportional to the current through the measured path. When a current 

flows through a circuit, the voltage drop is occurred and also magnetic field is generated surrounding the 

current carrying conductor. While sensing the current levels, the output signal will provided only when a 

specified current level is reached. The sensed current and the output signal can be alternating current and 

direct current. Here the Hall Effect module is used to senses the input current. It is a device that is used to 

measure the magnitude of magnetic field .These is used for proximity sensing, positioning, speed detection 

and current sensing applications. The principle of Hall Effect is when the conductor or semi-conductor 

flows in one directions, the current is perpendicular to the measured voltage which is at the right angles to 

the current path. 

 

                       6.4 ATmega328 

                           It is a 28 pin 8-bit CMOS FLASH microcontroller. The microcontrollers are similar to 

microprocessors, but they are designed to work as a true single-chip system by integrating all the devices 

needed for a system on a single-chip.  The timing and control unit will generate the necessary control 

signals for internal and external operation of the microcontroller. Microcontrollers with internal ADC can 

directly accept analog signals for processing. 
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Figure 3:- pin diagram of microcontroller

 

 Table 2.  TARIFF Table 

S NO TARIFF ENERGY 

CHARGES 

1 0-100 Free 

2 101-200 2.50 

3 201-500 3.00 

4 Above 500 6.60 

                         

 

 

             6.6 Hardware Model 
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          6.7 Software Output 

 

 

7. Conclusion: 
Actual tariff calculation has done by using real power measurement. In our project we are 

calculate the tariff rate by using reactive power consumption. As a result, there is a two 

part that is real power as well as the reactive power. The cost of the tariff is the together 

of real and the reactive power. 
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Abstract 

Video compression is very significant method of proficient transmission and 

storage of videos. Nowadays increasing requirement for communication through 

network and getting the data through Internet is growing rapidly. It is very hard to 

transfer the files with large size because it will occupy more memory space. So 

video compression techniques has become quite essential. Compression of a 

sequence of image is called as video compression. In most of the images is the 

neighboring pixels are highly interrelated and contain highly redundant 

information. The error residual blocks are determined by the block matching 

algorithms. The results are compared to find out the less computational time. 

Image compression has two fundamental principles they are redundancy and 

irrelevancy. Redundancy omits repetition from the signal source and irrelevancy 

removes pixel values. 

 

 

1. INTRODUCTION 

A still image does not have 

temporal information it has got only the 

spatial information and to send a frame of 

image and that is it so that should be 

encoded by the encoder at the transmitter 

end and at the receiver end it should be 

decoded and the receiver can reconstruct the 

image whereas in the case of video it have a 

continuous stream of images which will be 

available from a video camera or some 

stored video medium.  

The video are having the 

temporal aspect of the signal. The signal is 

not only varying in space but the signal is 

also varying in time. And there is a great 

deal of similarity between the signal that 

varies in time. Because what is being done is 

that the video is captured at a particular 

frame rate,  that the frame rate of the video 

is 30 frames per second, so 30 frames per 

second means within one second and are 

capturing 30 different frames; at a time of 33 

milliseconds apart and are just sampling 

each and every frame and if ii was 
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comparing successive frames then it will be 

finding that within the successive frames 

there will be a great deal of similarity 

because the physical movement that can take 

place within a time span of 30 milliseconds 

is highly limited. The general block diagram 

for video coding is shown in Fig.1.1

 

Figure 1.1 Block diagram for video coding 

  

The temporal redundancy that is present and 

this temporal redundancy also can be 

exploited in addition to the spatial 

redundancy. In the case of steel image we 

could see that only the spatial redundancy 

could be exploited.  The steel image is 

transformed from its original spatial domain 

into a transformed domain space like the 

discrete cosine transform or the discrete 

wavelet transform and then worked with 

those transformed coefficients and encoded 

and sent the bits sent the bit-stream. A 

transform domain technique whereas in the 

case of removal of temporal redundancy 

there you adopt a predictive coding 

technique. If the block is with a plus sign 

and this is with a minus sign in that case, 

there will be a prediction error or the 

residual signal and the residual signal has to 

be transform codec. So there will be a 

transform block that transform block would 

be DCT or DWT, say DCT because again 

DCT is a coding technique that has been 

used in all the popular video coding 

standards that has that have evolved through 

late. 

But DCT is just a specific case of the 

transform that use for the residual signal and 

this DCT has to be followed up by a 

quantizer. There was an original image 

which was enter into DCT encoder and then 

quantized, in this case it is the residual video 

signal. So, the quantized signal then could 

be coded through the entropy coding 

technique. The entropy encoder will 

generate the final bit-stream. 

The bit-stream will be the received, 

the bit-stream will go through an entropy 

decoder then there is a quantizer in the 

encoder and a de-quantizer. In this case 

these already quantized values have to be 

multiplied by the quantization matrix 

element so there will be de-quantizer. And 

the inverse transforms or in this specific 

case IDCT inverse DCT have to do. The 
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frame store output has to be compared with 

the input video and is going to call that 

block as motion estimator. 

The motion estimator will find out 

the motion vectors for every block. If the 

motion is undergone by the block is known, 

then it can fictitiously apply that motion into 

my stored frame and then generate the 

predicted frame. So there will be a motion 

prediction block and the motion prediction 

block will work on the stored frame by 

applying the motion vectors; it as called as 

MV and by applying the frame stored on to 

the motion prediction, a  predicted video is 

generated.  

2. BLOCK MATCHING ALGORITHM 

The algorithms that have been 

implemented are Exhaustive Search (ES), 

Three Step Search (TSS), Four Step Search 

(4SS) and Diamond Search (DS) to find the 

motion estimation. 

2.1 Exhaustive search (ES) 

The other name for this 

algorithm is Full Search, is the costly block 

matching algorithm. The cost function at 

each possible location in the search window 

was calculated by this algorithm. As a result, 

it gives the highest PSNR value and best 

possible match. It has larger search window, 

hence requires more computations is the 

main disadvantage.

 

Figure  2.1 Exhaustive search 

2.2 Three step search (TSS) 

The TSS is shown in Figure 3.2. 

From the centre the search location starts by 

setting the step size as 4, by applying search 

parameter as 7. From (0,0) it searches 8 

locations around it. And find out the one 

least cost and makes it as the new search 

origin from the nine location search. After 

this another step size was fixed as S/2, and 

repeats same search method for two more 

iterations until 1. Again it finds the block at 

that location as the suitable match and the 

least cost function. It provides a reduction in 

computation by a factor of 9.  

 

Figure 2.2 Three step search 
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2.3. Four step search 

The first step of the four step 

search method of h7 is displaced the 

maximum motion displacements and for the 

center biased search pattern the 4SS 

algorithm is used it also checks with the 5*5 

window with nine checking points  Block 

distortion measure (BDM) was calculated by 

shifting search window of centre to the 

minimum point. This minimum BDM points 

will give the search window size for the next 

two steps. The final step of the 3*3 is 

achieved by If the minimum BDM point is 

found at the center of the search window, 

the search will go to the final step with 3 x 3 

search window. Otherwise, it is maintained 

for step 2 or step 3 in 5 x 5. In the final step 

the search window is stopped as small 

search window with 3 x 3. 

 

Figure 2.3 Search patterns of the 4SS. (a) 

First step, (b) second/third 

step,(c)second/third step, and (d) fourth step. 

The intermediate steps of 4SS 

want to find out from the algorithm and it 

may skip and then it moves to the last step 

that that consists of 3*3 window and in the 

search window center point the minimum 

BDM point is placed. We want to cover the 

entire 15*15 displacement window by the 

guidance of four step search pattern, then 

only 5*5, 3*3 small search window will 

open. For estimating the high movement the 

bad things will happen such as 

computational requirement of 4SS in 27 

block. By using the various search path the 

two examples are shown below in fig 4.6. 

By using the estimated motor vector which 

is same as (3,-7), consist of 25 checking 

points that is used in upper search path. 

Same as for the lower search path the thing 

gone worst as estimated motor control to be 

same as (-7,7) and the required checking 

point is 27. The computational complexity 

of the 4SS is finded when the two blocks are 

same otherwise it wont, same as for the 3SS 

there six blocks should be same, the worst 

case is N3SS only less matches are same.  

2.4 Diamond Search (DS) 

Figure 2.4. Large diamond search and small 

diamond search 

The two patterns are used in the 

Diamond Search algorithm [16]. The first 

pattern, which we are used in the diamond 

search pattern is LDSP which is also known 

large diamond search pattern which is 

shown in the figure 2, in the diamond shape 

compose it will comprises the 9 points in 

that one point is center and it is surrounded 

by the eight points. The small diamond 

search pattern is used to form the small 

diamond shape the five checking points are 

used in the second pattern is shown in the 
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figure 4.7. The Minimum block distortion it 

will occurs at the center point by using the 

LDSP algorithm it will used until the last 

step will occur. For the wide range of 

motion content in the image sequence the 

DS algorithm is the most preferable one. 

3. RESULTS AND DISCUSSION 

The following is the broad 

outline.. 

1. In the format of 8*8 blocks the 

image are divided. 

2. For individual block DCT is applied 

from left side to right side and top to 

bottom. 

3. All block are reduced through 

quantization. 

4. The image is stored in a significantly 

small size because of compressed 

blocks. 

5. By using inverse discrete cosine 

transform (IDCT). The image is 

reconstructed through 

decompression. 

Four algorithms have been 

implemented for both Mean 

Absolute Difference (MAD) and 

Sum of Absolute Difference (SAD). 

The MAD calculation is the best 

prediction method for finding block 

matching. From the results, we can 

understand that the Diamond Search 

with MAD gives the best prediction 

by making use of the least search 

points in the least given amount of 

time as shown in Table 5.1 and Table 

5.2.

Table 3.1.Comparative test for PSNR and Computational time Using MAD 

 

Parameters 

Exhaustive 

Search 

Three 

Step Search 

Four Step 

Search 

Diamond 

Search 

 

 

Peak Signal  

to Noise 

Ratio (PSNR) (dB) 

 

 

 

77.3784 

 

77.9929 

 

78.2185 

 

77.3425 

 

77.7209 

 

77.9112 

 

77.2331 

 

77.7175 

 

78.0046 

 

77.2031 

 

77.6668 

 

78.2245 

Computational      

Time (sec) 
319.51 22.7969 15.7461 12.1723 

Table 3.2.Comparative test for PSNR and Computational time using SAD 

 

Parameters 

Exhaustive 

Search 

Three 

Step Search 

Four Step 

Search 

Diamond 

Search 
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Peak Signal 

to Noise Ratio 

(PSNR) (dB) 

 

 

77.3784 

 

77.9929 

 

78.2185 

 

77.3425 

 

70.2178 

 

73.0628 

 

 

77.2031 

 

77.7075 

 

77.1712 

 

77.2617 

 

77.6648 

 

78.1204 

Computational 

Time (sec) 

319.51 22.8047 15.7461 12.3203 

 

The PSNR value and computational time 

for different video sequences like Miss-

america, Foreman and New news are 

calculated and tabulated in Table 5.3. The 

highest value is achieved by using the full 

search algorithm (Exhaustive Search 

algorithm) of PSNR value. But the 

computational time for Diamond search is 

least, compared to other algorithm. So 

hereby, diamond search is used to find the 

early determination of error residual block. 

 

Table 3.3.Comparative test for PSNR and Computational time for different Video 

Sequences Using Mean Absolute Difference (MAD) 

 

Video 

Sequence 

 

Parameter 

 

ES 

 

TSS 

 

FSS 

 

DS 

 

Miss-

america 

 

PSNR 

(dB) 

89.72 

90.09 

95.65 

89.14 

    89.95 

        94.94 

 89.07 

      89.95 

94.88 

89.35 

90.05 

96.08 

Computational 

Time (sec) 
319.51    22.83  16.65 13.66 

 

 

Foreman 

 

 

 

PSNR 

(dB) 

77.98 

81.41 

81.60 

77.11 

80.39 

81.20 

6.89 

80.17 

80.77 

77.40 

80.28 

80.86 

Computational 

Time (sec) 
  319.51   22.79 17.75 16.10 

 

 

Newnew 

 

PSNR 

(dB) 

83.47 

90.11 

90.66 

83.42 

89.97 

90.51 

83.42 

89.97 

90.51 

83.47 

90.11 

90.66 
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Computational 

Time (sec) 
 319.51   22.79   15.53 12.01 

Table 3.4. Number of blocks in a predicted error block 

Frame All zero 

block 

Partial 

zero block 

Non zero 

block 

5 82 473 469 

10 78 455 491 

25 90 469 465 

The execution time for 5
th
, 10

th
 and 25

th
 frame is calculated. it is clear that the execution 

time for our method is low when compared to the method which is done without the early 

determination. 

 

Figure 3.1. Execution time comparison 

The comparison of execution 

time between DCT and DWT is done and 

tabulated in the Table 5.6.  

Table 3.5.  Comparison of 

execution time between DCT and DWT 

Frames DCT(sec) DWT(sec) 

1 1.0500 0.9859 

2 0.8128 0.1897 

3 0.8543 0.1774 

4 0.8655 0.1759 

5 0.8767 0.1788 

6 0.9152 0.1762 

7 0.7341 0.1779 

0
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8 0.7529 0.1782 

9 0.5804 0.1735 

10 0.5626 0.1341 

4. CONCLUSION 

 The Diamond Search (DS) algorithm 

has an optimum PSNR value and least 

computation. An early detection of all zero 

block will be implemented before DCT and 

quantization to reduce computational 

complexity without performance 

degradation for fast video coding. For this, 

from the various frequency positions the 

DCT coefficient is analysed and it is to early 

determine whether the DCT coefficients are 

within the block are all zero quantized or 

partially zero quantized block. Sum of 

absolute difference method is used for 

predicted block, if they are all zero 

quantized block. For partial zero block, fast 

DCT/IDCT algorithm is derived with 

several sufficient conditions. The all zero 

block are calculated and are eliminated in 

order to get the reduced computational time.  
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Abstract 

Renewable energy source connected to Grid includes Doubly fed induction generator 

and space vector switching of Matrix converter is proposed. The conventional converter 

recognized as voltage source converter connected in reverse way is replaced by Matrix 
Converter. A strategy is equipped for switching of matrix converter is SVM techniques. 

The ISVM scheme, Matrix converter regulate the current and output voltage and to 

maintain the unity power factor. The Maximum Power extraction is achieved by using 
MPPT algorithm such as P&O algorithm. 

 

Keywords: Wind Energy Conversion System (WECS);Doubly fed induction Generator 

(DFIG);Direct matrix converter (DMC). 
 

1. Introduction 

In-Exhaustible energy source constitutes energy from Sun,Wind,Water and Ocean 

waves. In this proposed techniques, Wind is considered as the source of energy. The 

extraction of power from wind is given to the grid or load through a conversion medium.  

The conversion medium is mostly the bidirectional converter. The conventional back to 
back VSC use the energy storage device. In [1], the conversion strategy includes PMSG 

with wind .The converter designed with DC link to estimate active power flow with unity 

power factor [2].At various wind condition the extraction of power by minimizing the 
THD is proposed with MC [3].The progressive control technique such as MPPT is 

demonstrated to extract  maximum power from the renewable source[4].The regulation of 

P and Q power flow is discussed with proposed current controller ( PI controller) [5]. In 
this proposed scheme the matrix converter (DMC) which is direct frequency AC-AC 

conversion device without energy storage element acts as the conversion medium. 

 

2. Wind Energy Conversion System 
This conversion includes the aero turbine which converts the moving air into rotatory 

mechanical energy. The fine turning of speed is incorporated by pitch control. The 
electrical energy is generated by using the DFIG. The DFIG  yield energy commencing 
from source to grid passing through the Direct matrix converter. 
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Figure 1. Section of proposed system 

 

2.1. Design of Wind Aero Turbine 

The power yield from wind aero turbine is specified by mechanical power as: 
 

 

 
                                                                                                                        (1) 

  From equ (1) ρ is wind compactness (kglm3), 

  Ar is the Wind Turbine blades area (m
2
),  

  is wind velocity (mls), λ is the wind turbine tip-speed ratio, 

 

β is the turbine  pitch angel and Cp is coefficient of power.  

The equ (2) specifies the wind turbine tip-speed ratio as 
  

                                                                                   (2)                                                                                                                                 

 

     In equ (2) R is described as radius of rotor plane. Subsequently the DFIG is allied to 
wind turbine short of the gearbox, The equation (3) that characterized the wind turbine 

motion is: 

 
 

 

 
                                 (3)                                                                         

  

Where in equ (3) 2H  as inertia constant and D as coefficient of damping of 
WECS 

 

2.2. Design of Doubly fed Induction Generator 

 

    In DFIG , the power control can be achieved in stator and wound rotor winding. Since 

the machine speed is different from synchronous speed, the power factor can be 

improved. 
 

The real and reactive power flow in stator and rotor of DFIG  is specified as 

                                                                                         (4) 

                                                                                                  (5)  
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3. Matrix Converter 
    The MC Circuit comprises of  switches designed as a bi –directional way  source to 

load as connection medium. which develops the energy towards the grid. It consists of 9 

switches that can be connected  as shown in fig(2) to design the DMC with Vector 
modulation Scheme. The intermediary DC link capacitive device is removed in this 

converter design which inturn improves the power factor. 

 

Figure 2.DMC Circuit Design 
 

3.1. SVM Technique of Matrix Converter 
 

  In equ(4) switching function of 9 bidirectional switches is described 

 

                                                                        (6)                                                                                                                               

 
The switching pattern of the matrix converter are selected by using the current vector as 
well as voltage vector.  The space vector modulation scheme finds the state vector in 
patterns for MC switching. 
 
 
The following steps used in Indirect Matrix Converter to generate the switching pulse. 
 
 Generate the current vector and voltage vector. 
 Depending upon the space vector, 5 switching combination is generated. 
 Pulses are generated according to the duty cycle. 

 

4. Proposed Circuit Diagram 
 

4.1. Simulink Model for the Proposed System 

 

Fig.3 demonstrate the arrangement of overall subsystem of wind energy exchange 
system which includes wind power, matrix converter and main grid. The DFIG is 

modelled along the wind turbine  
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Figure. 3 Simulink model for the proposed system 

 

The wind velocity of 12ms is converted into the mechanical energy and fed to the DFIG. 

The DFIG yield the electrical energy from mechanical energy. The three phase voltage 
measurement are estimated  at the output side of the DFIG. The three phase output of 

DFIG is directly connected to matrix converter.  

 
4.2. Simulink Modelling of MC 

The DMC with 9 switches in which each switches are designed by the two IGBT and 2 
diode that are connected in a back to back configuration as shown in fig (4). 

 
Figure 4. Switch design of matrix converter 

 

5. Simulation Results 
The simulation outcome of the estimated system is demonstrated by 

MATLAB/SIMULINK.The output voltage , output current, rotor speed , real(P)  and 

reactive (Q) power of the system is shown in fig 5.The   and   from generator are 
set as input to converter 
 

 

 
Figure 5. Three phase voltage and current from the DFIG 
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The real power and the reactive  power transfer on  wind energy system to grid network 
through the matrix converter is shown in the fig .6 

 

 
Figure 6.The real and reactive power in the grid 

 

The doubly fed induction generator rotor speed is 1500 rpm and the output of  is shown 
in fig.7. 

 

 
Figure 7.The rotor speed of DFIG 

 The number of converter connected to wind system.is decreased by using MC  in this 

topology .The MC topology  is inter connected among the source and  grid network. The 

input and output voltage of the proposed scheme  is shown in fig.8  
 

 

 
 

Figure 8.The input and output voltage of Proposed scheme 
 

5. Conclusion 

The implemented scheme of wind system results with active power transfer by 

involving the three phase direct matrix converter(AC-AC converter).The maximum 
voltage vector are produces by using MC topology with ISVM switching .By 

demonstrating the proposed strategy ,The torque ripple and flux are reduced which in turn 

reduce THD. To implement the DMC with ISVM topology MATLAB/SIMULINK 
software is used and simulation outcomes were taken to validate the result.  
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Abstract 

In a day to day life electricity demand rapidly increasing and the decreasing of fossil fuel sources, most 

of the countries around the world goes to renewable energy such as wind energy and solar energy(PV 

generation). Among other sources of generation Photovoltaic Generation has caught wide spread attention. It is 

important to use Multilevel Inverters in PV grid applications to get optimal performance from the system. They 

help greatly in reducing the Total Harmonic Distortion (THD). A multilevel inverter module with a pair of 

Photovoltaic Modules is proposed in this project 

 

Keywords -  PV generation, Grid tied inverter applications, Integrated Inverter Modules, Series-connected, 

Multilevel Inverter. 

 

1. Introduction 

There has been a broad advancement in Distributed photo-voltaic age in both business and 

private frameworks. On account of the low imperativeness change adequacy of PV sheets, energy 

examines still spotlights on boosting the essentialness assembled from PV sheets and improving the 

change capability of the power shaping stage. Be that as it may, confuses because of assembling 

resiliencies, halfway concealing, earth on the of PV boards, warm angles and maturing of the boards 

bring about Misfortunes in vitality caught by a PV vitality transformation framework. Also, non-

angled yield power of the module is realized by the muddles, which cause break in the movement of 

most outrageous power point (MPP) following count and make them slanted to action at various 

MPPT voltage levels. The disadvantages acknowledged by the overwhelming marvels are coordinated 

by the utilization of Distributed Maximum Power Point Tracking (DMPPT) [1] to [5]. A wide extent 

of models of a PV arrange tied framework dependent on DMPPT techniques have been proposed, 

including the atmosphere control framework module structure, the dc-module structure, the dispersed 

differential force arranging (DPP) structure, and the course of action related H-partner structure. 

Module Integrated Converter is the other name given to the proposed to the structure. This MLIC 

could be used by anyone with no master data. The productivity of this sort of Converters are far low, 

have lower efficiencies and expanded expense per unit criticalness. [6] to [10]. A high recurrent 

transformer is utilized to help low PV voltage into cross segment voltage. Higher working repeat of 

the transformer is required so as to achieve ML Minimal size of the structure. So the trading and 

transformers cause avoidance in improving the viability. The dc module structure sorts out each photo 

voltaic board with a DC/DC converter. DC/DC converters are related in course of action at their 

yields and a short time later they are continued to the united inverter. This model prompts higher 

imperativeness yield and the voltage increase essential of the module is moreover low. Regardless, 

under bewildered conditions because of limited voltage and current rating of the got power gadgets 

extraction of most vital force isn't ceaselessly conceivable. The MPPT limit of the concentrated 

inverter should affect the DMPPT limit of the dc/dc module to give indications of progress execution. 

So the organizing of the dc module string should be Mind full [18]. On the other hand, the point of 

confinement of the converters used in the string is affected by the best power farthest point of the 
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Inverter (Centralized). This prompts the loss of redundancy of the Inverter. Instead of the dc module 

structure, DPP handles the bewilder that occurs in close by if there ought to be an event of low power 

converters. Cost diminishing and achievement of higher viability is the upside of using the DPP 

structure and through DPP structure in spite of everything requires a concentrated inverter. Another 

strategy which requires lower gain for each module is the course of action related H Bridge. Fell H 

Bridge is the other name given to this module. So it can find a good pace with no lumbering 

transformers. Nevertheless, the plan related H-interface in PV systems has different characteristics 

particularly in game plan related H associate the data voltages at each sub module is remarkable. The 

yield voltage made by this structure will be lower than the typical impetus in view of the Manhandling 

between the dynamic forces of individual yields. [11] to [15].The more noticeable fragment of the 

climate control system voltage is passed on by the module with higher powerful power age. In like 

manner a high PWM yield repeat is the component of this sort of structure. Both the improved system 

capability and the lessened yield channel size are practiced right now unique yield of the module 

depends upon the power open from the daylight based board a central controller is critical to direct 

lattice power stream in the dc/cooling period of the structure. So this period of inverter moreover 

doesn't have the overabundance level for fitting action. As demonstrated by the above elimination, an 

advanced PV age structure should have traits of high adequacy, high reliability and versatile 

controllability and over the top flexibility [17]. Therefore a Grid tied PV age structure manufactured 

using Series Connected Multilevel Inverter is detested (SC-MLI) the yields of the MLIs are at AC line 

rehash other than PWM rehash of H Bridge and related in course of action to satisfy the voltage 

essent.ial in the utility framework. [13] The High force step up change arranges is removed so it cost 

and sufficiency central focuses. A self-administering controls system for proposed for the above 

structure. Each MLI has moderate outer circle and fast internal hover for the controlling the forced air 

system yield voltage. Here we just presented the predictable state assessment of the structure. The 

topics not discussed on this paper fuse open power elimination and movement of the structure in non 

solidarity power factor.  

2 System Architecture And Power Flow Analysis 

2.1 System Architecture 

In the Series connected Multilevel Inverter u01 to u02 are the output voltages of each 

Multilevel Inverter. Ug is the voltage of the grid and Z is the grid impedance felt by the generation 

system. 

 
Fig. Circuit Diagram of Inverter 
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Arrangement association of staggered inverter is wanted to get higher yield voltage. Every 

Module Inverter has its own MPPT to draw most extreme force from the board. The yield of the H 

connect circuit is in PWM recurrence instead of air conditioning line recurrence in the proposed 

framework. Each SC-MLI goes about as totally controlled inverter controlled with unipolar PWM. 

The total inductance of the SC-MLI is greater than that of the course of action related H associate. 

The hard and fast channel inductance of the SC-MLI system structure can be determent as 

 
 

Where UPVmpp is the MPP voltage of the individual Photovoltaic boards. ILf max is utilized to 

mean the most extreme wave current of inductors present in every SC-MLI each MLI, and fs is 

utilized to indicate exchanging recurrence of each Multilevel Inverter Module. n is as the quantity of 

SC-MLIs (Series Connected - Multilevel Inverter Modules), yet in addition characterized by quantity 

of secondary-module in the arrangement associated H-connect. Channel impedance of the Module is 

determent by 

 
 

The yield PWM recurrence is meant by as eq. Because of the stage move bearer based PWM 

control, the other technique is equivalent to the recipe referenced previously. The comparable yield 

PWM recurrence (i.e., as_eq) is equivalent to n·as. Hence, with similar parameters, for example, the 

quantity of arrangement associated modules, the exchanging recurrence, the Maximum Power Point 

potential, and the greatest reactor swell amperage, Lf_MLI  as large as Lf_CMLI. 

 

 
Fig: Waveform 

The lattice tied SC-MLI PV age framework has the following qualities also. 

(1) Differentiating and the air conditioner module structure, the system tied SC-MLI system 

diminishes the voltage increase essential for SC-MLI topologies. In this manner, the structure 

efficiency can be improved. 

(2) Differentiating and the dc module structure and the DPP structure, the SC-MLIs are 

appropriated and modularized of a brought together inverter. Thusly, the trustworthiness of the 

network tied SC-MLI system is higher than that of the dc module structure. 

(3) The power forming period of the SC-MLIs can be single-stage or two-orchestrate. 

Differentiated and the two-mastermind topology structure, the single-orchestrate topology structure, 

for instance, H-associate inverter can achieve higher system viability. In any case, the H-connect 
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inverter needs support work, so that the inverter module must be structured including most Minimal 

voltage of the vast-extend PV input. 

 
Fig. Circuit Diagram of Inverter 

2.2 Power Flow Analysis 

In Series Connected - Multilevel Inverters Modules the lattice current move through the ac 

yield side of the MLIs are same. Hence the output voltage on each module denotes the real and 

reactive power flow between the converter modules. To clarify the above mentioned definition a 

system with three MLIs is taken into account. The phasor diagram between the output voltages is 

taken into account in which PCC denotes common coupling point voltage. The control strategy makes 

use of the sensor data from the panel to make appropriate MPPT decisions.  

 
Fig : full Control Circuit 

1) Active Power Regulation 

 As showed by Figure, it might be seen that, each MLI has its own Maximum Power Point 

Tracking work. The commendable Perturb and listen strategy can be used as the Mmaximum power 

point tracking computation. Since sinusoid of θ is lined up with the Point of Common Coupling 

voltage in the Phase Locked Loop, the info potential control device (i.e., Gdj(s)) can be viewed as the 

dynamic force controller. The uni-organize H-connect inverter is utilized as the converter structure. 

Hence, the input voltage of every MLI have twofold phase recurrence wavering. [15] to 
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[19].Therefore, for the dynamic force control circle, since the phase recurrence is fifty Hz, the 

recurrence  cut-off of the information voltage control circle ought to be planned under 100 Hz[20]. 

The abundance of Uordj can speak to the dynamic intensity of the j-th MLI. Therefore, the dynamic 

power sharing between SC-MLIs is dependent on their individual most outrageous power available 

from PV sheets. Subsequently, since a comparative cross section tied current streams through air 

conditioning side of each MLI, the MLI with greater power procured from PV sheets has better return 

voltage. 

2) Reactive Power Regulation 

  From Figure. IV, it very well may been see that, the momentary yield potential fixed step of 

each MLI (i.e., uoj*) is orchestrated with double parts. Principal part was yield of dynamic force 

control circle, i.e., Uordj increased by the sin θ. The subsequent part is yield of responsive force 

manage circle. 

 
Expecting the new iteration MLI empowers separate receptive force manage circle, the 

estimation of the control signal (i.e., Sj) is set to 1. In this way, the yield of the responsive force 

manage circle is included to the immediate yield potential fixed reference point. Though the receptive 

force control circles of the different MLIs are incapacitated, the estimations of the trigger pulse are set 

to 0. In this way, quick reference vectors of the yield voltages in these MLIs are in stage with the point 

of common coupling potential value. From Fig. 3 (b), the yield voltage vectors of these MLI lead the 

PCC voltage vector. Therefore, the customizable force factor of the network tied SC-MLI framework 

is acknowledged, and where there correspondence connects across every MLIs.   

3) Potential and Amperage Regulation 

From Fig. 4, it very well may be seen that, each MLI has its own yield voltage controller and 

inductor current controller. The voltage and current control circles of the MLI are like the regular 

single-stage inverter. Along these lines, the control data transmission of the inductor current control 

circle is the most noteworthy, and the cut-off recurrence is normally planned between 1/20 and 1/10 

times of the exchanging recurrence. The control data transfer capacity of the yield voltage control 

circle is lower than that of the inductor current control circle, and the cut-off recurrence is typically 

structured somewhere in the range of 10 and multiple times of the central recurrence. Since the 

receptive intensity of each MLI is not regulated as often as possible, the corresponding coefficient of 

the responsive force controller can be little. The structure technique for the info voltage controller is 

equivalent to the ordinary PV matrix tied inverter. 

 

3. Implementation  

The proposed system is implemented using the SC-MLIs which are the building blocks of the 

proposed distributed Photovoltaic system. Each Module is made by making use of multilevel inverters 

connected to two photovoltaic panels. The multilevel inverter used in our proposed system is the5 

level inverter. A 5 level inverter is type of inverter which produces output at 5 stages this helps in 

reducing the harmonics distortions in the system. The level of the inverter will be increased according 

to the requirement of the deployment. The ac end MLIs are at alternating current grid incidence so 

they are tethered in serial manner to obtain the required level of output voltage from the system. A 

suitable control strategy is preferred for the control of the series connected multilevel inverters. It 

consists of two level of feedback loops the outer slow loop is used to control the power flow and the 

inner fast loop is used to control the ac voltage at the output voltage of the Multilevel inverter output 

terminals. The MPPT algorithms are used within the control logic to do MPPT. The MPPT is 
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implemented separately for the individual Multilevel Inverter Modules to draw Increased Power from 

the solar panels. 

 

 
 

 
Fig: Hardware Implementation 

 

4. Conclusion 

 Thus the Implementation of the Series Connected- Multilevel Inverter is done and the 

simulation and experimental results shows that the efficiency of the system is greatly reduced and the 
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output Total Harmonic Distortion ac potential will be very minute in quantity. So the power quality of 

the system is preserved as well as improved. 
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ABSTRACT
In recent development in electric vehicle technology mainly focus on technology. In single system the entire control 
is performed in simple control topology. The Key features of this system are three technical concepts. Electromagnetic, 
electrical, magnetic interfacing methods. In this article multi input sources because better performance of EV drive 
system with good efficiency, cost effective, very emerging power converting technics involved. Most collective 
information of the system is design multi input source of EV system and application DC/DC converter topology.  
MAT lab Simulink is used for verify the performance of the EV system which is Multi input DC to DC converter 
topology. The entire model is simulated and output of each system is evaluated.

KEY WORDS: DC/DC ConVErTEr, MulTI InpuTDC, phoToVolTAIC (pV), BATTEry.EV SySTEM.
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INTRODUCTION

The modern technology development Electric vehicle 
is major choice for all kind of users. Electric vehicle is 
majorly used as pure battery operated electric vehicle, 
hybrid electric vehicle which is operate either fuel or 
battery operated electric vehicle. For charging of this type 
of vehicle charging station is established in globe. It is 
claiming that pollution free environment for users and 
globe. To overcomes the pollution the vehicle is operated 
in the new adoptive methodology of renewable energy 
supported Electric vehicle.

This type of vehicle is charging of battery is very easy 
through the renewable energy resource. photovoltic cell is 

adopted in rooftop of the vehicle it cause the more efficient 
run when acceleration is needed. Standalone system is 
adopted in this vehicle for compact in size. renewable 
energy resource adopted vehicle is continuously operate 
in flexible mode due to it depends weather. Solar power 
energy utilization based on irradiation output voltage 
is varies. For high level of irradiation optimum level of 
output is obtained from conversion process.

Cloudy and shaded condition solar energy output is vary 
to minimum output voltage level. Wind based energy 
system; energy harvesting is also cause the availability 
of wind sources. The output of wind energy system is 
also varies. The DC to DC converter is directly coupled 
to energy system; this may amplify the output into 
higher values or buck to lower levels. Various topologies 
recommended for the regulated output, especially during 
the lower input voltage conditions. 
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Conventional topologies is proposed for mitigate the 
research gap hybrid multi input DC to DC converter 
is proposed here.overall loss and voltage stress are 
concentrating the minimum voltage level. Multi input 
converter topology has more benefit minimum cost, 
power density and power management is very high.

Solar energy system dc to dc converter with multiple 
input system is utilizes battery and solar energy system as 
a input sources in the system classified into magnetically 
coupled system and electrically coupled system. power 
transfer method on multi input converter leakage and 
phase angle are used to control the multi input converter 
for follow at each level. Galvanic isolation provides 
flexible output voltage levels. 

MATERIAls AND METhODs

proposed System: Multi input DC – DC converter topology 
has two input energy sources. renewable energy source 
(Solar pV) as one of the input energy source. Solar pV 
output voltage is regulated and output energy is used to 
store in battery. Second input energy source is fuel cell. 
Fuel cell output voltage is directly coupled to DC–DC 
converter. The block diagram refers to entire system.

In this Figure 2 shows about overall circuit model. 
Two type of converter are connected to two winding 
transformer. Firing pulse for that converter is provided 
by pulse generator.Swithching frequency of each switch 
is calculated and firing pulse provided for those switches 
as per switching pattern.

In Figure 2 illustrate the switching firing pulses for all 
converter switches such as solar panel powered converter 
and fuel cell coupled converter. Each pulse are provided 
based on feedback signal .

REsUlTs AND DIsCUssIONs

Figure 1: Block diagram of proposed system

DC – DC converter is operating in Buck and Boost mode 
of operation. Electric vehicle is operate in acceleration 
mode while it is run to claim with high requirement 
of supply energy. DC to DC converter is operate in 
boost mode of operation. Electric vehicle is operating 
in braking operation DC to DC converter is operating 
as Buck mode of operation. The regenerative energy is 
utilized for store into battery system.

METhODOlOGY

Figure 2: MATlab  diagram of proposed system

Figure 3: Firing pulses

Figure 4: Circuit diagram

The converter switches are fired each switch is 
simultaneously operated. The above fig 4 shows firing 
circuit with help of firing circuit fuel cell is directly 
coupled to converter it seems that entire converter 
triggered based on output voltage get from fuel cell. The 
DC output voltage get from the fuel cell is converting 
into AC supply voltage.

Solar pV output voltage is varied based on climatically 
change. output voltage level is regulated and the supply 
output from Solar pV is stored in battery system. Solar 
output is regulated and provides the entire energy to 
the system which is coupled to battery. Battery gives the 
supply input of converter. DC-DC converter is control 
output voltage of the system .Converter firing pulse are 
feedback from load side voltage feddback.Based on the 
feedback signal microcontroller pIC16F72 is triggered 
each of MoSFET devices.

The Figure 6 shows the converter output voltage each 
converter gives output voltage of 25v.both converter 
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input from converter circuit. Simulation output results 
shows the efficiency of the system
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firing pulses are determined based on feedback signal of 
load side. Either the load side voltage variation is in low 
or high converter triggering pulse is also varied.

Figure 5: Architecture of PIC

Figure 6: Output voltage of  converter

The Figure 7 shows output voltage of inverter circuit. 
Based on converter input supply voltage it gives 
corresponding output.

Figure 7: Output voltage of system

CONClUsION

Multi input DC –DC converter is evaluated based on 
two input supply sources. In MATlab Simulink model is 
used to verify the output of each input sources output. 
Both input DC sources output is linked with transformer. 
Transformer is used for get output of converter circuit 
and gives input voltage to inverter. Inverter output 
voltage is 63v.Each input source of Multi input converter 
is 25v each. The multi input transformer get the supply 
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a b s t r a c t 

Distributed Generation systems (DGs) using solar power is one of the new trends in power generation. 

These distributed generating units are integrated to form a micro grid to serve the loads among the local- 

ity, which is in connection with the utility grid for power transmission. The elimination of the harmonics 

in the grid and the usage of solar energy resources in the power electronics applications become famous 

worldwide. In this work, a Resilient Direct Unbalanced Control (RDUC) algorithm is used to improve the 

performance of the controller by achieving optimal numerical parameters for photovoltaic power gen- 

eration - Unified Power Quality Conditioner (PV-UPQC). Then the voltage sag, swell and elimination of 

current harmonics are used to study the effects of proposed RDUC algorithm for photovoltaic feed UPQC 

system. According to the evaluations, the proposed unified power quality conditioner eliminates both the 

supply current distortion caused by a non-linear load and the load voltage distortion introduced after 

adding fifth and seventh harmonics to the Alternating Current (AC) mains voltage. To validate the simu- 

lation results of Resilient Direct Unbalanced Control scheme, tests are performed under various operating 

conditions. Test results show the satisfactory behavior under steady state, and dynamic conditions such 

as load unbalance, insolation variation, voltage sag and swell. Finally, Total Harmonic Distortions (THDs) 

of proposed optimization-based grid current and grid voltages found within limits of the IEEE standard. 

© 2020 Elsevier B.V. All rights reserved. 

1. Introduction 

The use of non-conventional energy sources is increasing as a 

distributed generation which causes several power quality prob- 

lems into the grid. As the photovoltaic power is connected to the 

grid through inverters, it will inject harmonics into grid supply. 

The second cause of disturbance varies the solar radiations, the 

output of the photovoltaic system will not be steady, and this will 

create fluctuations in line voltage. Renewable energy source inte- 

grated at the distribution level is termed as distributed genera- 

tion. The utility is concerned because of the high penetration level 

of irregular renewable energy source in distribution systems as it 

might represent a risk to arrange with respect to stability, voltage 

control, and power-quality issues. 

Therefore, the DG systems are required to fulfill with severe 

technical and regulatory frameworks to ensure safe, reliable and 

efficient operation of an overall system. With the advancement in 

power electronics and digital control innovation, the DG systems 

∗ Corresponding author. 
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would be actively controlled to upgrade the framework task with 

enhanced Power Quality (PQ) at Point of Common Coupling (PCC). 

Nevertheless, the general utilization of power electronics equip- 

ment’s and non-linear loads to produce harmonic at PCC, which 

may fall apart the quality of power. To meet PQ standard breaking 

points, it might be important to incorporate approximate compen- 

sation. Current arrangements can be found as active rectification or 

active filtering. A shunt active power filter is suitable for the sup- 

pression of negative load influence on the supply network, but if 

there are supply voltage imperfections, a series active power filter 

may be needed to provide full compensation. 

UPQC in DG or micro grid systems to improve the power qual- 

ity is gaining greater importance. The configuration of UPQC is the 

combination of series and shunts active filters, which are combined 

with a back-to-back DC unit is shown in Fig. 1 . A common DC ca- 

pacitor sharing integrity such as the UPQC series component to re- 

duce disturbances (sag, swell and harmonics) on the supply side. 

The UPQC maintains the load voltage at a desired level, for ex- 

ample, parallel and its types of voltage-free distortion. The shunt 

component is used to reduce the current quality problems due to 

power consumption differences, loading of harmonic currents, load 

imbalances, etc., the current injection into the AC system at the 

https://doi.org/10.1016/j.micpro.2020.103016 

0141-9331/© 2020 Elsevier B.V. All rights reserved. 
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Fig. 1. Basic Configuration of Three phase UPQC. 

current source is balanced by the sine wave and is the phase and 

source. 

In recent years, the concept of distributed generation, which 

permits installation of relatively small-scale power generators at 

the medium/low voltage distribution levels of the power system, 

has gained widespread attention due to its technical, economic, 

and environmental benefits. Among DG systems, photovoltaic solar 

systems have attracted considerable investment in several coun- 

tries because significant penetration of the PV energy. In this work, 

a Resilient Direct Unbalanced Controlled method is used to over- 

come the drawbacks of power quality issues in solar power gener- 

ation systems. 

2. Literature survey 

The PV system aims to relocate electrical power from a PV 

panel to the grid. Firstly, DC-DC Converter has used to boost the PV 

voltage to a higher level than the peak of grid voltage [1] . Power 

converters are used for interfacing the Renewable Energy Sources 

(RES) to a power system, additionally the power converters are 

used many harmonic control methods to reduce the effect of har- 

monics in distributed generation system [2,3] . 

Active power filters with its various categories like hybrid 

power filter, series active filter and shunt active power filters 

[4–5] are considered as effective power conditioners. However, 

these types of power conditioners are used separately to eliminate 

voltage and current quality problems. The configuration of UPQC is 

the combination of series and shunts active filters, which are com- 

bined with a back-to-back DC capacitor. The hybrid nature of UPQC 

is capable of mitigating various voltages and current quality issues 

simultaneously [6–8] . 

Power quality issues such as current harmonics, voltage sags, 

voltage swells and voltage unbalance are more significant for 

single-phase system [9] . At the same time, various active filtering 

solutions have been studied for PV grid-connected systems, which 

are primarily meant for current quality issues [10–11] . Different 

topologies are reported from the literature for PV grid integration. 

However, photovoltaic systems connected to the grid through 

Single-Phase UPQC have not been discussed. Therefore, this work 

is primarily based on power quality compensation in the PV-UPQC 

system. Implementation of the UPQC in the distribution system 

depending on the placements of the shunt inverter have been 

classified the UPQC type [12] . In Left Shunt UPQC (UPQC-L), shunt 

inverter is placed at the source side and in Right Shunt UPQC 

(UPQC-R), the shunt inverter is found to be connected at the load 

side [13–14] . 

The grid-connected PV systems with active conditioners are im- 

plemented with various controllers as presented in [15–17] . These 

controllers are limited to the mitigation of current quality issues. 

To eliminate both voltage quality and current quality issues, the PV 

system is interfaced with a grid through a single-phase shunt ac- 

tive filter. The performance of UPQC in the present system depends 

explicitly on the control algorithm and its efficiency. Some of the 

very popular controllers are instantaneous reactive power theory 

and synchronous detection algorithm [18–19] . The load sharing 

with the structure, the general Unified Power Quality Conditioner 

can handle an extensive variety of power quality issues and settled 

Voltage Quality Improvement in Distribution Networks Containing 

circulation energy assets [20] . Superior bound unified power qual- 

ity conditioner has utilized charge generator tracker-based direct 

flexible control framework [21] . 

The Power Control techniques by using a single stage converter 

combined with matrix framework to decrease the harmonics var- 

ious DC-AC-DC changes in an individual AC or DC network. These 

small-scale networks with the converter are connected to famil- 

iar sustainable power sources which will prompt the most signifi- 

cant use of power at natural free conditions with low troubles im- 

proving the efficiency of the framework, neuro-fuzzy controller for 

recurrence tracking and extraction of harmonics in matrix voltage 

and load currents [22–27] . 
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Fig. 2. Block Diagram of Proposed System. 

3. Materials and method 

This research work deals with the design and modeling of the 

UPQC system to improve the power output in the multibus sys- 

tem. The UPQC system is modeled using Simulink elements and 

it is simulated using MATLAB software. The general structure of 

proposed system is shown in Fig. 2 . The advantage of the pro- 

posed UPQC system is the compensated discontinuity of the volt- 

age and injection is the active power to the grid in addition to 

the aforementioned capabilities. Also, this system offers higher ef- 

ficiency and capacity compared to other low PV overall and reason 

at the total system cost.The DC-DC boost converter is controlled 

using PWM which is done by varying the duty cycle for the boost 

converting this duty cycle is generated by the P&O MPPT algo- 

rithm. Finally a RDUC and hysterias band control algorithm is used 

to control the function of series and shunt active power filters to 

compensate the problems of sag, swell and harmonics elimination. 

The UPQC offers high impedance to high frequency signals and low 

impedance to low frequency signals to compensate the voltage and 

current distortions. 

3.1. PV array 

Solar PV system is made of photovoltaic cells. Cells are grouped 

to form panels and panels are grouped to form an array. The basic 

mathematical equations describe the ideal PV cell and PV array are 

mentioned in Eqs. (1) and (2) 

I M 

= I PVCELL − I oCell 

⎡ 

⎢ ⎣ 

exp 

(
Q V M 
N T AP 

)
I d 

− 1 

⎤ 

⎥ ⎦ 

(1) 

where 

I PVCELL = Generated Current 

I oCell = Diode Reverse Saturation Current 

Q = Charge of an Electron 

T AP = Temperature Level 

N = Diode Constant 

I d = Diode Current 

V M 

= Module Voltage 

I M 

= Module Current 
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Fig. 3. PV Cell Equivalent Circuit. 

PV system basic Equation does not represent I-V characteristics, 

as a practical PV module consists of various PV cells which require 

additional parametric values as series and parallel resistances (RSE 

& RSH) as shown in Fig. 3 . The basic PV array output current is 

calculated by Eq. (2) 

I A = N PV I PVCELL −N PR I OCELL 

[
ex p 

Q 
N T KN T AP 

(
V M 
N SE 

+ I M R SE N PR 

)
−1 

]

− 1 

R SH 

[ 
N PR V M 

N SE 

+ I M 

R SE 

] 
(2) 

where 

N PR and N SE = Number of solar cells connected in series and 

parallel 

Q = Electron charge in Coulombs 

N T = Ideality factor 

K = Boltzmann constant 

T AP = Applied temperature for the PV module in Kelvin 

V M 

= Module voltage in Volts 

R SE = Series resistance in ohms 

R SH = Parallel resistance in ohms 

N PV = Number of Photovoltaic cells 

I M 

= Module Voltage 

I A = Output Current 

3.2. Mppt controller 

The RDUC technique can be used to get the best point 

for maximum power in any environment. The target function 

is RDUC, which can be used to optimize it by finding: better 

X = ( X 1 , X 2 , . . . , X n ) to determine F X at maximum value. 

where 

X = Variable on PV system Current 

F X = Output of PV system 

To obtain the result of Fx, PV system current ( I X ) and system volt- 

age ( V X ) is used to set the power 

F X = V X ∗I X (3) 

0 < I X < I SC 

where I SC is the short circuit current. The objective function is op- 

timized using RDUC algorithm. By maximizing this objective func- 

tion, the optimized amounts of V mpp and maximum power point 

(MPP) will be obtained in every particular temperature and irradi- 

ation. 

3.3. DC-DC boost converter 

A DC-DC converter circuit diagram as appeared in Fig. 4 has a 

bi-directional operation relying upon the power flow where it fills 

in as an inverter to exchange the energy from source to grid and as 

Fig. 4. DC-DC Boost Converter. 

a rectifier. The battery is charged using DG during this condition. 

The converter response has based on its evaluated limit and pro- 

ductivity, which are thought to be steady all through its working 

level. Moreover, its evaluated DC voltage determines the quantity 

of PV modules and batteries in each series of the hybrid power 

system exhibit and the battery bank, separately. The schematic de- 

sign of the DC-DC boost converter is given in Fig. 4 . 

The general design equations of the boost converter is given be- 

low 

V L = 

V s 

1 + σ
(4) 

where 

V L = Load Voltage 

V S = Source Voltage 

σ = Duty Cycle 

The base inductance required for operation in Continuous Conduc- 

tion Mode (CCM) is L min , and it is intended to be higher, σ is the 

duty cycle, Rl is the load protection, and f s is the switching fre- 

quency of the MOSFET. 

L min = 

(
( 1 − σ ) 

2 
)
σRl 

)
2 f s (5) 

The capacitor value has made with the least voltage swell function. 

The esteem capacitance has given for the voltage swell V r as 

V r = 

C min σ

Rl f s V r 
(6) 

The output voltage depends upon the value of the duty cycle 

which is responsible for the constant output voltage. The load cur- 

rent I 0 is also dependent on the duty cycle, and it is given by 

I o = ( 1 − σ ) I s (7) 

where 

I S = Source Current 

I O = Load Current 

The adjustment in the current ∇I has the estimation of induc- 

tance given as 

∇I = 

V s ( V L −V s ) 

f s V L 
(8) 

3.4. Voltage source inverter 

Fig. 5 shows the power circuit of the three-phase inverter. The 

three-phase inverter consists of six power switches. By turning on 

and off the inverter switches properly, the periodic waveform with 

the specified amplitude and frequency can be generated. To pre- 

vent the short circuit of the source Vi, the switches of one leg must 

not be turned on simultaneously. 

In the proposed control method, the desired reference voltage 

vector has been generated by sampling period Ts. For a given ref- 

erence voltage vector and Ts, the duration T 1 , T 2 , and T 3 are unique. 
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Fig. 5. Voltage Source Inverter. 

The relation between these time intervals with sampling period 

( T s) in the period of k is expressed as follows: 

T s ( k ) = T 1 ( k ) + T 2 ( k ) + T 3 ( k ) (9) 

Considering the above equation, the following is valid 

0 ≤ T 1 ( k ) ≤ T s 

0 ≤ T 2 ( k ) ≤ T s 

0 ≤ T 3 ( k ) ≤ T s 

By proper selection of the time intervals T 1 ( k ), T 2 ( k ) and T 3 ( k ) 

and proper switching in these time intervals, the desired out- 

put voltages can be generated. The proposed control methods are 

based on switches matrix S. The switches matrix can be defined 

as: 

S = 

[
S 1 S 3 S 5 

S 2 S 4 S 6 

]
(10) 

Since this matrix is not a square matrix, the first or the sec- 

ond row is repeated as the third one for making a square matrix. 

The advantage of the square matrix is that the currents of differ- 

ent phases of the output will not be an open circuit at any instant 

of time. In the proposed control method, for making the switches 

matrix as a square one, the first row is repeated as the third one. 

In this way, the switches matrix is expressed as follows 

S = 

⎡ 

⎣ 

S 1 S 3 S 5 

S 2 S 4 S 6 

S 1 S 3 S 5 

⎤ 

⎦ (11) 

In this control method, the trigger signals of the switches are 

determined and shown in Fig. 6 . The sequence of trying on and off

of the switches is as follows 

1. In the time interval T 1 ( k ), the switches S 1, S 4, and S 5 are turned 

on, and the other switches are turned off. 

2. In the time interval T 2 ( k ), the switches S 1, S 3, and S 6 are turned 

on, and the other switches are turned off. 

3. In the time interval T 1 ( k ), the switches S 2, S 3, and S 5 are turned 

on, and the other switches are turned off. 

According to the above algorithm, it is observed that the pro- 

posed control method ensures the prevention from a short circuit 

at the input side and open circuit at the output side. If the switch- 

ing frequency ( fs = 1/ Ts ) be selected high in comparison with the 

Fig. 6. Trigger signals of the switches. 

output frequency ( f 0 ), ( f s > > f o ), the average values of line volt- 

ages will be ⎡ 

⎣ 

V 12 ( t ) 

V 23 ( t ) 

V 31 ( t ) 

⎤ 

⎦ = 

1 

T s 

⎡ 

⎣ 

v i 0 − v i 
−v i v i 0 

0 − v i v i 

⎤ 

⎦ . 

⎡ 

⎣ 

t 1 

t 2 

t 3 

⎤ 

⎦ (12) 

Where V 12 , V 23 , and V 31 are the line voltages and can be defined 

against phase voltages (v 01 , v 02 , and v 03 ) as follows: 

v 12 ( t ) = v 01 ( t ) − v 02 ( t ) (13) 

v 23 ( t ) = v 02 ( t ) − v 03 ( t ) (14) 

v 31 ( t ) = v 03 ( t ) − v 01 ( t ) (15) 

3.5. Interfacing shunt active power filter 

The configuration of proposed shunt active power filter is 

shown in Fig. 7 . In this system the diodes are used to charge capac- 

itor of the inverter Three-Phase Diode Bridge rectifier creates an L 
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Fig. 7. Schematic diagram of proposed RDUC with Shunt Active Power Filter. 

Fig. 8. Series Active Filter with RDUC. 

and R load feeder. This noise causes uniform and reactive currents 

with the utility hazard. The proposed predictive constraint is the 

SAPF model additive in predicting the main characteristic filter cur- 

rent characteristics. The RDUC algorithm is a pre-defined function 

that can use a power converter to investigate this information to 

select the appropriate transition state. The predictive control pro- 

gram is easy to implement and understand, and can be expanded 

as follows. 

From Fig. 7 , the state-linked SAPF mathematical item is pre- 

sented as follows 

V f = Ri + L 
di 

dt 
+ V pcc (16) 

where 

R = Resistor 

L = Inductor 

The state equation describing the model, the first-order system 

derivative, is thus considered at the forward Euler approximation 

sample time Ts 

di 

dt 
∼ i ( k + 1 ) − i ( k ) 

T s 
(17) 

Eq. (16) is substituted in Eq. (17) to obtain the expression for 

filter current prediction at i (denote k + 1) used by SAPF, which is 
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Fig. 9. Flow Chart of RDUC. 

given below the eight possible transition states. 

i ( k + 1 ) = 

T s 

L 

(
V f − V pcc 

)
+ 

(
1 − RT s 

L 

)
i ( k ) (18) 

Given Eq. (18) , the filter current I ( k + 1), the instantaneous 

( k + 1), filter voltage and state voltage values are predicted at 

the required. Calculates all eight values associated with possible 

combinations that can be reached for instruction level variables. 

The reference and predicted filter should be reduced using the cur- 

rent error cost function. The charge function is expressed in right 

angles and integrates the error between the currents, and is given 

below. 

g = 

∣∣i ∗a ( k + 1 ) − i p α( k + 1 ) 
∣∣ + 

∣∣∣i ∗β ( k + 1 ) − i p 
β ( k + 1 ) 

∣∣∣ (19) 

3.6. Series active filter 

The series active power filter works mainly with the isolator 

between the voltage regulator and the synchronous load and ap- 

plication system as shown in Fig. 8 . In particular, the continuous 

active power filter approach reduces the use of the AC supply sys- 

tem and a continuous power supply and the overall value of the 

system components to compensate for the economically attractive 

alternating voltage and compensating voltage. 

A voltage component is injected into the current line of filter 

supply voltage so that voltage quality problems such as sags and 

swellings on the load side can be treated with compensated volt- 

age. In many cases, serial active filters also perform mixed topolo- 

gies through passive LC filters. By combining passive LC filters in 
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Fig. 10. Simulation Model. 

Fig. 11. Output Voltage of PV. 
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Fig. 12. Output Voltage of Boost Converter. 

parallel with the load, the electric distribution system operates in 

a balanced way by simultaneously dispersing the load current syn- 

chronously, rather than the continuous active power filter. To ob- 

tain the fundamental voltage of the terminal voltages that dissipate 

in a given state of the state is realized and passed through a band 

pass filter 

V La ( BP F ) = V La sin ( ωt ) (20) 

V Lb ( BP F ) = V Lb sin ( ωt − 2 π/ 3 ) (21) 

V Lc ( BP F ) = V Lc sin ( ωt + 2 π/ 3 ) (22) 

The node voltage is transmitted by the peak value to obtain 

peak voltage. The fundamental (22) unit of equation terminal volt- 

ages is divided by the peak voltages to obtain the sine waves. The 

hysteresis controller is used to generate continuous filter change 

pulses to obtain a speed response. The reference voltage is ob- 

tained using the RDUC controller, and the unit is immediately 

switched on to wave to get the voltages on the terminal. Note that 

using a hysteresis controller to get pulses to switch on the active 

power filter of the voltage and actual terminal voltages is compa- 

rable. 

The interfacing rating of the series compensator’s inductor de- 

pends on the ripple current, the switching frequency, and the DC 

coupling voltage and the series injection transformer rate. Its value 

is expressed as 

L r = 

m V dc 
4 α f s I r 

(23) 

where 

m = depth of modulation 

α = maximum overloading, 

f s series compensator switching frequency 

I r = inductor current ripple 

3.7. Application of RDUC for power quality problems 

The application of RDUC on the power quality problem with 

custom power distribution devices is presented. To apply the RDUC 

algorithm to solve this problem, the following steps should be 

taken and repeated. 

RDUC ALGORITHM 

Input: solar panel. 

Output: Grid. 

Begin 

Step 1: Initialize all parameters: Xi = [ Vstack , Vpv , Ppv , CUSTO M parameters , Qc ] 

where Vstack and Vpv are voltages of the slack bus and PV buses respectively, 

P PV is active power generation of PV buses, CUSTO M parameters involve angles of 

shunt converter, series converter and amplitude of series converter and QC is 

reactive power value of the compensator capacitor. 

Step 2: For (Every pattern of power Pi from GRID) 

V out = Every Pattern Generation ( P i ) . 

Source Voltage Vs = 

∑ Size ( cp ) 
i =1 

V out ( pi ) // cp is the capacitor on off pattern 

End 

Step 3: To obtain the maximum power from PV 

Power (P) = Max (∀ ( Vi ( Vs ) ) 
Step 4: Activate the designated MOSFET’s Modulation Index (M i ) 

Step 5: Pattern Generation ( PS ) = { M i , { C 1 , C 2 , C n } , { V 1 , V 2 , V 3 . . . V n } } 
Step 6: Perform capacitor pattern generation (CP) 

C P = 

∑ n 
i =0 Pi ( C P ) + Ps 

Step 7: Control the MOSFET Voltages through PWM 

Step 8: Grid Power Variation = V ∗I (inverter Voltage and Current) 
Step 9: Grid Voltage = every pattern Generator (V out ) 

Stop. 

The RDUC based proposed system effectiveness β can be 

evaluated by input and output power of the entire systemand it is 

indicated by the following conditions. 

β = 

P out 

P in 
(24) 

P in is the input source voltage and it calculated by using 

Eq. (25) 

P in = V a i a + V b i b + V c i c (25) 
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Fig. 13. Voltage Sag and swell compensation. 
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Fig. 14. Source current. 

Fig. 15. Output Voltage of Inverter with Load. 

P in is the input source voltage and it calculated by using 

Eq. (26) 

P out = V L I L (26) 

This condition based diagrammatic representation of proposed 

RDUC controller’s flowchart is shown in Fig. 9 , regulates the PWM 

control signal of the dc – dc boost converter until the condition: 

(dI/dV) + (I/V) = 0 is satisfied. The following parameters are used 

to evaluate the performance of proposed system. the following pa- 

rameters are used to evaluate the performance of proposed system. 

Peak Overshoot: This is largest value of the step response. One 

can also calculate the overshoot as the maximum amount that the 

response overshoots its final value, divided by the final value. 

M p = −C ( ∞ ) (27) 

where 

M p = Maximum Peak Overshot Voltage 

C ( t p ) = Peak Value of the response 

C ( ∞ ) = Final Value of the response 

Recovery Time: The recovery time it takes for the error be- 

tween the response output (t) and the steady-state response. Re- 

covery time includes a propagation delay, plus the time required 

for the output to slew to the vicinity of the final value, recover 

from the overload condition associated with slew, and finally set- 

tle to within the specified error. 
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Fig. 16. Current Response of Phase Locked Loop. 

Table 1 

Simulation and load parameters. 

Renewable Source Simulation Tool (RMS) (grid) Linear Load Capacity Non-linear Load Capacity 

Solar Matlab2017a 230 ± 10% V Nominal Voltage Vin 

(RMS) = 220, Active Power 

= 10,000, Inductive Reactive 

Power = 500 

Nominal Voltage Vin 

(RMS) = 165, Active Power 

= 1000. 

Steady State Error (rpm): The difference between the input step 

value (dashed line) and the final value. 

S s = R s − R V s (28) 

where 

S s = Steady state error 

V s = Reference State 

R V s = Running Speed 

Settling time: Another measure of performance is the settling 

time of the response, defined as the time required for the response 

to get to within a certain percentage of its final value and stay 

there. 

4. Results and discussion 

The proposed Resilient Direct Unbalanced Control method 

based solar power grid simulation is developed by using Matlab 

Simulink software, and the simulation model is shown in Fig. 9 and 

solar panel specification is tabulated in Table 1 . In this simula- 

tion, however, PV system with an MPPT is connected to the Power 

Electronic Converters (PEC), an automatic feedback controller will 

be needed to balance the power and maintain the direct volt- 

age constant; especially when the system is running under various 

conditions. 

The above Fig. 10 representations the Simulink model of grid 

connected photovoltaic system with perturb & observe MPPT algo- 

rithm and grid synchronization using RDUC method. The simula- 

tion response of proposed system are talked in following figures. 

The output voltage of photovoltaic system is shown in Fig. 11 . 

The maximum voltage range is 75 v with respect to 1 ms time. Fur- 

ther in this PV voltage is applied to boost converter, the response 

boost converter is depicted in Fig. 12 . 

The output Voltage response of proposed DC-DC converter is 

shown in Fig. 12 . The DC to DC converter that delivers an output 

voltage more prominent than, not precisely, or equivalent to that 

of its input voltage. The output of the boost can be controlled by 

the duty cycle of MOSFET. 

The above figures demonstrate the single-phase UPQC voltage 

sag and swell reaction of the proposed framework. Fig. 13 a shows 

voltage sag and swell consequence of framework voltage, 13b 

demonstrates the transformer injecting voltage and the Fig. 13 c ex- 

hibits the output voltage of proposed system after RDUC system 

connected. 

The input source current of proposed system is illustrates in 

Fig. 14 . By using UPQC with RDUC algorithm the harmonics of the 

source current is perfectly eliminated. 

Fig. 15 shows the simulation result of output voltage of inverter 

with load using RDUC method. 

The current response of Phase Locked Loop (PLL) is shown in 

Fig. 16 . The grid angle detection at the point of common coupling 
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Fig. 17. THD response of Proposed System. 

Fig. 18. Performance Comparison of MPPT. 

(PCC) must be assessed to synchronize with the utility grid. In this 

way, RDUC is prescribed to have exact and quick grid angle detec- 

tion. 

The THD analysis of proposed grid connected solar system is 

shown in Fig. 17 by using Resilient Direct Unbalanced Control 

method with UPQC. By using Resilient Direct Unbalanced Control 

method to achieve low THD equivalent to 4.15% and a major com- 

ponent at 50 Hz. 

Fig. 18 and Table 2 indicates Comparison of the proposed grid 

connected system’s controller activity with different parameters, 
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Table 2 

Performance comparison. 

S.No Controller used Output power in per unit Steady State Error Maximum Power Point Tracking Efficiency (%) 

1 Incremental Conductance method (MPPT) 0.84 20 84.72 

2 Perturb & observe method (MPPT) 0.94 8 94.92 

3 THD for RDUC with UPQC 4.15% 

4 THD for without UPQC 43.72% 

Fig. 19. Performance Comparison of UPQC. 

for example steady-state error, output per unit, MPPT efficiency 

and THD is taken. From the simulation results, the outcomes 

demonstrate that proposed RDUC gives the best results against all 

parameters. 

The performance comparison of UPQC with different parame- 

ters (Steady state error, THD, switching loss and execution time) 

are discussed in Fig. 19 . From the simulation results, the outcomes 

demonstrate that RDUC based controller give the preferable reac- 

tion overshoot over a regular controller like PI, Fuzzy. 

5. Conclusion 

In this work, the issues and difficulties involved due to the Grid 

integration of Solar PV System are analyzed. The proposed system 

was effectively eliminate the harmonic contents using UPQC based 

Resilient Directed Unbalanced Control method. Comparison with 

other conventional techniques shows that RDUC controlled UPQC 

limit the total percent of THD. It is proposed that the design 

and dynamic performance of PV-UPQC have been analyzed under 

conditions of variable illumination and grid voltage dips/swells. 

It can be observed that PV-UPQC mitigates the THD that causes 

the harmonics of the non-linear load and maintains the 4.15% 

THD under the grid current. The system is believed to be stable 

under illumination, voltage dips/expansion and load imbalance 

changes. Especially in the case of unbalanced load conditions, the 

performance of d-Q control has been improved by using a moving 

average filter. It can be seen that PV-UPQC is a good solution for 

modern distribution systems that integrate power generation and 

distributed power generation. 

Declaration of Competing Interest 

The system is believed to be stable under illumination, voltage 

dips/expansion and load imbalance changes. Especially in the case 

of unbalanced load conditions, the performance of d-Q control has 

been improved by using a moving average filter. It can be seen that 

PV-UPQC is a good solution for modern distribution systems that 

integrate power generation and distributed power generation. 
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Abstract: 
Abstract: The traditional energy assets are depleting now-a-days. So there may 

be an urgent need for switching to renewable electricity resources. This paper 

proposes a layout of photovoltaic supply with a excellent capacitor storage 

system and increase converter that's fed by using a solar power machine. A 
increase converter is a DC to DC converter with an output voltage more than the 

deliver voltage. A outstanding capacitor (Super Capacitor) is a excessive-

capacity capacitor with a capacitance fee lots higher than different capacitors . It 
is used in packages requiring many speedy fee/discharge cycles, but having low 

energy density. Voltage regulators are used to preserve the constant voltage 

degree from the top notch capacitor. Sensors are used to feel the voltage from 

panel and first-rate capacitor. A sun inverter’s predominant task is to convert DC 
voltage from the awesome capacitor to AC voltage and it delivers to the lamp 

successfully low value.  Node MCU is used that may be programmed with the 

easy and effective Arduino IDE. It can be used as access point and/or station, 
host an internet server or connect to internet to fetch or add facts from 

everywhere even through cell cellphone. PIC microcontroller is used to 

manipulate and monitor the sun power device which is displayed by the LCD. 
Keywords: DC to DC converter, Super Capacitor, Solar Power etc., 

I. Introduction 

Photovoltaic daylight based powered sheets 

adapt Daylight as a wellspring of centrality to 

make quality. A photovoltaic (PV) module is a 

bundled, related collecting of conventionally 

photovoltaic sun based cells [1]. Photovoltaic 

modules incorporate the photovoltaic 

demonstration of a photovoltaic framework that 

produces and substances sun controlled 

imperativeness in large business and individual 

groups. Daniel et. al [2], [3] proposed a novel 

technonlogies using micro gird to improve the 

solar power system performance. 

 

Each module is assessed by method for its DC 

yield quality underneath in vogue investigates 

circumstances (STC), and for the most part is 

going from one hundred to 365 Watts (W). The 

productiveness of a module chooses the territory 

of a module given the proportionate assessed yield 

– a 8% capable 230 W module may have twofold 

the area of a sixteen% successful 230 W module. 

There are a couple monetarily reachable daylight 

basically based modules that outperform 

productiveness of 24%.  

A single sunlight based principally based 

Module can make handiest a limited level of 

profundity; most extreme foundations encapsulate 

awesome modules. A photovoltaic structure as a 

rule incorporates a choice of photovoltaic 

modules, an inverter, a battery % for usefulness, 

interconnection wiring, and as a substitute a sun 

oriented fueled after instrument. The most broadly 

distinguished use of sun oriented arranged force 

grouping out of entryways agribusiness is daylight 

based absolutely water warming systems.  

 Sorts of daylight based sheets  

 

• Mono crystalline Sun situated Boards  

• Polycrystalline Sun situated Boards  

• Thin-Film: Shapeless Silicon Sunlight 

based Boards  

• Concentrated PV Cell  
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II.     SUPER CAPACITOR 

                 

     Supercapacitor is a superfluous capacity 

capacitor, they generally save 10 to 100 events 

increasingly vital quality in step with unit volume 

or mass than electrolytic capacitors, can take 

movement of and pass on rate tons speeder than 

batteries, and bear various more conspicuous 

charge and discharge cycles than battery-

controlled batteries [6] –[10]. 

  

Fig 1 Basic Design of Super Capacitor 

Electrochemical capacitors (Supercapacitors) 

incorporate two terminals restricted by a particle 

porous layer (separator), and an electrolyte 

ionically accomplice the two cathodes as shown in 

Fig 1. Right when the terminals are charmed by an 

applied voltage, particles in the electrolyte 

structure electric twofold layers of talk breaking 

point to the anode's uttermost point.   

 

III.    EXISTING SYSTEM 

As shown in Fig 2, the diminishing levels effects 

affect the requirement for vitality stockpiling, and 

reducing the dynamic force at lower levels brings 

about higher EESS need and the other way 

around.The application of solar power for electric 

vehicle [4] and management of power system in a 

grid was discussed in the study [5]. 

 

Fig 2: Block Diagram of Existing System 

Disadvantage  

     It is rechargeable of time is high. 

     It is dischargeable of time is low.  

     It is easily damaged on high temperature 

 

IV.    PROPOSED SYSTEM 

The diminishing ranges effects affect the 

requirement for power stockpiling, and abridging 

the dynamic force at lower tiers brings about 

better EESS need and the opposite manner 

around. By finding out a set operating factor for 

controlling EESSs, which must be resolved below 

most pessimistic situation states of best PV age 

and no heap utilization, the impact of receptive 

pressure ingestion by way of PV inverters and the 

impacts of community utilization cannot be taken 

into consideration. This paper proposed [11] some 

other method to determine dynamic running 

focuses for EESS manage in LV frameworks. 

Utilizing the proposed technique, the affects of 

responsive pressure assimilation through PV 

inverters are taken into consideration just as the 

heap usage. The cost related with community 

fortification is excessive and because the 

controllable household loads are not honestly 

utilized on a day by day and steady premise, DSM 

can not be considered as a strong arrangement. 

Additionally, in a few LV matrices the R/X share 

is excessive; for this reason, the receptive pressure 

retention via PV inverters is not good enough to 

forestall the overvoltage. As of overdue, the 

concept of using electrical power stockpiling 

frameworks (EESS) for overvoltage anticipation 

in excessive PV age situations has been tended to. 

Despite the truth that battery advancements have 

created lately, the essential worry about using 

EESS is as but the underlying interest in the 
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framework, and a method to beautify the 

dimensions of energy stockpiling gadgets in the 

dispersion framework is required. A measuring 

technique for reinforcing the dimensions of 

vitality stockpiling devices in a circulation 

framework is proposed in and the EESS existence 

time, the effect of vitality stockpiling usage on 

hobby value of transformer with On-Burden Tap-

Changer (OLTC), and the impacts of EESS on 

lower of pinnacle power age price are taken into 

consideration. In an estimating device is created to 

discern the EESS restriction required for 

anticipation of voltage upward thrust and voltage 

drop in LV networks with private (PVs) and 

electric vehicles (EVs). In a strategy is proposed 

[12] to decide the bottom EESS required to be 

brought at diverse regions of a LV private 

conveyance framework for you to prevent 

overvoltage in the machine. The vulnerabilities 

related with PV age and burden utilization are 

verified for measuring the EESSs right now. 

 
Fig 3: ATMEGA 16 Micro controller 

The ATmega16A is a low-quality CMOS eight-

piece microcontroller relying upon the Atmel 

AVR improved RISC building as shown in Fig 3 

and 4. By executing brilliant bearings in a singular 

clock cycle, as respected in Fig 3. The 

ATmega16A achieves throughputs moving toward 

1MIPS in accordance with MHz allowing the 

system expected to improve power use instead of 

overseeing speed 

 
 

Fig 4: ATMEGA 16A small scale controller 

 

The Atmel AVR center joins a rich heading set 

with 32 for the most part supportive working 

registers. All the 32 registers are immediate 

associated with the Math Rationale Unit (ALU), 

allowing released registers to be discovered a 

functional pace single steerage accomplished in 

one clock cycle. The resulting structuring is extra 

code capable all the while as driving throughputs 

up to more than one events speedier than basic 

CISC microcontrollers. 

 

A.   VOLTAGE SENSOR  

    A voltage sensor goes so as to decide or even 

display and degree the voltage deliver. It is then 

capable of take those measurements and flip them 

right into a signal that one will then be able to 

examine. The signal will frequently go right into a 

specialized digital device for recording, but 

occasionally, an observer might be gift to 

manually study the sensor output. Voltage sensor 

are basically a device that may experience or pick 

out and react to sure forms of electrical or a few 

optical alerts as proven in determine three.8. 

Implementation of voltage sensor techniques has 

end up an notable preference to the voltage 

dimension strategies                  

A voltage sensor can in sureness choose, screen 

and can check the reserve of voltage. It can check 

AC level or/and DC voltage level. The 

commitment to the voltage sensor is just the 

voltage and the yield can be basic voltage signals, 

switches, discernible signs, basic current level, 

repeat or even repeat adjusted yields. That is, 
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some voltage sensors can give sine or heartbeat 

plans as yield and others can convey Amplitude 

Modulation, Pulse Width Modulation or 

Frequency Modulation  

B.  BUCK-BOOST CONVERTER  

The dollar–increment converter is a sort of DC-to-

DC converter that has a yield voltage significance 

this is both extra recognized than or not actually 

the information voltage amount. It is relative to a 

fly lower back converter using a single inductor 

rather than a transformer. Two great topologies 

are alluded to as buck–help converter. Then make 

an extent of yield voltages, running from parts 

bigger than the information voltage, right down to 

directly around 0.  

 

Fig 5: Buck Lift Converter 

   The yield voltage is of the elective furthest point 

than the insights. This is an exchanged mode 

quality stock with a comparative circuit topology 

to the raise converter and the dollar converter. The 

yield voltage is adjustable reliant on the obligation 

example of the evolving transistor. One capacity 

weakness of this converter is that the exchange 

does never again have a terminal at ground; this 

snares the utilization of equipment. Be that as it 

can, this inconvenience is of no closure result if 

the pressure convey is uninterested from the load 

circuit because of the reality the stock and diode 

furthest point can basically be got round. At the 

issue when they can be got round, the switch 

might be on either the floor feature or the stock 

viewpoint. 

 

C.   LIQUID CRYSTAL DISPLAY 

A fluid precious stone presentation (LCD) is a 

level board appears or other electronically 

regulated optical instrument that utilizes the gentle 

tweaking homes of fluid gems. Fluid gems don't 

emanate light legitimately, as a substitute the 

utilization of a backdrop illumination or reflector 

to deliver depictions in hue or monochrome. 

LCDs are accessible to show self-assertive pics or 

consistent pictures with low insights content 

material, which can be shown or covered up, 

alongside present expressions, digits, and 7-

fragment shows, as in an advanced clock. They 

utilize a similar essential period, other than that 

subjective pics are comprised of a major amount 

of little pixels, while different shows have 

enormous components. LCDs can both be by and 

large on (pleasant) or off (negative), contingent 

upon the polarizer course of action. For example, 

a man or lady incredible LCD with a backdrop 

illumination can have dark lettering on a history 

that is the shade of the backdrop illumination, and 

an individual poor LCD may have a dark 

foundation with the letters being of the 

indistinguishable shading as the backdrop 

illumination.  

LCD screens have replaced overpowering, huge 

cathode pillar tube (CRT) appears in practically 

all applications. LCD shows are open in a 

significantly more broad extent of show screen 

sizes than CRT and plasma appears, with LCD 

screens available in sizes starting from minor 

virtual watches to amazingly monstrous TV 

inputs.  

V. PANEL DESCRIPTION 

S. NO NAME RANGE 

1 Watts 25 w 

2 Efficiency 55% 

3 Output voltage 22.3V 
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4 Output current 6.1A 

5 
Maximum system  

voltage 
1000V 

6 Series fuse rating 12A 

Table 1 : Table Thin film solar panel ratings 

 

VI. PROGRAMMING DESCRIPTION 

 

A. Arduino IDE  

   The Arduino Incorporated Improvement 

Condition - or Arduino Programming (IDE) - 

unites a substance material director for making 

code, a message a territory, a computerized book 

help, a toolbar with gets for standard cutoff points 

and a development of menus. It friends with the 

Arduino and Genuino gadget to switch programs 

and talk with them. 

  

B. EMBEDDED C  

    An established framework is a PC framework 

supposed to carry out one or more than one 

dedicated capacities frequently with ongoing 

figuring imperatives. It is implanted as a function 

of a total gadget often inclusive of equipment and 

mechanical components. Conversely, a broadly 

useful PC, as an instance, a (PC), is intended to be 

adaptable and to meet a extensive scope of cease-

patron wishes. Inserted frameworks manipulate 

severa gadgets in like way use today  

Introduced structures are compelled through in 

any event one basic preparing offices which may 

be regularly both microcontrollers or mechanized 

sign processors (DSP).The key trademark, in any 

case, is being committed to address a specific 

task, which may require rather marvelous 

processors Since the embedded system is 

dedicated to communicate assignments, plan 

originators can create it to decrease the size and 

estimation of the article and addition the 

unfaltering good and execution. Some embedded 

systems are mass-made, benefitting through 

economies of scale. 

  

C.  PERIPHERALS  

Implanted Frameworks talk with the out of 

portals world by peripherals, for example,  

• Serial Correspondence Interfaces (SCI): 

RS-232, RS-422, RS-485, and so forth.  

• Synchronous Sequential Correspondence 

Interface: I2C, SPI, SSC and ESSI (Upgraded 

Synchronous Sequential Interface)  

• Universal Sequential Transport (USB)  

• Analog to Computerized/Advanced to 

Simple (ADC/DAC).  

 

D. ADVANTAGES 

 Reliability  

 Simple control circle  

 Interrupt controlled framework  

 Cooperative performing various tasks  

 Pre-emptive performing various tasks or 

multi-stringing  

 Flexible and Versatile 

 
VII.  SAMPLE CODING FOR 

ANALYZER SECTION: 

#include<reg51.h> 

sbit IR1  =  P0^0; 

sbit IR2  =  P0^1; 

sbit IR3  =  P0^2; 

sbit rf1=P1^0; 

sbit rf2=P1^1; 

sbit rf3=P1^2; 

sbit rf4=P1^3; 

sbit rfe=P1^4; 

void delay1(unsigned int ss) 

{ 

while(ss--); 

} 

void main() 

{  

P0=0x0f; 
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P1=0x00;  

rfe=1; 

while(1) 

 { 

 if((IR1==1)&&(IR2==0)&&(IR3==0))  // 

IR1_1 

  { 

  delay1(20); 

  P1=0x0a;//Low Traffic 

 

 rfe=0;delay1(65000);rfe=1;P1=0x00;rfe=0

;delay1(65000);rfe=1; 

  } 

 if((IR1==1)&&(IR2==1)&&(IR3==0))  // 

IR1_1 && IR1_2 

  { 

  delay1(20); 

  P1=0x0c;//Medium Traffic 

 

 rfe=0;delay1(65000);rfe=1;P1=0x00;rfe=0

;delay1(65000);rfe=1; 

  } 

 if((IR1==1)&&(IR2==1)&&(IR3==1))  // 

IR1_1 && IR1_2 && IR1_3 

  { 

  delay1(20); 

  P1=0x09;//High Traffic 

 rfe=0;delay1(65000);rfe=1;P1=0x00;rfe=0

;delay1(65000);rfe=1; 

  }}} 

 

VIII. RESULT ANALYSIS 

A. SOLAR INTENSITY WITHOUT SHADOW  

 

Fig 6:     Graphical diagram of solar 

intensity (without shadow)    

Time period 

(9am to 12pm) 

Intensity(W/

m2) 

 

Radiation 

 

Panel 

voltage    

(V) 

9am 182 190 9 

9.30am 209 218 11.3 

10am 260 238 13.2 

10.30am 270 262 16.5 

11am 308 291 19 

11.30am 322 312 21 

Table 2: calculation of solar panel intensity 

(without shadow) 

B. SOLAR INTENSITY WITH SHADOW  

Time period 

(9am to 

12pm) 

Intensity(W/m2) 

 

Radiation 

 

Panel 

voltage  

(V) 

9am 8 10 4 

9.30am 10 13 6 

10am 13 18 9 
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10.30am 20 23 13 

11am 24 27 16 

11.30am 29 31 19 

Table 3:  Calculation of solar panel intensity               

(with shadow) 

Each super capacitor rating :   2.7v  

Total rating of supercapacitor : 18v  

C.  SUPERCAPACITOR CHARGING TIME  

Calculation of 
Supercapacitor 
discharging with dc load 

Calculation of 
Supercapacitor 
discharging with dc load 

With 

shadow 

Without 

shadow 

With 

shadow 

Without 

shadow 

4 9 27 20 

6 11.2 20 13 

9 13.2 15 11 

13 16.5 12 8 

16 19 10 7 

Table 4:  Calculation of super capacitor charging 

time 

   D. SUPERCAPACITOR DISCHARGING 

WITH DC LOAD 

 

Dc load 

(Watts) 

Supercapacitor storage 

level 

 

Time in Hrs 

Maximum Minimum 

12W 19.8v 9v 2.30Hrs 

6W 19.8v 9v 5Hrs 

Table 5: Calculation of Supercapacitor 

discharging with dc load 

 

Fig 7: Super Capacitor Discharging with AC Load  

 

Ac load 
(Watts) 

Supercapacitor storage level  

Time in Hrs Maximum Minimum 

12W 19.8v 9v 1.45Hrs 

6W 19.8v 9v 3.30Hrs 

Table 6: calculation of Supercapacitor discharging 

with ac load 

 Supercapacitor application suitable for DC 

load.  

 It is a fast charging energy storage device.   

 It is a better storage device compare to 

others.  

 It is cost wise high compare to battery but 

it is high efficiency and high life time.  

 

IX. CONCLUSION 

Right now, new manipulate method turned into 

proposed for vitality stockpiling the board to 

forestall the overvoltage in load. To this factor, 

dynamic set focuses have been resolved for 

smaller scale controller manipulates thinking 

about the influences of responsive pressure 

ingestion through PV inverters and the 

neighbourhood load utilization. Reproductions 

had been completed on a realistic LV feeder to 

decide the power stockpiling limit required to stop 

overvoltage in the system considering two 

receptive pressures manipulate techniques, to be 

unique, responsive force as a factor of voltage and 

pressure aspect as an detail of infused dynamic 

force. The consequences showed that transporting 
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the proposed approach, the clients' voltage stayed 

now not precisely the predefined esteem in all 

regions of the framework and in all hobby modes. 

Likewise, contrasted with the fixed pressure 

restrict strategy; the power stockpiling this is 

required for overvoltage anticipation became 

significantly diminished. Super capacitor make 

use of the power stockpiling framework is notably 

high productivity framework. It is exceptional 

energy stockpiling framework is advanced to 

other capability framework. Re-enactments 

demonstrated that by way of thinking about 5-

kWh EESSs and making use of the proposed 

method, the PV entrance inside the network may 

be increased to around seventy five%. In a similar 

situation, via using hard and fast set points for 

vitality stockpiling manages, the PV infiltration 

ought to be constrained to around 1/2. Likewise, 

reproductions established that within the chose 

LV framework, the PF method was more and 

more powerful in lower PV front and the Q (U) 

approach indicated higher productiveness in 

higher PV infiltration.  

 

X. FUTURE SCOPE 

Super capacitor is a superior stockpiling gadget in 

future usage.It is a quick charging vitality 

stockpiling gadget. Future at gadget use at low 

voltage board will use at required capacity 

framework .It will be included Buck-help 

converter associated between on board and super 

capacitor. 
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Abstract 
 

A web – based concept called as cloud computing helps in identifying the 

applications that stores the data in the web and accesses them via the same. 

Hence cloud computing can be considered as an analogy for the web. One of 

the main procedures in the paradigm of distributed computing is the 

employment booking where an efficient cloud scheduler is used for 

distributing the accessible assets to different assignments and is considered 

as the most prominent testing part in the same. Allotment of assets in work 

booking is one of the primary issues that arise during the planning 

calculation activity. This issue can be resolved in an ideal manner with the 

help of memethic calculation which is a metaheuristic approach. This 

metaheuristic approach is the combination of both neighbourhood search 

calculation as well as the hereditary calculation. By means of actualizing the 

memethic calculation in this paper, the best ideal arrangement can be 

obtained. 
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Keywords: Crossover, mutation, scheduling, makespan, memethic 

algorithm 

 

 

1 Introduction 
 
One of the rising innovations these days is the cloud computing which 

allows its clients with the privilege of sharing their resources as well as the 

assets. The process of assigning the resources is dependent on the 

administration of the cloud. The clients are empowered to get the assets that 

are provisioned quickly and can be delivered with the exertion of 

insignificant administration [1] [2]. Also cloud makes its clients to store the 

information acquired in private as well as in the public and to process the 

information in the same way. This way, it makes it easy and possible for the 

clients to access the information from anywhere of the world. Here in cloud, 

the process of planning a job needs the job to be assumed first. Planning is 

the procedure of allotting the accessible framework assets to a wide range of 

employments. A productivity activity planning method which utilizes the 

arrangement of auto – associative memory was proposed [3]. Similarly, 

advanced activity planning calculation was executed that utilizing delicate 

registering procedures in cloud condition [4]. 

The framework monasteries the employments and along these lines the 

communication time of the activity is decreased by dispensing the assets 

effectively among the employments [5] [6]. The activity planning forms 

performed utilizing the activity schedulers. In current situation, numerous 

canculations have been utilized for worl booking yet they are focusing just 

on the allotment of assets to the occupation. Be that as it may, in those 

proposition, there exists a walk in ideal arrangement for example, enhanced 

asset usage [7] [8] [9]. In the proposed framework, memethic calculation is 

utilized alongside the slope climing calculation to assign the assets to the 

occupations to get the enhanced arrangement and diminished makespan. In 

the proposed framework, the memethic calculation is performed, for example 

the hybrid and transformation are tweaked to create the close ideal 

arrangement. Based on the assets productivity, the occupation’s designation 

is determined. For example, consider a machine that is highly proficient 

assigning with higher number of employemnts. 

Considering the environmental factors and the air current, it shows that 

fatigue and less concentration will be the result of the traditional methods. 

This in turn leads to the reduction in the quality of isolation [13] [15].thus , 

the wind flow that happens so natural may not be apt for doing the operations 

which eventually results in incresed operation time. Thus it is quite difficult 

to manually thresh these corps which is highly economical and also involves 

high labor. 
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2 Literature Review 
 

In cloud computing, the key factor lies in the assets usage and identifying 

the machine effectiveness. Thus, the procedure is planned in the same way 

by utilizing the memethic calculation. What’s more, utilize the assets in an 

appropriate way. Asset booking is a significant procedure for cloud 

preparing, for example, for the productive utilization of cloud resources, the 

Infrastructure as a Service (IaaS) is used. Similarly, the issues relating to the 

improvement of sub optimization can be resolved by improving the method 

for booking calculations. Parallel hereditary calculation other than the 

conventional hereditary calculation is used for quicker procedure in this 

paper [1].  

The caluclation performed using Multi Queue Scheduling (MQS) is used 

to reduce the reservation cost as well as the cost spent on the request designs 

which in turn utilozes the scheduler worldwide. In the proposed framework, 

the process of asset sharing and registering in cloud is accomplished by 

grouping of the occupations based on the burst time [2].  The essential part of 

distributed computing lies in the fact that effective access need to be 

provided to the remote assets as well as the geologically conveyed assets. 

The existing frameworks however performs priority calculation for 

performing the errands with the help of Round Robin and FCFS scheduling 

algorithms [8]. The improvised version of Ant colony optimization algorithm 

helps in the identification of ideal arrangements in the network condition 

[10]. 

A biometric format based on its properties and qualities has been 

proposed [9]. With the help of SVM classifier the unique mark along with 

the discourse information is scheduled proficiently [11] [12]. For issues with 

multiple target, treatment is provided based on the reference point obtained 

using memethic calculation [5]. A multiobjective memethic calculation 

memethic calculation is utilized for acquiring the ideal arrangement in 

Protein Protein Communication (PPC) organize arrangement. Here the 

memethic calculation is utilized for the activity planning for the cloud 

handling [6] [14][16]. Based on Dyanmic Hadoop Clusters, asset and cutoff 

time based Job Scheduling is performed.  The proporsition is useful for 

performance examination of the remote systems [7] [15]. This job planning 

calculation is utilized for improving profitable and ecological exhibitions in 

an occupation shop framework. In this proposition, the profitability and the 

natural execution is further upgraded based on the planning of occupations 

[8][17]. 
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3 Metaheuristic Algorithm  
 

The effectiveness of distributed computing booking calculation relies 

upon the dealing with the procedure effectively what’s more, expanding the 

exhibition of the server and also the assets for that procedure. As we have 

talked about in the past calculation for the planning procedure we are 

confronting numerous issues with that. So as to build the effectiveness, we 

ought to limit those issues taking all things together in the potential way. In 

order to improve the use of the assets in a proficient way, a booking 

calculation has been proposed in this paper in an attempt to plan the 

calculations. The main objective is to increase the server usage as well as to 

improve the occupation’s productive assignment. A metaheuristic calculation 

method termed as the memethic calculation method has been proposed in this 

paper which is the combination of various developmental calculations. The 

result of the calculations done is the precise pursuit inside the issue space. 

The memethic calculation method can be considered as the combination of 

several hereditary calculations and several search calculations. The nearby 

search calculation called as slope climbing calculation is utilized alongside 

the hereditary calculation to deliver the close to ideal arrangement. The paper 

targets towards the following 

 The usage of the assets is improved 

 The fulfilment time (makespan) is reduced 

 Guidance is provided to reduce the occupation 

 Uptime is minimized 

 The exchange time is minimized as well 

 

4 Crossover and Mutation 
 
4.1  Crossover 
 

Mutation and Crossover empowers to create numerous potential answers 

for the assortment of arbitrary factors. Here the potential qualities speak to 

the makespan of each what's more, every planning cycle of the assets. 

11001011+11011111 = 11001111 

 

Two Point crossovers – here two point crossover are chosen, parallel 

string that starts from the beginning of the chromosome to the first hybrid 

point is replicated from one parent to the another.  
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The first hybrid point is considered as the replication of the second 

parent. This replication further extends to the other hybrid points that are 

adjacent to the first hybrid point. The remaining hybrid point are the 

replication of the hybrid point of the principal parent. Based on the preparing 

time of the assets the occupations are swapped. The swapping is done in such 

a way that it helps in recognizing the assets. As a result better outcomes can 

be obtained. 

 

11001011 + 11011111 = 11011111 

 

Uniform Crossover – the replication of the bits starts either from the first 

bit or starts from its next parent. Similarly the assets are replaced with the 

occupation based on which the preparation time of the assets are determined. 

 

11001011 + 11011101 = 11011111 

 

Arithmetic Crossover – the juggling activity helps in consolidating the 

total occupations which in turn is swapped with the assets that helps in the 

separation of the preparation time. 

11001011 + 11011111 = 11001001 (AND) 

 

4.2  Mutation 
 

Here by means of bit reversing the bits that are selected are turned 

around. The occupation’s request is changes inside the asset’s set or outside 

the asset have set. These sets are then swapped in order to identify the 

preparation time utilizing this transformation activity.  

11001001 => 10001001 
 

 

5 Results and Discussion 
 

Step 1; While scheduling the job if the reliance for the employments are 

not found like the assets about the exchanging time since it is increasingly 

solid and adaptable. On the off chance that there are any conditions among 

the occupations or assets, at that point straightforwardly bounce to stage 2. 

For example, gridlock occurs due to the reliance that exists among the assets 

as well as the occupations as well. 

Step 2: It is identified that the errands are not allotted with any needs 

previously by the server. To identify the employment to be prepared first it is 

mandatory to accept parameter as the need. For model, simply accept most 

extreme need as 1 and least need as 5 at that point relegate the occupations in 

the need way and this aides in the improvement of execution of the server  
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and additionally the asset use. Here asset usage can be improved drastically 

with the help of a procedure called as the Backfilling strategy. 

Step 3: In the wake of allotting, the need to the occupations one inquiry 

emerges what doled out to which machine. Consequently, to realize the 

allocation of occupation to the machine, of all the occupations time, the 

normal time is chosen for execution. What's more, the distinguishing proof of 

the machine’s handling time is assessed. Now each occupation namely job 1, 

2 and 3 are assigned with separate server as well as the machine. Here the 

processor takes 20 sec for processing and along these lines every one of the 

occupations must finish their employments in 20 sec. based on this regard, 

the processor with higher fruition time ought to be swapped with the other 

processors to adjust the heap on the condition of the cloud, whose handling 

time is high, the method is rehashed until every one of the employments are 

allocated to the framework or to the server. At last, the parallel execution of 

the assets begins. 

It is found from the above calculation that the occupations and the assets 

together are used for ensuring the condition of the cloud. The benchmark is 

chosen to be the makespan of the assets which is further used for the booking 

procedure. The wellness capacity of the condition is built and the assets 

makespan are assessed by utilizing the wellness work. Once the assessment 

is over the best arrangement of the wellness work is shown. A few 

emphasess are forced to be performed in order to limit the makespan of the 

assets by utilizing the significant four activities, for example, crossover, 

change, elitism, generation. Among these four tasks hybrid and change 

assumes a fundamental job. Rehash the emphasis by utilizing these four 

activities until improvement cannot be further made to the arrangement of the 

wellness work.  

The results of the proposed methodology obtained are compared with the 

rest of the customary methodologies present already. 

Our proposed methodology results have been looked at with other 

customary methodologies, some of the customary methodologies are Ant 

Colony Optimization (ACO), Particle Swarm Optimization (PSO) also, 

Genetic Algorithm (GA). When compared to these customary 

methodologies, the memethic calculation been proposed is well performed 

and produces better results as well. Three measurements have been taken for 

performing correlation which includes the number of employment events, 

makespan of the assets and asset usage. 

It is found that an ideal answer can be obtained based on the proposed 

calculation. The issue with subterranean insect settlement calculation was it 

focuses just on the asset use in an appropriated condition while planning the 

employments. In molecule swarm advancement the competency of the server 

changes powerfully which prompts the lackluster showing assessment the 

planned employments in the cloud condition. The improved version of  
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metaheuristic calculation which is used in the proposed work focuses on the 

assets makespan, asset usage and event of the employments in the cloud 

condition. The makespan is limited much number of employments are 

expanded and assets are used appropriately in the cloud condition by utilizing 

the proposed calculation. The level of diminished makespan is high when 

contrasting with subterranean insect state calculation, molecule swarm 

streamlining and hereditary calculation. In the work proposed it is found that 

around 70 percent of the makespan of the cloud condition has been 

diminished. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

F

Figure 1. Makespan Comparison between proposed and existing systems 

 

The figure 1 and Table 1 depicts the makespan reduction comparison 

between the existing and proposed algorithms. Here the proposed 

metaheuristic algorithm is memetic algorithm which reduces the makespan 

upto 76%, whereas the existing algorithms such as genetic algorithm reduces 

the makespan only upto 35%, particle swarm optimization reduces the 

makespan upto 23 percent only, ant colony optimization reduces only upto 

53 % and improved ant colony algorithm reduces only up to 65%.  

 
Table 1. Comparison of makespan reduction between the existing and proposed 

algorithms 

 

S. No Algorithms Number of jobs 
% of makespan 

reduced 

1 PSO 200 23 

2 GA 400 35 

3 ACO 600 53 

4 IACO 800 65 

5 MA 1000 76 
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The figure 2 depicts the makespan reduction comparison between the 

existing and proposed algorithms using pie chart. Here the proposed 

metaheuristic algorithm is memetic algorithm which reduces the makespan 

upto 30.16%, whereas the existing algorithms such as genetic algorithm 

reduces the makespan only upto 13.89%, particle swarm optimization 

reduces the makespan upto 9.13 percent only, ant colony optimization 

reduces only upto 21.03 % and improved ant colony algorithm reduces only 

up to 25.79%.  
 

 

 

 

 
Figure 2. Pie Chart Comparison – Makespan comparison PSO vs GA vs ACO vs 

IACO vs MA 

 
 

6 Conclusion 

 
In this paper, an improved version of metaheuristic calculation has been 

proposed alongside the slope climbing calculation based on the procedure of 

upgraded work planning for the cloud condition. By utilizing the proposed 

calculation assets are designated in streamlined manner, in this way the 

assets wastage in portion is decreased. In memethic calculation, in order to 

get advanced arrangement, swapping is done between the employments. 

Hybrid and change process is additionally happens in work planning to 

acquire the decreased makespan. The metaheuristic calculation along with  
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slope climbing calculation is used to improve the inquiry component of the 

issue space. In our present situation, planning of employments and utilization 

of assets in advanced way is troublesome, yet our work will acquire the close 

to ideal arrangement by diminishing the level of the makespan over 70% of 

enhanced arrangement and assets are distributed successfully and stays away 

from the assets wastage. Based on the proposed idea, we utilized 

employment booking process for decreasing the makespan along with 

obtianing the improved arrangement. In future, our work can be further 

enhanced and what’s more, a definitive objective of the proposed work is to 

get the decreased makespan to 90% and to achieve the maximum asset use. 
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Abstract
Internet Gateway(IGW) main role is detecting availability nodes and providing internet to Mobile Ad Hoc Network(MANET)
have whenever connected to internet. Discovery time of gateway is changed based on the throughput and packet delay. Many of
the situations the mobile nodes are have fixed host connection to the internet using minimum hop path, it is not good for waiting
packets because of that packets are have longer path interface queue. This research paper object is avoided above the problem
mentioning using a novel approach of SPAHN (Solving Problem of Ad-Hoc Network). This paper mainly focus is classify the
routing protocols of load-aware in MANET and from this classify discover the proactive load-aware gateway (PL-AG) from a
device into interface queue size and min-hop-metric. This novel approach has been allowing and gives better handoff between
two internet gateways for fixed host seamless connectivity. We justify the performance of the SPAHN approach using two
metrics like average end-to-end delay and throughput based on this examination the SPAHN system yield good simulation results
comparably existing systems.

Keywords SPAHN . Solving Problem of Ad-HocNetwork .Min-Hop-Metric . Gateway .MANET . Internet gateway.

1 Introduction

The Significant highlights of Mobile Ad Hoc Networks are
simple organization [1, 2] and itself configurability. However,
the genuine weaknesses of MANET are that correspondence
is constrained to the Ad Hoc space as it were. Mobile Ad Hoc
Network of internet connection to gaining principal as this

expands the Internet past its customary degree to remote dif-
ficult to reach zones making web administrations accessible
whenever and anyplace. For such circumstance, Internet and
MANET joining are required. At the point when a versatile
hub in an Ad Hoc system needs to speak with a fixed host on
the Internet, it needs to locate a proficient and solid Internet
Gateway [3-5].

This article is part of the Topical Collection: Special Issue on Network In
Box, Architecture, Networking and Applications
Guest Editor: Ching-Hsien

* P. Sanjeevi
gpsanjeevi@jiangnan.edu.cn

K. Kannan
kannanoc@gmail.com

P. Sivaranjani
sivaranjanipece@gmail.com

S. Sathish Kumar
sathishphd2k17@gmail.com

M. Nalini
Nalini.tptwin@gmail.com

V. R. Balaji
balaji.4899@gmail.com

1 Department of ECE, R.M.K. College of Engineering and
Technology, Chennai, India

2 Department of Electronics and communication Engineering, Kongu
Engineering College, Perundurai, Erode, India

3 Dept of Electrical and Electronics Engineering, M. Kumarasamy
College of Engineering, Thalavapalayam, India

4 Department of Computer Science and Engineering, Saveetha School
of Engineering, Saveetha Institute of Medical and Technical
Sciences, Chennai, India

5 Department of ECE, Sri Krishna College of Engineering and
Technology, Coimbatore, India

6 Key Laboratory of Advanced Process Control for Light Industry,
Ministry of Education, Jiangnan University, 214122 Wuxi, China

Peer-to-Peer Networking and Applications
https://doi.org/10.1007/s12083-020-00931-4

Page 274 of 3066Page 274 of 3066

http://crossmark.crossref.org/dialog/?doi=10.1007/s12083-020-00931-4&domain=pdf
http://orcid.org/0000-0002-1377-0456
mailto:gpsanjeevi@jiangnan.edu.cn


Because of the wireless hub (Mobile Node) either can send
requesting or rely upon intermittent Internet door promotion.Web
portal disclosure time has a solid impact on bundle postponement
and throughput. [6–14] There have been various methodologies
for the Internet entryway revelation, for example, proactive, re-
ceptive, and a half and half and versatile. In this way, a productive
and solid Internet entryway disclosure for Ad Hoc systems gets
one of the key components to empower the utilization of cross-
breed Ad Hoc systems in future versatile and remote systems.

MANET for multi-hop nature [7, 8, 12, 15, 16], there is may
be a few reachable portals for a versatile hub eventually situation.
In the event that a versatile hub gets Internet entryway notices
from more than one Internet portal, it needs to choose which
Internet door to use for Internet get to. In the greater part of the
present arrangements, a portable hub starts a handover when it
gets a notice from an Internet door, which is nearer as far as
number of physical bounces than the one it is as of now utilizing.
Numerous Internet entryway disclosure draws near, utilizes least
bounceway for Internet Gateway choice Be that as it may, a base
jump way may not generally be effective if a few hubs along the
way have longer interface line of holding up bundles.

An appropriate measurement [17] for course choice is a
general Hub issue in MANETs Consequently, the focal point
of this paper is to devise and assess a proactive burdenmindful
Internet door revelation conspire that considers the size of
interface line notwithstanding the customary least jumpmetric
to productively choose an Internet Gateway.

This paper is sorted out as follows. In Phase two, existing
works of MANET-Internet availability has been exhibited. In
phase three the characterization of aware routing protocol and
methods for Mobile Ad Hoc networks of supporting load-
aware routing. Conventions under these classes are examined
and their qualities and shortcomings are distinguished. A run-
down of these heap adjusting conventions has compared. In
phase four, SPAHN approach is justified for the scheme of
load-aware Internet gateway discovery. Results, discussions
and conclusions are represented by phases five and six.

2 Related work

Many methods and results have been methodology to manage
the joining of MANETs to the Internet. Giving Internet avail-
ability to MANET requires doors that go about as scaffolds
between the MANET and Internet, since [18] the passage
needs to comprehend the Internet convention (IP) just as a
MANET Hub convention. The vast majority of the method-
ology arrangements require the expansion of entryways and
contrast in the structure and usefulness of the doors, number of
events, and the directing conventions utilized inside the Ad
Hoc system. This segment gives a concise outline of different
methods for giving an Internet network to MANETs method-
ology so far in the writing.

New approach [9] Mobile IP [16], which was upheld by
IPv4 AdHoc systems with AODVHub conventions [19]. The
researcher plan has a proactive specialist sales strategy with
the AODV course search to enroll to Mobile IP. It recognizes
the area of goal hubs utilizing F-RREP of FA, when a parcel is
sent to the Internet. Furthermore, it is equipped for parcel
directing utilizing the default Hub of FA. Be that as it may,
this proposition doesn’t think about the choice between dif-
ferent Foreign Agents (FAs). In like manner, it concedes the
affiliation course of action time since this recommendation,
first needs to verify that the objective isn’t inside the Ad Hoc
framework before a flexible center can use the FA. Versatile
IP [16], which was maintained by IPv4 Ad Hoc frameworks
with AODV [19] directing shows. The methodology arrange-
ment has a proactive master deals methodology with AODV
course search to select to Mobile IP. It perceives the territory
of objective center points using F-RREP of FA, when a bundle
is sent to the Internet. Besides, it is prepared for package the
coordinating using default directing of FA. In any case, this
recommendation doesn’t consider the decision between vari-
ous Foreign Agents (FAs). In like manner, it concedes the
affiliation course of action time since this recommendation,
first needs to verify that the objective isn’t inside the Ad Hoc
framework before an adaptable center point can use the FA.

This method [10] a result in which versatile hubs can get to
the Internet bymeans of a stationary entryway hub or passage-
way. Three methodology approaches for portal revelation are
actualized and explored. Likewise, the impact of the portable
terminals speed and the quantity of portals on the system ex-
ecution are considered and looked at. A versatile hub to pro-
ductively find an Internet entryway has utilized no heap
adjusting approach right now. Gives [11] methodology a
methodology, called MIPMANET dependent on AODV
[19], however it gives Web access by utilizing burrowing
and Portable IP with outside operator care-of addresses.
MIPMANET permits a meeting hub to change from its current
remote operator to another one, a wonder known as handoff,
just on the off chance that it is in any event two jumps nearer
to the enhanced one. It uses another calculation, called
MIPMANET Cell Exchanging (MMCS), to decide when ver-
satile hubs in the specially appointed system should enroll
with another outside operator.

Produced results [12], which gives Web availability to im-
promptu systems by changing the AODV directing conven-
tion. Three strategies for door revelation for a portable hub to
get to the Web are given: proactive, receptive and mixture
approach. Every one of them depends just on the number of
physical jumps to passage as the measurement for the portal
choice. This work [7] talks about a cross breed door disclosure
approach. AODV and two Portable IP remote operators are
utilized to interconnectMANET and theWeb. In any case, the
TTL of the outside operator’s ads is restricted. Accordingly,
just portable hubs that are near one of the outside specialists
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get the commercials. Hubs that are further away need to re-
quest ads responsively. [13] Methodology a progressively
modern methodology where ads are conveyed just when the
adjustments in the topology are recognized. Be that as it may,
they depend on the utilization of source directing convention,
which restricts the appropriateness and adaptability of their
methodology. Container et al. [14] methodology a versatile
door disclosure conspire that can progressively change the
TTL estimation of Operator Ads (GWADV messages) as in-
dicated by the portable hubs MANET Web traffic and their
related situation fromWeb Entryways with which they enlist-
ed. This convention gives Web access to MANET versatile
hubs utilizing portable IP.

3 L-AR protocols for Ad-Hoc network

Hub [20–22] with load adjusting in wired systems has been
misused in various methodologies. There is a general inclination
inmostMANETHub conventions to utilize a couple of midways
found versatile hubs in an enormous number of courses. These
outcomes in blockage at the medium access control (Macintosh)
level, which causes high bundle delays and becomes bottlenecks
when countless information parcels go through these couple of
portable hubs. As overused versatile hubs causes speedy battery
power exhaustion, consequently endurance time of the entire
MANET might be abbreviated. Subsequently, it is important to
consider the Hub burden and clog states of portable hubs in the
course choice procedure to decently adjust and disseminate the
traffic burden to the whole system hubs. Truth be told, a signifi-
cant downside of most existing specially appointed directing con-
ventions is that they don’t have arrangements of passing on the
heap or nature of a way during course revelation process. Thus,
they frequently neglect to adjust the heap on the various courses.
In the accompanying area,we investigate distinctivemethodology
directing conventions that utilization course updated as the essen-
tial nature of administration (QoS) metric in MANET space.

3.1 Classification of LAR protocols

From the existing method [17] we have segregated in to
three phases by their methods that are Traffic-Size,
Delay and Load Balancing via multi-path routing, it has
represented by Fig. 1.

The first phase shows the traffic size, that have nodes are
mean values are [19, 23–30], it is distributed this traffic size to
each mobile network nodes. The second phases namely
Delay, it is have factors are [31, 32], it has handled to load
balanced for to avoid the mobile node high delay. Third
phases is load balance [33–37] through multi path, it has si-
multaneously distributed traffic into multiple routes.

The DLAR protocol [19] is consider each load metric
like the N number of gateway packets buffered in inter-
face queue, further route for load metrics is calculate
the summary of the mobile nodes with the node route.
Because this is never optimally reflect the origin load
from standby packets, it is may be size is different. This
extraction phase is elected the least(feasible)-leaded
routes from load information score by RREQ and con-
gestion status slaps observations state of the active parts
and randomly reconfigures is making uncomforted situ-
ation during the maintenance.

Path A1: A → B → C → F → I.
Path A2: A → B → E → H →I.
Path A3: A → B → D → G → I.
Load A1 = (6 + 11 + 8 + 3) = 28.
Load A2 = (6 + 4 + 3) = 13.
Load A3 = (6 + 10 + 7 + 3) = 26.

Figure 2 represented the Network of routes and each node
has loaded. There are three paths available like path one ‘A→
B→ C→ F→ I’, path two ‘A→ B→ E→ H→I’ and path
three ‘A→ B→ D→ G→ I’. The DLAR protocol add load
for each path and finally get solution ofminimum load path ‘A
→ B→ E→H→I’ and least load path ‘A→ B→D→G→
I’. The Fig. 2, have two ends, one is sender and another one is
receiver, the receiver waiting for the associate amount of load
for all possibility routes. One the receiver ends get best path
after that the data packets are starts towards the destinations.
The load calculation does not consider the contentions of
channel from the nearby mobile nodes.

Delay Oriented Shortest Path Routing (DOSPR) [31] pro-
cedure which uses medium conflict time data as the principle
course determination foundation. In spite of the fact that it
accepted MAC of IEEE 802.11 procedure, it constrained the

L-AR Protocols

Load Balance
[31,32, …, 35]

Delay
[29,30]

Traffic- Size
[20, 27, …, 28]

Fig. 1 Classification of (L-AR)

6
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A B E H I
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D G
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Fig. 2 MANET with Load
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scope of conflict of a portable hub to its neighbors as it were.
Yet, in all actuality, the scope of conflict of a hub covers its
neighbors as well as the neighbors of its neighbors. This pro-
tocol utilizes a table driven methodology instead of an on-
request one. The fundamental commitment of DOSPR is the
factorization of access dispute delay at the MAC layer to the
all out postpone calculation.

This work methodology another multi-way steering
convention for Ad Hoc remote systems named Multi
Path Source Routing (MSR) [33]. Each found route is
saved in a route cache with an exceptional course list.
Along these lines, it is anything but difficult to choose
various ways from the cache. So as to screen ongoing
data on every way in MSR, examining bundles are sent
occasionally to every way, and measure their full Round
Trip Time (RTT), and afterward gauge way defer utiliz-
ing Karn’s Algorithm. Deferral is a significant amount
to mirror the way execution, for example, blockage. So
if a way has a more drawn out deferral, less traffic is
dispatched there so as to mitigate clog. As indicated by
the postponement of every way, traffic is circulated over
various ways so as to accomplish a base mean deferral
for the entire system.

4 SPAHN approach for internet gateway
discovery

The main objective of SPANH is proactive load aware
internet gateway discovery protocol for internet gateway.
The Fig. 3 has represented two gateways which Ad Hoc
network is connected. The source pockets are starts from
Ad Hoc domain towards the selected path via internet
gateway, that happened was performed with control of
Constant bit rate (CBR).

Usually the Ad Hoc networks selection only shortest path
algorithm for path selection with internet connectivity, it is
happened by gateway based on hob load counts. In the exiting
gateway selection was does found minimal hop count by the
shortest path algorithm. Otherwise

Where:

Path a path.
HOP the finding attributes of shortest path from.
su sender node.
de the sing node.

Best benefits are the shortest rule option set along the
hop depend variables is quick union and resource parsi-
mony. This variable helps a mobile node to use the min-
imum number of hops to attain a stressed out group. But
if all cellular cells select the nearest gateway as their in-
ternet gateway, this gateway would turn into a bottleneck.
Our research paper is propose alteration in the internet
hub information of advertisement, which is slot wise
broadcasted in mobile Ad-Hoc Network area and there
is maintained table foe every node.

In this paper has been produced a one metric namely
GAQ (Gateway Advertising Queue). It is take measure-
ment to occupancy level with route for the effect of inter-
face queue. Additionally we added another one field
namely (RQ) Route Queue metric with each node in table,
it is record the effect of the internet gateway. The Fig. 4
represented the methodology modified structure of
GWAVN (Gateway Way Advertisement New). This mod-
ified method is slot wise broadcasts the modified infor-
mation via MANET; it will be informed about the avail-
ability of internet gateway to all Ad-Hoc mobile nodes.
By the above procedure the GWAN, Ad-Hoc mobile
nodes are received the gateway information, and section
wise make route entry for the gateway and select best
internet gateway based on the GWAN procedure. Every
time the mobile nodes are update the usual route presents
in the table. As per the table update the mobile nodes are
creates new entry for the routers to each mobile node and

H1 H2

R R

GW1 GW2

1

3

2 6

3

8

4

6

4

6 2

Fig. 3 Framework connection model
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also it is allows to communicate to fixed nodes. Mobile
Node Maintainer (MNM) has maintaining routing table
and it is wish to communicate with fixed node of Fixed
Node Indicator (FNI) and more mobile nodes are has been
shown at Fig.

The mobile nodes are namely MN_X, MN_Y and MN_Z.
The gateway node is GW_A. After that the entry of hop for
FNAB is assigned to usual (-15), mobile node should watch
this usual entry and extract the accurate gateway for the
packets towards. After that the mobile node selects the gate-
way for next entry. Next entry is indicating finding the partic-
ular internet gateway. Whenever the mobile node thinks reach
and communicates to the sing, the mobile nodes are searching
the direct path in the MANET.

4.1 IQO approach

With assistance of the Fig. 4 Represented we delineated
of the congestion level amassing along a way [38]. Right
now, AQO (Average Queue Occupancy) of Ad-Hoc node
N2 can be determined by QO (Queue Occupancy) of
mobile node X2 itself, and NQO1, NQO2, NQO3 and
NQO4 of hubs Z, X1, X5 and X6. The quantity of
neighbors of hub X2, for example n is 4. Before starting
a door revelation, an Internet passage processes its own
AQO and fills it GAQ (Gateway Advertisement Queue),
which is an extra field of Internet entryway ad message.
This field contains complete heap of entire way navigat-
ed up until now. Here burden is alluded to as the quan-
tity of parcels in the interface line of a portable hub.
Presently, we give the calculation for calculation of in-
terface line inhabitancy level. Table 1

Algorithm I: Congestion Level

4.2 Selection method for internet gateway

The various gateway environments, a Ad Hoc Mobile
node got various packet. Now, use the SPAHN approach
in which every gateway sends its packets regularly. Every
time a mobile node receives a non duplicate gateway

packet, it is updates the value of RQM and selects a exact
related gateway by matching the GAQ in the gateway
packet message with the RQM in its path table.
Additionally, this Ad Hoc mobile node broadcasts gate-
way packet to its nearby nodes. Here represented the al-
gorithm for selecting an internet gateway [37].

ID

Sing IP

Sing Sequence Number

Source IP Address

Scope

GAQ

Type     Occupied    Existing Size     HC

Fig. 4 GWAVN Structure
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Algorithm II: Internet Gateway Selection

In the above Internet portal choice method has parameters are
namely (AQOEPH) Average Queue Occupancy Equal Physical
Hop, Hop Count (HC), (AIG) advertisement from the same
Internet gateway, (ADS) Advertisement Distance Sequence
Number, (DRS) Default Route Sequence, (DRET) Default
Route Expiration Time it is to be noticed that for each new
passage promotion got from a similar entryway, the estimation
of RQM in a versatile hub directing table is supplanted just when
GAQ field estimation of gateway notice is not exactly the RQM
field an incentive in the steering table. On the off chance that, the
GAQ metric field an incentive in door ad turns out to be not
exactly the RQM, and furthermore the portal ad originates from
an alternate passage, the versatile hub need to switch new entry-
way as the default portal in any case default door continues as
before. The clog level of the course is gathered in the entryway
commercial as it navigates the system.

5 Model of simulation an results evaluations

Right now, [39] apply the above methodology portal gateway
discovery algorithm, actualized utilizing the system test sys-
tem ns-2.28 and contrast it and proactive revelation arrange-
ment in a similar reproduction condition [12]. In Ad Hoc
system space, we use AODV directing convention. The rec-
reations were led on a Linux, 4 GB of RAM and Intel i3
Processor.

5.1 Simulation and scenarios environment

The survey situation comprises of fifteen Ad-Hoc nodes with
fixed two numbers of gateways. That is represented as rectan-
gular topology with area length and width is 1200 m. All the
fixed connections have a transmission capacity of 10Mbps.
Every remote transmitter has a radio scope of 250 m. So as
to help remote LAN in the test system, the Dispersed
Coordination Capacity (DCF) of IEEE 802.11 is received as
Macintosh layer convention. All reproductions were run for
500 s of re-enactment time. Six of the 15 versatile hubs are
Constant Bit Rate traffic sources sending information bundles
with a size of 512 bytes, to one of the two fixed hosts. They are
circulated haphazardly inside the portable Specially appointed
system. All the six traffic sources begin sending information
parcels following 50 s of the beginning of recreation time. The
goal of every one of the information sessions is one of the
fixed hubs in the wired system.

Table 1 Route Table of MNA

Update Sing
Address

Hop Physical
Address

RQ
metric

1 FNAB (0.0.2) Default (-15) -2 -2

2 Default (-15) GWA (2.0.0) 4 6.9

3 GWA(2.0.0) MNX (2.0.4) 4 6.9

4 MNX (2.0.6) MNY (2.0.7) 8 -2

5 MNY(2.0.7) MND (2.0.6) 8 -2

6 MNZ (2.0.8) MNZ (2.0.9) 6 -2
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Information pace of versatile hub 8 is kept steady at 6
bundles/sec till the whole reproduction while the information
pace of portable hubs 7, 9, 11, 13 and 21 shift from 6 parcels/
sec to 32 parcels/sec according to Table 4 (6 * 512 * 9 = 21
Kbps). For reasonable examinations, all disclosure conven-
tions utilize a similar arrangement of versatility and traffic
design. A preview [12] of the re-enactment situation is ap-
peared in Fig. 5. We contrasted our SPAHN method conven-
tion and Hamidian proactive methodology for MANET-Web
situations. In the following table represents about parameters

(MN) Number of mobile nodes, (TS) Number of traffic
sources, (IG) Number of Internet gateway, (FN) Number of
fixed node, (TS) Topology size, (TR) Transmission range,
(TT) Traffic type, (SPS) Standard packet sending rate, (PSR)
Packet sending rate, (PS) Packet Size and (MNS)Mobile node
speed that is normal for all re-enactments.

5.2 Movement model

The Random Waypoint Model, According to this model, a
versatile hub stays stationary for a predetermined respite time
[33], after which it starts to move with an arbitrarily picked
speed towards a haphazardly picked goal inside the character-
ized topology. The hub rehashes a similar methodology until
the recreation closes. The arbitrary speed is picked to be a
worth, which is consistently circulated between a defined least
and most extreme value.

5.3 Metrics

To evaluate the adequacy of the SPAHN gateway discovery
component, we utilized the accompanying exhibition
measurements.

Throughput The characterized as the frequency of addition of
all number of packets effectively got at the goal to the simu-
lation time.

End-End delay The characterized as the delay for sending data
bits from source hub to the fixed host. This measurement
incorporates all the potential postponements brought about

X1

X2

X3

X4

X5

X6

X7

X8

X9

X10

X11

X12

X13

X14

X15

X16

X17

Z

Fig. 5 SPAHN Proactive Load-Aware Internet gateway advertisement

Table 2 Parameters of simulation results

Parameter Value

MN 16

TS 7

IG 3

FN 3

TS 1200 × 500 m

TR 250 m

TT CBR

SPS 6 packets/ sec (20 Kbps)

PSR varied from 6, 11, 16, 22, 27 and 32 packets/sec.

PS 128 bytes.

MNS 0–18 m/sec.

PT 6 s.

MM RW

CSR 500 m.

ST 500 s.

WCB 2.2 Mbps.

IQL 55packets

IQL 55 packets

WLB 12 Mbps

IGBA 6 s
Fig. 6 Simulation environment
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by buffering during the Web portal discovery delay, retrans-
mission delays, queuing at the interface queue at the transfer
times, propagation and MAC layer (Table 2).

5.4 Results & discussion

We inspect the impact of traffic burden and mobility as terms
as two measurements: throughput and normal End-to-End de-
ferral to assess our SPAHN convention.

5.4.1 Traffic Load

Form the Fig. 6 representations the throughput of Ad-Hoc
node seven acquired at the sing is superior to proactive
gateway discovery [12] as our convention utilizes load-
adjusting procedure to consistently disseminate traffic
across various routes. As the traffic rate of source hubs
expands, congestion begin working over some mobile
hubs because of least hop metric utilized in the existing
work [12], in this manner packet drops begin happening
because of interface queue overflow. Be that as it may, for
our situation as mobile node picks a route having lighter
traffic, coming about lesser packet drops.

Figure 7 shows normal packet delay of traffic experienced
by portable hub seven. At the point when the load expands,

the normal end-to-end delay doesn’t build much in the event
of our SPAHN protocol as it evades nodes with congestion
along a route despite the fact that it needs to cross increasingly
number of jumps to interface the Internet gateway. The [12]
approach utilizes shortest path determination method for Web
Portal disclosure. Delay of End-to end is additionally lesser
for our situation because of handoff occurring starting with
oneWeb gateway then onto the nextWeb portal by an internet
hub which turns out to be nearer and having lesser congestion
along that route (Table 3 and 4).

Moreover, the connection will detected fast whenever the
mobile node miss the connectivity to the old gateway.
Subsequently, throughput is increased (Fig. 6). Therefore, it
performs better than existing method [12].

5.4.2 Mobility impacts

The following table represented by five different delay maxi-
mum speeds as m/sec ratio and its pause time is 10 s. Every
reach points are has showed an average of five iterations with
similar modes but selection creation of mobility ratio. The
SPAHN and existing methods are obtained seven nodes and
that are compared their results in the following table as well as
image 8 also. (Table 5).

The end-to-end delay is characterized by delay from the
source hub to theWeb gateway. The SPAHN lower pocket delay

Table 4 Average delay of mobile node seven

Sending rate (Pkts/Sec) Average Delay (Kbps)

Existing [12] SPAHN

5 25 20

10 26 24

15 19 38

20 40 38

25 79 46

30 100 60
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Fig. 7 Throughput of mobile node seven

Table 3 Throughput of mobile node seven

Sending rate (Pkts/Sec) Average Delay (Kbps)

Existing [12] SPAHN

5 16 18

10 16 13

15 12 13

20 15 13

25 12 13

30 10 11

Table 5 Average throughput of mobile node seven

Packet Sending rate (Pkts/Sec) Throughput (Kbps)

Existing [12] SPAHN

1 15 18

5 12 17

10 14.5 15

15 16 18

20 10 20
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to the Existing method. The following Figure demonstrates
the end-to-end delay for the two conventions as an element of
hub speed and the SPAHN methodology accomplishes lower
normal delay than existing method. The effect of mobility has
lesser impact on end-to-end delay for our situation. The explana-
tion is that our methodology chooses a Internet gateway with
path with less delay (Figs. 8 and 9).

6 Conclusions

The SPAHN has displayed examination of existing routing
protocol for mobile node network. In light of this investiga-
tion, a proactive load aware Web gateway revelation plot uti-
lizing SPAHN metric has been produced. This gateway dis-
closure scheme can moderate the congestion conditions in
internet access of mobile networks. We assessed our
SPAHN method execution through simulation for various
traffic and portability situations. Reproduction results affirm
the presentation as far as delay improvement and throughput
of our plan as traffic load just as portability increments. This
methodology conveys the traffic uniformly among the hubs in
Impromptu systems as traffic/versatility in MANET area

increments. Right now, portal occasionally communicates
passage ad proactively all through domain of MANET. Each
portable hub makes/refreshes default courses to gateway as it
gets next passage promotion dependent on interface queue
and least hop. The SPAHN methodology has compared to
[12] existing approach PRDS and bolsters load adjusting com-
ponents. Via simulation it has seen that our methodology beats
the current methodology as the traffic/versatility increments.
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The power sector of India is in a huge catastrophe in satisfying the energy requirement of 

the public due to incessant exhaustion of fossil fuels. The nonstop exhaustion of fossil 

fuels, rising power needs and increasing production cost of power requires economic 

operation at the generation side and economic utilization at the consumer side. Economic 

dispatch is the process of determining the optimal power output from ‘n’ number of 
generators to meet the demand at low cost subject to certain constraints. Economic 

dispatch ensures the optimal generation of power at low cost from thermal power plants. 

The mathematical formulation of economic dispatch problems is usually done by the 

piecewise quadratic fitness function. This article compares the results generated from 

various techniques such as Lambda Iteration (LI) method, Genetic Algorithm (GA), 

Particle Swarm Optimization (PSO), Quantum Particle Swarm Optimization (QPSO) and 

Shuffled Frog Leaping Approach (SFLA). LI method is a traditional method of solving 

economic load dispatch which works on the concept of equal incremental cost (λ). GA 
works on Darwin’s theory of evolution, where the population of individual solutions is 
modified repeatedly to obtain the optimal solution in the population. PSO is derived from 

the concept of swarm intelligence, where the best solution is found using the values of 

personal best and global best in the population. QPSO is basically derived from the PSO. 

SLFA is obtained from the concept of food- frogs used to find an accurate solution to our 

power system problem. In this paper, the best fuel cost and execution time was found from 

QPSO, SFLA compared with LI, GA and PSO methods. These approaches are applied for 

three and thirteen generator system and the convergence characteristics, heftiness was 

explored through comparisons from different approaches discussed earlier. The results are 

hopeful and it suggests that shuffled frog leaping algorithm is very effectual in terms of 

both the minimized fuel cost obtained and the execution time.  

Keywords: 

economic dispatch, particle swarm 

optimization, quantum behaved swarm 

intelligence, shuffled frog leaping, Lambda 

Iteration, fuel cost 

1. INTRODUCTION

The power utilities all over the world are putting their 

maximum effort to produce power in a very highly efficient 

manner to reduce the production cost. The total power 

generation includes auxiliary power usage of all power 

generation units. India produced a very high amount of power 

in 2013 surpassing Russia and Japan with a share of 4.7% 

globally. During 2014-15, the electricity generation 

(1010kWh) from utilities as well as non-utilities was higher 

compared with the electricity consumption of 746 kWh. The 

consumption of electricity in the agricultural field is very high 

when compared with all the fields in the year 2014-2015. Even 

though the electricity tariff in India is very cheaper, the per 

capita consumption seems quite poor as compared to all the 

nations [1, 2]. The values of power from all the thermal units 

can be found by using computer software which should be 

within the limits of each unit with the demand satisfied. Since 

the electric power cannot be stored in large amounts, a critical 

need arises for optimal economic operation of all power plants. 

Few percent of fuels saved using economic operation result in 

a lesser production cost in power generation systems. The 

dissimilar thermal generation units due to the various aspects 

such as distance, location, and efficiency result in various 

operating costs. This results in an optimum power generation 

schedule to decide the capacity of each unit is of very major 

importance to meet demand at a minimal cost. Also, the power 

generating cost of all units does not linearly vary with the 

amount of power it produces. The only way to obtain a 

profitable schedule is by considering the limits and constraints 

of the corresponding unit. The foremost aim in power 

generation is to meet the load demand compensating the power 

losses which is also a function of power generation. The 

corresponding improvement in all the unit outputs can result 

in a significant amount of cost saving [3].  

As of now, the energy centers calculate the values of the 

coordination equations using conventional methods by 

adjusting the generator values which matches the required load 

and losses which should result in optimal generation cost. 

These equations can be easily resolved by interactively 

changing the load until the sum of the output of the generator 

matches the load, a failure of the device which should result in 

a minimum cost of generating electricity at the same time. The 

country should have an energy policy in such a way that more 

energy should be produced with minimum cost and losses to 

serve the feeders. The traditional methods will take more time 
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for finding the optimal value when applied for any type of 

problem. When naturally inspired algorithms or evolutionary 

algorithms like GA, PSO, QPSO and SFLA are used, these 

types of problems can be completely eliminated. In fact, all the 

methods will have their own merits and limits. When all such 

techniques were reviewed, the SFLA technique is the most 

sensible and dominant approach in finding the global optima 

in a power system problem. SFLA has the capability to 

converge quickly to the near-optimal solution. When 

compared with traditional methods used in olden days and 

even now, SFLA is very precise and accurate in finding the 

optimal power values of any system. The content of the paper 

is accommodated with fitness function for our problem, 

approaches to solve the problem of economic dispatch, steps 

involved in SFLA and the outcomes from the techniques we 

have mentioned earlier [4, 5]. 

 

 

2. PROBLEM FORMULATION 

 

This part deals with the economic dispatch power system 

problem formulae without considering the transmission losses. 

 

2.1 Objective function 

 

The foremost aim of the power dispatch issue is to evaluate 

the best possible value of power from each system to reduce 

the cost confined to inequality and equality constraints. The 

number of generators involved in thermal power plants to 

generate power is taken as N and if the power demand is PD, 

the problem can be developed with the fitness function below.  

 

1

( )
gN

T i Gi

i

MinF F P
=

=  (1) 

 

The Eq. (1) is confined to equality constraint (2) and 

inequality constraint (3): 
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0
gN

gi D

i

P P
=

− =  (2) 

 

Pgi
min ≤ Pgi ≤ Pgi

max, i= 1,2, …, Ng (3) 

 

where, 

FT          – Cost of fuel to be reduced 

Fi(PGi)– Cost of fuel of n generating units 

N       – No. of thermal power units 

PD      – Total Power demand 

Pgi
min

   – Minimum power to be generated from each unit 

Pgi
max  – Maximum power that can be generated  

 

2.2 Value point effect for economic dispatch 

 

Practically viewing, owing to the presence of valve point 
effects, the actual characteristics are non-linear and the fuel 
equation becomes a non-smooth equation. These fuel curve 
discontinuities are caused by the actions of the valve points. 
The fuel equation because of the non-linear characteristic 
includes rectified sinusoidal term to include effect in the actual 
fitness function. Figure 1 shows the fuel cost curve including 
the effect of the valve point. The effect of the valve-point is 

included in the fuel cost function as follows. 
 

 

 

Figure 1. Fuel cost curve with the impact of valve point 
 

The cost equation of each thermal plant is defined as: 
 

2( )i gi i gi i gi iF P a P b P c= + +  (4) 

 

where, ai, bi and ci represents the cost coefficients for ith 
generator. 

The fuel cost equation including valve point effect is given 
by: 

 

2 min

1

( ) sin( ( ))
gN

i gi i gi i gi i i i gi gi

i

F P a P b P c e f P P
=

= + + + −  (5) 

 

The values ei and fi are the cost coefficients of fuel for each 
unit relative to the valve point. The objective function to be 
reduced is defined by 

 

2 min

1

sin( ( ))
gN

T i gi i gi i i i gi gi

i

F a P b P c e f P P
=

= + + + −  (6) 

 

 

3. PROBLEM-SOLVING TECHNIQUES 
 

In this section, the various naturally inspired algorithms 

such as particle swarm intelligence, quantum behaved particle 

swarm intelligence and shuffled frog leaping algorithms are 

discussed in detail with flowchart and algorithms. Finally, the 

implementation of those algorithms for economic load 

dispatch is explained. 

 

3.1 Particle swarm optimization (PSO) 

 

The birds are considered as particles and the concept is 
derived from birds or fishes; it is known as swarm intelligence 
technique. It is used to solving many types of power quality or 
power system problems. Economic dispatch is one among 
them which includes economic dispatch with restricted 
operational areas, sustainable economic dispatch and multi-
area economic dispatch with tie-line restrictions. When PSO 
[6] is applied for all sorts of economic dispatch concepts, it 
gave good results when compared with lambda iteration, 
integer programming and genetic algorithm etc. The 
implementation of PSO for economic dispatch is shown in 
Figure 2.
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Figure 2. Implementation of PSO for economic dispatch 

 

It is a stochastic population-oriented optimization algorithm 
inspired by the fishes and birds searching for food.  In this 
technique, every probable result is a point in the search space 
termed as ‘particle’. Each particle is having two components 
such as position and velocity. The velocity and position of each 
individual particle is denoted using the following vectors:  

 

Vi = (Vi1, Vi2…, Vin)  (7) 

 

Xi = (Xi1, Xi2…, Xin) (8) 

 

There are two best positions in this swarm intelligence 
technique. The first one is pbest which is the best solution to 
that particular swarm and gbest is the best solution among all 
the swarms. The aim of the approach is to estimate the best 
possible solution to the objective function. In the beginning, 
few particles need to be randomly generated in the search 
space. In each iteration, the best position of every particle will 
be stored which is termed as pbest and the overall best is 
termed as gbest. By knowing the particle's own position and 
the position of neighbors’, the particles or birds could reach 
the optimal place of solution. 

 
INITIALIZATION OF PSO PARAMETERS: 
No. of particles                           = 20 

No. of iterations  = 100  
Dimension of the problem space = 3 & 13 

Velocity constants C1 and C2       = 2 

Inertia factor                 = 0.5 

 

3.2 Quantum particle swarm optimization (QPSO) 

 

This section deals with QPSO [7] in solving economic 
dispatch to find the near-optimal values of power from thermal 
energy systems. Quantum particle swarm intelligence is used 
to find the most favorable values of power from each thermal 
unit without violating the constraints of each unit so as to 
reduce the operational cost. This method is giving better 
results when compared with naturally inspired approaches viz. 
Particle swarm intelligence, Genetic algorithm, Bee colony 
algorithm SO and some other traditional methods like Lambda 

iteration method, integer programming etc. 
The main difference in Quantum particle swarm intelligence 

is that each particle is showing quantum behavior unlike 
particle swarm technique and the wave function ψ(x,t) is used 
instead of the velocity and position components as used in 
particle swarm intelligence technique. Since the consequence 
of wave function is high, the location of the particle will be 
determined using the function called probability density is 
given by ǀψ(x,t)ǀ. With this Monte Carlo method used in the 
quantum particle swarm optimization technique, the location 
of the particle during each iteration can be evaluated using the 
equation below (9). 

 

n n nn+1
q .H ln(1 / v )ij ij ij ijz = .  (9) 

 

where, vij
t is a random number distributed equally between 

(0,1) and 
n

ijq  is a local attractor defined as: 

 

n n n ni
q (1 ).qij ij ij ij gjq .=  + −   (10) 

 

where, 
n

ij is a random number that is equally distributed 

between (0,1) and the 
n

ijH  is calculated by: 

 

n n n
2 zij ij ijH q=    −  (11) 

 

where, the term α represents Contraction-Expansion (CE) 

coefficient, used to fine-tune the convergence rate of the 

technique. Then the position updated by equation: 

 

n n n nn 1
q z ln(1 / v )ij ij ij ij ijz q

+
=    −   (12) 

 

The center of all the personal best pbest positions of the total 
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swarm is called as mbest which is given by: 

 

K K K K
n n n n

q q q q
1 1 1 1n

mbest , ,... ,...
i1 i2 ij iDi 1 i 1 i 1 i 1K K K K

=    
= = = =

 
 
 

 (13) 

 

where, the population size is K and the personal best position 

is given by qi. The term L is defined by: 

 

n n n
2 mbest zij j ijL =    −  (14) 

 

Finally, the position of the particle is revised with the 
following equation: 

 

n n n nn 1
q mbest z ln(1 / v )ij ij j ij ijz

+
=    −   (15) 

 

With the final Eq. (15), the PSO is finally called Quantum 
behaved swarm intelligence approach. 

 

INITIALIZATION OF QPSO PARAMETERS: 
Swarm size or No. of Particles        = 50 

No of iterations   = 100  
Dimension of the problem space = 3 & 13 

 

The speed of convergence of the algorithm can be adjusted 
by adjusting the value α of the algorithm. QPSO made another 
innovation by introducing a new term called mbest. Every 
particle in the swarm will get converged to overall best without 
considering other particles in PSO. But in the case of QPSO, 
without considering the colleagues, the particles are unable to 
move to the overall best position is the best highlight in this 
approach. The distance between particles present position and 
mbest is used to determine the distribution of the position of 
each particle for the next iteration. Particles that are far from 
the best overall location are called lagged particles. If some of 
the particles are close to global best and many of the particles 
are located away from position global best, then the lagged 
particles will pull away from the mbest. 

When the particles lagged moving with the colleagues 
converging to Pg, Pg will be approached by mbest slowly. The 
distance between pbest of a particle and gbest does not reduce 
quickly decelerating particle convergence near Pg and the 
global search will be done until the lagged ones are near to Pg. 
As a result, in the QPSO technique, the swarm never denies 
the lagged particle and appears more intelligent and highly 
cooperative compared to the PSO. 

 

3.3 Shuffled frog leaping approach (SFLA) 
 

SFLA [8, 9] can be applied to all types of engineering 
problems such as optimizing the values of the PID controller, 
power system problems and scheduling problems etc. The 
convergence speed of the algorithm which is very fast in case 
of shuffled frog leaping technique is a great benefit. In this 
approach, the frogs are split into many groups called as a 
memeplex. In each memeplex, there are several numbers of 
frogs and each frog has its individual thoughts within the 
memeplex.  

Since there are n numbers of the memeplex, each frog will 
be affected by other frog ideas in the corresponding memeplex. 
Once the memetic evolution steps are evolved, ideas of all 

frogs in memeplex are passed in the shuffling process. The 
local search for the best value and the shuffling process will 
continue until the convergence criteria have been met. 
Convergence criteria can usually be defined as follows:  

(1) The relative fitness improvement of the global frog 
over a number of consecutive shuffling iterations is 
below the pre-defined threshold. 

(2) The maximum predetermined amount of shuffling 
iterations has been achieved. 

The shuffled frog leaping algorithm introduced to solve the 
economic load dispatch problem is as follows: 

 

Step[1]. Initialization of power demand, constraints, and fuel 
cost coefficients. 

Step[2]. Initial populations of P frogs are formed at random 
for an S-dimensional problem. 

Step[3]. Determine the fitness value i.e. fuel cost of each frog 
according to the predetermined equality and 
inequality constraints. Once determined, the best frog 
position will be recorded in the whole population.  

Step[4]. After the fitness values are determined, the frogs have 
to arranged in descending order in accordance with 
the fuel cost which is the fitness value of our problem. 

Step[5]. The entire frogs were divided into m number of 
memeplexes and each of which contains n frogs.  

Step[6]. In every memeplex, the frogs will be calculated for 
best and worst values of fitness value and they are 
denoted as Xb and Xw respectively. The best value 
among the n number of memeplex based on the 
fitness value is called as Xg. 

Step[7]. Once the fitness value is calculated for a predefined 
number of the memeplex, all the frogs of the 
corresponding memeplex will be arranged from the 
best value to the worst value of fitness.   

Step[8]. When the fitness value fuel cost gets converged or if 
there is no change in the value after certain iterations, 
the algorithm will be terminated and the obtained 
results of the best fitness value will be displayed. 

Step[9]. End the procedure. 
 

 
 

Figure 3. Implementation of SFLA for economic dispatch 
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If the criterion or the fitness values obtained are not satisfied, 
then fitness values will be calculated again and all the steps 
will be repeated until the near optimal value of the fuel cost 
are obtained. The implementation of SFLA for economic 
dispatch is shown in Figure 3. MATLAB execution of 
calculate total cost and time shown in Figure 4 and Figure 5. 

 

INITIALIZATION OF SFLA PARAMETERS: 
Total No. of Frogs         = 100 

No. of memeplexes       = 10 

No. of Dimensions        = 3 & 13 

No. of Iterations            = 50 

 

 
 

Figure 4. MATLAB execution to calculate total cost 
 

 
 

Figure 5. MATLAB execution to calculate time for iterations 

 

3.4 Genetic Algorithm (GA) and Lambda Iteration (LI) 
method  
 

GA is an important optimization technique for which the 
expected solution is to be the global solution [10]. Genetic 
algorithms are a class of stochastic search algorithms that 
begin with a population of randomly generated candidates and 
'evolve' towards better solutions by applying operators-
mutation, crossover, and reproduction based on genetic 
processes occurring in nature. GAs is naturally suited for the 
solution of maximization problems. Minimization problems 
are first converted into appropriate maximization problems for 
fitness functions. Genetic algorithm performance is mainly 
controlled by the probability of crossover and mutation. 
Depending on the problem, we have to select the values of 
these probabilities, and selecting the appropriate values of 
those probabilities becomes an optimization problem.  
 

STEPS in GA: 
STEP 1: Determine the Objective Function (OF). 
STEP 2: Assign number of generations to 0 (t=0). 
STEP 3: Create individuals randomly in the initial 

population P(t). 
STEP 4: Determine individuals in population P(t) using OF. 
STEP 5: While the termination criterion is not satisfied to 

do t=t+1. 
Select the individuals to population P(t) from P(t-1) Change 

individuals of P(t) using crossover and mutation.  
Evaluate individuals in population P(t) using OF. 
End While 

STEP 6: Return the best individual found during the 
evolution. 
 

In the Lambda Iteration (LI) process, lambda is the vector 
used to solve constraint optimization problems called a 
Lagrange multiplier [11]. Since all of the inequality constraints 
are to be met in each case, iterative approach solves the 
equations.  

The steps involved in the LI method are: 
STEP 1: Assuming suitable λ value, that will be more than 

the largest interception of the incremental costs characteristic 
of the several generators. 

STEP 2: Evaluate the individual generations. 
STEP 3: Check the equality. 
STEP 4: If not, repeat the second guess λ of the steps above.  

 

 

4. RESULTS AND DISCUSSIONS 
 

In this paper, two case studies have been considered. (i.e) 3 

generator system and 13 generator system. 3 generator systems 

and 13 generator systems [12] have to satisfy a load demand 

of 850 MW and 1800 MW respectively. The objective of this 

work is to find the power from individual units in such a way 

that the total demand should be met at minimum possible cost. 

For example, the power demand of 850MW or 1800 MW cam 

be found in different combinations of power. But the condition 

is that the combination of power from different units should 

result in minimum fuel cost.  

All the approaches were done for the lossless network with 

the valve point effect denoted by sine function in the fitness 

equation. The data for three generator systems and thirteen 

generator systems are shown in Tables 1 and 3 respectively. 

Similarly, the results obtained for 3 and 13 generator systems 

are shown in Tables 2, 4 and 5 respectively. From the result, it 

is observed that SFLA gives the best fuel cost and best time 

compared with other techniques. Figure 6 shows the minimum 

comparison of case 1 and case 3 for different optimization 

techniques.     

 

 
 

Figure 6. Minimum cost comparision for Case 1 and Case 2 
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Table 1. Case 1: Data for 3 unit system 

 
 PLANT 1 PLANT 2 PLANT 3 

ai ($/hr) 0.001562 0.00194 0.00482 

bi ($/Mwh) 7.92 7.85 7.97 

ci ($/Mw2h) 561.00 310.00 78.00 

ei ($/h) 300.00 200.00 150.00 

fi (1/Mw) 0.0315 0.042 0.063 

Pgi
min (Mw) 100.00 100.00 50.00 

Pgi
max (Mw) 400.00 600.00 200.00 

 

Table 2. Results for Case 1: 3 unit system with valve point effect 

 
Approach P1 (mW) P2 (mW) P3 (mW) Best Cost ($/HR) Best Time (Secs) 

Lambda Iteration 359 376 115 8269.64 48.70 

GA 498.54 252.82 98.63 8241.17 33.12 

PSO 300.26 400.00 149.73 8234.07 0.2887 

QPSO 320.19 371.10 158.70 8229.61 0.2641 

SFLA 320.19 371.10 158.70 8038.30 0.1572 

 

Table 3. Results for Case 1: 3 unit system without valve point effect 

 
Approach P1 (mW) P2 (mW) P3 (mW) Best Cost ($/HR) Best Time (Secs) 

Lambda Iteration 394 335 121 8194.50 50.47 

GA 391.94 332.75 125.27 8194.48 20.54 

PSO 393.16 334.60 122.22 8194.35 0.3181 

QPSO 390.97 336.12 122.85 8194.21 0.2943 

SFLA 392.92 334.37 122.70 8194.04 0.1240 

Table 4. Generator data Case 2 – 13 unit system 

 
Coefficients of 3 generator System Pgi

min 

(Mw) 

Pgi
max 

(Mw) ai bi ci ei fi 

0.00028 8.1 550 300 0.035 0 680 

0.00056 8.1 309 200 0.042 0 360 

0.00056 8.1 307 150 0.042 0 360 

0.0324 8.74 240 150 0.063 60 180 

0.0324 8.74 240 150 0.063 60 180 

0.0324 8.74 240 150 0.063 60 180 

0.0324 8.74 240 150 0.063 60 180 

0.0324 8.74 240 150 0.063 60 180 

0.0324 8.74 240 150 0.063 60 180 

0.0284 8.6 126 100 0.084 40 120 

0.0284 8.6 126 100 0.084 40 120 

0.0284 8.6 126 100 0.084 55 120 

0.0284 8.6 126 100 0.084 55 120 

 

Table 5. Results for Case 2: 13 unit system 

 
Power (MW) Lambda Iteration GA PSO QPSO SFLA 

P1 456.00 539.05 269.19 628.31 538.52 

P2 257.00 238.03 360.00 224.39 74.69 

P3 284.00 231.78 112.20 157.07 104.71 

P4 113.00 98.48 159.66 109.86 159.70 

P5 112.00 103.86 109.71 109.86 159.71 

P6 66.00 133.29 60.00 60.00 159.59 

P7 66.00 115.58 109.87 159.73 159.69 

P8 109.00 96.33 109.87 60.00 109.86 

P9 106..00 65.15 159.62 60.00 109.84 

P10 72.00 43.85 119.97 40.00 40.00 

P11 42.00 42.29 75.50 76.49 73.28 

P12 44.00 45.68 40.00 40.00 40.00 

P13 73.00 46.56 114.36 74.24 70.36 

Min Cost ($/hr) 18752.88 18606.51 18235.1 18204.2 18027.5 

Time (secs) 114 6.2198 1.2052 0.8174 0.2660 
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5. CONCLUSION AND FUTURE WORK 

 

In this work, the economic aspect of the power generation 

system is the sole objective. Hence, we considered the 

maximization of profit and minimization of production costs 

as a priority and thus total production cost is minimized by 

allocating the suitable value of power from each thermal 

generating unit to supply the total load demand. Shuffled frog 

leaping algorithm is the only technique that gives better-

optimized results with reduced computational time. Particle 

swarm optimization and quantum behaved particle swarm 

optimization shows less optimized results than SFLA and the 

values obtained from SFLA are much better than the few 

mentioned naturally inspired algorithms and conventional 

methods in terms of precision, accurate results and 

computational speed. The proficiency of the approach is best 

illustrated with the given data and proves that it is the most 

suitable approach for the Economic Load Dispatch problem. 

In future recent algorithms like BAT Algorithm, Whale 

Optimization Algorithm and Artificial Fish Swarm Algorithm 

can be used. 

 

 

REFERENCES  
 

[1] Singal, S.K. (2007). Review of augmentation of energy 

needs using renewable energy sources in India. 

Renewable and Sustainable Energy Reviews, 11(7): 

1607-1615. https://doi.org/10.1016/j.rser.2005.11.002 

[2] Irfan, M., Zhao, Z.Y., Ahmad, M., Mukeshimana, M.C. 

(2019). Critical factors influencing wind power industry: 

A diamond model based study of India. Energy Reports, 

5: 1222-1235. 

https://doi.org/10.1016/j.egyr.2019.08.068 

[3] Sinha, N., Chakrabarti, R., Chattopadhyay, P.K. (2003). 

Evolutionary programming techniques for economic 

load dispatch. IEEE Transactions on Evolutionary 

Computation, 7(1): 83-94. 

https://doi.org/10.1109/TEVC.2002.806788 

[4] Dike, D.O., Adinfono, M.I., Ogu, G. (2013). Economic 

dispatch of generated power using modified lambda-

iteration method. IOSR Journal of Electrical and 

Electronics Engineering, 7(1): 49-54. 

https://doi.org/10.9790/1676-0714954 

[5] Baskar, S., Subbaraj, P., Rao, M.V.C. (2003). Hybrid real 

coded genetic algorithm solution to economic dispatch 

problem. Computers & Electrical Engineering, 29(3): 

407-419. https://doi.org/10.1016/S0045-7906(01)00039-

8 

[6] Abido, M.A. (2009). Multiobjective particle swarm 

optimization for environmental/economic dispatch 

problem. Electric Power Systems Research, 79(7): 1105-

1113. https://doi.org/10.1016/j.epsr.2009.02.005 

[7] Dos Santos Coelho, L. (2010). Gaussian quantum-

behaved particle swarm optimization approaches for 

constrained engineering design problems. Expert 

Systems with Applications, 37(2): 1676-1683. 

https://doi.org/10.1016/j.eswa.2009.06.044 

[8] Hasanien, H.M. (2015). Shuffled frog leaping algorithm 

for photovoltaic model identification. IEEE Transactions 

on Sustainable Energy, 6(2): 509-515. 

https://doi.org/10.1109/TSTE.2015.2389858 

[9] Li, J., Pan, Q., Xie, S. (2012). An effective shuffled frog-

leaping algorithm for multi-objective flexible job shop 

scheduling problems. Applied Mathematics and 

Computation, 218(18): 9353-9371. 

https://doi.org/10.1016/j.amc.2012.03.018 

[10] Amjady, N., Nasiri-Rad, H. (2009). Economic dispatch 

using an efficient real-coded genetic algorithm. IET 

Generation, Transmission & Distribution, 3(3): 266-278. 

https://doi.org/10.1049/iet-gtd:20080469 

[11] Mudumbai, R., Dasgupta, S., Cho, B.B. (2012). 

Distributed control for optimal economic dispatch of a 

network of heterogeneous power generators. IEEE 

Transactions on Power Systems, 27(4): 1750-1760. 

https://doi.org/ 10.1109/TPWRS.2012.2188048 

[12] Yang, H.T., Yang, P.C., Huang, C.L. (1996). 

Evolutionary programming based economic dispatch for 

units with non-smooth fuel cost functions. IEEE 

transactions on Power Systems, 11(1): 112-118. 

https://doi.org/10.1109/59.485992 

 

295

Page 290 of 3066Page 290 of 3066



Research Journal of Chemistry and Environment_____________________________________Vol. 24 (Special Issue I), (2020) 
Res. J. Chem. Environ. 

Special Issue on Renewable Energy and Sustainable Environment                                                                                             1 

Improvement in the performance of solar cells  
through the deposition of nano particles for  

avoiding surface reflections 
Rajesh Kumar B.1*, Sundararaju K.2, Ishwarya S.2 and Senthil Kumar R.3 

1.  Department of Electronics and Communication Engineering, M. Kumarasamy College of Engineering, Karur, Tamil Nadu, INDIA 

2. Department of Electrical and Electronics Engineering, M. Kumarasamy College of Engineering, Karur, Tamil Nadu, INDIA 

3. Department of Electrical and Electronics Engineering, Sri Krishna College of Technology, Coimbatore, Tamil Nadu, INDIA 

*rajuae2011@gmail.com 

 

Abstract 
In 21st century the conversion from fossil fuels into 

renewable energy sources occurs and it was the 

challenge faced by humans. The solar cell 

manufacturing industries was grown rapidly due to 

tremendous interest in renewable energy sources. 

Recent technology used in solar industry has little 

chance to emulate with non-renewable energy sources 

or grids. For huge energy generation the cost of the 

system is high. Cost plays a vital role in achieving a 

favorable outcome in solar technology.  

 

The improvement in nanotechnology may lead to the 

manufacture of low-cost solar cells. Nanotechnology 

showed a sudden change in the solar technology. Nano 

imparting technology has been used to enhance the 

efficiency of Photovoltaic solar cells, but the challenge 

faced by the scientists is the reduction in cost. 

Obtaining energy from a solar cell should preserve the 

surroundings. This system predicts about the 

drawbacks in conventional sources and research made 

in order to overcome the disadvantages and science 

that are used to utilize maximum energy. 
 

Keywords: Nanotechnology, Conventional Energy, Solar 

Cell, Quantum dots. 

 

Introduction 
Renewable energy sources were more important and it is 

utilized globally. Photovoltaic cells convert the potential of 

rays from the sun into charge1,2. Before discuss about 

upcoming developments in solar cells, it is important note to 

know about the basics ofnormal cells. Solar cells which 

utilize energy as heat in sunrays are called photovoltaic cells. 

Silicon is majorly used for production of solar cells. When 

light falls into the cells, they engage majority of energy 

though photons. The soaked-up energy hits the electrons in 

the solar cell made of silicon allow them to proceed.  

 

By enumerating different contaminants to the silicon an 

electric field can be setup. The electric field produced from 

silicon material acts as a diode, since it permits the electrons 

to allow in one    direction 3. The final stage is the majority 

of electrons which is very familiar to us as electricity.  
 

* Author for Correspondence 

Normal solar cell has two disadvantages mainly; one is the 

less efficiency which is unavoidable in silicon material. In 

that the incoming photon must have enough energy to knock 

out the electrons. The photon energy may more or less when 

compared to band gap energy, accordingly the photon either 

may pass through or wasted as heat. For this process alone 

70% of occurrence of the radiant energy on the cell is 

wasted. Nanoparticles are very less compared to the width of 

human hair 4– 7. Nanoparticles atoms dwell on their surfaces 

rather than in their interiors were more. It shows surface 

interactions govern the nano particles behavior. They often 

have different characteristics when compared to the same 

material. Nanotechnology was incorporated into system 

mainly to lower cost and increase efficiency 8. The solar cells 

consist of Nano structured layers has three significant 

qualities. In first phase, the actual optical track is more than 

actual thickness because of several reflections.  

 

In latter phase, recombination losses were lowered because 

of the light produced electrons holes has to travel along a 

minimum path. As an outcome of system, the nano 

structured solar cells have an absorber layer and its thickness 

is as thin as 150 nm in place of numerous micrometers in the 

conventional thin film solar cells. At last, the third phase is 

the various layers where the energy band gap is made 

according to the preferred design by changing the size of 

nano elements. It made for the solar cells design flexibility.9 

 

Thin film is one of the high costs in which the solution is 

made up of thin coating component which was available at 

very low cost. Only very low material is required which is 

approximately <1% and prices were reduced. Many cells use 

amorphous silicon, which does not have a crystalline 

structure and efficiency is reduced (8%), however the 

manufacturing cost is low. According to Lawrence Berkeley 

National Laboratory, the maximum output was attained 

nowadays was about 25%.10 

 

Material and Methods 
Nowadays, Solar cells are not capable of converting entire 

received light to proposed energy since few particles of light 

can evolved into the air. Added to it, light rays occur in a 

multi colors and the cells are fastened in changing bluish 

light and functions at slow rate in conversion of reddish 

light. Reduced energy level of the light passes through the 

cell which is not utilized. When the energy becomes greater 

than the band gap it is exhausted in the form of heat which 

is shown in fig. 1. The excited electrons must recombine 
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with holes when the electrons were left free or it was not 

utilized.11,12 

 
Fig. 1: Spectrum of Visible Light Rays 

 

Normal solar cells, ultraviolet light is majorly utilized by 

silicon and it can be changed into damaging heat and it 

cannot be converted into electricity. A thin film of silicon 

nanoparticles was integrated and the silicon cell of 1 nm will 

increase the performance of the cells by 60%. 

 

The diameter is very small for Nano crystal compared to the 

Bohr radius of particles. Due to Bohr thesis, the electron 

energy levels in “continuous band” cannot observe 

continuous and hence it becomes discrete. The atom size 

variation changes the band gap in the boundaries between 

two quantum dots. Adjustment in the shape of quantum dot 

readily results in variation of the band gap energy level 

which is shown in fig. 2 

 

 
Fig. 2: Size of quantum dots 

 

In order to improve solar cells, the scientists were planned to 

convert bulk silicon into separate nano sized substances. 

Owing to size of the solar cell the nanoparticles fluorescence 

into several colors. Nano particles of different size were 

separated into isopropyl alcohol which distributes into edges 

of the solar cell. Since, a film of densely packed nanoparticle 

was speed up securely and the alcohol evaporates.13,14 

 

Solar cells covered by nm size, blue luminescent particles 

exhibit a power improvement almost 60% in UV spectrum, 

then it is reduced in visible range below 3 %. The red particle 

in solar cell exhibits a development of about 67% in the UV 

area which is coated with 2.85 nm and 10% in visible 

spectrum area. The heavily mono dispersed luminescent Si 

nanoparticles of ultra-thin films are directly segregated in 

polycrystalline Si solar cells15. The blue luminescent film of 

1 nm or red luminescent Si nanoparticle of 2.85 nm produces 

increased in improvement of voltage through increase in 

performance of power of about 60% in the UV/blue area of 

the spectrum. In visible spectrum, the improvements are 

approximately reached 10% in case of red particles and 3% 

in case of blue particles. The solar cells key feature is mainly 

nanorods can be adjusted to guzzle several light 

wavelengths. It will improve the efficiency of solar cell. 

Single walled carbon nanotubes manufactured with titanium 

dioxide nanoparticles, the ultraviolet light efficiency is 

changing to an electron which is twice after analyzed with 

the nanoparticles performance 16. 

 

Carbon Nano Tubes: The solar cell electrons produced 

must follow a complex track to extent an electrode. To 

increase the efficiency Researchers utilized carbon 

nanotubes through electrons to reach the electrode. The 

electron ballistic transport on solar cell surface was initiated 

with CNT along its axis with the capacity of high current 

density which has reduction in loss. The association of CNT 

with the substrate polymer gives a photovoltaic conversion 

with increased efficiency. In order to enhance the energy 

conversion polymer composites results in producing 

increased area. Based on the laboratory scale the overall 

output is about 50%. The maximum output was produced 

with aligned CNTs with poly 3-octyl thiophen on reference 

with PV cell. High electric field within nanotubes the exciton 

breaks to form electrons and holes which enable quick 

transfer of electron with better efficiency of quantum with 

greater than 50%. 

 

Results and Discussion 
Quantum Dots (QD) technique to increase the efficiency: 

With the reference to Semiconductor quantum dots, band 

gaps were adjusted in order to convert longer wave light and 

output is increased. As the system for QD solar cells, the 

material combination is chooses based on the semiconductor 

atoms. 

 

Advantages of using semiconductors in solar cells are:  

1) Absorption of light was higher in the infrared area of the 

spectrum, 

2) Closeness with normal silicon solar cell production, 

3) Increasing the photovoltaic current at high temperature, 

4) Radiation hardness was raised associated along with 

renewable solar cells.  

 

Fig. 3 shows the stacked architecture of solar cell to improve 

the efficiency using Quantum Dot concept. Different 

combination of stacking will improve the efficiency up to 

5%. 

 

Solar Cell Improvement: Nowadays, because of lower cost 

the traditional one is chosen when compared to present nano 

solar cells. In the deep-rooted nanotechnology versions have 

been used to increase efficiency when compared to 

conventional ones.  
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Fig. 3: Stacked Architecture of solar cell 

 

Coating the nanoparticles with semiconductor crystals when 

compared to the normal materials, single photon can 

generate just only single electron; quantum dots has ability 

to change energy photons to several electrons. QD functions 

as similar, but they produce more than two electrons for each 

photon interaction with the rays that knockouts the dots. 

Electrons excited to conduction band from the valance band. 

The efficiency is high as 65%. The quantum dots can be used 

by making carrier cells with high temperature. The extra 

energy formed in the photons with the effect of higher 

energy leads to higher voltage7-9. The electron movement 

through the particle is a main damage to attain efficiency in 

adapting a nanostructure electrode. Usage in network of 

CNT was the great support in semiconductor particles via 

executing the transport of electron to collect the surface of 

electrode in DSSC. The charges excited to SWCNT 

excitation from CdSe nano particle. Under visible light 

irradiation CNT involved in CdSe and CdTe which enhance 

the transfer of charged particles. To increase the effect of 

short circuit current density, they boost the interconnection 

of titanium dioxide particles and the MWCNTs in the porous 

titanium dioxide film8. 

 

 
Fig. 4:  Multiple Exciton Generation 

 

Fig. 4 shows the multiple exciton generation concept. The 

electron hole pair generation can be increased per photon by 

the multiple exciton generation process, in which one photon 

absorption will emit 2 plus excitons that means more than 

two electron hole pairs whereas only one electron hole pairs 

are generated in normal solar cells. It has greater solar 

spectrum which is shown in fig. 5. 

 

Reduce the Cost by using Nanotechnology: To increase 

the efficiency of Nanotechnology, the challenge in 

implanting nanotechnology is the decrease in production 

cost. Berkeley identified a path to make plastic solar cells at 

very low cost that must be painted on any surface which is 

shown in fig. 6. 1.7% efficiency was achieved in case of new 

plastic solar cells. Paul Alivisatos put forth an idea that, 

"There is essential potential to ensure a lot better which 

creates an attractive strong path to make this achieve much 

better” 10-12.  

 

The tiny nanorods within a polymer are the new plastic solar 

cells. When nanorods absorb light of a precise wavelength 

they produce electrons and act as wires. The flow of 

electrons to the nanorods will extent the aluminum electrode 

and they joined to produce a current and are consider as 

electric charges13-15. 

 

Significance of Nanotechnology:  

1) Nano technology with utilization of solar cells would help 

to preserve the environment. 

 

2) The inexpensive photovoltaic cells which are enough to 

cover with the roofing materials. This will decrease the fossil 

fuels and helps to reduce pollution. 

 

3) The military implication also includes the nanotechnology 

in solar cells. 

 

4) The Konarka technologies were already hired by US army 

to plan a improved method to control the soldier electrical 

procedures. Daniel Mcgahn, the vice president of Konarka 

technologies says that the field soldiers usually carriers the 

1.5 pounds of batteries. For the special operations, soldiers 

usually carriers the 140 pounds to create an efficient work. 

It will greatly improve the soldier mobility. 

 

5) The rural areas can use the inexpensive solar cells to 

provide better electricity. It provides the greatest efficiency 

to one-third of the country. Merits of nowadays is the 

demand of electricity is low in the peculiar areas. It is not 

easy to connect them in an electric grid. 

 

6) Lightning, hot water, medical devices and even cooking 

uses cheap solar cells. 

 

7) The nanotechnology improves the standard of living up to 

billions of people. To generate the power the car coating 

with photovoltaic solar cells and solar cell windows were 

used. 
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Table 1 

Comparison of different Photo Voltaic Cells  
 

Sub types Mono 

Crystalline 

Poly 

crystalline 

CdTe CIGS a-Si Multi 

Junction 

 Purity 

99.999999% 

Purity 

99.999999% 

Low 

temperature 

sensitivity 

Captures 

large 

spectrum 

Amorphous 

silicon 

GaAs/CIS 

a-Si/mc-Si 

Description Crystalline silicon wafers Semiconductor is deposited directly on glass 

Module Efficiency High Low 

Performance under heat Performance degrades with 

higher temperature 

Up to 60% lower heat coefficient than crystalline silicon 

modules, making it a good in hot climates 

Space required per 

kWp 

Poly crystalline:10cm3 -30 cm3 

 

Glass-glass laminate ~25cm3 

Degradation Degradation Degradation 

Amount of photo 

voltaic material needed 

Poly silicon:8g/W CdTe:0.22g/W 

Efficiency (production) 15-20% 13-15% 10% 12% 7% 36% 

Efficiency (Lab) 25% 21% 16% 20% 10% 40% 

 

 
Fig. 5:  Altered Energy Gap 

 

 
Fig. 6:  Solar Cell with Nanorod 

 

Conclusion 
Nano technology improves the efficiency of solar cells. 

Moreover, reduce the manufacturing price. The nano 

technology is highly effective for low power devices 

comparing to the high-power devices. Adequate energy was 

supplied in case of low power devices. It helps to developing 

countries to provide the electricity. Nano technology is boon 

to human society, future energy source for mankind. 

Inexpensive solar cells nano science would help to preserve 

the environment. Nano technology Solar cells are cheaper 

than burning of coals. 

It is used in information technology, molecular electronics, 

nano tube and nano wires, communication technologies. 
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Abstract 

 The concept of demand side management (DSM) mainly used to reduce the power demand 

followed by improving the incentives for the growth of customer. Demand in the power sector is 

keeping on increase due to the rapid growth of appliances and also the customer growth. Demand 

side management mainly deals with the improvement in electricity production. Peak clipping, 

strategic protection, and valley filling strategies were the load management techniques normally used 

to satisfy the load size. This paper also explains about the optimal power flow (OPF) method and how 

to optimize the energy usage .  In this paper five house hold appliances of   residential consumer is 

considered and PSO algorithm is used to optimize the energy consumption charges. 

 

Keywords -  Demand side management (DSM), optimal power flow (OPF), Particle swarm 

optimization (PSO) 

 

1. Introduction 

Peak demand growth normally happens because of residential load. The necessity of electric  

power and electricity becomes high due to the increased customer needs  Power demand is growing 

day by day as the customer is increasing rapidly with the population growth [1,5] .The residential load 

is just a result of life style changes in people , weather conditions ,etc. Demand side load management 

allows the customer to get clear picture of how to control the load during demand and also maintain 

the peak load demand with the situation [2]. By using various peak demand strategies the customer 

can now maintain the load according to their load profile. During peak periods, most generator units 

are generated close to the capacity limit, the electric system is stressed and the reliability of the entire 

system deteriorates [3]. Thus it causes less reliability in the system and causes failure the major load 

is reduced by the proper controlling of the Residential loads. Determining the energy conservation by 

making sure of policies and determining proper management of energy was need of the hour [6]. Thus 

DSM provides various strategies for allocating the useful ways for proper maintaining of resources. 

The major role is from residential load that how we maintain them using the various strategies. That 

is, the amount of usefulness in time and magnitude. Various systems have been introduced in DSM by 

utility companies to regulate customer-side energy consumption [7]. The electricity currently 

available can be used more effectively without the construction of new power generation or 

distribution systems with the introduction of DSM programs. The demand response will reduce the 

need to build new power. The figure below shows the load-figures.  
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Figure 1.DSM technique load shape curve 

 

2. Methodology  

2.1 Particle swarm optimization  

Particle swarm is a population-based algorithm. In this respect, it is similar to genetic 

algorithm. A series of persons is referred to as particles that move across the field. In each step, 

the algorithm evaluates the goal function on each particle. After this evaluation, the algorithm 

decides on the new speed of every particle. The particles move, then the algorithm recalculates. 

The inspiration for the algorithm is flocks of birds or flocks of insects. Each particle 

is somewhat attracted to the best place it has discovered so far, and to the quality area a member of 

the herd has found. After a few steps, populations may additionally accumulate round one 

location, or may additionally accumulate round some locations, or proceed to move. 

 

Particle swarm is a population-based algorithm. In this respect, it is similar to genetic 

algorithm. A series of persons is referred to as particles that move across the field. In each step, 

the algorithm evaluates the goal function on each particle. After this evaluation, the algorithm 

decides on the new speed of every particle. The particles move, then the algorithm recalculates. 

The inspiration for the algorithm is flocks of birds or flocks of insects. Each particle is somewhat 

attracted to the best place it has discovered so far, and to the quality area a member of the herd has 

found. After a few steps, populations may additionally accumulate round one location, or may 

additionally accumulate round some locations, or proceed to move. 

     The PSO is initialized with a group of random particles (solutions) and then optimizing the 

generations is discovered. In each iteration, each particle is updated by following two "best" 

values. The first is the best solution (fitness) he has achieved so far. (The fitness value is also 

Page 297 of 3066Page 297 of 3066



4621 
ISSN: 2005-4238 IJAST  

Copyright ⓒ 2020 SERSC 

stored.) This value is called pbest. Another "best" value that is tracked by the particle swarm 

optimizer is the best value, which has so far been obtained by any particle in the population. This 

best value is a global best and is called Gbest. When a particle participates in a population as its 

immediate neighbors, the best value is a local best and is called ablest 

 

2.2 Optimal Power Flow constraints 

For solving the OPF problem the following constraint are considered. They are, 

 

Load flow equations: 

 

1 1

0
Ng N

Gi Di loss

i i

P P P
= =

− − = 
 

 

Where, 
1 1

0
Ng N

Gi Di loss

i i

Q Q Q
= =

− − =   

1

cos( )
N

loss i j ij ij j i

i

P V V Y   
=

= + −  

1

sin( )
N

loss i j ij ij j i

i

Q V V Y   
=

= + −
 

Where,  

N: Number of buses of the System. 

Ploss,Qloss :Active & Reactive power loss. 

Active and reactive power generation limits: 

min maxG Gi GP P P   

min maxG Gi GQ Q Q   

2 2

,maxGi Gi GiP Q S+       i=1… Ng 

 

 

3. Particle swarm optimization process  

The PSO works under the objective function which is used to find the value of constraints it is 

maximum or minimum while satisfying the constraint. 

 

Minimize f(x1) = -max (satisfaction, efficiency)  

 

 
          Minimize f(x2) = min (cost, power consumption)  

        

                
These functions are used to help the user, to reduce the utilization power and user cost and also it 

can increases the satisfaction and efficiency. I reveal the maximum user satisfaction at minimum 

cost.  
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4. System description 

 The IEEE 30 bus data is taken as reference data and input value o the system is absolute 

satisfaction table power consumption. The PSO comparing the reference value and input value 19 

then it can be able to produce a reduction of cost and usage time of electrical appliance. So the 

power consumption of proposed system is reduced. In command MATLAB window time period of 

each appliance given  as input value. After that PSO algorithm reduces the iteration level and user 

cost function. The cost function calculated by each day for a month within a budget. Initially the 

PSO perform only 5 appliances, the input of this process time period priority given to the 

command window of MATLAB and power consumption is applied to the editor page program.  

 

After the above process reset the values (power consumption in editor page) and add another one 

appliance (6th appliance as air conditioner) again the PSO performs a cost reduction operation and 

results effective value of cost. Another study is conducted by adding a 7th appliance as washing 

machine, this case having power consumption is 53321watts. This value will be derived from absolute 

satisfaction table and the time of each appliance is varied every block of the day (here the 24 hours 

day time is divided into 4 blocks, eg.6 hours). 

5. Manual calculation 

The calculation of user cost function can be calculated by manually using the absolute satisfaction 

table. Here the power consumption of device is calculated according to the priority level at each 

hour of the day. This calculation shows the power consumption and cost before the PSO algorithm 

only with demand side load management technique.  

 

Total wattage of the day = 20570W  

          Cost of each unit = Rs.3 

          Total KW = 20.57kW  

          Per hour unit cost = 3/2057 = 0.146 

Per day cost for the user = Rs.3.504  

            Per month user cost = 105.12 

6. Simulation output 

MATLAB is an advanced measurable programming bundle which gives new ways to deal with load 

priority. This part examines power utilization dataset which originated from individual residential 

building for the year 2017 for investigation of the previously mentioned calculations. The calculation 

is executed utilizing MATLAB to provide load priority the power utilization of home. The factors 

utilized in PARTICLE SWAM OPTIMIZATION development are: power consumption, time and 

satisfaction cost. These factors are varied according to costumer usage of appliance. 

6.1 PSO output 

The PSO output shows reduction of cost function at every hour of the day. Here the power 

utilization time can be changed and also time taken has been reduced. Output of this system is 

derived from the 5 appliance system design with the wattage of 20570w per day. And also time 

input is given to the command window of MATLAB. This study of analysis is conducted further 2 

more studies with adding appliance.  

 

The output for five appliance study is follows,  

Total wattage of the day = 20570W  

Cost of each unit = Rs.3  

Total KW = 20.57kW  

By using PSO algorithm the unit cost of the day gets reduced by = 2.8/day  

Per month user cost = Rs.84.3  
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This result get from PSO system within 2 to 3 iteration. Initial iteration falls 812.677 and the 

second iteration it will comes under 801.84 of power consumption, after the all iteration value 

should be in 801.84 to 802.85. So the efficiency level of the system gets increased and it is time 

saving process comparing to other optimization technique. The iteration diagram for this case is 

given below. 

 
Figure 2. PSO iterations 

 

6.2 consumption charges with system pattern 

This study deal with 5 appliances and involves four type of case study. These case studies are 

having different input and output according to the input. Each study has individual cost and user 

most satisfaction; it depends on the priority of time at every hour of the day. This study mainly 

based on the medium income earner family. 

 

• Television  

• Lighting  

• Fan  

• Refrigerator  

• Water heater 

            

 

         Case (i)  

Cost function does not exceed Rs2.8 for the particular period of time, this time is given 

below. This study having an output as above PSO output calculation. Another case study for 

the same number of appliances at different priority of time and different power consumption. 

 

Case (ii)  

In this case (ii), the power consumption of the system is same but priority of time or appliance 

usage time should be changed to compare the previous study. This results minimized cost 

value as Rs3.48. following table shows the time priority level of case (ii) in 5 appliance 

system. 

 

Case (iii)  

In this case (iii), the power consumption of the system is same but priority of time or 

appliance usage time should be changed to compare the previous study. This results 
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minimized cost value as Rs2.88. following table shows the time priority level of case (iii) in 5 

appliance system. 

 

Case (iv)  

This is the last case study for that particular system design. Comparing to the above three 

cases this is high cost because of the usage of time. Even though it is costly comparing others 

it gives better user satisfaction and comfort level. The period of time each appliance can be 

increasingly varied for this method. The cost of this priority level is Rs3.6. 

Comparison of all the above 4 cases is shown in figure. It clears what PSO did for all devices     

in better manner and variation of cost function. 

 
Figure:-3 consumption charges 

7. Conclusion: 

In this paper, we have investigated a demand side load management system to maximize the 

customer satisfaction and minimize the users power utilization cost. The DSM designed to incorporate 

the dynamic nature of the power consumption by applying particle swam optimization. The user 

satisfaction is optimized to obtained a maximized performance by minimizing the power consumption 

and user cost with a maximum utilization time. This is achieved by adjusting the usage of energy 

based ON peak and OFF peak time. The case studies were conducted, demonstrates the effectiveness 

of the proposed particle swam optimization based DSM that maximizes the user satisfaction. As the 

extension of this work, we will use multiple linear regression and optimization algorithm to find the 

objective function for maximizing the other factor for better user satisfaction 
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Abstract- The distribution power grid is often outlined from the distribution station electrical device fed from one or a lot of lines 

within the sub gear. In electrical distribution grid, the progression of power offer service is diminished by numerous grid faults 

sensible electrical device (ST) will establish every section voltage severely and therefore will switch the running mode from 3-

phase to 2-phase operation throughout single section faults, guaranteeing endless power offer in 2 good phases and decreasing 

brownout space. 

 

1. INTRODUCTION 
 

Even beneath single section to ground faults, the continual flow through the healthy line is restricted. However, 

completely vary than the phase operation mode. Large second level oscillation in the Direct Current link and large neutral point in 

neutral point system. The developed two phase management point is required for limiting   neutral amplitude for neglecting high 

capability (reducing the facility losses in neutral conductor), or to put an end to the Direct Current power variation in position 

(safeguarding the period of DC capacitors) [2]. This method concentrates on Smart Transformer voltage management for a two-
phase method for the improvement of the grid voltage level quality. The experiment and simulation outcomes purely show the 

success and precision of the planned strategy. 

 

2. EMBEDDED SYSTEMS 
 

Embedded System 
An embedded system is one quite ADPS in the main designed to perform many tasks prefer to access, process, store and 

additionally management the info in varied electronics-based systems. Embedded systems are a mix of hardware and software 

package wherever software package is typically referred to as computer code that's embedded into the hardware. One amongst its 

most vital characteristics of those systems is, it provides the o/p among the deadlines. Embedded systems support to form the 

work additional good and convenient. So, the use of embedded system regularly is easy to understand and the usage too. In the 

reality the usage of embedded system in the main involve in our reality for many devices like microwave, calculators, TV device, 

and security for home and neighborhood devices, etc. 

Associate embedded system is integration of hardware and software package, the software package utilized in the 

embedded system is ready of directions that are termed as a programming. The processors and the controllers used in the circuits 

of embedded systems that are instructed to do particular work by procedures the group of directions. These programs are 

primarily written victimization any programming software package like Proteus or Lab-view victimization any programming 

languages like C or C++ or embedded C. Then, the program is drop into the microprocessors or microcontrollers that are utilized 
in the embedded system circuits. 

 

2.1 Characteristics 

 
• Usually, an embedded system performs a selected action and will be alike regularly, as an example: A beeper is consistently 

functioning as a beeper. 

• It should perform quickly enough and consume less power to extend battery life. 
• Several embedded systems ought to perpetually react to changes within the system and conjointly calculate explicit leads to 

real-time with none delay. For case, an automotive cruise controller; it incessantly performs and responds as fast as to the brake 

sensors. It should measure acceleration/de-accelerations off times in an exceedingly restricted time; limited computations will 

consequence in disappointment to manage the automotive. 
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• It should be supported a microcontroller or  microchip- based mostly. 

.  

Figure. 1 Embedded System 

2.3 Smart Transformer Based Single line To Neutral fault management 

 
The good electrical device (Smart Transformer), with its large management capability, gives some new options for 

boosting the distribution grid. The Transformer, by dominant the voltage in every section severally, is ready to balance the 

performance throughout faults, especially within the single-phase system. The Transformer, at once single phase to ground fault 

happens, will speedily cut back the voltage within the section below fault. Thus, it provides network safety and it work with a 

balance two free phase and to neglect surplus breaking within   healthy phases. Whatever, the two-phase not equivalent operation 

superior the network performances because of the large power ordinal harmonic small waves with the voltage; it reduces the life 

time duration of the capacitors, and therefore the large current flowing with the neutral line. These problems will push the grid 

operator to enlarge the maintenance of the transformer to neglect unwanted faults within the Smart transformer hardware, because 

of fault of old capacitors. 
 

2.4 Assessment of Fault Levels and Power Supply Network 

 
In this method faults, sources and the strengths are analyzed and noted by the study of the quality of the supply in 

230/400v 50hz system analyzing the design of the distributed network this method will be based on a database [4] which 

including typical equipment and arrangements in UK/European networks, as well as the fully documented universal system 

models, supplies four loaded subsectors in the UK and it’s of modern areas to the rural areas. This paper gives the alternative 

approach for the reference values of the system and provides impedances and fault in the various points and various locations. 

The aim is to give a large number of benchmark values IE60725 which solely defines a single-reference outset of public provide 

impedances for every kind of distribution systems and domestic clients to help network operators within the designing and style 

of their distribution systems, these values area unit more disaggregated and analyzed during this paper in keeping with 

network/demand.  
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2.5 Dynamic State Estimation Based Protection 

 
(a) quality has inflated and choosing coordinated settings could be a challenge resulting in occasional dis-coordination, (b) 

protection functions still admit range of measurements (typically 3 voltages and 3 currents) limiting the power of protection 

functions to reliably establish the kind of fault conditions, and (c) gift approaches are incapable of addressing hidden failures 

within the protection system. 

 
2.6 Resilient Protection System 

 
Power systems square measure experiencing forceful makes with the new availability of the renewable and client nearly 

held resources. These will give different challenges in protection, management and the network of the power systems. In the 

protection, compulsory to introduce the newest ways the square measure proof against the fresh characteristics and they neglect 

relay disoperation. Especially, any protection network is liable to the failures. This paper provides a replacement dynamic state 
estimation-based centralized protection theme (DSEBCPS) at the station mark. The network provides dynamic state estimation-

based protection for the separate zones called as the “setting less relays” to protect their operation against the unknown failures. 

The DSEBCPS interacts with a setting less relays through the   station bus and it obtains necessary data from the every protected 

zone, like the phasor quantities and breakers [3]. The data is processed by the DSEBCPS to calculate the station topology and the 

states. Particularly, the DSEBCPS provide dynamic state estimation within similar dynamic domain once per cycle to observe any 

outside of its limits among the station.  Police work abnormalities, the DSEBCPS provides speculation testing to spot a supply of 

the any outside of its limits, i.e. a fault or a hidden failure. 

Figure .2 Block diagram 

3. ARDUINO IDE (SOFTWARE) 

The Arduino IDE here the IDE stands for the integrated development Environment (IDE) it was available in the platform 
like windows, macOS, Linux and it was LGPL or GPL license and can be written in the C, C++,JAVA .In the Arduino software  

it has options in the top like file, edit, sketch ,tools and help. Under the tools section having the options like selection of the type 

of the board and it is easy to upload the code to the Arduino board the program can be written under the conditions and it can be 

checked by the verify icon and it can be uploaded to the board under the   “File” new, load, save options are available, sketch 

option is for assembling and the programming. 

As a method of programming the microcontroller is little bit different from the programming a pc. 

 

These are the some of the features  

 Sketchbook 

 Auto formatting 

 Documentation 

 Management of Sketches 
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Figure .3 Arduino 

 

4. PROTEUS (VERSION 7.7) 
 

The Proteus is a software used for the design of the automation and it was developed by the lab center Electronics at the 
England  and initial release at the year of the 1988.The first version called as PC-B which was addressed by the company 

chairman John Jameson schematic seizing is used for the both the simulation and layout of PCB project and this software was use 

by engineers and the technicians for the designing and it will simulate LDR,USB Communication and it also posses CAD 

drawing feature.  

  The Proteus provides real time simulation; the ARES has a feature loading the output in the 3D view. ARES provides 

PCB with the fourteen layers with the surface mount It also gives manual routing and motor vehicle routing options to the PCB 

Designer. It has a large amount of the parts in the library. Like signals, sources, generators and the measure and analysis tools will 

look like a CRO, voltmeter etc. 

 

4.1 PCB design 
The layout of PCB is a mechanically provides property info within variety of the net-list from a schematic module. PCB 

is up to the sixteen copper layers will make with style size limited by product configuration. 

 

5. POWER OFFER CIRCUIT 
 

Power offer could be relevance in providing of electric power. The tool or a network that gives alternative or electric 

forms of s energy and to associate degree output load or a cluster of masses is named an influence offer system. This method is 

often ordinarily applied to voltage gives, less usually to mechanical ones, infrequently to the others. 

The Power provides for electronic devices are often broadly speaking divided into linear and shift power provides. The 

linear offer could be a comparatively easy style that becomes more and more large and serious for top current devices; voltage 
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regulation during a linear offer may result in low potency. A switched-mode offer of constant rating as a linear offer are going to 

be smaller, is typically a lot of economical, however are going to be a lot of complicated. 

 

 

 

 
 

Figure(4) Power offer circuit 

 

6. HARDWARE DESCRIPTION 

6.1 Arduino UNO 
The Arduino board will be powered by using a USB cable from the ac mains by connecting to the jack the purpose of the 

voltage regulator is to control the voltage that was given to the board you can also reset the Arduino by pressing of reset button on 

the board there are two types of led are available one is RX and another one is TX .RX is for receiver and TX is for transmitter. 
AREF means Analog reference it is used for setting reference voltage The Arduino board consists of 14 digital pins and 6analog 

inputs the Arduino can operate the voltage between the 7V to 12V the program can be dumped to the board by the USB cable. 

 
Figure.5 Arudino UNO 

 

6.2 Temperature sensor 

 
The temperature sensor is used to measure the temperature while the system is operating. It measures temperature in air .DHT11 

is the basic sensor and it also consists of thermistor for the measurement of air. It is easy to use, for the DHT11 sensor module 

consists of three pins namely Vcc for power supply data for outputs and ground. For DHT11 sensor consists of four pins namely 

Vcc, Data, Nc and ground DHT11 is the low cost temperature and humidity and sensor. 
 

 

Figure.6 Temperature sensor (DHT11) 
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6.3 Ultrasonic sensor 
 

Ultrasonic transducers unit of measurement transducers that convert ultrasound waves to electrical signals or the opposite 

method around. The range of the ultrasonic sensor is 40KHZ to 70 KHZ. It can be widely in indoor and outdoor conditions and it 

is made up of piezoelectric crystals .The ultrasonic sensor consists of the pins they are Vcc, trigger, echo and the ground. 

 Vcc- is for the providing of supply to the sensor  

 Trigger-is the input pin for the measurement by the transmit of the waves  

 Echo-is the output pin. 

 Ground-is to ground pin of the entire system 

. 

 

Figure .7 Ultrasonic sensor (HC-SR04) 

6.4 LCD 

 
The LCD is the display module it uses a crystal to show the image. The LCD consists of 16 pins namely, Vss, Vdd, VE, 

RegisterSelect, Read/write, Enable, Data pin 0,datapin 1 to7, led positive and led negative some of the features are shown below 

they are, 

 Operating at the voltage 4.7v to 5.3v. 

 Consumption of current is 1mA without the backlight. 

 Consists two rows every can print 16 characters. 

 

 

Figure .8 LCD display (LM016L) 

 

6.5 Buzzer 
 

The buzzer or electronic device may be a signaling device, sometimes electronic, usually utilized in vehicles, unit 

appliances like game shows and microwave etc., The buzzer consists of two pins they are power and the ground.  

 

7. EXPERIMENT AND SIMULATION RESULTS 
 

There are unit chiefly 3 sorts particularly line to ground (L-G), line to line (L-L) and double line to ground (LL-G) faults. 

Line to ground fault (L-G) is most typical fault and 65-70 % of faults area unit of this sort. Most common causes of those faults 

embody joint failures of cables and overhead lines, and failure of one or additional section of the breaker and additionally 

gratefulness to melting of a fuse or conductor in one or additional phases. Circuit faults are referred to as series faults. They use 

constant basic technology, particularly that impulsive pictures area unit produced from an outsized variety of tiny pixels, whereas 

different displays have the higher parts. 
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Figure .9 Circuit Diagram by PROTEUS 

 

The main aim of the project is to protect the transformer under the fault Condition. But we have included the ultrasonic 

sensor and temperature sensor. The ultrasonic sensor is used to detect the oil levels of the transformer and Temperature sensor is 

to monitor the temperature of the transformer. Here the main part is that power supply board the supply has been came to board 

through the transformer. The power supply board consists of the regulators to supply 5v and supply 12v the components requires 

the 5v like buzzer, ultrasonic sensor, temperature sensor. The supply is taken from the power supply board and it can be given to 

the Arduino and the other components. Here the load is also connected if need it. When the temperature rises or the level of oil in 

the transformer is reduced the buzzer starts alarming. When the fault occurs in the system it will be notified in the display. If   

there is no fault in the system means it displays NFL, if the fault occurs in the one line the LCD displays L-G-F otherwise if fault 
in the two line means it displays L-L-F if fault occurs in the all the line means it displays D-L-F fault.   

Here, 

 NFL stands for No fault in the line. 

 L-L-F means that Line to Line fault. 

 D-L-F means Double Line Fault. 

The Arduino board can be used because it can be quite easy for programming. The design can be drawn and verified in Proteus 

software. Oil level indicators for transformers square measure used for hermetically sealed and for distribution transformers with 

growth tank. The oil level indicator displays if air bubbles have remained within the electrical device, if gas has been generated as 

a result of an inside failure or if there's a run at the electrical device tank. 

Liquid-filled transformers are available commonplace rises of 55 degree C and 65degreeC. These values area unit supported 

a most close temperature of 40degree C. That means, as an example, that associate 80 degree C rise dry electrical device can 
operate at a mean winding temperature of 120 degree C once at full-rated load, in a very 40 degree C close setting. 

 

• Ultrasonic sensor low 

• Ultrasonic sensor high 

• Temperature high 

• Double line fault 

• Line to ground fault 

• Double line fault 
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Figure .10 Ultrasonic sensor high 

 

Figure .11 Ultrasonic sensor low 

 

Figure .12 Temperatures high 
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Figure .13 L-G-F 

 

Figure .14 L-L-F 

 

Figure .15 D-L-F 

Page 311 of 3066Page 311 of 3066



International Journal of Advanced Science and Technology 

Vol. 29, No. 08, (2020), pp. 2324- 2333 

 

2333 

 
ISSN: 2005-4238 IJAST  

Copyright ⓒ 2019 SERSC 

 
 

 

7.1 Advantages  

 
The temperature of the transformer rises means it leads to the damage of the windings by using of the above method we can 

able to monitor the temperature of the transformer so damage can be avoided .Type of fault can be detected easily and the oil 

level of the transformer can be monitored. If the damage occurs in transformer the replacement of new one is high by using this 

method we can avoid the unwanted damage. 

 

8. CONCLUSION 

The developed two-phase voltage management method is required for to control the neutral current amplitude neglecting 

the higher capability (lowering of the losses and put an end to neutral potential difference), or put an end to dc power variation in 

the movement (protecting the time period lowering of the DC-link capacitors). And this study concentrates on the network style 

of the Transformer voltage management for a two-line operation and to enhance the voltage quality in the grid. The experiments 

with simulation results surely show the correctness in addition to effectiveness of the planned method. The planned Single Phase 

Fault internal limit during this paper provides the chance to vary the angle in between the 2 lines so as to reduce DC-link voltage 
vary from the point, an equivalent period, protective the neutral line from the heavy load. 
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Abstract 

This paper  evolves around  novel transformerless single-stage buck boost inverters with reactive power 

flow capability.The negligible leakage current is caused due to proposed inverter. The proposed inverter 
has a continuous output current which leads the output size and harmonics of output filtering capacitor 

low.The power loss is reduced in the proposed inverter which have only two switches that reduce the 

abnormalities. From the proposed system we can get the buck and boost output at the output side.The 
output load of the inverter is sensed by V&I measurements. 

Keywords: Buck-boost inverter ,harmonics, novel transformer,leakage current. 

1 Introduction: 

Many applications like photovoltalic (PV) system and uninterrupted power supplies uses single phase 

inverters.they have two types as isolated and unisolated. The common mode leakage current can be 

eliminated by isolated inverters that contains a transformer.Because the inverter size, weight looses and 
cost can be increased by the transformer.There is no transformer in the power train of the unisolated 

inverters. This results in the undesired leakage current due to high power density. In photovoltaic systems, 

the stray capacitance of PV arrays gets generated due to the leakage current. The energy sources have the 
advantage that the power is produced in close proximity. 

2 Proposed System 

In this proposed system the dual buck bost inverter plays a major role, it controls the inverter topology. 

The inverter topology is obtained with the help of two half bridge inverter in addition with their ac 

bypass. The ac bypass contains two serially connected subarrays which are controlled individually. The 

proposed system also implements the output load and the transformer less inverter, which is sensed by the 
voltage and current measurement as closed loop method. It forms the singlet topology so that  we can get 

the buck -boost output at the output side. The percentage measurement of the energy convergence is 

determined by the inverter efficiency(i.e.the inverter efficiency refined more when the closer 100% of DC 
to AC convergence for the longest amount of time).It is important to note the performance of peak and 

off-peak percentages in addition to the operating rate of inverter at fixed capacity while calculating 

efficiency.Studies show that throughout the lifespan of inverter the power supply increase is propotional 
toinverter efficiency.  
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3 Block Dıagram 

 

4 Exıstıng System 

 In this existing double stage boost conveter has been implemented. The system is configured based on a 

transformer integrated system. A neutral pointclamp(NPC) inverter based systems bridge inverter system 

has been implemented. 

An NPC module is often called a three level moduleAdditional voltage level at the output is offered by 

NPC topology in constrast to a half bridge or sixpack. The status of potential may vary from DC+ and 

DC- and also 0At real or active power it values 50HZ and hence gives positive or negative sinusoidal half 

wav.This process requires components with high blocking capabilitywhic is needed for conventional 
topologies.The semiconductor with lower blocking capability switches higher than the semiconductor 

with higher blocking capability. 
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5 Exıstıng block dıagram: 

 

6 Result 

 

The buck -boost converter is a type of DC to DC convertor.The output voltage magnitute of a buck boost 

converter is either less thsn or greater than the input voltage magnitute.It is equivalent to flyback converto 
that uses a single inductor instead of a transformer.In the buck mode of the converter the converter steps 

down the input vltage so that the output which is the load glows dim. On the other hand in the buckboost 

mode of the converter the converter steps up the input voltage so that the output which is the load glows 

(bulb)bright. 

7 Conclusıon 
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Thus the paper presented about the  buck boost inverters of novel transformerless without leakage 
currents. This leakage current could be eliminated by connecting output neutral to the input. The topology 

obtained was 10v RMS sinusoidal output for a wide and highly unbalanced input voltages range. This 

inverters also has the following advantages of single stage power conversion,continuous output 
current,reactive power flow support.  The results achieved are, 

 97.3% maximum efficiency is achieved 

 30kHz switching frequency is obtained 

  500w output power is obtained.  
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ABSTRACT - Power prediction has been a major concern in power system for effective energy utilization to 

reduce demand. This paper discusses different data mining based predictive methods for predicting 

utilization energy of single-home electric-appliances.  The data set collected from UCI machine learning 

repository consist of 4.5 months data in an interval of 10 minutes logged using a m-bus energy meters. The 

data about the temperature and humidity was collected using a Zigbee wireless sensor network from 

Chievres Airport station in Belgium. In this paper, three different methods were trained with 10 fold cross 

validation for energy utilization prediction, namely (a) Linear model, (b) Support Vector Machine (SVM 

Radial) and (c) Random forest. From wireless sensor network, the data taken from dinning, washing and 

living room were considered to be more relevant to energy prediction. Apart from the temperature and 

humidity inside the home, other parameters of weather data like atmospheric pressure, wind speed, and dew 

point temperature   are considered as the relevant predictors in energy prediction. 

 
Keywords - Appliances, Linear Model, Support Vector Machine, Random Forest, Data mining 

I. Introduction 
 The appliances energy in buildings has been considered for various research studies [1-8]. Since 

appliances occupies a major portion of the energy demand (between 20 and 30%) [7&9]. For instances, in 

a study in domestic buildings near by Chievres Airport station in Belgium, such as space heating and 

other equipment’s  increases the power consumption. The prediction is the type of the data mining 

techniques and there are different methods which include: Classification, Association, Prediction / 

Regression, Clustering, and Sequential Patterns. As indicated in4, the power consumption in buildings is 

classified by two aspects: the number of appliances based on the type and the number appliances with 

usage by the consumers10. In this paper, three regression models have been discussed such as Linear 

Model (LM), Support Vector Machine (SVM- radial) and Random Forests (RF) 

 

                                                                     
 

        Figure 1: Data pre-processing 
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Regression models have been produced to better improvement in energy utilization and hence it can 

predict the individual appliances energy utilization. Prediction can be done for a specific time intervals 

and result obtained. 

II. Machine learning algorithms used 

In machine learning, the prediction model is carried out by five steps namely gathering data, preparing 

data, training a model, evaluating the model and improving the performance. Figure 1 shows the flow 

diagram that the data has to be collected (i.e. the past data) and the collected data should be in excel, 

access, text files etc., next the data could be prepared in the specific format. Once the data is prepared, it 

could be trained and evaluated to improve the performance of the model. The linear model (LM) is used 

to create a simple linear regression with the number of predictors. Simple linear regression can be created 

by two parameters. 1. Formula: This describes the formula, 2. Data: the variable which contains the 

dataset. 

 

Figure 2: Random Forest algorithm uses the predictive model 
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SVM radial is efficiently performing a non-linear classification. SVM radial can perform the 

prediction of energy utilization in appliances. Figure 2 represents the process of random forests algorithm 

for the prediction of energy utilization in appliances. In random forests the data frame can be divided into 

rows and columns. The prediction model consists of the following r packages: ggplot2, grid Extra and 

ggthemes. The data in training set includes 14803 predictors for 23 different variables. In this type of 

dataset the entire data is divided into training set and testing set. First half data are located in the training 

set and the remaining half are in the testing set.  

 

 

Table 1: The below table describes the data variables and their expansion: 

Data Variables Expansion 

T1 Dining room hotness 

Rh1 Dining room  humidness  

T2 Living area hotness 

Rh2 Living area humidness 

T3 Laundry area hotness 

Rh3 Laundry area humidness 

T4 Office area hotness 

Rh4 Office area humidness 

T5 Bathroom hotness 

Rh5 Bathroom humidness 

T6 Outside building hotness 

Rh6 Outside  building humidness 

T7 Ironing room hotness 

Rh7 Ironing room humidness 

T8 Teenage room 2 hotness 

Rh8 Teenage room 2 humidness 

T9 Parents room hotness 

Rh9 Parents room humidness 

Rho Outside humidness (from weather station) 

To Hotness outside 

Rv1 Appropriate variable 1 

Rv2 Appropriate variable 2 

NSM Number of seconds from midnight 

 

 

The table 1 describes data variables and their expansion in the prediction model. This table helps us to 

understand the list of appliances data’s used in the prediction model.  

 

 

Wutan Huatan Jisuan Jishu

Volume XVI, Issue V, May/2020

ISSN:1001-1749

Page No:189
Page 320 of 3066Page 320 of 3066



 

 

 

 

 

III. Dataset and descriptive analysis 

The collected data set is divided in training and testing validation using CARET’S create prediction 

function. 75% of the dada is used for the training a models and 25% of the data is used for the testing a 

models. The entire dataset consists of 19736 data for 32 different variables (predictors). The training 

dataset consists of 14802 data’s for 25 predictors. The testing dataset consists of 4934 data’s for 7 

predictors. Training the model is used to train the data’s and testing the model is used to test the data’s. 

The correlation of 1,-1 and 0 are represents positive, Negative and no correlation. Dataset consists of 

different parameters hence it was hard to identify which parameters are essential in the prediction process.  

For this purpose, the CARET package is used to select the important variable in the predictive process.  

 

Figure 3: Plot exhibiting similarities among the energy utilization of appliances with: Rh_1, T2, Rh_2, T3, 

Rh_4, T4, Rh_5, T5, Rh_6, T6, Rh_7, T7, Rh_8, T8, Rh_9, T9, T_out, Press_mm_hg, Rh_out, wind speed, 

visibility, Tdew point and Number of seconds from Midnight. 
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IV. Simulation result and discussion 

    Figure 3 pairs plot shows the similarities between the power consumption of appliances with: 

Rh_1, T1, Rh_2, T2, Rh_3, T3, Rh_4, T4, Rh_5, T5, Rh_6, T6, Rh_7, T7, Rh_8, T8, Rh_9, 

T9,T_out, Press_mm_hg, Rh_out, Wind speed, Visibility, Tdew point, rv1 and rv2.  Fig 3 indicates 

positive energy utilization with power prediction of apparatus and T2 (0.27). It can be seen that 

the largest correlation is appliances and RH_4 (0.88) and negative correlation is appliances and 

T8 (-0.03), RH_10 (-0.29), visibility (-0.02). Here the data was created for a year and an hourly 

map was noted to identify any time records.  

V. Conclusion 
The statistical data analysis has shown stimulating results in both the derivate analysis and in prediction 

models. The pair plots are useful because they outside lights on different locations with relationships 

between parameters that could be leaved in final prediction. RF model improves the RSME and R2 of 

predictions when it compared to SVM and LM. The time information was ranked to predict the 

appliances’ energy consumption. The wireless sensor network measures the temperature and humidity 

data’s. It has increasing the prediction accuracy. The most important contribution data’s are analyzed and 

recorded from dining room, living room, laundry area, bathrooms and Ironing room. The other room 

data’s also helps for prediction. From the prediction of appliances’ energy consumption with recorded 

data from wireless sensor network shows that it can help to install where the main appliances in a building 

for energy consumption are found. When using the entire predictors the energy consumption in light was 

positioned highly. The different predictor subsets, disconnecting the light power consumption appeared 

not to have a significant impact. This may be a suggestion that other features are correlated fit with the 

energy consumption in light. In future work could be included to consider weather data with solar 

radiation, snow and rainfall. 

  

Annexure: 
The new model was developed using R program version 3.5.3 executed in 2.60 GHz Intel i5 processor 

with 4 GB primary memory.  

Randomly the experimental data set is divided in to training and testing with 75% set of data used for 

training and the 25% set of data used for testing. The training of data set is used for learning the 

establishing a correlation between the input and the target value. The following figures show the positive 

correlation between the energy utilization and no of appliances in the area (room). From the correlation 

analysis, it is evident that there is a linear relationship between the no of appliances in that area (room) 

and energy utilization. Also, there is a correlation between the energy consumption of the appliances and 

no of appliances are used in that area (room). 
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Appendix A: 
Pairs plot exhibiting similarities among the energy utilization of appliances with: lights, T1, RH_1, T3 and 

RH_3 relate to the office conditions, T2 and RH2 relate to the outdoor conditions.  

 

Appendix B: 
Pairs plot exhibiting similarities among the energy utilization of appliances with: Tdew point, rv1, rv2, 

NSM, Week status and Day_of_week relate to the continuous changing conditions. 
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Appendix C: 
Pairs plot exhibits the similarities among the energy utilization of appliances with: T1, T2, T3, T4, T5, T6, 

T7, T8, T9, T_out and Tdew point relates to the indoor and outdoor conditions.  
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ABSTRACT
The depletion of the non-renewable energy sources becomes a major concern as the demand and supply for the 
energy consumptions increasing each year. Due to the rising concern towards the consumption of non-renewable 
power sources, the renewable power source becomes increasingly more significant in vitality misuse. The extraction 
of wave energy from the generator or the wave energy converter (WEC) produces a non-uniform output waveform 
due to random motion of waves that varies in amplitude and frequency. Furthermore, the existing technologies 
are mostly robust and bulky system which is not suitable to produce the smooth sine wave. The smooth sine wave 
is important to protect the motor against excessive voltage spikes and overheating. Thus, this   journal disclosed 
analysis, design and modelling of an electronic converter or stabilizer for the random signals. Designing and 
modelling of electronic converter circuit is developed and implemented in MATLAB Simulink software.  The 
simulation result of electronic converter circuit is presented, and the results correctness is verified to the previous 
model

KEY WORDS: WAvE EnErgy ConvErSion SySTEM, SiMuLink MoDEL, STABiLizEr.
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INTRODUCTION

global electricity consumption and demand is increasing 
rapidly over the years. The rapid development of global 
economy which consequences to the increasing demand 
for energy raises concerns as the sources for the energy 
which is a non-renewable source is depleting over the 
years. To meet the demands for the energy, the interest 
in harvesting the energy needed from sustainable sources 

have increased consequently. The renewable energy is 
harvest from sustainable and free sources in this world 
and it come from different sources such as solar energy, 
wave energy,biogas,and wind energy.

However, wave energy seen to be more persistent and 
predictable compared to the others as it has a high 
potential for energy as well as the sources for this energy 
is abundant. Wave energy is energy harnessed from ocean 
or sea waves generated by reaction between the thermal 
heat and wind that blows over the outside of the sea.The 
amount of wave energy produced depends upon the wind 
speed, sufficiency of the waves and the separation of the 
wind to the waves.

Literature Review: Wave energy is extracted using 
the wave energy devices. over the years, the devices 
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haveevolved and improved to achieve better performance 
and efficiency. Thus, here we have discussed the previous 
technology of the wave energy converter (WEC) device 
and its working principle.

Different Types of Wave Energy Converter (Wecs): 
Wave energy converter devices are designed to produce 
the energy from the ocean. The wave energy devices 
are classified according to the installation locations, its 
working principle and size. in this study, the location of 
the devices is focused on the shoreline and near shore 
location which aimed for the small load application 
which having an output power of 1kw or less.

Energy Consumption In World

However, the output signal from the generator of the 
devices is non-uniform signal due the oscillatory nature 
of waves that varies in amplitude, speed, and frequency. 
A linear generator is modelled to prove the non-uniform 
signal created from the signal.

Hence, an electronic converter is developed to convert 
non-uniform signal into smooth AC signal to be fed 
to grid network. Previous technology of the electronic 
converter is studied and for this project purposes, design 
and modelling an electronic converter. Both simulation 
and modelling of the electronic converter circuit is 
performed using MATLAB Simulink software.

Wave energy topology

Wave Energy Converter (Wec): Here we discussed about 
different types of wave energy converter devices and its 
working principle, power take-off mechanisms and types 
of generator will be discussed.

Installation Locations

Wave energy converter (WECs) designs and concepts 
are evolving over the time. notwithstanding the huge 
varieties in structure and ideas, WECs can be arranged 
into three overwhelming sorts which are attenuator, point 
absorber, and terminator.Attenuator or contouring is a 
WEC device with several identical components linked 
together on the surface of ocean. Power is generated due 
to the relative motion of each section. Pelamis WEC is 
known as attenuator devices also categorized as pitching 
wave energy consists of floaters linked by a hinged joint 
that aligned with the direction of wave propagation. 
Waves induced movement and motion of the oscillating 
joint bodies to move against each other thus active the 
PTo system resulting in electricity to generate. This 
pitching device is slacked moored. The following figure 
is example of pitching WECs which is pelamis.

Terminator devices have their vital pivot corresponding 
to the wave front (perpendicular to the transcendent wave 
direction) and physically block the waves.An oscillating 
wave surge converter has pivoted Deflector situated 
opposite to the waves heading that moves to and for 
misusing the flat molecule speed of the wave.

 LOCATIONS
OFFSHORE NEAR- SHORELINE
 SHORE
 Located at deep 
 water location.
 More than 40m
 Harvested vast amount Located at moderate
 of wave power water depth.
 Between 10-25m deep 
 Attach to seabed  Locate at shoreline
 Less than 10m
 Closer to utility network
 Easy for maintenance

Installation location descriptions

Pelamis
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overtopping devices is constructed with a reservoir filled 
by the ocean. A turbine is mounted under the reservoir 
and driven the seawater flowing out of devices. The 
concept of overtopping wave energy converters work 
basically is much like a hydroelectric dam. This device 
captures the energy of the waves by capturing the water 
into the chamber by directing the water to move and 
store into the reservoir by over spilling. itmakes head 
of the water which is subsequently discharged through 
various low-head turbines which coupled to generators to 
produce electricity. The following figure the illustration 
of the overtopping devices.

At the top of the chamber, there is another opening 
where an air turbine is coupled to a generator. “Well air 
turbine” is the main components of the oWC devices that 
drive an electrical generator. The oscillating motion of 
the wave moves up and down causing the wave to enter 
the chamber and forces the air inside to flow out of the 
chamber. When the air inside the chamber is forced out 
through the opening at the top of the chamber, it passes 
through a turbine. Thus, it generates electricity. When 
waves descend, the turbine is drive again as air drawn 
back to the chamber.

The other example of the point absorber is oscillating 
devices (heaving devices), comprises of float that drift 
on the surface of waves. This oscillating is known by its 
horizontal dimensions which are small compare to its 
wavelength which is consideredto be simple oscillating 
body having a fixed frame of reference at seabed. The 
energy is taken from its wave-induced motion. The power 
take-off (PTo) system isenacted by the developments all 
over of the buoy opposite to the ocean bed. The linear 
movement between the buoy and the ocean bed structure 
actives the PTo is then converted to produce electricity 
via generator coupled to the mechanical system. Based 
on the present research, this point absorber device is the 
only WEC device that linked to direct drive generator.

Power Take-Off Mechanisms: The power take-off 
mechanisms areused to convert mechanical energy from 
wave induced oscillation into an electrical energy. As per 
today, there are several types of this mechanism which 
are hydraulic, turbine and direct driven system.

Oscillating Wave Surge Converter

Overtopping Wec

A point absorber is a device that has little measurement 
comparative to the incident wavelength. They can be 
coasting structure that hurl all over on the outside of the 
water or lowered underneath the surface depending on 
the weight differential.oscillating water column (oWC) 
is an example of point absorber WEC. The oscillating 
water column devices is most developed and deployed 
off the shorelines or near-shore locations devices. This 
oWC is constructed such that it has a partially submerged 
chamber which is opened below the water line and 
insidethe air trapped chamber.

Oscillating Water Column

Mechanisms of Power Take-Off System

For the hydraulic system, the body, or the buoy of the 
WECs oscillates due to the force exerted by the waves 
and activates hydraulic ram or piston which pressurizes 
the fluid (water or oil). Then the potential energy fluid is 
then delivered to hydraulic motor or water turbines to be 
converted into mechanical energy which consequently 
into exchanged into electricity via the generator. The 
mechanical loss would be high in this system. The usage 
of an accumulator in this system can smooth the power 
production.
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The pneumatic type of power take-off system converted 
the energy stored in the fluid with high potential energy 
using a water or air turbines into mechanical energy. if 
the process fluid is water, the power takes off is usually 
coupled to an overtopping wave energy converter where 
the water is collected in a reservoir of a floating profiled 
ramp. The water collected will be channelled into a low-
head turbine, i.e. propeller or kaplan type. Each turbine 
rotates or transfer of kinetic energy of the water thus 
generates the electricity. This type of PTo also suffers a 
high mechanical loss.When the process fluid is air, the 
power take-off is coupled to the oscillating water column 
wave energy converter where the potential pressure 
across an air turbine is converted into mechanical 
energy.

A direct driven system is another type of PTo mechanism. 
it is driven by a linear generator that linked directly with 
WEC. This type of power take-off system has a stator 
and translator. The wave induces a translation motion 
that relatively induces the electrical current as the stator 
is equipped with coil in the stator thus convert it into 
electricity. For grid connection, a stabilizer is needed to 
stabilize the output signal of the generator to a stable 
output waveform. The stabilizer is used to smooth the 
power production. The mechanical loss in this system is 
lesser compared to the other two systems. However, the 
electrical losses in the stabilizers can reduce the power 
efficiency.

cost of manufacturing is lesser as the mechanical part 
in linear generator is less.

As been observed, direct-driven linear generator is 
proved to be more efficient and suitable in this wave 
energy conversion study.

Stabilizer: Due to the random motion of the waves 
and wave energy converter, the output of wave energy 
converter varies in amplitude and frequency. The main 
role for stabilizer in harvesting wave energy is to convert 
the unstable waveform due to oscillatory motion of the 
wave into stable waveforms to be fed into grid network. 
Thus, this section will review stabilizer topology and 
the current stabilizer technologies. The framework of 
stabilizer system is the interface between thegeneration 
and grid network.  The following stabilizer stages in 
waves energy extraction.

Typical Hydraulic Circuit for Wec

Linear generator rotary generator
Long lifespan Shorter lifespan
vertical rotation of translator Fixed axis rotation
Active area on air Active area on air gap is
gap is not fixed large and fixed
Simple and robust structure Complicated structure
requiredlow maintenance required frequent
 maintenance

Comparison of linear generator and rotary generator

Types of Electrical Machines: From the previous research 
paper, it is found that mostly the generator for the wave 
energy converters is evolving around the linear generator 
and rotary generator. The topology of each generator 
is different however their working principle is almost 
the same. nowadays, the interest of linear generator is 
deeper than rotary generator. With linear generator the 

Power Conversion Stages

Stages In Stabilizer Converter

This output waveform varies in frequency and amplitude 
need to be stabilized to obtain the stable waveform for 
transmission and connection to the network.

The above Figureshows the stages in stabilizing the 
non-uniform output waveform into stable waveform. 
rectifier is to shift the negative cycle of an AC signal to 
a positive cycle producing DC signal, and then the signal 
also must be filtered to eliminate all the AC components 
on the waveforms. inductor and capacitors are used 
for that purposes. Converters are used to convert AC 
supplyinto DC supply and inverters are used to convert 
DC supplyinto AC supplywith a clean signal for grid 
connections.

Types Of Stabilizer: generally, direct AC to AC converter 
and AC-DC-AC Converter are the most frequent and 
widely being used in stabilizing the output signal. Both 
types of converter used to rectify the non-uniform AC 
signal into a smooth and stable signal.

Direct AC to AC converts AC signal to another AC signal 
with different amplitude and frequency. This type of 
converter contributes to less conversion losses compared 
to AC-DC-AC Converter because of the utilization of 
lesser circuit are connected in series. AC to AC converter 
can be implemented using cycloconverter, voltage 
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regulation (vr), and matrix converter. However, this 
converter is not suitable to convert non-uniform signal 
as it can only operates with a uniform signal.

AC-DC-AC converter is the most frequently used types 
of converters in stabilizing non-uniform signals as it can 
operate with non-uniform input signals desponding on 
the specs of system designed. This converter composed 
of inverter or rectifier which is AC-DC converter which 
subsequently connected to a DC-DC converter.

Current Technology For Wave Energy Stabilizer: The 
proposed power conversion architecture that comprises 
of a diode rectifier and DC-DC converter to separate 
active power and a partially rated active filter to supply 
harmonic and reactive power. The system is said to be 
cost-effective compared to a traditional fully rated power 
converter. The following figure shows the proposed 
power conversion architecture design for the paddle type 
WEC with grid-tied converter for three phase system 
which is active-filter based design.

efficiency, lowest possible costs and also environmentally 
friendly system.

Power conversion circuit

The active filter produces reactive power to the 
squirrel-cage induction generator (SCig) and absorb the 
harmonics generated due to therectification of diode. The 
Diode Bridge and subsequent DC to DC boost converter 
to generate desired active power. At the output of the 
active filter, an LC filter is used. This LC filter is used 
to decrease the dv/dt of the converter voltage also to 
prevent the voltage spikes at the generator terminal.

The active filter also is controlled to take over the 
harmoniccurrent produces by the rectification of diode to 
sustain the generator current sinusoidal. Presence of the 
harmonics in the generator current can cause the increase 
of power loss and harmonics content in the torque. 

The diode rectifier will rectify the output of the generator, 
and dc to dc boost converter controlled the dc current of 
the rectifier to generate the desired output. The drawback 
from this system is the machine is too bulky and the 
structure of the design is quite complicated design. This 
proposed design also suffers a high-power loss due to the 
active components. This system is quite cost consuming 
to be developed even the cost for it is quite low when 
compared to conventional stabilizer. The following 
figure shows the proposed conversion system utilizes 
the conventional fully rated back to back converter. 
This aims of this proposed system is to achieve highest 

Back to back converter

This converter arrangement is comprised up of two 
controlled voltage sources converters (vSC) that is 
associated with a capacitor. one of the vSC is at the 
generated side while another is associatedwith the grid 
side. The capacitor turns into the DC link and acts as 
the power storage as well as voltage sources for the 
converter. The fundamental advantage of the design is 
to reduces the size of acapacitor by introducing battery 
storage,anyways it has alimitation that only valid 
under regular wave condition. The application of the 
buck-boost converter circuit and the usage of battery as 
backup power. under the impact of waves, the permanent 
magnet linear generator moves up and down with the 
waves high and lowpoints,so it is producing the unstable 
output waveforms.

The unstable waveform signal is rectified through the 
rectification of diode into direct current (DC). Then in the 
buck-boost converter circuit, the dc voltage is adjusted so 
that the voltage value has changed into stable DC current 
that can be used. The constant dc power then will be 
supply to the load. The stable power also will be given 
to the buck converter as battery backup to be recharged. 
Then, when the generator generates insufficient power, 
the battery will supply the constant voltage is given to 
the boost converter circuit for load.

The system proposed is working almost perfectly. 
However, the conversion of the dc voltage into stable DC 
current is not that efficient with the usage of the buck-
boost converter. The amount of electrical stress on the 
electrical components is too high thus making the voltage 
conversion not efficient. Also, the usage of buck-boost 
converter requires a large converter or LC filter because 
of the high input current ripple to reduce the harmonics 
thus making the converter to be inefficient.

Proposed Design

Single Phase Linear Generator: The generator is actuated 
using a regular sea state and real wave condition motion 
that moved along with the generator translator. This 
translation motion on the translator generates magnetic 
flux. An EMF voltage is induced on its coil terminal as 
the magnetic flux flows through the path of magnetic 
circuit.
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Stabilizer: Stabilizer design consists of rectifier, filter 
circuit and inverter.

Stabilizer Circuit Block Diagram Configuration

Controlled Full Bridge Rectifier: The function of the 
rectifier in this circuit is to flip the negative cycle of an 
AC signal to a positive signal. There are many methods 
that can be used to stabilize the non-uniform signal 
from the buoy generator. However, in this project, 
controlled full wave bridge rectifier is used because of 
the simplicity of the circuit which consists of only two 
pair of diodes.

This rectifier operates as two diodes will be turned on at 
one time and another two diodes are turned off. During 
the positive cycle, diodes D2 and D3 are turn on and in 
forward bias condition and diode D1 and D4 are turn 
off in reverse condition. During negative cycle, diode 
D1 and D4 are on while diodes D2 and D3 are off. The 
voltage of positive and negative cycle signal is inverted 
to positive cycle signal.

Filter Circuit: When the negative signal has been 
converted to a positive cycle signal, the signal need 
smoothen to remove or minimize the amount of ripple 
to produce a pure dc signal. Capacitor is used for that 
purposes by adding it parallel to the load side. it also 
eliminates all AC components on the wave form.

Filter circuit

Inverter: The fundamental function of an inverter is to 
convert DC signal to an AC signal. For an inverter to 
the process, the DC signal should be cleaned, and ripple 
should be in tolerable range. PWM technique is used in 
inverter to convert the DC signal to AC signal. in inverter, 

filter circuit is used to remove distortion. Pulse width 
modulation with inverter circuit generates smooth sine 
wave or AC signal.

Research Methodology: A research study is undertaken 
as the first step for this project. Literature review is 
conducted as a method of data gathering purposes 
from previous project and study related to the project. 
From this research study, wave energy converters and 
its working principle, current converters technologies 
suitable methods for designing the converter system 
is identified. Linear generator system is also studied as 
the system is accounted as part of the sub-tasks for this 
project.

The next steps are planning and designing the electronic 
converter. Modelling a linear generator is taken as the 
first step in designing only to get the random output 
generated from irregular waves as input to be stabilizer 
system later. Then, stabilizer circuit is designed. The 
designing process is based on the previous research and 
study taken to come out with an efficient design for sea 
waves. The stabilizer system is designed using MATLAn 
Simulink software.

After designing stage is done, the proposed design is then 
is simulated using MATLAB software. The non-uniform 
signals are made to generate and later will be fed to the 
generator to generate the non-uniform signal and then 
later will be fed to stabilizer. However, for this project, 
electronic converter works as an individual system so 
the input signal for the stabilizer is created to mirror 
the actual output of the generator. Then, the stabilizer 
circuit is simulated. Lastly, the designs of the stabilizer 
are compared according to the efficiency of converting 
non-uniform signal into smooth and clean AC signal.

Controlled Full Bridge Wave rectifier With Filter Circuit 
result

a) Non-uniform input signal: The following figure shows 
that the circuit for the input signal of the stabilizer. 
The signal is obtained from The non-uniform signal is 
created and injected manually to the stabilizer from the 
simulation. The amplitude and frequency of the v1,v2 
and v3 are not same.

Rectifier with filter circuit

c) Inverter: The result of the proposed stabilizer is to 
produce smooth AC signal. inverter consists of MoSFET 
which converts the DC signal into AC signal. Further, the 
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signal suffers from distortion, so the filter circuit is added 
with the inverter to generate the smooth AC signal.

 Voltage (V) Frequency (Hz)

v1 24 60
v2 12 50
v3 6 40

Details of Input Signal

Figure 20 consists of MoSFET and filter circuit with 
power supply. The inverter also follows the pulse width 
modulation (PWM) technique to convert the DC signal 
into the AC signal.

Input signal of the stabilizer

Output DC signal and input AC signal

Inverter circuit with PWM technique

Smooth AC signal (final output)

CONCLUSION

The above Figure shows overall conversion of the non-
uniform output signal of a generator into a smooth AC 
signal. The non-uniform output signal from the generator 
is rectified and filtered to produce a constant DC signal. 
Then, DC signal is being inverted into a smooth AC signal 
for grid network connection or to be directly used to a 
load. it can be concluded that the stabilizer circuit can 
able to convert and stabilize the non-uniform output 
waveform of the generator into a smooth AC signal.

Recommendation: The stabilizer design for wave energy 
conversion needs to be further improved and modified 
to achieve more efficient system. A modification on 
the rectifier part can be further analysed and modified 
for more efficient voltage regulation. other than that, 
designing a full-scale system that enables the stabilizer 
to be integrated with the grid should be modelled so that 
the stabilizer can be implemented as prototype.
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ABSTRACT
The basic need for today’s industry is two things. They are Digitalization and Intelligentization. To increase the 
Productivity in the world, we need to improve the advancement in the technologies that have been used in the 
industry. So to achieve that we have made a change  in  the existing  system, in present scenario  the  data  acquisition  
cannot be  done with the existing PLC we can capture  only the running data and we can store for  few period 
of  time up to 3-4  days. And the  stored  data cannot  be accessed  from  anywhere only by getting  near  to  the  
machine we can able to fetch the data. To overcome this we had setup additional sensors and  PLCs  (based  on  
the working environment) around the machine which do not affect the existing system. By this implementation 
we can provide the necessary data like downtime, production etc. we can store  the data for life  time  and can 
able to make desired report and the report and data can be accessed from anywhere, anytime around the world 
by using Smart phones, Tablets, Laptops etc.

 
Industrial 4.0 Machine Miniature Automation 

A. Saranya*, B. Kavin Kumar, V. Karthikeyan and R. Aswat
1Department of Electrical and Electronics Engineering M.Kumarasamy College of 
Engineering Karur, Tamilnadu-639113, India

71

 
ARTICLE INFORMATION
 
*Corresponding Author: asaranyaeee2012@gmail.com 
Received 10th May 2020 Accepted after revision 24th June 2020
Print ISSN: 0974-6455 Online ISSN: 2321-4007 CODEN: BBRCBA 

Thomson Reuters ISI Web of Science Clarivate Analytics USA and 
Crossref Indexed Journal

NAAS Journal Score 2020 (4.31) SJIF: 2020 (7.728)
A Society of Science and Nature Publication, 
Bhopal India 2020. All rights reserved. 
Online Contents Available at: http//www.bbrc.in/

Biosc.Biotech.Res.Comm. Special Issue Vol 13 No (4) 2020 Pp-71-73

INTRODUCTION

In the before centuries there were three different changes 
that have been used in the Industrial revolution to 
manufacture the products. The three revolutions that have 
been used in the industries are 1.Mechanism that have 
been used in water and steam power 2.Large number of 
productions in assembly lines 3.Automatic information 
technology.

During the First revolution of Industry that has happened 
on the year of 1780s has first introduced the water and 
steam power which is highly used for the mechanical 
production and it is highly used in the agriculture sector.  
Next, During the Second revolution of Industry, the large 
number of production is turned to be a primary means of 

production. The large number of production in the steel 
has turned the development in the Railway industry. 

In the 20th century, the third revolution of Industry 
has been started. It is completely different from the 
first and second revolution of Industry, because the 
third revolution of Industry is completely based on 
Digitalization. During third revolution, there was a huge 
and mass development in computers and information 
and communication technology in theworld. During 
the Fourth revolution of Industry has brought the great 
changes in many professions. People have assigned with 
numerous number of tasks that have been used in daily 
life with high tech gadgets  to make their life style easy. 
It helps to improve the life style of the peoples daily life 
in the world.

1.Plc (Programmable Logic Controller): PLC is the 
abbreviation of Programmable Logic Controller which 
is specially designed to work during the harsh industrial 
environments like high temperature, damp, waterless 
and dirty situation. PLC helps for automatic industrial 
processes which is highly used in the manufacturing of 
plant’s assembly line, an core dispensation plant and a 
waste water action stand.
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The personal computers which has power supply, CPU, 
Inputs and Outputs, Memory and Operating Software 
all these shares PLC. PLC has been used in all kinds 
of environment and the digital computers manages 
the electromechanical processes of an industrial 
environment.

HMIs has worked in a variety of forms, they may also 
used in screens on machines, in the monitors of the 
computers, in tablets but HMIs most wanted use is 
mechanical performance and progress.

3.Inductive Sensor: A inductive proximity sensor which 
may have a direct contact with target may help to 
detect the metal targets. Inductive Proximity Sensors  
are  highly classified into three types. They are:1.The 
electromagnetic type which is highly used for the large 
frequency changes 2. The magnet which has attractive 
force.

To produce High frequency in the compelling ground 
in the oscillation circuit in the coil L. In order to the 
effect of electro magnetic induction, as the target have 
comes with the contact of magnetic field there flows an 
induction current. To increase the induction current flow, 
the target has to reach the sensor, which helps to increase 
the weight on the alternation course. Then, alternation   
reduces or give up. The changes can be detected in the 
sensor using the fluctuation position with the amplitude 
detect course and output detecting sign.

Figure 1: Industry 4.0

Figure 2: PLC block diagram

Hmi (Human Machine Interface): A  Human-Machine  
Interface  (HMI)  means  customer line or dash board 
which interlinks a humans with the screen where they 
can communicate with a machine which has been highly 
used in the manufacturing course.

HMI is the highly used for different types application 
such as the data can be easily visualized in the display, 
the it also used for the production of tracks like time,tags 
and trends, input and output of the machines can also be 
monitored by HMI. It also arrived in a various forms.

This is highly compared that how people communicate 
with air conditioning to increase or decrease the 
temperature using the remote in the home, a plant-floor 
machinist may help the HMI to increase or decrease 
the hotness in an manufacturing stream tank, and also 
capable to maintain the pump whether it is running or 
not.

Figure 3: HMI.block diagrm

Figure 4: Inductive sensor

4. Photoelectric Sensor: The light emitting element can 
emits light with the help of photoelectric sensor. The 
single housing may consist of both the radiance emit 
and radiance being paid rudiments. The target sends the 
light rays to reach the sensor. 

 72
Page 335 of 3066Page 335 of 3066



Saranya et al.,

Table 1. Frequency Band with bandwidth

The sensor which is to be reflected are help to find the 
light rays that have have been diverted from the source 
point is photoelectric sensor.

• When the receiver is get separated from the transceiver 
, the source point which is placed between the transmitter 
and receiver, the light rays has been disturbed 

Block Diagram

Figure 6: Block diagram

Project Output

Figure 7: Output graph

CONCLUSION

Thus the paper proposes that industrial 4.0 can be  
achieved  by  implementing the proposed method. If 
this is successfully implemented in every production  
industries it can full fill the needs of industrial 4.0  
revolution. By this, digital factory can be achieved and 
production can be increased  by  overcoming  the  losses 
occurring  during the production time and it can be can 
be easily tracked.  By tracking the major  problems  can  
be reduced significantly. The proposed industrial 4.0 
scheme is confirmed by undergoing  multiple test  results 
for different scenarios.
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ABSTRACT
To develop a stable and ripple free high output voltage by using solar powered positive output of parallel 
connected Luo converters. In conventional DC -DC converters do not satisfy the load requirements at high voltage 
applications like electric vehicles and DC motors drives, PV fed renewable energy systems. Also, it may possible to 
produce more ripples on output voltage of the system. So in this paper, positive output luo converter is proposed 
to achieve high voltage from the solar system. In order to get maximum power from a solar panel, the Perturb 
and Observe(PO) method is used for switching pulses to luo converter. In simulation, the PID controller has been 
developed in the feedback system with different input voltage to maintain steady state operation under variable 
load conditions. This system capable of providing low ripples, high output voltage with a stabilized current from 
the low input voltage and less duty cycle. In addition, the utilization of inductors, leakage inductance problem 
and voltage ripples are reduced

KEY WORDS: COnVerTer, PhOTOVOLTAIC, MOSFeT, PArALLeL COnneCTIOn, VOLTAge reguLATOrS.
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INTRODUCTION

The Isolated DC-DC converters are typically used for high 
power applications due to easy control, more efficiency 
, large voltage gain, steady state input current, and 
contents of low ripples. So recently, many researchers 
have concentrated on applying luo converters to 
renewable energy systems[1]. however, the DC – DC 
converters finds their advantages in the renewable energy 

conversion processes. There are major categories types 
of DC-DC converters are buck, boost, buck-boost, etc are 
used depending upon the need of output power ratings of 
the loads to be connected.[2]-[5].Many DC-DC converters 
like buck-boost converters, cuk converters as well as 
SePIC converters are used to obtain the constant output. 
But the switching losses and losses in the energy storage 
elements are very high for high current[6].

hence the Luo converter is preferred for this project 
because of its following advantages[7] (i) To maintain 
stability under any circumstances, (ii) to achieve better 
static and dynamic characteristics even though any 
disturbance occurs in supply side and changes in load. 
(iii) It has ability to reduce ripple voltage and current 
levels without reversing polarities.
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The proposed system consists of a renewable energy 
source, here used is solar panels, each connected to a 
Luo converter module that results in sharing of constant 
voltage for various loads. here is used for providing 
a feedback system with PI control methodology. The 
proposed system involves a parallel connection of two 
positive output Luo converters being supplied from a 
solar panel. The Luo converter set up performs the DC-
DC conversion by boosting up the voltage[8]. 

The components are interconnected to the STM controller 
that performs voltage switching operations. The STM 
controller forms a closed loop system that results in 
providing a continuous constant supply of voltage. 
This constant voltage at the output can be utilized 
for the charging of batteries at different ranges. The 
proposed system block diagram is given in Fig 1. The 
Luo converter set up had been designed using inductors, 
voltage regulators, diodes, transistors, STM controller, 
filtering capacitors, resistors of different ranges and 
crystal oscillators[9]-[10].

Mode 1: When the power switch S is turned On the 
voltage across the capacitor C1 is energized up to supply 
voltage. The inductor current iL1 draw over inductor L1 
which develops the supply voltage Vin at the time of 
switch S On[11]-[13]. Mode 1 operation of luo converter 
is shown in Fig3.

Figure 1: Block diagram of Proposed System

The main causes for deviations from the fixed output 
voltage are variations in the input power, load distortion 
, parametric divergence and inaccuracy in voltage and 
current evaluation. A slight imbalance in the output 
voltages is sufficient to originate circulating current, that 
may experience to deviation in current distribution. This 
effect will deteriorate the system performance. The STM 
controller is dumped with the program to prevent the 
mismatches in the current thus maintaining a constant 
voltage at the output.

Ii. Operational Principle of Proposed Converter: The 
proposed converter is a positive output super lift 
converter. The converter exists of a capacitors C1 and 
C2, two diodes D1 and D2,  Inductor L , power electronic 
switch S, and  load resistance r. The proposed Luo 
converter is shown in the figure 2.

The process of above converter can be inclined in two 
different modes i.e., the switch S in On  and OFF state.

Figure 2:  LUO Converter

Figure 3: Luo Converter Mode1

Mode 2: During the switch S is inactive, the energy 
reserved in the Inductor reduces and the inductor current 
iL1 decreases with voltage(Vo-2Vin Mode 1 operation of 
luo converter  is shown in Fig 4.

Figure 4: Luo converter in Mode 2

The inductor current can be given as [14]

 (1)
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  (2)

The voltage Transfer gain can be given as[15],[16]

    (3)

Simulation Results: Modelling of solar panel and luo 
converter is developed then converter performance is 
analysed using MATLAB/SIMuLInK software using the 
circuit parameters as shown Table 1.

Fig 7,8 and 9 shows the MOSFeT voltage and current 
and Diode voltage and current during the switching of 
the converter. The changes in current waveform shows 
the ripple in the current.

Parameter’s name Symbol Value

supply voltage V in 32V
Output voltage V out 151V
Capacitors C1,C2 10mF
Inductor L 65mh
Switching Frequency Fs 25000 hz

Table 1. Circuit Parameters

The simulation design of the proposed converter is shown 
in the figure 5.

Figure 5: Circuit of proposed converter

The output from the solar panel 32 V is given to the Luo 
converter and it produces output voltage up to 150V.

Figure 6: Luo converter output

Figure 7: MOSFET output voltage and current

Figure 8: Diode output voltage and current

Figure 9: Inductor and Capacitor output
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CONCLUSION

We report here the modelling of solar panel and positive 
output luo converter are developed to achieve less 
ripples in the system. The P& O algorithm has been 
developed to extract the maximum power from the 
sun. The Simulation outcomes shows, the proposed luo 
converter is capable of providing high output voltage 
with a stabilized current and convenient to involve in 
high voltage applications. Bifacial PV solar array is to be 
used with the Luo converter in the future development 
of the proposed work. Thus providing a maximum power 
production in small area.
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ABSTRACT
The paper describes about the design of a five level cascaded H-Bridge multilevel inverter using PDPWM methods. 
By using the phase disposition pulse width modulation technique we can get better switching angles to get good 
harmonic reduction. By using the mathematical approach from the different modulation index we can compared 
the results of  the output of 5 level cascaded MLI.
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INTRODUCTION

as far today’s scenario the usage of energy is increased 
tremendously and the demand also get increased. The 
fossil fuel is the leading non renewable energy source 
providing energy to the world. By increasing industries 
and vehicles the utilization of energy is getting increased.  
so researchers and scientist had move to alternate sources 
of energy and they named it as renewable energy some of 
the renewable energies are  hydro, tidal, solar and wind 
etc. In these renewable energy sources,energy which we 
are get from sun as solar  energy is leading and trending 
one among them. The solar energy is get energy from 
photo voltaic cells and it produce direct current. now a 
world major usage of source is alternating current and 
this current only the industry and other purpose used. 

But from photovoltaic system we can get only direct 
current we have to convert it to alternating current in 
that inverter is the main thing to this.

2 Multilevel Inverter Concepts: Multilevel inverters 
concept attracts academia as well as industry over wide 
range. The wave forms with low harmonics are united to 
form the two level inverter. There is a possibility if the 
no of levels increased then the sinusoidal waveform is 
achieved. Hence, it is possible to achieve lower harmonics  
distortion and only issue is voltage imbalance. The main 
problem is that if there is an increase in switch will cause 
complexity in circuit.

Figure: 2.1. fundamental frequency output waveform for 
different level
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In general various types of switching topology in 
multilevel inverter which can have further ability to 
modulate the voltage. It is important to organize the 
various properties of multilevel inverters to get optimized 
output. The basic multilevel inverter topologies includes: 
cascaded H Bridge inverter cHBI, capacitor clamped 
multilevel inverter ccMI, Diode clamped Multilevel 
inverter DcMI. 

2.1 cascaded H-Bridge Multilevel Inverter (cHB-MLI): In 
order to get the sinusoidal output voltage the h bridge 
inverters are connected in series this is the main objective 
of multilevel inverter. The full bridge inverter is shown 
in the   Figure 2.2. In cascaded inverter every module 
is added in order to two voltage level by extending the 
every module should added. and 5 level cascaded HBMLI 
itself a one full level bridge inverter. 

4 Operating Modes of Five Level Cascaded H-Bridge 
Multilevel Inverter: Mode1:  +2vdc: in this Figure 4.1. 
It explains the switches are sW3, sW4, sW7, sW8 are in 
opened position and the switches are sW1, sW2, sW5, 
sW6 are in on condition by this mode of operation we 
can get the output of +2vdc.

Figure 2.2: 1 phase 5 level MLI 

3 Modulation Techniques for Multilevel Inverter: The 
multilevel inverters has many topologies in order to 
achieve best result in output and modulate. It has two 
methods which is fundamental switching frequency 
method and high switching frequency (Pulse Width 
Modulation) . 

3.1 Pulse Width Modulation Techniques: For the high 
value of switching frequency carrier waves the different 
pulse width modation techniques are used and it is 
compared with the reference waves in order to generate 
the out put wave of sinusoidal in the two level MLI. the 
phase shifting techniques are used in the output voltage 
to reduce the harmonic content.

Figure.3.1: Reference and carrier wave

Figure. 4.1: Circuit diagram to get output voltage of 
+2Vdc

Mode2: +vdc:in this Figure 4.2. It explains switches 
sW3, sW4, sW7, sW5, are in closed position and the 
remaining switches are open or on condition and by this 
condition we can get the output of +vdc.

Figure.4.2. circuit diagram to get output  voltage of +Vdc

Figure.4.3 circuit diagram to get output 
voltage of zero
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Mode 3: 0:in this Figure 4.3. It explains current flow will 
be zero and the output voltage also to be zero it explains 
by triggering the switches in lower leg.

Mode4: - vdc:in this figure  Figure 4.4. It explains the 
switches sW1, sW2, sW7, sW5 are remains close and 
the remaining switches are in on condition like sW3, sW, 
sW7, sW8. this mode of operation we can get the - vdc 
as output and the flow of current should be opposite to 
load current.

Figure. 4.4. circuit diagram to get output 
voltage of -Vdc

Mode 5:- 2vdc:in this Figure 4.5. It explains switches 
of sW3, sW4, sW7, sW8 are remain on and remaining 
switches like sW1, sW2, sW7, sW5 are in close 
condition. In the circuit diagram the current flow should 
be invert to the load current by this mode of operation 
we an get - 2vdc as output voltage.

Figure.4.5: circuit diagram to get output voltage of 
-2Vdc

5 Simulation Results of: Fig 6.1 shows the simulation 
diagram of cascaded HBI using PWM technique is done 
by using MaTLaB/sIMuLInK software.

The cascaded h bridge multilevel inverter design values 
are given in the table 5.1. For the switching frequency 
modulation index 1 of 5 level cascaded H bridge inverter 
of output current and output voltage is shown in figure 

of 5.2 and from the modulation index of M=1 and 0.8 
the switching frequency is used are 2khz, the 5 level 
cascaded HBo outputs of output current with harmonic 
spectrum is shown in figure.5.3.

Figure.5.1: Simulation diagram of CHBMI using PD-PWM 
technique

S.No. Parameter FIVE LEVEL
  CASCADE H BRIDGE 
  INVERTER

i. Input voltage 130v
ii. Load r=60Ω
iii. switching Frequency 1kHz and 2kHz
iv. Modulation Index 0.8 and 1

Table.5.1 Design values for HBMI

Figure.5.2 (a).voltage Output  and (b).current Output

Figure.5.3 output current waveform of Harmonic Spectrum  
for various modulation index

comparison of THD values for modulation index 0.8 
and 1 and switching frequencies of 1kHz and 2kHz is 
given in the table.5.2.also the comparison of THD for 
PDPWM and sHe technique is for 0.8 and 1 modulation 
index and 1kHz and 2kHz switching frequencies is given 
in the table.5.3.
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 Switching  Switching   
 frequency(2kHz)  frequency(1kHz)  
 Modulation index Modulation Index  Parameter 
 1 0.8 1 0.8 
  24.4%  38.6%  28.7% 39.2% output voltage
 25.3%  38.6% 28.7% 39.2% output current

Table.5.2 different modulation index comparison table

 SHE  PDPWM Total 

7th harmonic 5th harmonic 3rd harmonic  Harmonic
elimination elimination elimination  Elimination
 
22.59% 23.38% 18.54% 26.64% %THD for 
    voltage
22.59% 23.38% 18.54% 26.64% %THD for 
    current

Table.5.3 THD comparison  for PDPWM and SHE technique

CONCLUSION

In the paper work we have discussed design and analysis 
of  about 5 level cascaded h bridge multilevel inverter  
from that we can get the output of total harmonic 
distortion , inverter output voltage and inverter output 
current.In the inverter the switching pulse is generated 
by using Phase Disposition PWM.In order to reduce the 
harmonic content 3 rd order, 5th order, 7th order of the 
inverter by optimal switching angles and by using the 
MaTLaB sIMuLInK software results are verified. The 
results with the modulation index of the value of 1 & 0.8 
is compared with the THD output, and the results are get 
by using switching frequencies of 1kHz and 2kHz. 

REFERENCES
 abdul rahimanBeig., udaya Kumar, r.Y., and 

ranganathan, v.T. (2004). a novel Fifteen Level Inverter 
for Photovoltaic Power supply system”, Industry 
applications conference, 39th Ias annual Meeting, 
vol.2, pp. 1165-1171, 

 Beig, a.r., and Dekka, a. (2012). experimental verification 
of multilevel inverter-based standalone power supply 
for low-voltage and low-power applications”, IeT Power 
electron., vol.5, no.6, pp. 635-643.

 gupta, K.K., and Jain, s. (2012). Topology for multilevel 
inverters to attain maximum number of levels from 
given Dc sources IeT Power electron, vol.15, no.4, 
pp.435-446. 

 Jin Wang.,  andDamounahmadi. (2010). a Precise and 
Practical Harmonic elimination Method for Multilevel 
Inverters”, Ieee Transactions on Industry applications, 
vol. 46, no. 2, March/april.

 K.Divya, T.gowtham raj and P.Maniraj, reduction 

of Harmonics in distributed generation system using 
L-Z source inverter, Ieee International conference 
on electrical, Instrumentation and communication 
engineering, 2017.

 Kang, D.W., and Hyun,s. (March 2005). simple harmonic 
analysis method for  multi-carrier PWM techniques 
using output phase voltage in multi-level inverter”, 
Ieee Proc. electron. Power appl., vol.152, no.2. 

 Kang, D.W., and José rodríguez. august (2004). Direct 
Torque control with Imposed switching Frequency in 
an 11-Level cascaded Inverter Ieee Transactions on 
Industrial electronics, vol. 51, no.4. 

 Muhammad.H.rashid. (2004). Power electronics circuits, 
Devices, and applications Third edition, Pearson 
Prentice Hall.

  Palanivel.P and Dash, s.s. (2011). analysis of THD 
and output voltage  performance for cascaded 
multilevel inverter using carrier pulse width modulation 
techniques”, IeT Power electron., vol. 4, no.8, pp. 
951–958. 

 r.udhaya shankar, rani Thottungal, T.gowtham raj, 
comparative analysis of cuk and luo converter fed bldc 
motor International journal of applied engineering 
research,vol.10,no.88,pp.68-72,2016.

 rajesh gupta., and avinash Joshi. (2010). Multiband 
Hysteresis Modulation and switching characterization 
For sliding-mode-controlled cascaded Multilevel 
Inverter”, Ieee Transactions on Industrial electronics, 
vol. 57, no. 7.

 rajesh gupta., and avinash Joshi. (July 2010). Multiband 
Hysteresis Modulation and switching characterization 

 81

Page 344 of 3066Page 344 of 3066



ABSTRACT
Precise forecasting of sun radiation is primary essential to utilize the solar power effectively. The primary objective 
of this article is to make forecasting model for the estimation of solar radiation using machine learning algorithm. 
For forecasting the sun radiation a regression model of random forest technique is introduced in this paper. In 
this paper, Five variables are used to build the source regression model and actual solar radiation is used as target 
attribute. The solar radiation is predicted with the help of Source regression model by majority voting of class. In 
order to validate the regression model, Root mean square value is used. The error value obtained from the existing 
decision tree regression model is 0.42.In this paper the calculated RMS value of proposed random forest method 
is 0.34 which is comparatively less than existing model. The simulation results show that accuracy of proposed 
method is improved with reduced error value. The proposed method with improved accuracy is more useful to 
predict solar radiation in order to consume the solar radiation in effective manner

KEY WORDS: RandoM FoReST, SolaR RadIaTIon PRedIcTIon, decISIon TRee, RegReSSIon,RMS value.

 
Random Forest based Solar Radiation Prediction 

N.Selvam1*, and A. S. F. Subhamathi2 
1,2Assistant Professor
1*,2Department of EEE,M.Kumarasamy College of Engineering, Karur,
Tamil Nadu,India.

01

 
ARTICLE INFORMATION
 
*Corresponding Author: selvamn.eee@mkce.ac.in 
Received 10th May 2020 Accepted after revision 18th June 2020
Print ISSN: 0974-6455 Online ISSN: 2321-4007 CODEN: BBRCBA 

Thomson Reuters ISI Web of Science Clarivate Analytics USA and 
Crossref Indexed Journal

NAAS Journal Score 2020 (4.31) SJIF: 2020 (7.728)
A Society of Science and Nature Publication, 
Bhopal India 2020. All rights reserved. 
Online Contents Available at: http//www.bbrc.in/

Biosc.Biotech.Res.comm. Special Issue vol 13 no (4) 2020 Pp-01-04

INTRODUCTION

In recent years, Machine learning techniques are plays 
vital role to make conclusion in both classification and 
regression model type of questions. (Selvamnallathambi 
et al,.2018, MonanapriyaMuthukumar et al,. 2017) The 
rudiments of supervised machine learning algorithms 
are made clear in order  to predict and utilize the solar 
energy effectively.(Baskaran et al,.2019) establishes 
different techniques such as Support vector regression 
,artificial neural network and decision tree to estimate 
the solar irradiance. The results of ensemble models 

are examined with RMSe.(J liu et al,.2019) introduced 
feature extraction based random forest to predict the 
solar radiation. (R saranya et al,. n Selvam et al,.2019) 
explained about the computation of solar radiation based 
on decision tree algorithm. In existing paper only five 
parameters are used to forecast the global solar radiation 
.In this proposed method, Multiple of decision trees i.e. 
random forest algorithm is implemented with five input 
parameters in order to reduce the different error values 
with improved accuracy.

MATERIAl AND METhOD

Random Forest Method: Random forest is an ensemble 
learning based classification and regression techniques. 
It is one of the commonly used predictive modeling and 
machine learning techniques. a random forest is making a 
bunch of decision tree and consulting all of them at once 
to make your decision. Profoundly authentic classifier 
and running effectively on large data samples are the 
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typical characteristics of random Forest. The benefits of 
random forest method are pruning of tree is not required 
and over-fitting is not major issue in proposed method. 
Figure 1 describes the working of proposed method. 
Firstly the predicting model is created based on the five 
input parameters and target variable. Then unknown 
data samples are fed into the created model to estimate 
the solar radiation. The operational procedure of random 
forest is presented in figure 2.Since the used method is 
random forest so multiple numbers of trees is developed 
and consulted with all the trees by majority voting of 
class to make highly authentic decision.

The second stage in random forest work as follows, the 
total number of M features is divided into two features. 
The one is training feature and the other is testing feature. 
The training feature is for creating the model and the 
testing feature is used to make the prediction. In Step 
1, the test feature is taken and the decision tree rule is 
implemented for the randomly selected input feature to 
predict the outcome and the predicted outcome (global 
Solar Radiation target) is stored. In Step 2, the votes of 
each predicted target is calculated. Finally in Step 3, the 
majority voting of the predicted outcome is considered as 
the final prediction from the random forest algorithm.

Solar Radiation Prediction: Solar radiation is predicted 
by using the random forest algorithm. For the prediction 
of solar radiation the input attribute chosen are average 
temperature, atmospheric pressure, humidity, sunshine 
hours, wind speed and month. These input attributes 
along with the solar radiation is given as input to the 
random forest algorithm. The ratio of training and testing 
data set is 50:50 which implies that 50% of data is given 
for training the model and the remaining 50% of data is 
used for testing the model.

The random forest algorithm working is similar to the 
decision tree algorithm since multiple decision tree 
forms random forest. For the regression type of dataset, 
the standard deviation of target is calculated by using 
the equation mentioned in [8]. using the equations 
the standard deviation must be calculated for all other 
input attributes. now for the entire input attribute the 
standard deviation reduction have to be estimated by 
using the formulas. The standard deviation reduction of 
entire input attributes the standard deviation reduction 
has to be calculated. The root node of the tree depends 
on the input attribute, which has the highest standard 
deviation reduction. In this model, the sunshine hour has 
the highest SdR value it forms root node and it further 
split up into decision node or daughter nodes until the 
predicted value is obtained.

RESUlTS AND DISCUSSION

The multiple decision trees are created for the dataset 
with 365 samples. The dataset is collected from the 
website open government of India. The dataset of year 
2017 is chosen. Partial data samples are fed into the 
well builded random forest model to forecast the solar 
radiation. Majority of voting class is investigated from 
the Multiple of decision trees then the optimal value is 
considered.

The predictive model created by random forest technique 
based on the Input parameters. after building the model, 
the unknown data is rolled down one by one to predict 
the target. likewise the unknown target is predicted 
values are tabulated in table 4.  It shows the Predicted 
value of global Solar Radiation by Random Forest 
Technique. It predicted the global Solar Radiation more 
accurately than other Techniques.

Figure 1: Block diagram of Proposed Method

There are two stages in random forest, random forest 
creation is the first stage and the second stage is to 
make a prediction from the random classifier created 
in first stage.

The first stage working is as follows, step one is from 
the total M features randomly select K features while 
the value of K must be less than M. In Step 2, with the 
randomly selected K features find the node d using the 
best split point. In Step 3, the node d formed is further 
split into decision or daughter nodes. In Step 4, the step 
from 1 to 3 is repeated until the single node is obtained. 
like this the tree is created by repeating the steps from 
1 to 4 for n number of times.

Figure 2: Design and Working of Random Forest 
Algorithm

 02

Page 346 of 3066Page 346 of 3066



Selvam & Subhamathi

Model Validation: The dataset with 365 samples are not 
predicted as actual, there are some error occur between 
the actual and predicted. In these four types of error 
is calculated for the given dataset using equations  
mentioned below. Where yi is actual target value, yi is 
Predicted target value using Random forest and d is Total 
number of Instances

   (1)

  (2)

    (3)

    (4)

after Predicting the target value of unknown data, 
different types of errors were estimated In order to 
find the accuracy level of predictive model. These error 
values are calculated mainly based on difference between 
actual target value and predicted target values using 
the equations (1) to (4). The obtained error values are 
represented and compared with existing method [8] in 
the table2 (a) and 2 (b).among the different types of error 

S.No Instances Predicted Solar
  Radiation

1 10 472.5
2 20 472.2
3 30 473.1
4 40 471.9
5 50 472.4
6 60 473.3
7 70 471.2
8 80 472.3
9 90 472.8
10 100 473.5
11 110 471.6
12 120 473.2
13 130 473.8
14 140 471.7
15 150 471.0
16 160 472.5
17 170 473.4
18 180 481.6

Table  1. Predicted Result of Random Forest Algorithm
values, the Mean square error reaches minimum error 
value i.e.)0.13 comparatively with existing scheme . The 
random forest provides minimum error as it shows that 
the dataset is predicted in accurate manner.

S.No Error Decision Proposed
  Tree [8] Method [RF]

1 MSe 0.18 0.13
2 RMSe 0.42 0.34
3 RSe 0.45 0.24
4 RRSe 0.65 0.22

Table 2. (a) Error Results of two kind of models

S.No Paper Algorithm Root Mean  
   Square

1 [8] Decision Tree 0.42
2 Proposed Random 0.34
 Method Forest

Table 2. (b)Comparison of Proposed and Existing method

CONClUSION

Random Forest algorithm is one of the supervised 
machine learning Technique for solving the regression 
type of dataset. In this work, the prediction of solar 
radiation is executed by random forest algorithm. The 
predicted outcome is more accurate since the error 
value is minimum. The random forest provides efficient 
prediction of solar radiation so that the production of 
electricity can be properly designed. Random forest 
provide good design feature and it is easy and fast in 
creating the model compared to other machine learning 
algorithms. The prediction of solar radiation by random 
forest is designed by using the MaTlaB tool of version 
R2017a. The various type of error is estimated for the 
given dataset.
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ABSTRACT
This study aimed is to institution of Intelligent System that used relate Embedded toplogy and smart gadget for 
supporting plant growth and drawback determination using raspberry protocolrelate experiment is to supply 
a controllable atmosphere for measure and activity plant growth by applying automation technology .The 
determination of the system suggests that there is a possibility to measure surrounding temperature conditions 
as well as soil moisture content within the soil ,PH value , start the motor once the soil is in dry condition and 
conjointly observe the disease of the plant growth and supply the antiseptic spray to the sector .The prototype is 
easy to handle and monitor  the performance through continuous message handling system

KEY WORDS: EmbEddEd ToPology; AndroId SySTEm; SmArT gAdgETS.
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INTRODUCTION

Agriculture plays necessary role among the event of 
agricultural country like republic of land. problems 
regarding Agriculture unit of measurement usually 
preventive the event of the country. the only real answer 
this recoil is sensible agriculture by modernizing this 
ancient that} throughout that of agriculture. that the 
projected methodology aims at creating agriculture wise 
victimization automation and Iota technologies with 
the service of raspberry pi. net of Things (Iot) permits 
varied applications crop growth observation and choice, 
irrigation call support, etc. A raspberry Pi primarily based 
completely automatic irrigation IoT system is projected 

to modernization and improves productivity of the crop. 
the foremost aim of this work to crop development at 
low amount water consumption, so on the proper track 
water out there to the plants at the specified time, for 
that purpose most of the farmers waste ton time among 
the fields. an inexpensive management of water must be 
compelled to be developed that the system circuit quality 
to be reduced. The projected system developed on the data 
sent from the sensors and estimate the number of water 
required. A2 sensors sq. live accustomed get the data to 
bottom station the standing and then the temperature of 
the soil, the status, the temperature, 

pH scale value of the soil, animal detections system that 
the observe plant leaf diseases detections and provide 
antiseptic spray. The projected systems supported these 
values and calculate the water amount among the tank 
for irrigation is would really like.Farming is reworking 
into a essential developing space for the duration of the 
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significant job inside the economy of the nation. Indian 
populace relies upon agribusiness for their sustenance. 
Since the commitment of agribusiness we tend to 
square quantify in desire to broaden crop efficiency 
with conservative and successful water utilization. In 
agribusiness water system is that the essential issue on 
the grounds that the storm rainfalls square measure 
flighty and uncertain. Agribusiness inside the substance 
of water lack has been a tremendous test. There exists a 
prerequisite for specialized data to make water system 
frameworks extra efficient. 

These zone units a few techniques that are utilized 
around now to improve water system framework, decline 
crop wastage and increment crop efficiency. during 
this work the framework is created abuse sensors to 
watch crop-field and change water system framework. 
The framework is tried and gave shrewd outcomes. The 
remote transmission of gadget information from field to 
the arranger, putting away it during a data, predominant 
field from versatile application and water system the 
executives territory unit worked oK. The water utilization 
is ninetieth extra practical than elective the other old 
and other stylish water system procedures.

Concept Diagram

System Overview: Appeared in figure 1, the segments 
of the keen cultivating framework on raspberry Pi 
model-b+ are illustrated. The framework can tell the 
flow soil dampness content in the dirt and everyday most 
noteworthy/least temperature, mugginess, and check the 
water level in the tank utilizing ultrasonic sensor, PH 
estimation of the dirt and watch the plant leaf malady 
recognition and furthermore it give disinfectant shower 
,private if creature crossed in the field. The client can 
informed the message by utilizing the entire sensor and 
it transmitted by gSm module

Methodology

Raspberry PiI: raspberry Pi might be a little measured 
single board pc that can do the entire employment 
that a middle microcomputer will like unfurl sheets, 
information preparing, Internet, Programming, games 
and so forth. It contain 1gb rAm, 2 USb, Arm V8 
Processor Associate in tending a lAn port, HdmI and 
rCA ports for show,3.5mm Audio jack, Coyote State card 
space (bootable), general reason I/o pins, runs on 5v

Soil Moisture Sensor Module: The dirt wet detecting 
component has 2 tests that is embedded into the dirt. The 
tests square measure won't to go current through the dirt. 
The wet soil has less obstruction and along these lines 
goes extra current through the dirt while the dry soils 
has high opposition and pass less present through the 
dirt. The opposition costs to assist analyst with working 
the dirt wet.

Temperature Sensor Module: The dHT11 temperature and 
dampness finder is utilized. the whole amount of water 
fume in air is laid out as a live of dampness.Proportion 

world on account of increasing people. vital take a look 
at in commercial enterprise section is to support ranch 
potency and nature of cultivating whereas not nonstop 
manual recognition to satisfy the developing interest for 
nourishment. other than increasing people, the worldwide 
environmental modification is moreover an enormous 
worry in farmland. the purpose of this examination work 
is to propose an inexpensive cultivating methodology 
bolstered web of Things (Iot) to influence the unfriendly 
things. The reasonable cultivating is embraced which give 
high precision crop the board, grouping of supportive 
data and programmed cultivating method. 

This work presents partner degree astute farming field 
recognition framework that screens soil wetness and 
temperature. At the point when process the apparent 
data it makes important move bolstered these qualities 
while not human intercession. Here temperature and wet 
of the dirt square measure estimated and these apparent 
qualities square measure hang on .With the presence of 
web of Things (Iot) and industrialization, the occasion 
of information Technology (IT) has diode to various 
examinations not exclusively in exchange anyway also 
in horticulture. Particularly, Iota innovation will defeat 
separation and spot imperatives of wired correspondence 
frameworks utilized in existing homesteads, and 
may expect rural IT improvement from robotization 
of farming data grouping. In this paper, reasonable 
homestead framework exploitation correspondence 
modules together with the wired correspondence arrange 
utilized in the current ranch was made. Furthermore, 
the framework executes the recognition and the board 
correspondence system, in this manner upgrading the 
opportunity of improvement of rural Iot

MATERIAl AND METhOD

Related Work: This investigation has focused on the 
use of current innovation to help oversee cultivating, 
which suggests ranch overseeing computerization in 
shifted ways that manakantIntarakamhaeng examined 
the model of ranch the executive’s computerization 
innovation with rFId, result; the reception of rFId, or 
radio-recurrence recognizable proof of items and plants 
were with progress independently known and recorded 
precisely. To improve antiquated ways, there have been 
a few frameworks created exploitation cutting edge 
innovations that encourage curtailing crop squanders, 
stopping unreasonable and rare watering to crops and 
accordingly increment the harvest yield. one such 
technique is trickle water system that is wont to spare 
each water and compost. Crude dribble water system has 
been utilized since before period. during this strategy 
water and compost inside the kind of water beads 
square measure dribbled on to the premise of the plants 
sporadically. 

The search for water application shifts in step with the 
yield kind. At the point when put beside antiquated 
strategy it utilizes 30-half less water. The contrary system 
is pot water system that is extra proper for territories 
having insufficient rainfall . Agriculture assumes 
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is determined because of once there's an alteration 
in temperature, proportion conjointly changed. The 
temperature and mugginess changes happen previously 
and when water system. The amount of water beads 
in air is duplicated when water system. This causes 
decline in temperature that progressively will expand the 
proportion of the earth. The temperature and mugginess 
perusing are typically advised to the client all together 
that the client might have the option to perceive the 
area conditions from wherever. The temperature and 
mugginess locator can even be utilized in unpracticed 
homes.dHT11 temperature and moistness identifier is 
appeared in Fig.2.3

buyer, assuming this is the case, a shared information 
transmission would be finished. by doing this, Associate 
in nursing application would send the data by means 
of Socket bearing on data science Address and Port in 
Transport layer abuse TCP convention. Thus, the layer 
wise control has the best control over system. Hence 
TCP is going to convert the layer by layer following 
the performance of the system control hence have the 
maximum monitoring the performance. The raspberry pi 
system was having the good nature of controlling the 
aspects and managing the device performance.

Figure 2.3: DHT 11(Temperature Sensor)

Relay: A hand-off is interface point electrically worked 
switch. Transfers region measure utilized any place it's 
important to deal with a circuit by a different low-power 
signal. A hand-off with mark in activity attributes and 
typically various in activities curls territory measure 
wont to make sure about electrical circuits from over-
burden. As appeared in higher than figure raspberry pi 
is associated with the gadgets by means of hand-off. 
Here transfer will be worked as change to on or off the 
gadgets

Figure 2.4: Relay

An immediate association between the raspberry Pi was 
precluded, inferable from its electrical potential varieties, 
which is 3.3 volts for the raspberry Pi and five volts 
for them. bi-directional logic level gadget should be 
be well-known the raspberry Pi and 5 volts for them . 
bi- directional logic

Software: A researched during this investigation 
Programming of a correspondence between a server and 
a shopper comprised of 2 perspectives. The raspberry 
Pi would check whether there was any associated 

Figure 3: Shows the connection of the circuit

The parameters has to be incorporated in better way to 
give the inference. In this paper soil moisture, pH value 
which has good control on the proper channeling of 
the device. Thus, making all possible necessity thing 
to get through the actual rating of the system. The 
decision making and parameter cut-off setting is very 
Important criteria in deciding the actual performance. 
Hence one has to build the concept in proper way the 
decision making of the values are very important. The 
monitoring system continuously the data so that it’s 
easy to get information. Thus, the smart farming system 
helps to get ideal results needed to drive the system. 
Thus, results show all displayed parameters have been 
observed continuously.

Figure 4: A block diagram of proposed system

Python writing is available in limited version for 
raspberry pi.Python without filtering is not helpful 
for the performance.The gPIo pins make suitable sign 

Chockalingam et al.,
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indication. Just in the event of top quality data, a 
"High" sign would be sent to gPIo pin seventeen and 
accordingly the ventilator would eradicate the inside 
air (Fan out on). Just in the event of hot temperature, 
a "High" sign would be sent to gPIo pin twenty seven 
and in this manner the ventilator would work precisely 
(Fan in on. inside the occasion of radiance change, 
the data would be sent to gPIo pin twenty two and 
electrical lights would be opened. minimally, working 
of adornments likely could be adjusted by the client as 
referenced in Fig. four communicating the stream outline 
of the Python programming in raspberry Pi.

Another fundamental factor is that this reasonable Phone 
works with the golem oS. Created applications square 
measure on the golem bundle usage the Java language 
and interfaced with the raspberry Pi through the remote 
system. This may take the value from the filter shows like 
temperature, moistness, light, nephrotoxic gases, and so 
on. It's prepared to the executives fans and lights, and 
might be followed by means of the net whenever.

RESUlTS AND DISCUSSION

right now, model created has lEd to an endeavor 
inside the environment and atmosphere of a homestead, 
exploitation the default plan warnings by means of good 
Phones. 

Mobile Application: The versatile application is created in 
humanoid. The portable application assists with viewing 
and the board the circle from wherever. The portable 
application utilizes PHP content to bring data. In data 
all the gadget data territory unit keeps. The humanoid 
brings the data and record it in JSon arrangement to 
be shown in humanoid gadget. The interface for the 
machine is implied in a very implies that permits each 
the viewing and the executives of field from the gadget. 
The net affiliation should be given to watch and the 
executives the circle The versatile application created is 
demonstrated in Fig. 5.1

Figure 5.1: IP Scanner

Figure 5.2: self- image through the camera

Chockalingam et al.,
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CONClUSION

The savvy water system framework is right and worth 
powerful for advance water assets for agrarian creation. 
The framework would supply criticism framework 
which can screen and dealing with all the exercises 
of plant development and water system framework 
with proficiency. on the off chance that downpour 
firearm detecting component might be extra so once it 
downpours there won't be floods. downpour water yield 
might be done and this reaped water might be wont to 
inundate fields. We can to grasp more water quality 
sensors that affect the yields. the most reason for the 
framework is to forestall the waste water and spare many 
water for group of people yet to come .by hurt cutting 
edge innovation if the plant happening unwellness we 
can build up through our advanced cell . It’s amazingly 
supportive for group of people yet to come.
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ABSTRACT
The microwave which detect the things using radar system. Radio waves are  called as micro waves, it's used to 
detect the altitude and direction or speed of objects. This project focus to make an efficient ultrasonic sensor, which 
is cheaper and exhibit all the technique of radar. The ultrasonic sensor contains both transmitter and receiver 
which is placed on the rotating motor. The rotating motor is used to cover wide range. This paper is particularly 
about the ultrasonic sensor system controlled by using Arduino. Here radar play a main role and thus the radar 
contains ultrasonic sensor and motor, and these are the most components of the system. The essential principle of 
the system is it got to detect the thing especially range. When it startsto processing it gives the knowledge about 
the angle or position of the thing and thus the space of the thing was also shown and this technique system was 
controlled by Arduino, Arduino uno is employed to regulate the ultrasonic sensor and to interface the sensor and 
display devices. We will see all the updates in our smart phone. It'll also give intimation to close by region. When 
the thing has found the liquid will spray and therefore the LED will start to glow and therefore, the information 
is going to be found in LED display. The appliance of radar is found in several field like mapping, spying, object 
identification, navigation and tracking. It's also suitable for indoor application.

KEY WORDS: MIcRoconTRoLLER unIT, TRAckIng sysTEM, EcHo sIgnAL, FREquEncy, uLTRAsonIc WAvEs.
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INTRODUCTION

ultrasonic sensor system is an object detection system it's 
also called as tracking system. It's also decided the peak, 
range, heading and therefore the speed of the thing. There 
are alternative ways to point out the ultrasonic working 
data. There is different ultrasonic system are available 
with different technology. The modified system gives the 
precise and accurate result. ultrasonic system is available 
sort of size and different performance features. A number 
of ultrasonic sensors are utilized in air- control at airport. 

ultrasonic sensor is that the heart of tracking system and 
it are often operated by one person. ultrasonic sensor was 
developed by several national during world war-2. 

High tech ultrasonic sensor is used with digital processing. 
our proposed system contains the following component, 
the ultrasonic sensor is connected to the digital input and 
output pins. Both the ultrasonic sensor and servo motor 
are connected simultaneously, the servo motor rotate from 
0 to 180 degree. This technique is named "processing 
development environment". The microcontroller unit 
[Mcu] will constantly check for receiver output. TTL 
driver are wont to connect the Arduino uno and the 
node Mcu it provides the data facility to the Arduino 
cPu board. Mcu check whether the thing was during a 
particular region. The ultrasonic sensor wants to detect 
the obstacle are during a particular region.
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analog and 6 pins are digital pins. It contains everything 
that is employed to regulate the microcontroller. it had 
been powered by Ac to Dc adapter. Arduino has number 
of facilities to speak with the pc. It's an electronic 
platform contains hardware and software. The hardware 
is programmed by using the software and it's almost 
utilized in every task. The Arduino make everyone to 
possess interest in electronics and make person to code 
easily withoutknowing the algorithm and sophisticated 
code. The hardware will have predefined function and 
therefore the rest are going to be handled by wiring 
software. 

Atmega328 contains three sorts of memory like 
32kB,2kBand 1kb. 32kB is employed to revive the 
deleted to data. 2kB is employed to store the variable 
data. 1kB is employed to store the info when the device 
is powered down and powered up again. The  pins usually 
hook up with the circuit having 3.3v. serial in and out 
port is wont to send and receive data from gPs, WIFI 
module, Bluetooth. Digital pins are wont to change the 
logic between input and output  in software.

Ultrasonic Sensor: ultrasonic sensor is wont to convert 
electricity into energy. The energy is within the sort of 
ultrasonic waves. it's wont to measure distance from 
the target object. The acoustic wave which is above 
20,000hz is named ultrasound. Piezoelectric sensor is 
used for the generation of ultrasonic waves within the 
frequency range of 1- 20MHZ to 2-40kHZ. The sensor 
contains ceramic transducer when the electrical signal is 
applied to them. The sensor offers maximum sensitivity 
and efficiency. The performance of the ultrasonic sensor 
is measured include bandwidth, attenuation, dynamic 
range. a number of the opposite parameters are normal 
frequency, peak frequency, bandwidth, pulse width.

Buzzer: Buzzer uses a relay with an audio transformer 
and speaker. When the switch is pressed the relay will

operate through the transformer. the traditional value of 
the capacitor utilized in the system is 0.001uf, when the 
capacitance increases the buzzer tone will get decreased. 
Piezo buzzer is usually supported the inverse principle 
of piezo electricity. it'll produce electricity when the 
mechanical pressure is applied on certain materials. 
Dc voltage is applied to the input pin, it converts the 
oscillating signal with the assistance of resistor and 
transistor. When high voltage is applied within the piezo 
disc it'll cause a mechanical explosion. When the metal 
plate bend it'll produce acoustic wave in air.

LED: Light Emitting Diode [LED] light varies from visible 
to infrared or ultraviolet region. They operate low voltage 
power supply. it's one among the foremost commonly 
used device used for indication purpose in circuits. They 
also used for optoelectronics application. The forward 
voltage is low than the availability voltage. current 
limiting LED are utilized in series with the LED. Low 
input voltage also can drive the LED.

MATERIAL AND METhOD

Existing Method: ccTv (closed circuit Television) is also 
a Tv system throughout that signals are not in public 
distributed however area unit monitored, primarily for 
police investigation and security functions. ccTv depends 
on strategic placement of cameras, and observation of 
the camera’s input on monitors somewhere. ccTv is 
sometimes used for a variety of functions as well as, 
maintaining perimeter security in medium to high 
secure areas and installations. perceptive behavior of 
incarcerated inmates and doubtless dangerous patients 
in medical facilities. overseeing locations which may be 
risky to somebody's, as an example extremely harmful 
industrial environment. getting an evident record of 
activities in things wherever it's a necessity to require 
care of correct security or access controls.

RESULTS AND DISCUSSION

Proposed Method: The ultrasonic sensor will help to seek 
out theft activity in the dark time of jewelry shop and 
bank lockers or the other secret places where this security 
needed. This ultrasonic sensor sense the environment 
periodically, so at normal condition we'll get constant 
echo signal from closed room environment, that echo 
signal read by micro controller. When there's any 
abnormal echo signal aside from normal signal which 
will be treated as abnormal action happening within the 
environment, which will be thief or other moving object. 
This case taken as alert and sMs or involve this alert will 
send to the user via node Mcu and therefore the motor is 
going to be on at an equivalent time the alarm is going 
to be on. By this method when thief enter in room, its 
detected by the sensor and therefore the electric shock 
also will be provided on the steel walls.

Block Diagram

Figure 1: Block Diagram for proposed system

Arduino Mother Board: Arduino is employed to sense 
and control physical devices. The Arduino project is 
predicated on programming language it also supports 
the language c, c++, java, python. The microcontroller is 
predicated on ATmega328p. It's totally 14 pins 6 pins are 
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DC Motor: Dc motor is a device that convert electricity 
into energy. the foremost common type relay produces 
magnetic flux. Dc motor are the primary type to be used 
widely. The speed of the motor is calculated by the shaft 
per minute and it's termed as RPM. small type Dc motor 
are utilized in various application like toys and tools. 
universal motor is often operated by direct power and 
it's also light weight and it's considered one among the 
simplest portable device.

hardware Result

Figure 2: Hardware Result for security system

The ultrasonic sensor will detect the object in a particular 
range, when the object has detected the buzzer will make 
sound and the LED will glow LcD will show the accurate 
time of obstacle crossing.

CONCLUSION

The paper we presented a fanatical study aimed toward 
surveillance applications. especially it presents an in- 
depth comparison between the qMs and therefore the 

nFs acquisition geometrics typically encountered in 
such scenarios. The comparative analysis spans from 
theoretical and experimental detection performance, 
up to the specified sensor complexity. Incidentally 
we observe that the experimental analysis has been 
performed under specific observation geometrics that 
were carefully selected to isolate the effect of the target 
response on the ultimate results. This approach allowed 
an immediate and fair comparison between the two 
considered sensors configurations. Indeed, an in-depth 
geometry would be desirable to supply a generalization 
of the reported results.
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ABSTRACT
The LDR connected PV system with and without MPPT charge controller at different solar irradiance is proposed 
to make the best use of the PV panel power .The various hitches of MPPT have been addressed in various ways. 
One of the easy implementation of MPPT method is perturb and observe (P&O) algorithm .Moreover, MPPT have 
a drawbacks while attaining the MPP during the distinctly changing atmospheric circumstances. In order to 
extensively reduce the above drawbacks, a novel MPPT can be adopted with the use of LDR. This electrical MPPT 
aims to keep the output of a solar panel constant all of the time.

KEY WORDS: LDR (LIghT DePenDenT ResIsTOR), P&O (PeRTuRb anD ObseRVe), PV (PhOTOVOLTaIc).
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INTRODUCTION

Recently, renewable energies, especially photovoltaic (PV) 
energy, are considered as an emollient energy resource. 
such PV systems do not require special maintenance 
and are easy to install. They considerably ensure a 
durable long life without causing noise or bothering 
effects. On the other hand, such PV systems are also 
adhered to the drawback of low conversion efficiency. 
hence optimization technique is found to be a requisite 
while designing a PV system. The optimization can be 
achieved by extracting the maximum power output 
of PV systems under the unstable climatic conditions. 
numerous techniques have been proposed depending on 

their complexity, with sensors, convergence, setup, and in 
many other aspects. To increase the tracking efficiency, 
this modified perturb and observe method use photo 
sensor with MPPT controller have been proposed.

Existing System: The present system comprises of panel 
directly connected to Dc- Dc boost converter and load. 
The light incident on the panel is converted to electrical 
energy and by varying the duty ratio of Dc-Dc converter 
it is possible to achieve the maximum MPP .The  P & O 
technique has tracking error in case of climatic change 
and oscillates around the MPP. The present system 
disadvantage will reduce the panel efficient power.

Proposed System: In this paper the electrical MPPT is used 
to get efficient power. Perturb and observe method has 
been proposed. The main disadvantage in perturb and 
observe method is oscillation time is maximum during 
perturbation. To overcome this disadvantage LDR sensor 
is introduce to reduce the oscillation time. The LDR sensor 
is used to sense the presence and absence of sunlight. If 
the light radiation is high the resistance value is low and 
vice versa. by knowing the resistance value, the voltage 
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value can be obtained directly without oscillation. hence 
the oscillation time is reduced. That voltage value is set 
to the Dc- Dc converter by the microcontroller. This 
method increases the tracking efficiency.

fails to yield maximum power. The panel output has been 
taken with and without MPPT charge controller. When 
the panel output is taken without MPPT, The voltage 
value varies according to the climate condition. so the 
output power is insufficient to operate the load. after 
connecting with MPPT charge controller the panel tracks 
the maximum power and it is maintained constant. but 
the MPPT charge controller takes some time to obtain 
the maximum power during partial shading conditions. 
Due to this oscillation time happens. To overcome this, 
the proposed method use photo sensor. The photo sensor 
senses the presence and absence of sunlight and gives 
the photo resistance value to the MPPT controller. by 
knowing the resistance value the maximum MPP is 
tracked. The maximum power is tracked with the known 
voltage value since it reduces the oscillation time.

Without Mppt Output: The table 1 shows that PV panel 
output without MPPT charge controller, the panel output 
varies depends on the irradiation. so the load does not 
operate properly without the charge controller.

Figure 1: Schematic diagram of planned scheme

Figure 2: Circuit diagram of planned scheme

Hardware Model of Proposed System

Figure 3: Hardware model of proposed system

RESULT AND DISCUSSSION

The light incident on the panel is converted into electrical 
energy .During partial shading condition the solar panel 

S.NO TIME  VOLTAGE IN VOLTS

1 09.aM 7.10
2 10 aM 7.48
3 11 aM 8.10
4 12 aM 10.8
5 01 PM 10.81
6 02 PM 10.78
7 03 PM 8.75
8 04 PM 8.50
9 05 PM 7.09

Table 1. PV panel output without MPPT

WITH MPPT: (Partial Shading)

S.NO TIME  VOLTAGE IN
  VOLTS

1 09.aM 10.08
2 10 aM 10.30
3 11 aM 10.35
4 12.00.00 aM (without shadow) 10.80
5 12.01.30 PM (on partial shadow) 08.80
6 12.01.45 aM (on partial shadow) 08.85
7 01 PM 10.82
8 02 PM 10.82
9 03 PM 10.75
10 04 PM 10.42
11 05 PM 10.10

Table 2. PV panel output with MPPT (Partial shading)

Table 2 shows the PV panel output with MPPT charge 
controller. The panel output is maintained constant with 
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and without partial shading conditions. but the MPPT 
charge controller takes some time to obtain the maximum 
power during partial shading conditions. Due to this 
oscillation time is high.

MPPT with LDR: (Partial shading) Table 3 shows the 
PV panel output with MPPT charge controller and 
LDR sensor is proposed. The panel output is maintains 
constant with and without partial shading conditions 
and it reduce the oscillation time.

directly without oscillation. hence the oscillation time is 
reduced. The proposed technique achieves good tracking 
efficiency, relatively high convergence speed and the 
oscillation time is reduced by using LDR sensors.
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S.NO TIME IN HOURS VOLTAGE IN
  VOLTS

1 09.AM 10.08
2 10 AM 10.30
3 11 AM 10.35
4 12.00.00 AM (without shadow) 10.80
5 12.01.30 PM (on partial shadow) 08.80
6 12.01.45 AM (on partial shadow) 10.55
7 01 PM 10.82
8 02 PM 10.82
9 03 PM 10.75
10 04 PM 10.42
11 05 PM 10.10

Table 3. PV panel output with MPPT and LDR (Partial 
shading)

CONCLUSION

The solar panel develop electrical energy from sun 
irradiance .During partial shading condition the solar 
panel fails to yield maximum power. The panel maximum 
power is attained with  MPPT charge controller. but the 
MPPT charge controller takes some time to obtain the 
maximum power during partial shading conditions. To 
overcome this disadvantage the LDR sensor is used in this 
proposed method. The LDR sensor reduces the oscillation 
time by determining the variable resistance. by knowing 
the resistance value, the voltage value can be obtained 
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ABSTRACT
Induction motors square measure in the main utilized in industrial applications. On-line observation of induction 
motors is turning into progressively vital. In newest industries there is a growing want for prime potency and 
availableness in motor driver systems. Moreover, motor operation observation is important for the implementation 
of correct and value effective motor maintenance. the most aim of this paper is to perform the fault analysis and 
protection of a 3 part induction motors relies on net of Things (IOT) for safe and economic electronic communication 
in industrial fields. The automatic method prices less, provides higher accuracy. Based on the user desires, it 
correlates and controls the operational parameters and monitors the motor. To make the system quick Associate in 
nursing user friendly it provides an android application. This conjointly includes to spotting which kind of fault 
will the motor possess and this results in show in crystal rectifier.

KEY WORDS: InducTIOn MOTOr, IOT wITh ArduInO, VIBrATIOn sensOr, currenT sensOr.
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INTRODUCTION

Although Induction machines are reliable, they're 
subjected to some undesirable stresses, inflicting some 
faults leading to failures. safety implies the introduction 
of redundant part that ought to find the failure and 
result in the adequate answer. (hing-YinLee et al. 1997) 
Thanks to the recent development within the embedded 
technology, it's wide employed in most industrial 

applications and utility plant. One potential application 
is to use the PIc microcontroller for fault identification of 
IM (s.ushakumari et al. 2011). researchers have studied a 
spread of machine faults and have return to conclusion 
that machine failures embrace mechanical and insulation 
faults. There are numerous different kinds of insulation 
bugs and mechanical faults. Ac induction motors are 
used as actuators in several industrial processes. Though 
IMs are reliable, they're subjected to some undesirable 
stresses, inflicting faults leading to failure. Observance of 
Associate in nursing IM may be a quick rising technology 
for the finding the initial faults. It inhibits sudden failure 
of Associate in nursing process.

Faults Due To Various Unbalance Conditions In The Supply 
Of 3 Phase Induction Motor: The reason for the present 
unbalance ought to be distinguished and it is critical 
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to have the engine investigated at the application. The 
engine ought to be expelled from the application when 
the issue is identified. current unbalance is caused 
because of uneven stage voltage. It can likewise be 
brought about by an unequal number of turns in the 
windings and an uneven air hole in the engine. every 
last one of these causes will be appeared as follows:

Unbalanced Stage Voltages: Voltage unbalance in 
the electrical framework can prompt numerous issues 
identified with utility and client activities. From the 
utility side, unequal voltages might be brought about by 
burden unbalance. It can likewise be brought about by 
circuits being blown on dissemination capacitors. For the 
client, uneven voltage can cause genuine consequences 
for three stage engine loads, which results in the de-
rating of engines under unequal conditions. when 
estimating the line to line voltage from stage r to Y, Y 
to B and B to r, perceptible contrasts in the voltages 
would be appeared. Lopsided voltage of1% will deliver 
unequal flows up to 5%.

Phase Reversal: The three phase induction motor 
direction can be reversed by changing any two of the 
supply lines. when the phase sequence is incorrect, the 
three motor and the rotating equipment runs in the 
opposite direction.

Overvoltage: At the point when the engine is running 
in an overvoltage condition, slip will lessen bit by bit 
and it is contrarily relative to the square of the voltage. 
Its proficiency will increment step by step. The power 
factor will lessen because of the diminishing in current 
being drawn by the engine .And its temperature rise will 
decreased because of the decline of current. At most 
new engines are structured near the immersion point, 
expanding the V/hz proportion would deliver immersion 
of air hole transition causing warming. In this manner 
the general consequence of an overvoltage condition 
is to increment in present and engine warming and a 
diminishing in by and large engine execution.

Under Voltage: On the off chance that an acceptance 
engine working at full burden is exposed to an under 
voltage condition, full burden speed and proficiency will 
diminish and, the full burden current and temperature 
will rise. The abatement in voltage and increment in 
current will prompt over-burden trip. In few cases, if 
an under voltage condition exists it might cause to trip 
the engine quicker than the over-burden component. 
The general consequence of an under voltage condition 
is ascend in current, engine warming and the general 
engine execution will be diminished.

Short Circuit: The short out component gives security 
to exceptionally high overcurrent shortcomings. At 
the point when an engine runs, the beginning current 
(which is multiple times the Full Load current) has 
deviated parts, for example, transfer. These deviated 
flows may cause one stage as much as 1.7 occasions the 
rMs current. subsequently the pickup of the short out 
component must be fixed higher than the most extreme 

hilter kilter beginning flows drawn by the stage cTs to 
maintain a strategic distance from commotion stumbling. 
The breaker or contactor, for example, hand-off is to 
control under such conditions must have an intruding 
on limit equivalent to or higher than the fixed accessible 
blame current.

Single Phasing: single staging implies one of the stages 
is opened and the overabundance current streams in 
other two stages. Amid open twisting in engine, any open 
circuit in any of the stages between the optional twisting 
of the transformer and the engine, essential twisting 
of the breaker opens and causes behind single staging. 
The impact of single stage on three stage enlistment 
engine is changes with administration condition and 
engine warm limit. At the point when single-staged, the 
engine temperature increment is more noteworthy than 
the ascent in current. To keep the previously mentioned 
blames because of lopsided voltage, under voltage, stage 
inversion, earth shortcomings, over present and single 
staging, another model for stumbling acceptance engine 
utilizing Arduino Ide is the subject of this paper and 
quickly talked about in next segment.

Developed Interfacing of Arduino With Iot: In this 
part, it has find out about the various segments on the 
Arduino board. The Arduino unO board is the most 
eminent board in the Arduino board family. what's 
more, the hardware and coding can be well performed 
by unO board. uncommon sheets appear to be slightly 
unique from the one given under, yet best Arduinos share 
dominant portion of these segments for all intents and 
purpose. Arduino is a classical stage to-utilize equipment 
and programming. It includes circuit board, which can 
be programed as a microcontroller. It is also incorporate 
with Advance d instant programming called Arduino Ide. 
It is developed to combine and transferal the Pc code to 
the physical board. 

Arduino sheets can examine both simple and advanced 
information signals. This signal can observe from various 
sensors and can be transform it into a yield. It includes 
such as rotating drove on/off, interface with the cloud, 
enacting an engine and several diverse activities. Arduino 
does not require an additional bit of equipment or 
software engineer. For the link purpose the usB can be 
utilize. Fig.1 shows the block diagram of regulated power 
supply. The desire voltage of a device can be obtained 
by regulating transformer.

Figure 1: Block diagram of regulated power supply
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As per Indian standard 1 Ø supply is accessible at 230 
volts. The throbbing sinusoidal air conditioning voltage 
is yield through transformer. rectifier is used to change 
the throbbing sinusoidal air conditioning voltage to 
throbbing dc. This yield is given to a channel circuit. 
It lessens the air conditioner swells, and passes the dc 
parts. The utilization of an unregulated power supply is 
assured from the performance of regulated voltage.

Poor Guideline: At the point when the heap shifts, the 
yield does not seem steady. The yield voltage changes 
by an extraordinary incentive because of the gigantic 
change in current drawn from the supply. when the 
resistance is more than 30 ohms, it has the high interior 
opposition of the power supply.

Ac Supply Primary Variation: The plus or minus 6% of 
its evaluated esteem are most extreme varieties in air 
conditioning supply mains. Be that as it may, this esteem 
may go higher in certain nations (180-280 volts). At the 
point when the esteem is higher than dc voltage, its yield 
will contrast to a great extent.

Temperature Variation: The temperature varies due 
utilization of semiconductor gadgets in electronic 
gadgets. These varieties in dc yield voltage may cause 
mistaken or whimsical task or notwithstanding failing 
of numerous electronic circuits. It includes such as 
the recurrence move in oscillators, output twisted in 
transmitters and causing predisposition instability in 
speakers. The block diagram of interfacing for Arduino 
is showed in Fig.2.  The voltage controller is utilized to 
regulate the unregulated power supply and all the above 
recorded issues are overwhelmed. The decreased in swell 
can be obtained in this manner. consequently, the supply 
turns into a directed power supply. The interior hardware 
of a managed power supply additionally contains certain 
present restricting circuits which enables the supply 
to circuit from getting singed from incidental circuits. 
The power supplies utilize Ic's to lessen swells, upgrade 
voltage guideline and for broadened control alternatives. 
Programmable power supplies are likewise accessible to 
permit remote.

The test setup for engine parameter estimation is appeared 
in square outline in figure no5.The exploratory setup 
incorporates three stage acceptance engine, Arduino Ide 
, control supply, hand-off, current sensor, voltage sensor, 
braking unit, hamper unit, IOT. The power supply is given 
to the engine. In the event that any blame happens, 
hand-off will detect it. The present sensor is utilized to 
detect the stator current. Its yield can be computerized 
or simple. The voltage sensor is utilized to detect the 
overvoltage and under voltage of the engine. The braking 
unit is worked when any unexpected blame happens in 
the engine. There are different braking, for example, 
regenerative braking, dynamic braking and stopping. 
The short out detecting unit is worked when any short 
out happens in the engine. These blame recognizing 
units are associated with Arduino board where program 
is coded. It is interfaced with web of things where the 
blame message can be appeared in android frameworks. 
Along these lines the blame of three stage acceptance 
engine can be secured.        

Relay: hand-off is an electromagnetic device. It is 
utilized to isolate two circuits electrically and interface 
them pleasantly. Fig. 3 shows the PIn diagram of sPdT 
relay. It is a device which helpful to enable one circuit to 
switch another while they are totally isolated. electronic 
device is working at low voltage. It is frequently used 
to interface an electrical circuit which works at extreme 
high voltage. A 230V Air conditioning mains circuit can 
be switched by 5V dc battery circuit. Based on above 
observe, a little sensor circuit can drive a fan or an 
electric globule. Transfers switches are open and close 
using electromechanically or electronically circuits. It 
can be controlled by controlling one electrical circuit 
by opening and shutting contacts in another circuit. 
when a hand-off contact is ordinarily open, the transfer 
outlines are appeared. Through electromechanically or 
electronically circuits the transfer switches can open 
and close. By opening and shutting contacts in another 
circuit, the transfers can control one electrical circuit. 
when hand-off isn’t empowered, then it means that 
hand-off contact is open. Another reason for hand-off 
isn't empowered is that hand-off contact is regularly 
shut (nc). In above either case, by applying electrical 
flow to the contacts the transfer condition can be 
changed.

Figure 3: PIN diagram SPDT Relay
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Figure 2: Block diagram of interfacing for Arduino with 
IOT
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The little flow in a control circuit can be performed by 
transfer. It does not control the devouring gadgets, but 
it draws low amps from little engines and solenoids. It 
can also "control" bigger voltages and amperes. It can 
be achieved by enhancing impact on the grounds that a 
little voltage connected to a transfers curl can result in 
a vast voltage being exchanged by contacts.

Arduino Microcontroller: Arduino microcontroller is a 
solitary board. Based on are intuitive articles and its 
environment, which is used to make the application 
progressively. It is highlighted equipment with open 
source equipment board.

Step 1: Open IsIs programming and select new plan in 
file menu

The equipment board is planned for 8-bit Atmel AVr 
microcontroller or a 32-bit Atmel ArM. The board 
equipment device consist of 6 simple information pins, 
usB interface and 14 computerized I/O sticks that enables 
the client to connect different augmentation sheets

Specification
ATmega328 microcontroller
5V-supply Voltage
7-12V – suggested Info Voltage 
6-20V – limits of Info Voltage  
It consists of 14 computerized I/O Pins. In that 6 pins 
which consist to give PwM yield. 
simple Info Pins 6 
dc current per I/O stick 40 Ma 
dc current for 3.3V stick 50 Ma 
ATmega328
streak Memory has 32 KB of which 0.5 KB utilized by 
boot loader 
srAM 2 KB 
eePrOM 1 KB 
clock speed is 16 Mhz

Proteus 8: It is similar to PcB designing which is a 
product consist of schematic, recreation. IsIs is the 
product used to draw schematics and reproduce the 
circuits in genuine time. constant simulation can be 
achieved through the reenactment permits human access 
amid run time. Ares is utilized for PcB designing. The 
fashioner can design 2d illustrations for the item. PcB 
as a alongside components, the element of survey can 
yield in 3d perspective on the structured PcB alongside 
components.
 
Step 1: Open IsIs programming and select new plan in 
file menu

Figure 4: Model of Arduino board

The equipment board is planned for 8-bit Atmel AVr 
microcontroller or a 32-bit Atmel ArM. The board 
equipment device consist of 6 simple information pins, 
usB interface and 14 computerized I/O sticks that enables 
the client to connect different augmentation sheets

Specification
ATmega328 microcontroller
5V-supply Voltage
7-12V – suggested Info Voltage 
6-20V – limits of Info Voltage  
It consists of 14 computerized I/O Pins. In that 6 pins 
which consist to give PwM yield. 
simple Info Pins 6 
dc current per I/O stick 40 Ma 
dc current for 3.3V stick 50 Ma 
ATmega328
streak Memory has 32 KB of which 0.5 KB utilized by 
boot loader 
srAM 2 KB 
eePrOM 1 KB 
clock speed is 16 Mhz

Proteus 8: It is similar to PcB designing which is a 
product consist of schematic, recreation. IsIs is the 
product used to draw schematics and reproduce the 
circuits in genuine time. constant simulation can be 
achieved through the reenactment permits human access 
amid run time. Ares is utilized for PcB designing. The 
fashioner can design 2d illustrations for the item. PcB 
as a alongside components, the element of survey can 
yield in 3d perspective on the structured PcB alongside 
components.
 

Figure 5: Proteus file menu

Step 2: A discourse box seems to spare the present plan. 
In any case, we are making another structure record so 
you can click Yes or no relying upon the substance of 
the present document. At that point a spring up shows 
up requesting to choose the format. It is like choosing 
the paper estimate while printing.
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Step 3: An untitled plan sheet will be opened, spare it as 
per your wish, it is smarter to make another organizer for 
each format as it produces different records supporting 
your structure. however, it isn't required.

Figure 6: Proteus Default Template Select

Figure 7: Proteus design sheet 

Step 4: select the segments from classifications or type 
the part name in watchwords content box In this model 
reproduction, the catch is discouraged amid reenactment 
by tapping on it to make drove gleam.

Figure 8: Simulation run

RESULT AND DISCUSSION

hardware is made up of a three phase lamps for analyzing 
the fault on particular phase. Fig.9 shows the hardware 
design of the circuit. when the power supply is given to 

the circuit board, then immediately all the three lights 
will glow. This indicates that there is no fault occurs in 
the circuit. Then “no fault is detected” is displayed in the 
Lcd. At the same time, the output will be displayed in 
the mobile phone using IOT. If fault occurs on the first 
phase then the lamp connected to the first phase will be 
turned off. Then “Line 1 is fault” is displayed in the Lcd 
and also in mobile phone using IOT.

Figure 9: Hardware design of the circuit

If fault occurs on the second phase then the lamp 
connected to the second phase will be turned off. Then 
“Line 2 is fault” is displayed in the Lcd. At the same 
time, the output will be displayed in the mobile phone 
using IOT. If fault occurs on the third phase then the 
lamp connected to the third phase will be turned off. 
Then “Line 3 is fault” is displayed in the Lcd. At the 
same time, the output will be displayed in the mobile 
phone using IOT. Thus the three phase fault such as single 
phasing, over current, over voltage, under current and 
under voltage is easily detected using IOT.
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ABSTRACT
Various process can be done in agricultural field like cutting,seeding,spraying etc. These process are mainly 
performed to reduce the human work and time. This project   aims to designed agricultural robot for doing all 
these operations with the help of solar power. In this process, the energy from solar panel is used by the robot 
and it’s operated using IOT module to send signal to the robot to do various operations. By doing this mechanism 
we can increase the efficiency of send souring, grass cutting, pesticide spraying and also we can reduce problems 
from manual plating.

KEY WORDS: DaTa flIp flOp, fInITe Impulse RespOnse fIlTeR, fOlDeD fIlTeR, mulTIplexeR, nOn fOlDeD
fIlTeR.
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INTRODUCTION

agricultural is one of the most important occupation in 
the world.It is mainly depends on climatic changes and 
also new technologies for the improvement in agricultural 
system are developing now a days to reduce mam power 
and time our project model is mainly designed for doing 
various operations in the field of agricultural using robot 
assistance.

BLOCK DIAGRAM

EXISTING SYSTEM: This system is benefit for the farmers 
for seed sowing. Operation of this machine is quite 

simple when compared to others machines. actually this 
increases total yield percentage of the farmers effectively. 
The energy consumption for  robot is less compared to the 
motor based tractor. Workers problem can be reduced.

PROPOSED SYSTEM: The robot is mainly designed to 
perform various operations like seed sowing, grass 
cutting, pesticides spraying in simultaneous process. 
In this model upper layer is fixed with a solar panel 
which gets energy from sunlight then it is converted 
into electricity. The established energy is delivered to 
the charging circuit. some of the methods like feeding, 
cutting are complicated in agriculture field. The tools (or) 
machine used for above operations are very costly & also 
difficult to handle. for these operations, the developing 
system will reduce the human work and time.

PROPOSED SYSTEM REQUIREMENTS
Arduino UNO: It is a microcontroller based open source 
equpiment and programming arduino sheets in which  
the inputs given by the user and transform that inputs 
into a yield and it will turn on a leD and  guide  the 
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micro controller board. The  arduino software is used 
for processing.

to the structure, and keeps bolting the entryways made 
sure about by the framework.

Figure 1: Block diagram of proposed system

Figure 2: Arduino Board

Solar Panel: solar panel which gets power from the sun 
that can be used for source. It is made up of photo voltaic 
material.The board (or) panel which receives sunlight 
source that can be used for multipurpose robot.

Figure 3: Solar Panel

Battery: The battery-powered reinforcement battery 
gives capacity to finger terminals when the essential 
wellspring of intensity is inaccessible. With the 
correct reinforcement battery, your frame work won’t 
need to be interfered during a force disappointment. 
The reinforcement battery keeps gate crashers from 
incapacitating the entrance control by killing capacity 

Figure 4: Battery

Node MCU: node mCu is could be compared to ethernet 
building block. It consolidates the best part of Wifi 
passage and station microcontroller. The best part 
makes the node mCu marvelously useful asset for Wifi 
organizing. To transfer information, the  passageway is 
associated with web server.

Figure 5: Node MCU

LCD Display: liquid-crystal display is a display which 
can be used to display the programs in digital formate.
It is mainly made up of liquid crystals.

Figure 6: LCD Display

Motor Driver: IC which is used in this process is l293D.In 
total it consist of 16 pins that can be split into 8 pins on 
both the sides. The 4 pins are in grounded position and 
another 4 pins used to send information to the driver next 
4 pins are yield pins which is to perform any operations 
like grass cutting,pluging etc.

DC Motor: The DC motor are direct current motor which is 
mainly used to control electrical energy into mechanical 
energy .Just as customary revolving DC engines, direct 
engines are additionally accessible which are equipped 
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for creating a constant liner development. a DC engine 
has a stationary part stator and rotatory part rotor. The 
outcome is that there are fundamentally three kinds of 
DC motor such as Brushed motor, Brushless motor, servo 
motor, Gear motor.

Figure: 7 IC –L293D

Figure 8: DC Motor

RESULTS

In agricultural field various operation like grass 
cutting, pesticides spraying can be done by a single 
machine called agricultural robot. This robot is mainly 
designed to reduce human work and also it will reduce 
time. This method is more efficient and can be easily 
controllable.

Figure 9: The proposed agricultural robot

CONCLUSION

The challenging farming tasks similar to seed sowing, 
grass cutting and pesticide spraying are achieved by the 
designed multipurpose agricultural robot. The sowing 
method of robot achieve sowing of two different sized 
seeds. The advantage of  designed robot reduce the work 
of labour and effective utilization of  resources .The IOT 
modules is used in this robot for passing information to 
the systematic robot which ensure the safety of human 
without direct contact .The main source of robot is 
solar energy which is renewable  source. The arduino 
application is used for advanced seed sowing, grass 
cutting and pesticide sprayer which has significant 
impact in agriculture.
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Abstract: The aim of the paper is to design and develop an RFID based Transport Credential device 

assisted with voice information for visually challenged persons. The system is designed to provide 

voice information with voice command signals that utilizes RFID Technology for task of identification. 

In this system, a RFID technology is installed at every bus stop which is integrated with 

microcontroller and voice assistance equipments. The buses are equipped with a unique RFID  tag 

.When a bus approaches a bus stop ,the RFID reader receives information of the bus through a unique 

identification code. The microcontroller in the arduino will analyze the code provided by RFID Reader 

and triggers a signal to voice based playback IC. The voice based playback system is already fed with 

the information and that information is transmitted out through speaker. So, the visually challenged 

person could hear the information regarding the arrival of the bus through speaker. 

 

Keywords: Arduino, Radio Frequency Identification (RFID), Voice Record and Playback IC, 

Microcontroller. 

 

1. Introduction 

 

 Visual deficiency is the state of lacking visual recognition because of physiological or 

neurological components. When all is said in done visually impaired people experience issues to detect, 

since they can't see and just relies upon their own instinct. Current Statics indicated that in excess of 37 

million outwardly tested individuals around the globe need assistance to do their every day exercises. 

Essential activities, for example, purchasing the things at staple or taking the transport are among the 

difficulties that visually impaired individuals face day by day. The most used transport means for the 

blind persons are the public transportation. Unfortunately, public transport is not an easy means for 

travelling in many countries. Here, visually challenged people are facing difficulty in recognizing the 

bus number and also in estimating the arrival of the buses at the bus station. They are not able to 

identify the bus, which takes them to their destiny. Blind person’s need support and guidance regarding 

arrival of their desired buses to avoid confusion and accidents. Taking the difficulties of the visually 

challenged person’s into consideration, we developed a system that have engineered to assist the 

visually challenged people regarding the arrival of the bus. The proposed system will provides the clear 

information about the buses, so that the visually challenged people can travel smoothly and 

independently without any confusion. We are going to use the technology named as Radio Frequency 

Identification which ID very efficient when compared to bar code technology. 

Radio Frequency Identification is alluded to an innovation that empowers recognizing things and 

assortment of information identified with the things without human intercession. It utilizes remote 

Radio Frequency Transmission to recognize the particular article, thing or individual .A RFID System 

comprise of Four Basic Components. They are 1.RFID Reader 2.RFID Tag 3.Middddle war 4.Data 
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base for putting away item Information. The RFID Reader will peruses the data of the tag, which is set 

in transport. Each transport will have a remarkable RFID Tag. The peruser sends the gathered 

information to the host At have suitable programming is utilized to help peruser so as to extricate one 

of a kind data from genuine information and speak with outer information base. RFID Tags are of two 

kinds 1.Active Tags 2.Passive Tags. Here ,we are going to utilize latent RFID Tags ,as it is cost 

productive and have high life time. 

   

2. Literature survey 

 

 In 2006 ,Miesenberger in the diary named "PCs helping individuals in extraordinary 

requirements" depicted that marry substance, for example, content, designs, sound and video ought to 

be available for everybody uncommonly for debilitated individuals. In any case, here illustrations, for 

example, figures, maps, outlines with high informative and substance worth may establish enormous 

boundaries for explicit client gatherings. In any case, it is certainty that pixel based illustrations gave 

without an elective content are pointless for outwardly tested person's. As they can't perceive the 

specific area utilizing 3D Braille content designs. 

In 2007,Sanchez in the journal named “Subway mobility assistance tools for blind users” introduces a 

special software for blind users that represents a subway system in a desktop computer. A user can 

organize and prepare to travel with the assistance of the software before riding the subway. Important 

interface elements are audio based hierarchy menu and the travelling simulations .But in the subway, 

the visually challenged persons should initially know about the information of subway networks, 

stations and their surroundings. The blind person must be skilled in using subway system software. 

In 2008,Tai fook lim J, in the journal “Accessible bus system using Bluetooth application proposed that 

Bluetooth connections must be established   between the blind person’s and the buses to establish the 

communication. According to the statics given by the Singapore association, Bluetooth notification 

system for the bus commuter may not be economically viable as it only caters for a very small 

community group and there is a requirement that all the buses and bus stops must be equipped with 

bluetooth module and this indirectly increases the normal operating cost of the public bus transport 

In 2010,QuocT  in the journal “wireless sensor network applied for blind U bus system”  designed a 

system whose purpose is to transfer sound messages of bus number which is currently parked infront of 

the  blind person. But, with this system blind person cannot search the destination which he want to go 

and the bus driver will not know that blind person is standing at the bus stop. 

In 2013,Shameem A n the journal “Passenger bus Alert system for easy navigation” used  Zigbee  

wireless Technology. But, one of the major disadvantages is that it is not suitable for long range 

communication. Due to low speed data of Zigbee Technology, the blindperson may not get the 

information of the bus at the exact time. Replacement of Zigbee compliant expenses will be costly. 

Hence, to overcome all these disadvantages, in this paper we are using an RFID Technology which 

uses wireless radio frequency for data transmission. It is useful for long range communication as it has 

a high bandwidth RFID reader and Active Tags which don’t utilize any battery. The entire working 

principle is based on the electromagnetic field waves. The Tag consists of a unique 12 bit identification 

code. The tag will reflect the data, whenever the electromagnetic waves from the reader strikes the tag. 

 

3. New Smart Pole Technique: 

 

 The bus identification device for the blind was an existing technology.  So, here to make 

the same portable device to used in real time applications,  smart pole Technique is useful. Here, 

in this Technology we are going to place the RFID reader with ATMEGA 328 microcontroller at 

the top of the pole and the RFID Tag is placed at the roof top of the bus.  Whenever the bus 

containing RFID Tag passes buy the pole, the microcontroller will takes in the information from 

the tag present at the roof top of the bus and analyze the data.  The voice record and playback IC 

will transmit the analyzed data out through the speaker. By using this technique, we are reducing 

the cost by making use of low expensive EM18 RFID Reader. So, when large no of buses are 
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arrived at the bus station every bus must allowed to pass by the pole.  so, that the corresponding 

RFID Tag of the bus can be read by the RFID Reader. This technique enables us to make use of 

low cost RFID Reader which utilizes the low frequency and less bandwidth.  Figure 1 shows the 

block diagram of entire operation. 

 

                                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         

                              

                            

                                 Fig.1  BLOCK DIAGRAM  

 

REQUIRED HARDWARE COMPONENTS: 

A. ARDUINO UNO 

B. EM18 RFID READER 

C. VOICE RECORD AND PALYBACK IC 

D. POWER SUPPLY 12V 

E. RFID TAG 

F. SPEAKER-81 

DESCRIPTION ABOUT THE COMPONENTS: 

A.ARDUINO UNO: 

Arduino alludes to an open source hardware stage or board and the product used to 

program it. Arduino is intended to make hardware to planners. A preassembled Arduino unit 

incorporates an ATMEGA 328 Microcontroller which is modified utilizing Arduino 

programming. Arduino code essentially utilizes the equipment design, where the program code 

and program information has separate memory. The ATMEGA 328 Microcontroller has 32kb of 

glimmer memory, 2kb of SRAM and 1kb of EEPROM works with a clock speed of 16MHz. 

Figure 2 shows the schematic of arduino board. 
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                      Fig.2 Schematic of arduino board. 

 

B. EM18 RFID READER: 

RFID peruser has a place with a gathering of advances alludes to Automatic distinguishing 

proof and information catch. AIDC techniques consequently distinguish the articles, gathers 

information about them and enter those information straightforwardly in the PC frameworks. RFID 

techniques use radio waves to achieve this capacity. RFID Systems comprises of RFID Tags, RFID 

Reader and a radio wire. The RFID Reader will transmit the electromagnetic waves constantly. at the 

point when those waves hit the RFID Tag, the label will draw power from the electromagnetic waves 

and thus mirror the waves back. Those reflected waves comprises the Unique information(data).The 

RFID tag transmits the information to the RFID Reader. The peruser transmits the gathered data to a 

host PC framework where the information is put away in the database and investigated after at some 

point. Figure 3 shows the working guideline of RFID peruser. 

 
 

  

             Fig.3 Working principle of RFID reader. 

 

C.RFID TAGS: 

A RFID Tag works by Transmitting and Receiving Information by means of a reception 

apparatus and a microchip, which is here and there called as a coordinated chip. There are 2 kinds of 

RFID Tags 1.Active labels 2.Passive Tags. Dynamic labels contain a locally available battery as force 

flexibly though a uninvolved tag doesn't, rather working by utilizing electromagnetic vitality 

transmitted from a RFID Reader. Figure 4 shows the schematic of RFID tag. 
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                                             Fig.4  Schematic of RFID tag. 

 

D. VOICE RECORD AND PLAYBACK IC: 

The voice recording and playback system is build around a voice recording and playback 

chip that supports voice recording for 16 to 30 seconds and reproduces it clearly. There are two modes 

in this IC .One is recording mode and the other one is playback mode. This IC is useful for storing 

audio samples and converts them to analog signals and gives it as an input to speaker. There are total 

of 8 channels available in this IC, in which we can store 8 different Voices. Figure 5 shows the 

schematic of Voice and playback IC 

 

 

 

 

 

 

 

 

                                   

                         

 

 

                            Fig. 5 Schematic of Voice and playback IC 

 

E.16*2 LCD DISPLAY: 

A LCD Is an electronic Display module which utilizes fluid precious stone to create Visible 

Image. The 16*2 LCD Display is an essential module usually utilized in DIYs and circuits. The 16*2 

deciphers a presentation 16 characters for every line in 2 such lines. The initial 14 pins are utilized to 

control the showcase and the last two are for backdrop illumination. Figure 6 shows the schematic of 

16*2 LCD Display 

   

 

 

 

 

 

 

                      Fig 6 Schematic of  16*2 LCD Display 
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WORKING: 

This concept enables a blind person to know about the location of the bus. Here  a person can 

hear the location of the bus from the speaker , present at the bus station. The RFID reads will reads the 

information of the bus through the RFID Tag. This information is further analyzed by the 

microcontroller of the arduino .The analyzed information is obtained to us from speaker .That Speaker 

can be placed at the bus station ,so that the information can be heard not only by the blind ,but also by 

the other person’s standing at the bus station. Figure 7 shows the schematic of  Bus detection system. 

 

 

 

 

 

 

 

 

 

 

 

                                    

 

                                               Fig. 7 Schematic of  Bus detection system. 

 

 

4. Results and Discussions 

          

   An intelligent remote correspondence help framework for the outwardly weakened to utilize city 

transports was created in this examination. Utilizing the ultra-high recurrence Radio waves, we have 

indicated executing a framework which will utilize the RFID Tag and peruser arrangement alongside 

tweaked program that will help the visually impaired in recognizing careful transport. Aftereffects of 

tests demonstrated that this framework could push clients to effectively board their ideal transports, 

utilizing the intuitive correspondence modules along these lines indicating the chance of utilizing RFID 

innovation to support the visually impaired.  
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ABSTRACT
The IOT-primarily based fitness mode care for sufferers as well therapist lots of based on comforts; docs could 
identify sufferers in very soon clear  checked  wellness records. However, medical therapist can develope a incorrect 
prognosis about this affected person’s sickness, whether this  wellness records saved at this server become changed 
or disappeared into an outside problem otherwise control breakdown. Therefore, it’s of remarkable significance 
towards confirm this honesty about this long suffering fitness facts saved about this server. Today’s speedy boom 
of elderly populations and developing older issues coupled with the superiority of obstructive sleep apnea and 
different health related troubles have affected many elements of society .This has brought about high needs for 
a higher healthcare tracking and treatments centers. Patient monitoring systems is the term for all the numerous 
gadgets which can be used to supervise sufferers. One class of such gadgets is gadgets that signs if the affected 
character gets proper right into a crucial country. In our proposed method makes a speciality of to screen and initiate 
alert to medical doctors approximately the sufferers at some factors of fluid adventure injections. The proposed 
device incorporates of sensors if you want to act as a degree sensor for monitoring the essential degree of the 
fluid within the fluid bottle. Whenever the extent of the fluid reaches to the pre-described important level, then 
the nurses, caretaker, docs could be alerted through the buzzer .This proposed gadget may be utilized efficiently 
in homes in addition to hospitals

KEY WORDS: HealTH care;aPPlIed cOmPuTIng; cOmPuTer sysTem OrganIsaTIOn; remOTe medIcIne.
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INTRODUCTION

emergent fitteness guidance has end up an important 
provider about this rising fee on superior residents. Fitness 
observation , healing, and assist livelihood to this aged 
with curatively challenge human beings act as rising task 
since this need faultless system among humans, scientific 
units, about scientific as well as public carrier companies.

They inspire this want used little cost, low-electricity, 
dependable, and elderlies and bodily confront citizens.

The Internet of Things (IoT) stage offers associate 
assureequipment toward reap this abovementioned fitness 
steerage work, as might additionally develop this physical 
carrier structures IoT placed on systems might exist worn 
toward gather this wanted records regarding this person 
together with his climate surroundings regarding speak 
this statistics cellular, whereby his become handled as 
well as saved to trailing this records on this buyer .This 
each property by exterior machines and check can permit 
used for likely protective assess (e.g., ahead forecast 
associate coming cardiac caress) otherwise activity on 
the spot care as it's far made obvious from the preceding 
discussion, wearable structures for fitness monitoring 
want to fulfill sure strict clinical criteria while running 

Page 374 of 3066Page 374 of 3066



sundararaju et al.,

below numerous ergonomic constraints and widespread 
hardware useful resource limitations. more in particular, 
a wearable health-monitoring system layout needs to 
don't forget numerous wearability criteria, for instance, 
the weight and the scale thing of the gadget need to be 
kept small and the device have to no longer avert any 
of the person’s actions or actions. 

Furthermore, radiation concerns and feasible aesthetic 
problems need to be accounted for. In addition to that, 
the safety and the privacy of the accrued private clinical 
information need to be assured via the gadget, even as 
electricity intake needs to be minimized to increase the 
gadget’s operational lifetime. Finally, such structures 
need to be inexpensive to ensure extensive public get 
admission to to low-fee ubiquitous health-monitoring 
offerings.

The previous stated parameters of a wearable health 
monitoring system highlight the truth that designing 
such a gadget is a completely tough assignment 
considering a lot of distinctly constraining and 
frequently conflicting necessities need to be taken into 
consideration from the designers. Furthermore, it's 
miles understandable that there may be no unmarried 
best design for such structures, but instead the tradeoff 
between “antagonizing” parameters must be balanced 
primarily based on the particular place of utility.

clever covering, unassertive Bio-feeler and clever  
medication pack.2013.

 antonio J. Jara..,[6]Interconnection Framework 
for m-Health and remote observance supported 
the web of Things.2015

Existing System: real-time length of health parameters of 
critically sick sufferers which includes coronary coronary 
heart charge, pressure level, blood-oxygen saturation, 
temperature, and plenty of various parameters has find 
yourself a commonplaceThere square measure several 
trailing systems in scientific centers accustomed acquire 
and reveal affected person's fitness.The health info square 
measure then utilised by clinical docs to come up with 
the right preference.critically unwell sufferers need 
correct observance and alarming device in some some 
time within the future in their everyday lifestyles.

The return of these activities throughout the already 
dark time reasons sleep fragmentation, which ends in 
daylight somnolence, primary to, among others, a lower 
in paintings performance and a sophisticated On high of 
the somnolence, patients with saHs have an elevated 
risk of growing vessel co morbidities. Therefore, nicely 
regular prognosis and remedy of saHs is important.

sleep stages and respiration activities square measure, in 
most worldwide places, manually scored the employment 
of these Psg recordings. so as to form positive uniformity 
amongst evaluation of sleep analysis, the yank academy 
of sleep drugs (aasm) advanced a group of evaluation 
laws in line with the aasm laws, all metabolism 
occasions got to previous longer than ten seconds, and 
while flow amplitude decreases with further than ninety 
you are the event.

Hypopnoea occasions, then again, exceptional desire a 
decrease of at the smallest amount half-hour, followed 
through the employment of each an arousal or an atomic 
number 8 de-saturation of at For  the remainder of this 
text, the term symptom activities are used as a worldwide 
term representing every apneas and hypopneas, besides 
a transparent distinction is created some

Pulse oximetry could be a excellent length technique 
for this as it's miles reasonably-priced, unassertive 
and swish to installation in an exceedingly domestic 
surroundings. voluminous wearable pulse measuring 
device answers square measure already offered to be had 
taking place this bazaar to will exist accustomed get the 
spO2 indicator in the course of sleep.

Disadvantage
every information of the patient must be monitored •	
manually. 
It might not work, if the wi-fi infrastructure of the •	
machine receives modified.

Proposed System: Proposes the IoT based totally 
monitoring of fitness index of elder humans. The 
machine will reveal elder humans and facilitate looking 
after their health. so green clinical services may be 

Architecture of a wearable health-monitoring system

Literature Survey
 antonio J. Jara, yann Bocchi..,[1]social net of 

Things: The capability of the web of Things for 
outlining human behaviours.2014.

 samaneh movassaghi, mehran abolhasan..,[2]
Wireless Body space networks: a survey .2014.

 Zhilin Zhang..,[3]Photoplethysmography-Based 
rate observance in Physical activities via Joint 
distributed spectrum reconstruction.2015.

 nguyen gia, mingzhe Jiang, amir-mohammad 
rahmani..,[4]mist computing in fitness mind 
net of equipment. a case study on eKg quality 
removal.2015.

 geng yang, li Xie, matti mäntysalo..,[5]a 
Fittness-IoT stage stand mostly at this mixing on 
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provided at suitable time. Here Pressure sensor, pulse 
sensor and temperature sensor and gyro sensor are 
interfaced with controller a good way to stumble on 
the body temperature, pressure, and pulse and frame 
second. 

In any case of emergency buzzer will activate for the 
purpose of alerting the neighbour. Furthermore, the 
monitored parameters are updated to the IoT. This device 
uses lcd for showing monitored parameters. Here makes 
use of the arduino controller for controlling average 
gadget.

components use a electric device to scale back the 
hazardously immoderate energy voltage (230V in uK) 
to a more secure low voltage.

Bridge Rectifier: a bridge rectifier area unit typically 
created exploitation four man or female diodes, 
even though it is additionally available in specific 
correspondence hold this four diodes required. It is noted 
as a entire-wave rectifier as a result of it makes use of 
the whole ac wave (every superb and terrible sections). 
1.4V is applied up at durations the bridge rectifier due to 
the fact each diode makes use of 0.7V while carrying out 
and there ar continuously diodes engaging in, as proved 
within the diagram below. Bridge rectifiers are rated with 
the aid of exploitation the use of the most cutting-edge 
they'll pass and additionally the most opposite voltage 
they're in an exceedingly position ridge rectifier to resist 
.Please see the dIOdes net web site for extra know-how, 
that embody pictures of ridge rectifiers.

Block Diagram of Proposed System

Linear Power supply: an ac hopped-up linear energy 
deliver typically makes use of a machine towards remodel 
this power as of this barrier vent (energy) towards an 
one of a type, typically a lesser power. but that familiar 
supply dc, an controller is used. a capacitance is used to 
simple the pulsing last from the rectifier. some very little 
periodic deviations from clean direct gift day will keep, 
it truly is believed as ripple. These pulsations arise at a 
frequency related to the ac power frequency (as associate 
instance, a over one in every of fifty or sixty Hz).

Transformer:

 

Transformer

Transformers alternate ac power as of single electricity 
to each one of a kind with small lack of strength. 
Transformers fashion most effective with ac and 
generally this will be regularly one all advised the 
motives why cores control is ac.

step-up transformers boom power, modification of 
magnitude transformers deflate energy. most power 

Smoothing: smoothing is completed through using a 
large rate electrolytic linked crosswise this dc deliver 
toward take steps because an basin, activity cutting-
edge-day towards this return whereas this various dc 
power as of this controller is diminishing. This figure 
display this wrinkled varied dc (dotted line) and so the 
ironed dc (strong line). The capacitor fees speedy on the 
purpose of the height of the various dc, thus discharges 
as a result of it sources modern to the output.
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regulator; Voltage regulator Ics unit of measurement to 
be had with constant (generally five, twelve and fiftenV) 
or variable output voltages. This're rated  by the utmost 
fashionable they are able to bypass. negative voltage 
regulators unit of measurement out there, significantly 
to be used in twin resources. most regulators embrace 
variety of processed safety from excessive cutting-edge-
day.

The lm78XX series of three terminal regulators is 
obtainable with a lot of secure production power 
creating it useful within a very huge quite packages. 
one among these is available on card law, pushing 
aside the distribution problems associated with unmated 
issue regulation. The voltages to be had permit these 
regulators to be employed in common sense systems, 
instrumentation, HiFi, and distinctive solid country 
digital machine. though designed primarily as constant 
voltage regulators these gadgets could also be used 
with external additives to learn adjustable voltages and 
contemporary-day ('overload safety') and warming.

several about this set electrical device Ics have three 
guide as well appear to be strength transistors, at the 
side of the 7805 +5V 1a controller verified above this 
correct. This embody a gap used for fasten  warmth drop 
but vital warming ('thermal protection').

1. cathode controller
1.load  fasten
2. Floor fasten
3.deliver fasten

That control this fine power
2. negative controller
1. Floor fasten
2. load fasten
3. deliver fasten

That control this terrible power

PINS General Pin functions:
LED: there's a integrated crystal rectifier pushed by 
approach of approach of digital pin 13. once the pin 
is HIgH fee, the crystal rectifier is on, once the pin is 
lOW, it's off.

VIN: The input voltage to the arduino/genuino board 
whereas it's miles the usage of an out of doors power 
give (rather than five volts from the usB association 
or special regulated strength supply). you will deliver 
voltage through this pin, or, if providing voltage via the 
electricity jack, get admission to it via this pin.

5V: This pin outputs a regulated 5V from the regulator on 
the board. The board are stocked with power either from 
the dc energy jack (7 - 20V), the usB instrumentality 
(5V), or the VIn pin of the board (7-20V). offer voltage 
through the 5V or three.3V pins bypasses the regulator, 
and may hurt the board.

3V3: a 3.Three V give generated by victimization the 
on-board regulator. most up to this point draw is fifty 
ma.

GND: earth pins.

IOREF: This pin at the arduino/genuino board offers the 
voltage reference thereupon the microcontroller operates. 
a nicely designed protect can take into account the IOreF 
pin voltage and choose the high-quality electricity offer 
or permit voltage translators at the outputs to paintings 
with the 5V or three.3V.

Reset: usually accustomed feature a push button to 
shields that block the best at the board.

Temperature Sensor: a humidness device senses, 
measures and sometimes reports the ratio at intervals 
the air. It measures each wet and air temperature. ratio, 
expressed as a p.c, is that the quantitative relation of 
actual wet at intervals the air to the excellent quantity 
of wet air at that temperature will maintain. the hotter 
the air is, the a lot of wet it's able to hold, therefore ratio 
changes with fluctuations in temperature.

Humidity sensors stumble on the ratio of the on the 
spot environments during which they'll be positioned. 
They live every the wet and temperature among the air 
and specific ratio as a proportion of the quantitative 
relation of wet within the air to the foremost amount 
which will be command within the air on the fashionable 
temperature. as air turns into hotter, it holds bigger wet, 
that the ratio changes with the temperature.

most humidness sensors use electrical phenomenon size 
to make your mind up the number of wet within the air. 
this kind of size is predicated on electrical conductors 
with a non-conductive chemical compound motion 
picture untruthfulness among them to make associate 
in nursing electrical field among them. wet from the 
air collects on the motion picture and reasons changes 
among the voltage degrees some of the two plates.

ARDUINO
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Pressure Sensor: Together among temperature, strain is 
one of the maximum essential bodily portions in our 
environment. Pressure is a huge parameter in such diverse 
disciplines as thermodynamics, aerodynamics, acoustics, 
fluid mechanics, soil mechanics and biophysics. as an 
example of important commercial programs of strain 
dimension we may also recollect electricity engineering. 
Hydroelectric, thermal, nuclear, wind and other flowers 
generating mechanical, thermal or electrical power 
require the regular tracking and manage of pressures:

Number of Pin Configuration

Figure ;Pressure Sensor

The equation of a perfect gas is: pV = nkBT p: pressure 
n: range of molecules T: temperature V: volume kB: 
Boltzmann constant.

GYROSENSOR–
ADXL335

acceleration is a manner wherein tempo is modified 
with appreciate towards point and that far an vector 
quantity likewise, speed be an  pace also way. There 
are  methods for clearing up speeding up of something  
primary single is exchange in pace and 2nd one is trade 
in route. sometimes each are changed concurrently. If 
we speak approximately adXl 335 measuring system, 
then this accelerometer could be a tool this is often worn 
used for activity speeding up something. It  measures the 
acceleration among the shape of analog inputs, in three 
dimension direction additionally as X,y and Z. it's low 
noise a great deal of|and plenty} abundant less power 
devour device. once it's miles used for acceleration live 
capabilities then it's interfaced with any moderately 
controller like microcontroller or arduino and lots of 
others.

Pin configure of adXl 335 accelerometer: adXl 335 
measuring device includes five pins that square measure 
used for distinct functions. Its pin configuration is shown 
in below table and this adXl 335 measuring device is 
hooked up with any controller in step with this table.

Number of Pin Configuration

1  This is Vcc pin
 and is employed for
 energy on the adlX 335 
 measuring device. it's 
 attached with 3.3V 
 dc electricity supply
2 This is ground pin and
 is employed for providing
 floor to the present adlX 335
 measuring device. it's
 connected with supply ground
3 This is X pin and is employed
 for analog enter in x axis
 measure. This pin offers analog
 input sign to controller
 that's measured by victimisation
 manner of adlX 335 measuring device.
4 This is y pin and is employed
 for analog input in y axis size. 
 This pin affords analog input
 sign to controller it's measured
 by suggests that of the 
 usage of adlX 335 
 measuring device
5 This is Z pin and is employed
 for analog input in Z
 axis dimension. This pin offers
 analog input sign to controller
 that's measured with the
 helpful resource of adlX 335 
 measuring device.grammar 
 check re-write again nex

Pulse Sensor: This maX30100 is likewise an entire pulse 
oximetry associate in nursingd coronary pulse detector 
device .The maX30100 is associate in nursing lined 
pulse oximetry and coronary coronary pulse display 
detector solution. It combines leds, a photograph 
detector, optimized optics, and espresso-noise analog 
sign method to are seeking for out pulse oximetry 
and coronary heart-charge indicators. The maX30100 
operates from one.8V and three.3V strength materials 
and may be hopped-up down through package with 
negligible standby modern, allowing the strength supply 
to live associated continuously.

answer intended used for this traumatic requirements 
of wearable devices. The maX30100 gives really little or 
no massive answer duration while no longer sacrificing 
optical or electrical normal overall performance. nominal 
outside hardware components square measure needed 
for integration proper right into a wearable tool. The 
maX30100 is genuinely configurable via package 
program package deal registers, and for this reason the 
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digital output records is confine a incredibly sixteen-
deep 1st in 1st out at intervals the tool. The 1stnumber 
one in first out permits the maX30100 to be linked to a 
microcontroller or semiconductor device on a shared bus, 
wherein the information isn't being observe constantly 
from the device’s registers

SpO2 Subsystem: This spO2 topic at periods the 
maX30100 consists of close mild-weight cancellation 
(alc), sixteen-bit letter of the alphabet delta adc, and 
proprietary separate time clear out. The spO2 adc may 
also be a non-forestall time oversampling letter of the 
alphabet delta converter with the maximum quantity as 
16-bit resolution.

The adc output records fee ar typically programmed 
from 50Hz to 1kHz. The maX30100 includes a proprietary 
separate time filter out to reject 50Hz/60Hz interference 
and coffee-frequency residual close noise

Liquid Crystal Display: a liquid show (lcd) may be a 
flat panel show, digital visible show, or video show that 
uses the slight modulating homes of liquid crystals. 
liquid crystals do not emit delicate directly. lcds square 
measure obtainable to point out arbitrary photos (as 
in a very latest-cause pc show) or regular snap shots 
which may be displayed or hidden, in conjunction with 
predetermined phrases, digits, and 7-section shows as 
in a very digital clock. They use the identical basic 
era, except that arbitrary snap shots square measure 
crafted from an oversized reasonably tiny pixels, on the 
identical time as totally different displays have larger 
factors. associate {lcd|liquid crystal show|lcd|digital 
display|alphanumeric display} may be a tiny low price 
display. it's straightforward to interface with a micro-
controller thanks to associate embedded controller (the 
black blob behind the board).

Internet of Things (Iot): This interweb about thing or 
IoT, could be this device reticular computing gadgets, 
mechanical and virtual machines, items, animals or 
men which could be give with explicit finder (uIds) also 

therefore this skill towards move info above an system 
with out need person-towards preson otherwise person-
towards-Pc communication

Advantage

He lp s  i n  e a r l y  d e t e c t i on  o f  p a t i en t ’ s •	
contamination.
accurate in scanning, clean in watching, shrewd in •	
choice creating and dependable in communications 
ar conceivable

CONCLUSION

a method for the automatic detection of metastasis sports 
exploitation spO2 indicators based altogether totally at the 
detection and classification of desaturations as a results 
of symptom events become evolved. a random scrubby 
neighbourhood classifier supported six desaturation 
severity and spO2 regularity capabilities done the 
superior routine used for diffrentiate desaturations. 
associate averaged accuracy of eighty 2.eight % became 
finished over distinctive unbiased check units. robust 
easy regression became used to estimate the aHI from the 
massive form of desaturations categorized as symptom. 
It go back to be verified that the handiest regression 
differed between the datasets, to estimate the aHI, the 
dataset traits need to be taken under attention. 

The associateticipated aHI grow to be used for saHs 
severity kind associated saHs screening with an aHI 
threshold of fifteen. This screening finished partner 
accuracy of eighty eight you make a decision on the 
sHHs2 dataset, outperforming all spO2 primarily 
based altogether strategies from the literature tested 
on the sHHs2 dataset. These outcomes show that this 
computationally cheap approach can also also be clearly 
helpful extraordinarily very saHs domestic observance 
system primarily based on the whole whole on pulse 
oximetry.
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ABSTRACT - This paper presents IOT that permits is articles to be detected and controlled remotely, across 

organize foundation; making open doors for much direct combination of physical world into PC based 

framework and monetary advantage. Target of research is Home computerization utilizing IOT inside 

incorporation of Solar based vitality framework. In future IOT may be a non-deterministic, SOA segments 

ready to act autonomously seeking after their destinations and shared ones relying upon setting, conditions or 

situations. 

I. Introduction 

  Power assumes a significant job in our life. The most significant hardware of transmission and 

dispersion of electric force is transformer. Sun powered vitality framework that is appropriately 

introduced and enough measured would be not so much require much in method of the board. I structured 

and composed it reproduction to show essential activity of a sunlight based vitality electric force frame 

work. Just for 3 things should be viewed as first is level of charge on battery bank, second is measure of 

charging power coming in, third is measure of intensity being utilized. Joining of detecting and incitation 

framework, associated with Internet is probably going to improve vitality utilization all in all. There are a 

few arranged or progressing enormous scope organizations of IOT, to empower best arrangement of 

urban areas and frameworks. Encompassing knowledge and independent control are not part of unique 

realities of Internet of Things. In future Internet of Things may be a non-deterministic and open system in 

which auto-sorted out or savvy substances web administrations, SOA parts, virtual items otherwise called 

symbols will be interoperable and ready to act autonomously seeking after their goals and shared ones 

relying upon setting, conditions or situations. IOT is particularly pertinent to Smart Grid since it gives 

framework together and follow-up on power-related data in a computerized manner inside objective to 

improve productivity, unwavering quality, financial aspects, and manageability of creation and 

conveyance of power. 

II. Existing Method 

 At the point when the machine goes strange condition, it demonstrated to the client by means of bell. 

Basically, the programmed identification of wary condition in the business is very less in the current 

framework. In figure 2 shown the existing framework gadget can controlled physically with the labor. On 

the off chance that there is wastage of vitality through running gadgets in the business, it brings about 

gigantic misfortune influence and in this way adding to the financial fall. A portion of the drawback of 

existing framework are power wastage are more, Man power is required, inclination for mishaps to 

happen the principle inconvenience in the current framework is the labor coincidental conditions through 

which different burden misfortunes are developed. The ordinary exchanging attributes of the heaps are 

additionally misused because of human blunder.          

III. Proposed Method 

  In proposed framework, proprietor legitimately screens and control through their cell phone utilizing 

IOT (Internet of Things). In figure 2 shown the Arduino controller will control the heap contingent upon  
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the info given by the client. The air conditioner home burden, for example, fan, light and engine will be 

controlled with the assistance of IOT site. The order for the framework is given by IOT site. The Arduino 

controller will control the heap contingent upon the info given by the client. 

                                       

Figure No. 1 Block Diagram of Existing System 

       

Figure no. 2 Block Diagram of Proposed System. 

 The framework comprises of eight burdens like fan and light. This heap is interfaced with the 

Arduino through hand-off. In light of the order from the IOT site the heap can controlled. The conditions 

about the heaps are shown on LCD. 
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IV. Components 

(i) Power Supply: 

 Square is utilized to give capacity to the controller. In figure 3 shown the 230 volt AC gracefully is 

changed over to 12 volt DC flexibly appropriate for the controller. Force supplies for electronic gadgets 

can be extensively isolated into direct and exchanging power supplies. A capacitor is utilized to smooth 

the throbbing current from the rectifier. An exchanged mode flexibly of a similar rating as a direct 

gracefully will be littler, is typically increasingly proficient, yet will be progressively mind boggling.        

  

Figure no. 3 DC output with Uncontrolled rectifier 

 Transformer converts AC power starting with one voltage then onto the next with little loss of 

intensity. Transformer works just with AC. A scaffold rectifier can be made utilizing four individual 

diodes, yet it is likewise accessible in uncommon bundles containing the four diodes required. It is known 

as a full-wave rectifier since it utilizes the whole AC wave. Exchange sets of diode lead, changing over 

the associations so the substituting bearing of AC are changed over to the one course of DC.  

 Voltage controller ICs are accessible with fixed or variable yield voltages. They are additionally 

evaluated by the greatest current they can pass. Negative voltage controllers are accessible, essentially for 

use in double supplies. The managed DC yield is extremely smooth with no wave. It is reasonable for 

every electronic circuit. 

(ii) Arduino Uno: 

 The Arduino Uno is an open source microcontroller board dependent on the microchip ATmega328p 

microcontroller and created by Arduino.cc. The board is furnished with sets computerized and simple 

info/yield sticks that might be interfaced to different development board and different circuits. The board 

has 14 computerized pins, 6 simple pins, and programmable with the Arduino IDE by means of a kind B 

USB link. It very well may be controlled by a USB link or by an outside 9 volt battery; however it 

acknowledges voltages somewhere in the range of 7 and 20 volts. 

 The Ardunio Uno has a number of facilities for communicating with a computer, another Arduino 

board, or other microcontrollers. The ATmega328 provides UART TTL serial communication, which is 

available on digital pins 0 and 1.Typically used to add a reset button to shields which block the one on the 

board. The IOREF pin is provides the voltage reference with which the microcontroller operates. A 

properly configured shield can read the IOREF pin voltage and select the appropriate power source or 

enable voltage translators on the output to work the 5v or 3.3v. The Uno differed from all preceding 

boards by featuring the ATmega328p microcontroller and an ATmega16U2 programmed as a USB-to-

serial converter. 
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(iii) Gas Sensor: 

 A gas indicator is a gadget that distinguishes the nearness of gases in a territory, regularly as a feature 

of a security framework. This kind of hardware is utilized to identify a gas hole and interface with a 

control framework so a procedure can be consequently closed down. A gas locator can sound to alert to 

administrators in the region where the break is happening, allowing them the chance to leave. 

 This sort of gadget is utilized broadly in industry and can be found in area, for example, on oil rigs, to 

screen make forms and rising advances, for example, photovoltaic. 

(iv) Load (Light): 

 Electric light up our obscurity and numerous different employments of light affect our lives every 

day. In figure 4 shown the appropriate response, so, is light is an extraordinary sort of electromagnetic 

vitality. The speed of light, albeit very quick isn't unbounded. 

 
Figure No. 4 Electromagentic waveform 

 An electromagnetic wave is made of an electric field and an attractive field that on the other hand get 

more vulnerable and more grounded. The bearings of the field are at right 

(v) Fan: 

 A fan is gadget that uses the mechanical vitality of a pivoting impeller to deliver both development of 

the air and an expansion in its absolute weight. The extraordinary greater parts of fans utilized in mining 

are driven by electric engines, albeit interior ignition motors might be utilized, especially as a reserve on 

surface fans. 

This empowers a solitary speed pivotal fan to be equipped for a wide scope of obligations. Pivotal fan 

impellers turn at a higher sharp edge tip speed than an outward enthusiast of comparative exhibition and, 

henceforth, will in general be noisier. They likewise experience the ill effects of an articulated slow down 

trademark at high opposition. 

(vi) Relay: 

A Relay is an electrical switch that opens and closes under the control of another electrical circuit. In 

figure 5 shown the original from, the switch is operated by an electromagnet to open or close one or many 

sets of contacts. It consists of a coil of wire surrounding a soft iron core, an iron yoke, which provides a 

low reluctance path for magnetic flux, a movable iron armature, and a set, or sets, of contacts. When an 

electric current is passed through the coil, the resulting magnetic field attracts the armature and the 

consequent movement of the movable contact or contacts either makes or breaks a connection with a 

fixed contact. If the set contacts were closed when the relay was de-energized, then the movement opens 

the contacts and breaks the connection, and vice versa if the contacts were open. If the coil is energized 

with DC, a diode is frequently installed across the coil, to dissipate the energy from the collapsing 
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magnetic field at deactivation, which would otherwise generate a voltage spike dangerous to circuit 

components. Some automotive relays already include that diode inside the relay case. To achieve 

electrical isolation an opto-coupler can be used which is a light-emitting diode coupled with a photo 

transistor.  

 

Figure No. 5 Relay Connection Circuit.   

 Transfer is utilized to acknowledge rationale work. They assume a significant job in giving wellbeing 

basic rationale. It is utilized to give time defer capacities. They are utilized to time postpone open and 

defer close of contacts. Transfers are utilized to control high voltage circuit with the assistance of low 

voltage signals. 

(vii) Node MCU: 

 Hub MCU is a LUA based intuitive firmware for Express if ESP8622 Wi-Fi soc, just as an open 

source equipment board that in opposition to the $3 ESP8266 Wi-Fi modules incorporates a CP2102 TTL 

to USB chip for programming and troubleshooting, is breadboard-accommodating, and can essentially be 

fueled through its small scale USB port. It very well may be utilized as passage and station, have a web 

server or interface with web to get or transfer information. 

(viii) Liquid Crystal Display: 

 A fluid precious stone showcase is a level board show, electronic visual presentation, or video show 

that utilizes the light adjusting properties of fluid gems. Fluid gem don't produce light straightforwardly. 

LCDs are utilized in a wide scope of utilizations including PC screens, TVs, instrument boards, airplane 

cockpit, and signage. 

 A LCD is a little ease show. It is anything but difficult to interface with a small scale controller in 

view of an installed controller. This controller is standard across many showcases which imply numerous 

small scale controllers have libraries that make show messages as simple as a solitary line of code. 

(ix) Buzzer: 

 A ringer or beeper is a sign gadget, generally electronic, ordinarily utilized in cars, family unit 

machines, for example, a microwave, or game shows. At first this gadget depended on an 

electromechanical framework which was indistinguishable from an electric ringer without the metal gong. 

Frequently these units were secured to a divider or roof and utilized the roof or divider as a sounding 

board. 
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(x) Hardware Development                         

 

Figure no. 6 Hardware implementation using microcontroller with IoT 

 

Figure no.7 Microcontroller pin diagram connections 

 

V. CONCLUSION: 

 In this paper, the home computerization is executed utilizing IOT. A shrewd home incorporates 

different electrical apparatuses in the home and robotizes them with no or least client mediation. In this 

electrical machines are controlled dependent on the order from the IOT. From the trial, it was discovered 

that we can figure out how to make low cast, vitality productive brilliant home to improve things and 

greener future. 
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Abstract: This paper proposes the control framework 
assessment which is incorporated with a microgrid to 
increase the storing limit of the battery. Battery Vitality 
Stockpiling Framework (BESS) can give organizing stores, 
a sort of subordinate help, by modifying dynamic force for 
rehash control, suggested as Weight Repeat Control (LFC), 
to diminish rehash deviations acknowledged by unexpected 
changes in interminable age. Rather than utilizing a 
checking-based framework, the proposed philosophy takes 
the separation between the accessible unfathomable age 
and weight, condition of-charge of centrality putting away 
structure and power elevate the cost to pick the charging 
and releasing paces of the noteworthiness aggregating 
framework in a moving skyline. A model of the remote 
microgrid was picked as the purpose behind the plans. The 
most observably awful hour for power assortment from the 
breeze plants was perceived from this requesting and used 
as the purpose behind replicating the LFC controllers. With 
the help of the proposed control strategy, renewable energy 
power generation can be maximized and the system was 
modeled using the MATLAB Simulink and the results were 
observed. 

Keywords:  Battery energy storage system, Load frequency 
control.

I. Introduction

A microgrid is a little extension power connects with close by 
vitality age and control limit. It can work self-ruling or in blend 
with the key grid. To work self-governingly, a miniaturized 
scale network involves distinctive renewable energy sources 
and essentialness stockpiling frameworks (ESS). The power 
produced by the RES is intermittent in nature which mainly 

Article can be accessed online at http://www.publishingindia.com

depends on the time and environmental conditions [1]. Since 
the power is unstable grid directors need to modify the power 
market schemes to satisfy every individual involved in the 
power market. To handle this situation, Energy storage system 
(ESS) is facilitated to supply the constant power to the grid [2] 
[3]. ESS is considered to be the emerging technology to deliver 
constant power to the present grid system. In order to moderate 
the intermittent nature of renewable power, ESS offers following 
benefits (i) ensuring strong movement for basic establishment 
under power outages, (ii) changing gracefully and request, (iii) 
decreasing transmission blockage, (iv) ensuring subordinate 
organizations, (v) neighbourhood repeat and voltage guideline 
[4], (vi) moving apex solicitation and (vii) working of ESS 
reliant on various force assessing methodologies. The continuous 
movement of ESS in the force exhibit has picked up prominence 
in the investigation arrange starting late because of the distinctive 
force assessing procedures offered by the power framework 
administrators (PSO). As opposed to a level toll, PSO can 
provide certified time power esteeming (RTP) or dynamic charge 
[5]. This methodology uses various assessing frameworks reliant 
on the time and the intrigue. The TOU charge uses unmistakable 
fixed estimating procedures subject to different times. Both RTP 
and TOU assessing frameworks can help clients and PSO [6]. A 
control strategy is essential to meet a situation where the demands 
and power production from renewable energy are constantly 
variable for trade openings in a power publicize isolated from 
offering subordinate sorts of help since ESS is over the top 
and essentialness limited resources [7] [8]. Therefore, various 
ongoing investigations have been done in the movement of the 
imperativeness stockpiling framework reliant on deciding of RES, 
demand, and evaluating. A few strategies, for instance, mixed 
number direct programming (MILP), quadratic programming, 
flexible powerful programming [9], and curvedSmoothing out are 
proposed. Comparable improvement approaches and objectives 
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are thought about, for instance, enlarging salary/restricting price, 
energy trade between the principal arrange and grid [10]. The 
best way to reduce the customer bill is to implement the practical 
forces to have dynamic tariff information [11], [12]. The power 
assessing is period of-usage instead of real-time power esteeming 
which is significantly stochastic. Progressing activity of ESS in 
the power include has gotten pervasiveness in the examination 
compose beginning late in light of the various power surveying 
techniques offered by the force system directors (PSO) [13].  
The RTP technique uses assorted assessing frameworks reliant 
on the time and the intrigue. The TOU charge uses particular 
fixed evaluating techniques reliant on different times. Both RTP 
and TOU assessing frameworks can support clients and PSO.  
The force surveying considered is time of-utilization instead 
of guaranteed time power regarding which is fundamentally 
stochastic [14]. Here, a center σ technique is designed to stabilize 
the cost in dynamic market condition. The rule responsibilities 
of this paper are recorded as follows: i) An unique ESS 
controller organized with verifiable data hereafter disposing 
of the prerequisite for estimating. ii) Different utilization of 
storage devices with no intrigue side administration procedures 
(a) decline finally customer power charge, (b) power exchange 
between the customers and microgrid [15]. 

II. Proposed System

The setup of a normal PV-battery framework with the proposed 
CAPMS. Right now, PV exhibit is interfaced with the DC 
transport by a DC/DC support converter while the battery bank 
utilizes a bidirectional DC/DC converter to control the charging 
and releasing procedures. A unified inverter is introduced to 
interconnect the DC and AC systems. DC load square, by and 
large, speaks to the heaps that are interfacing at the DC transport, 
which can be numerous sorts of burdens, for example, electric 
vehicles or places of business. There are additionally AC loads 
devouring force at the AC transport. This is a run of the mill PV-
battery microgrid framework and comparative or same designs 
have been generally utilized and explored.
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Fig. 1: Block Diagram of Proposed System 

The proposed CAPMS is a brought together to 
force the board framework comprising of a 
supervisory module that screens the necessary 
ongoing parameter from the PV-battery framework 
and various controllers for every one of the force 
converters. As per the circumstance of the 
observed parameters, CAPMS chooses the 
situations and select explicit control plans to be 
applied to the converters to guarantee a dependable 
power condition. In spite of the fact that the 
proposed CAPMS is structured dependent on the 
PV-battery framework setup appeared in Fig. 1, for 
different arrangements, for example, frameworks 

Fig. 1: Block Diagram of Proposed System

The proposed CAPMS is a brought together to force the board 
framework comprising of a supervisory module that screens the 
necessary ongoing parameter from the PV-battery framework 
and various controllers for every one of the force converters. 
As per the circumstance of the observed parameters, CAPMS 
chooses the situations and select explicit control plans to be 
applied to the converters to guarantee a dependable power 
condition. In spite of the fact that the proposed CAPMS is 
structured dependent on the PV-battery framework setup 
appeared in Fig. 1, for different arrangements, for example, 
frameworks with decentralized inverters or various battery 
banks, the comparable methodology might be appropriate with 
legitimate adjustments. Point by point plans of the CAPMS, 
considering both grids connected and islanded modes, which 
demonstrates the conceivable working situations of the PV-
battery microgrid and how CAPMS reacts to control and parity 
the framework.

The PV cluster changes over sun powered vitality into DC 
power and are associated with the DC transport through a 
lift DC/DC converter. Be that as it may, because of nonlinear 
qualities of PV boards and the stochastic changes of sun-based 
irradiance, there is constantly a most extreme force point (MPP) 
for each particular working circumstance of a PV cluster. 
Hence, the greatest force point following (MPPT) calculations 
are regularly actualized in PV framework to extricate the most 
extreme force a PV exhibit can be provided.
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Fig. 2: PV Array Controller 

Fig. 2 shows the PV array controller which has 
been utilized in daily practice to boost up the 
power produced by the PV array. Various MPPT 
techniques were adopted to find the maximum 
power which can be generated from the PV array. 
In addition to this, PI controller is used to 
controlling the output power of PV array. Fig. 3 
shows the power management schemes with 

inverter and converter control techniques. In 
practice, we are having two types of grid i) AC 
Grid and ii) DC grid. Normally AC grid was taken 
since most of the loads are AC loads. 

 

Fig. 3: The Power Management Schemes 
Grid-Connected 

 

Fig. 4: Block Diagram of Proposed Architecture 

Fig. 4 shows the proposed architecture of the grid-
connected PV array through the inverter. Here, PV 
array produces DC supply which is converted to 
AC supply with the help of controlled inverter and 

Fig. 2: PV Array Controller

Fig. 2 shows the PV array controller which has been utilized in 
daily practice to boost up the power produced by the PV array. 
Various MPPT techniques were adopted to find the maximum 
power which can be generated from the PV array. In addition 
to this, PI controller is used to controlling the output power of 
PV array. Fig. 3 shows the power management schemes with 
inverter and converter control techniques. In practice, we are 
having two types of grid i) AC Grid and ii) DC grid. Normally 
AC grid was taken since most of the loads are AC loads.
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Fig. 4 shows the proposed architecture of the grid-connected PV 
array through the inverter. Here, PV array produces DC supply 
which is converted to AC supply with the help of controlled 
inverter and the harmonics generated during the conversion 
process will be reduced with the help of filters. Then, the supply 
is given to the loads. As we know, the PV power is intermittent, 
the battery is used to absorb power during low demand period 
and the stored energy is utilized during the peak demand period.

III. Simulation Results0

Fig. 5 describes the MATLAB working model of Grid-
connected system with ESS.
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the Photo Voltaic array. Here, the output voltage 
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charging and discharging waveforms are taken into 
consideration. The battery supply excess power 
during the peak demand period. 
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management system. Bidirectional inverters are 
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power flow, the charging and discharging waveforms are taken 
into consideration. The battery supply excess power during the 
peak demand period.
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Then, the supply is given to the loads. As we 
know, the PV power is intermittent, the battery is 
used to absorb power during low demand period 
and the stored energy is utilized during the peak 
demand period. 

III. SIMULATION RESULTS0 

Fig. 5 describes the MATLAB working model of 
Grid-connected system with ESS. 
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Fig. 7: Battery Output Waveforms

The objective of the paper is to show the maximization of power 
with the help of the battery management system. Bidirectional 
inverters are used to handle the battery power usage. Fig. 8 
shows the increase in the power distribution to the loads.

shows the increase in the power distribution to the 
loads. 
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a b s t r a c t

The power management scheme has implemented in microgrid system. (IOT) Internet of Things with
electronic microcontroller is used to overcome the electricity demand. Let the fastest growing of the elec-
tronic devices and that elements load need an entire electricity demand. The proper preposition method
is also one of the possible solutions to control the energy demand by using an IOT (Internet of Things).
This project describes the smart energy management system using IOT Based system consumer load
management. Grid based applications integrated with EV application. Consumer based service imple-
mented with grid applications integrated IOT system for analysis the demand of the system.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

This power management system is used to monitor the usages
and quality of the power distribution system side [1]. The IOT is
in the beginning stage and researches provided different defini-
tions for it. The IOT composed of two words ‘‘Internet and Thing”.
There are lots of energy sources and combinations are available
such like as wind energy, Solar energy, fuel cells, bio fuel and etc. . .
That all the energy sources are connected into a single grid line
that power energy installed for the domestic and commercial
usages. In this project main concept of two energy sources are solar
and wind energy. That the two energy sources are alternatively
switching between to the available time. The IOT microcontroller
device and the basic Wi-Fi structure connected with the unique
router, which is always secure and reliable. The unique router also
connected to the SSL (Secure Socket Layer). In this paper we extend
and mentioned the disadvantage of the existing power demand
controller by using IOT technology. In an electric demand forecast-
ing is a primary pre-requisition to maintain a basic demand man-
agement schedule.

2. Existing method

In previous method the Demand (DR) is placed and kept in stor-
age of electricity in the buildings so that the consumer doesn’t

need to their appliances [2]. Grid based demand side management
scheme has been implemented in existing system. Energy storage
optimization algorithm has been implemented [3]. This system
provides the poor power quality in this system. In existing system
there is no integration of grid system with IOT based application
[4]. There is no analysis of demand side’s management system.
There is centralized control of power management system. In this
project, system of new method are applied by the investigation of
energy management system is installed. Its play the very impor-
tant role to connect the different sources and loads are linked with
the system for allowing effectively control total system. In this sys-
tem the IOT microcontroller [5] are used to systematically address
to the consumers regular usages details. Usages details are taken
from the storage system provided by electrical power system.
Nowadays the transports are electrifying so, the electricity demand
acts as a major role in the society. Weather using the method it is
satisfy the demand of the electricity by using of (DR) management
and control system such like as to the electrified urban transport,
heavy load automation system [6]. In this method save the electric-
ity losses to the transmission side as well as to the regenerative
braking system. Demand system is used for primary energy level
at required 30% and its cost is effective [7].

3. Proposed method

The proposed system is designed by the demand management
integrated with solar and wind system. To implemented the
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demand of the load based on integrating of solar and wind system.
Initially the demands of load run by solar system, demand of the
system high the wind system is run. To use for predict the load
demand analysis when the local demand is predicted based IOT
of the system. It may result in smart grid evolution. For this gener-
ation we are using some newest technologies to decrease the num-
ber of communication protocols, cables with data. The Internet of
Things is one of the maximum latest techniques for the smart grid.
This proposed device module included with a solar photo-
voltaic technology is used for complete production and also help-
ing all masses connected to it. The maintenance of the batteries is
fully charged 2nd inverter. A grid tie may be activated for allocates
the surplus to the local strength through a trade agreement with
grid DSO and it’s separately approval. The energy manage-
ment is performed by the way of a Micro grid Central Controller
(MGCC). A Micro grid administrator provides every day data to
the MGCC approximately the photovoltaic era profile, the heap
request profile, and the real-time expenses of the electricity so that
it will interchange the energy between the BESS and the princi-
ple grid. As a end of the demand control management the Internet
of Things is the current day new idea technology. Internet involves
to connecting from machine tools and peoples toward connecting
from objects or things. It establishes the favored State of Charge
(SOC) through the batteries at any time inside the grid technology.

4. Block diagram for demand control system

Fig. 1

5. Hardware requirements

5.1. Power supply

Power supply is connected to the supply of electric strength.
A device is a machine which elements works electric or other types
of energy to the output load and organization of masses. It is re-
ferred to a power delivering unit and also calls PSU. The time peri-
od is most typically carried out by electricity supplies, much less to
mechanical supplies and seldom to others. The materials for elec-
tronic gadgets can be extensively divided into linear and switch-
ing energy elements. The linear supply is a
relatively simple layout that becomes more and more cumber-
some and heavy for high current gadgets; voltage regulation in a
linear deliver can result in low efficiency (Fig. 2).

5.2. Bridge rectifier

In a bridge rectifier, converter is used for convert the alternating
current into direct current and rectifier is used for Ac input to the
Dc output. Bridge rectifier can be broadly used in power supplies to
provide a Dc voltage for the electronic devices and circuits (Fig. 3).

5.3. Sensor

The voltage sensor is used to calculate and monitor the amount
of voltage. The input used for the sensor is voltage and the output
will be the switches, analog voltage signals, current signals, and an
audible signal. The sampled voltage will give to the rectifier circuit
for the conversion of AC into DC. A Current sensor is a device which
detects and converts the current into the measure output voltage.
This output voltage will be corresponding to the current. While
sensing the current circuit levels, the output signal will be pro-

Fig. 1. Block diagram of IOT Managed Power System.

Fig. 2. Schematic diagram of Power supply circuit.

Fig. 3. Circuit diagram of bridge rectifier.
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vided. The device is used to measure the magnitude of magnetic
field.

5.4. ATmega328

The Arduino UNO is an open-source microcontroller board. It is
used to work as a single chip system. It is a very popular microcon-
troller chip produced by Atmel. It is a 28pin 8-bit microcontroller.
The features of ATmega328 microcontroller voltage are 7–12 V and
there is a 14pins which is used for digital I/O process and 8pins are
used as analog input process. It has low power consumption, 32 KB
flash memory and fully static operation [8–10] (Fig. 4).

5.5. Relay

The relay is a switch which does the process of open and close
under the control of another electrical circuit. The switch is oper-
ated by the way of an electromagnet theory which open or close
the one or more than one set of contacts. Since, the relay has the
capable to control a higher power output circuit than the input cir-
cuit (Fig. 5).

5.6. Node MCU

MCU node is working as a WIFI MODULE. A node is open source
of firmware used for development board that helps in IOT product.
It also works for firmware which will runs ESP8266 Wi-Fi module
in hardware with simple and a powerful LUA scripting language [8]
(Fig. 6).

5.7. Wind

Wind turbine operates on a basic principle: Wind turbine use
wind to generate energy instead of using energy like a fan.

Wind turbine turns the propeller blades around a rotor that rotates
generator that generates electricity.

5.8. Potentiometer

Potentiometer is a three-terminal electrical device with a slip-
pery or rotating contact that forms associate adjustable resistor.
It is a square measure unremarkably won’t to management electri-
cal devices like volume controls on audio instrumentality (Fig. 7).

Fig. 4. Pin diagram of Arduino UNO.

Fig. 5. Circuit diagram of Relay.
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5.9. Solar

The solar panel is a set of electrically connected and mounted
solar photovoltaic modules on a supporting structure. A photo-
voltaic module is a packed, connected by solar cell. The solar panel
is used for generation and supply of electricity in commercial and
residential applications. The larger photovoltaic network is also
being as a one the part in it.

6. Performance analysis of loads storage in IoT

The charge and discharge of loads in storage is carried out tak-
ing into account the minimum and maximum voltage levels and
also the levels of counting.

Fig. 8 shows the battery charging conditions of a battery, which
triggers the addition of new charges. The switching takes places as
soon as the standby and reversal times are reached and the battery
charge curve drops. Vbmax and Vbmin are battery maximum and
minimum voltage thresholds, the initial voltage of which is Vbini-
tial when charging starts.

Fig. 9 illustrates the condition of discharge, which is to be elim-
inated the loads from storage to the local power grid. Vbinitial is
their initial voltage when its start to discharge. The last channel
will be reversed, as soon as the standby and reversal times are
met, and the battery charge curve will increase.

7. Real time implementation

In this hardware output Solar panel and wind turbine can be
produced a DC power to a source and can be stored in a battery
and connected to the load. AC grid can be connected directly to
the power supply. By using the potentiometer switch we can adjust
the power source if demand can be created. Demand can be mon-
itored in LCD display. Using microcontroller it can be sensed the
demand voltage and current level (Fig. 10).

Fig. 6. Pin description of Node MCU.

Fig. 7. Diagram of Potentiometer switch.
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8. Simulation result

In simulation result we can give the approximate value in Pro-
teus software of voltage level for solar and wind source and Ac grid.
Finally using the switch mode we can create the demand and anal-
ysis the output in LCD display (Fig. 11).

8.1. Proteus

The proteus software consists of each schematics, PCB designing
and simulation. ISIS software is the program used for drawing
schemes and simulating the real time circuits. The simulation

enables human access in the course of run time, therefore supply-
ing simulation in actual time. The Proteus software consists of
design tool used normally for digital layout automation. The pro-
prietary software is used mainly by way of electronic design engi-
neers to create schematics and to manufacturing the electronic
prints for PCB.

8.2. Output waveform

The output of the switching between the AC power grid’s sine
wave source and purposely rudimentary inverter’s is generated
by a square wave source is shown in Fig. 12. In the source the yel-

Fig. 8. Charging of loads in IOT managed control.

Fig. 9. Discharging of loads in IOT managed control.
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low line is the waveform of AC signal on loads. The blue line is the
command signal for SSRs.

9. Conclusion

In this paper we represented the installed technique of 480 Ah
of batteries, in solar 1320Wp of photovoltaic panels, in wind
300Wp and DC generator of 90Wp, were given a monthly saving
power 160 to 230kwh. The whole lighting and computer system

Fig. 11. Simulation output.

Fig. 10. Prototype model of demand control system.

Fig. 12. Sinusoidal and square AC sources.

6 I. M. et al. /Materials Today: Proceedings xxx (xxxx) xxx

Please cite this article as: I. M., G. Prabhu, S. Suganth et al., Power management storage through local consumer demand control using IOT, Materials Today:
Proceedings, https://doi.org/10.1016/j.matpr.2020.06.215 Page 398 of 3066Page 398 of 3066

https://doi.org/10.1016/j.matpr.2020.06.215


are completely self-governing. The presented device is provided as
a pretty easy and elongated the idea of a self-governing system. It
makes the irregular activity of utilization by electrical network as
unique to other variety and close to the renewable generation. In
a storage system the end-user can be expanding the idea of the
centralized storage is monitored and controlled. It means a com-
munity server and absolutely included to Smart Grid environment
system.
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Abstract 

 To achieve a high- efficiency resonant converter without having a capacitor for low 

output voltage AC-DC LED drivers. This study proposed a system where resonant 

converter is used instead of asymmetrical half bridge converter. The diodes D6, D7, D10, 

and D11 are used for regulation purpose. MOSFETs Q3 and Q4 are ON and OFF with 

time delay of 6ms and the diode D12 and D13 are used to reduce the voltage level to 12V 

and it delivers to the load at ON time of particular MOSFET switch line. At the back end 

common LC filters are used, the results are verified using MATLAB SIMULINK with the 

output of 12V, PI control validation and SD-SR circuit. There is no need of electrolytic 

capacitor and the efficiency in the topology proposed is 96%. This is greater than other 

topology which does not use electrolytic capacitor in the same voltage range. The 

hardware results are verified with an output voltage of 11.6V, the output current of 5A 

with the power of 58W and the efficiency is above 96%. In The LED with High-Brightness 

(HB) is playing a vital role in lighting applications of their advantages like high 

reliability and high efficiency. To achieve the reliability and efficiency, the very basic 

method in AC-DC applications is using a two-stage topology. At the boundary conduction 

mode, the very general power factor correction boost converter is used at first stages. To 

improve reliability with low-frequency ripple in the output voltage, it is generally 

designed not including electrolytic capacitors. The second stage of asymmetrical half-

bridge is used in the existing system. Because it has very high efficiency, operating with 

effective regulation and its output filter is small. But Asymmetrical Half Bridge converter 

closed-loop controller is very slow and it cannot readily cancel the low-frequency ripple. 

 

Keywords:  Capacitor less, Greater efficiency, LED Drivers for lighting, Low-output 

voltage, Self-Driven Synchronous Rectification (SD-SR), Voltage regulation. 

 

1. Introduction 

High-intensity light-emitting diodes are being generally used in lighting 

applications, on the opposite hand; their theoretical shining effectiveness is the most 

leading one. In today's trend, their efficiency is only exceeded by low- pressure 

sodium technology. On the other hand, their fidelity is very high [1], relinquishing 

more than 50000 hrs of the lifetime. Also, several other causes execute HB-LEDs 

enduring out in comparison to the other lighting devices: they are eco-friendly and 

repellent to shock and fluctuations [2]. 
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 The power supplies used for HB-LEDs should also have the advantages as it has 

high efficiency and high fidelity with galvanic isolation, which is frequently 

demanded [3]. (Sometimes due to convention and customer needs). And somehow 

the correction of power factor is forced in every AC-DC converters under the 

regulation of IEC61000- 3-2, which follows the input power given to the various 

classes like Class-C and Class-D. Hence, much high- efficiency with high-reliability 

topologies for LED-lighting applications has been manifested recently in the 

literature [4]. In all modern topologies, they are classified based on the number of 

stages like one, two and three. In Resonant power converters, during one or more 

sub-intervals of each switching period the voltage and current waveforms vary 

sinusoidally of L-C networks. These sinusoidal variations are large in magnitude, 

and the small ripple approximation does not apply. While single-stage and 

integrated two-stage topologies [08]–[10] are the favored possibility when the cost 

is of first solicitude, two [10]–[12] and three-stage topologies are chosen while 

efficiency and reliability are the foremost design objectives. 

Figure 1. Parallel resonant converter 

The power transferred to the load not having filtered and uniform like all other 

switching regulators. Here output filter must have a breach frequency of less than  

one fifth the lowest switching frequencies. Therefore consider the current into L O 

and the voltage across CO is both quite constant at the switching frequency. The 

current and voltages during the four- time increments,     which build up 

the total switching period. The portions of the circuit which are active during each 

time increment. 

The power supplies used for HB-LEDs should also have the advantages as it has 

high efficiency and high fidelity with galvanic isolation, which is frequently 

demanded. 

The use of AC-DC converters in industrial applications started at the age of 

mercury converters with the electromechanical connection converter. DC machines 

are common in day to day use, but the supply that we get from power companies is 

AC. To use these machines AC supply has to be converted into DC supply by the 

aid of a rectifier. The main objective of this project is to achieve a high- efficiency 

resonant converter without having a capacitor for low output voltage AC-DC LED 

drivers. 

 

2. METHODOLOGY  

In this proposed system a resonant DC -DC converter is used instead of 

asymmetrical half bridge converter. The resonant converter has switches and it is 

connected with parallel to the series LC circuit. The resonant converter has the 

advantage of fast response in the closed loop controller compare to asymmetrical 

half bridge converter and reduces ripple in frequency. And the resonant converter 

has less number of components. 
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Figure 2. Circuit diagram of high efficiency resonant converter 
with SD-SR circuit 

 The dc supply is supplied to the resonant converter as an input signal. This dc 

input is converted to ac output by the resonant converter at resonant frequency. 

Then the ac output of resonant converter is stepped down by the high frequency step 

down transformer. This voltage is given to the LED string through the synchronous 

rectifier. The transformer output is clamped by the clamping circuit and then the 

clamped signal is given as a triggering pulse for the synchronous rectifier.  

The input DC voltage is given to the resonant converter which contains LC 

network whose voltage and current waveforms are varying sinusoidally with large 

magnitude. Then that amplitude signal is send to the synchronous rectification part 

via high frequency step down transformer. In this synchronous rectification the 

conduction loss is lower than the diode rectifier. Then this voltage is filtered by the 

filtering capacitor and it will be given to the load. 

 

3. SD – SR CIRCUIT PRINCIPLE 

 The best way to drive the signals of the SR MOSFETs by using an SD-SR 

method to achieve better efficiency. In case of low voltage high-power applications, 

it receives the driving signals from the secondary winding of the transformer. To 

keep the secondary winding voltage peak value as constant, while the output voltage 

is modified, SD-SR is a seductive approach to avoid the programming delays in the 

controllers. It is easy to design the driving circuit of SR MOSFET while the absence 

of variations in the secondary output voltage changes concerning time.  In the AHB, 

the secondary voltage of the transformer dependence is not only on the input voltage 

but also on the duty cycle. For specific duty cycles, the applied voltage to the gate 

of the SR MOSFET is unreliable and may continue to reach unacceptable voltage 

levels. The VGS lesser than the minimum voltage VGS(min) and the exceeding  

voltage of VGS greater than the maximum VGS(max) leads to the breakdown of the 

MOSFET. 

A feasible solution is using a Zener diode to clamp the voltage applied to the gate 

of the SR MOSFETs and a capacitor that will resist the exceeding voltage. 

Continuous charging and discharging of the capacitor makes the vital problem 

which causes switching losses in the converter. Besides, the value of the capacitance 

is maintained as greater of the gate capacitance for precise execution of SR-

MOSFET, which improving switching losses further. Although, it is conceivable to 

answer this barrier by a candid way that revises the voltage of the driving signals to 

an agreeable value while reducing the switching losses. 
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Figure 3. SD-SR circuit 
 

Preferably the usage of the Zener diode is to clamp the voltage across the SR 

MOSFET gate, the Zener diodes DZ1 and DZ2 are employed for clamping the voltage 

over the capacitors CSR1 and CSR2. 

 

Figure 4. Current pathway while energizing the Gate Capacitance 

Diodes DSR2 and DSR2-b incur the equivalent function for MSR2. When Vtr2 is 

positive and MSR1 must be switched ON, diode DSR1-b is instantly biased also 

capacitor CSR1 charged to a voltage equal to the Zener voltage VZ1, while the 

voltage referred to the gate of MSR1 and VGS1. When the voltage Vtr2 is negative 

and MSR2 is switched ON, diode DSR1-b is reverse biased, giving the capacitor 

CSR1 charged with a voltage level equal to VZ1. 
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Figure 5. Current pathway while discharging the Gate 
capacitance. 

 

The gate of MSR1 is removed inside MOSFET MSR2, which implies raised ON, 

and diode DSR1-a. The equal solution is true during the SD-SR wiring of MSR2. 

 

 

4. EXPERIMENTAL RESULTS 

 

   
Figure 6. Simulation diagram for resonant converter with SD-SR circuit 

 

The simulation power circuit is basically a Series Resonant converter circuit 

which is constructed using two MOSFET power switches (Q1 and Q2). The buck 

action is achieved by the High frequency Step-down transformer. The input DC 

voltage is converted into AC by the L-C series resonant converter. The switches S1-

g
 

D
 

S
 

K
 A
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ON and S2-OFF are turned alternatively to produce pulsating ac. This ON and OFF 

is performed by 500 KHz PWM pulses. 

It also employs Synchronous rectifier consisting of two MOSFET switches 

(MSR1 and MSR2) to develop pure DC for the LED drivers. The gate pulses of 

Synchronous rectifier are achieved by clamping the voltage across Zener diode. In 

this no separate gating circuit is needed for switches of Synchronous rectifier. 

The steady state voltage and current waveform of inductors in the bootstrap circuit 

can be observed that the voltages follow the switching pulses and currents are linearly 

raising and decreasing. Also, it is observed that the current is continuous, and so the 

circuit work in continuous conduction mode. 

 

Figure 7. Gate pulses for resonant converter with SD-SR circuit 

 
 

Figure 8. Input and output voltage and current waveform for resonant 
converter with SD-SR circuit 
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Figure 9. Simulation diagram for resonant converter with SD-SR circuit 
using PI control 

The simulation power circuit is basically a Series Resonant converter circuit 

which is constructed using two MOSFET power switches (Q1 and Q2). The buck 

action is achieved by the High frequency Step down transformer. The input dc 

voltage is converted into ac by the LC series resonant converter. The S1 and S2 

switches are switched ON and OFF frequently to generate the pulsating AC. This 

ON and OFF is performed by 500 kHz PWM pulses.[3] 

It also employs Synchronous rectifier consisting of two MOSFET switches (Msr1 

and Msr2) to develop pure dc for the LED drivers. The gate pulses of Synchronous 

rectifier are achieved by clamping the voltage across Zener diode. In this no 

separate gating circuit is needed for switches of Synchronous rectifier.  

A 400 Volt dc source is employed as power source and this 400Volt is Bucked to 

12V dc and applied to a resistive load. Closed loop PI control logic is provided to 

achieve constant output voltage of 12 Volt. 

For closed-loop control, an inclination voltage of 12volt is compared with the 

output voltage which generates an error signal. Connecting this error signal toward 

the PI control unit producing a control signal which in turn compared with a 

triangular pulse at 500 kHz to generate the PWM pulses are decided by the control 

signal. 

 
Figure 10. Gate pulses for resonant converter with SD-SR circuit using  

PI control 
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  The MOSFET gate switching pulses are shown in Fig.10. In this it can be 

observed that the gate pulses for S1 and S2 are complementary, which is the output signal 

of comparator in the simulation circuit and it is called PWM pulses and the ON time/duty 

is decided by the control signal generated by PI logic unit. The gate pulse for S2 is 

complement or inverted PWM pulse, So that when S1 lives ON, S2 will be OFF, and 

vice-versa. 

 
 

Figure 11. Input and output voltage and current waveform for resonant 
converter with SD-SR circuit using PI control 

 

From this, it can be observed that the voltage rose to a steady final value in a time 

of 0.004 Sec. Also, the voltage rises to 90% of steady state final value in a time 0.02 

Sec. Hence the response is very fast. Also, it observed the voltage and current is 

ripple free.  

 

5. HARDWARE DESCRIPTION 
  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 12. Schematic diagram of hardware unit 

The above figure shows the complete hardware connection diagram of the system. 

In simulation the SRMOSFETs getting signal directly from the output of the 

transformer. But in hardware the SR_MOSFETs are triggered by using driver circuits. 

In our system we have main unit, driver unit and controller unit. Here we use 
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PIC16f877a microcontroller. In this diagram, controller is of 44pins where 4pins are 

normally closed (NC). In PIC16f877a controller we have totally 40pins, where 32pins 

are input/output pins. Power supply needed for PIC is 5V DC. We used TLP250 driver 

for switching the MOSFETs in the main unit. The pulses from the controller are taken 

as the input ofTLP250. In 2nd pin the input is given. The output of the driver is taken 

from the 6th pin. For the function of the driver we need of 12V DC power supply which 

is given in 8th pin and GND to the 5th pin. 

The input side we use two MOSFETs Q1 and Q2. The Q1 ON and OFF ,while Q2 

used to ON and OFF at little delay with different duty cycle to maintain the Zero voltage 

switching and the LLC resonant converter used to reduce commutation losses and to 

achieve high range of efficiency. This resonant converter maximum used to reduce 

EMI/EMC. 

We are going to use our system for low power applications. The diodes D6, D7, 

D10, and D11 are used for regulation purpose. MOSFETs Q3 and Q4 are ON and OFF 

with time delay of 6ms and the diode D12 and D13 are used to reduce the voltage level 

to 12V and it delivers to the load at ON time of particular MOSFET switch line. At the 

back end common LC filters is used, which used to regulate the output voltage at the 

load side. In this system we achieve 96% efficiency. 

 
 

Figure 13. Photograph of hardware unit 

 

6. HARDWARE OUTPUT 

 
 

Figure 14. Gate pulses for MOSFET 1 
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Figure 15. Gate pulses for MOSFET 2 

  
 

Figure 16. Gate pulses for MOSFET 3 

 
 

Figure 17. Gate pulses for MOSFET 4 

A gate pulse turns-on the MOSFET and allows the load current to ramp up, 

according to the inductor value and the drain supply voltage. At the end of gate 

pulse MOSFET turns- off and the current continues to follow causing the voltage 

across the MOSFET to rise. The over voltage is clamped at the breakdown vol tage 

until the load current reaches zero. 
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Figure 18. Output voltage waveform 

 

This is the output voltage waveform of the hardware circuit which is obtained from 

CRO. The input supply voltage is a very high value of 230V and this high voltage is 

reduced to the very flat value of 11.6V. Specific desired output power is 60w (i.e) the 

values of voltage and current are 12V and 5A respectively. But in this hardware circuit, 

the power obtained is 58w (i.e) the voltage is 11.6V and the current value is 5A. The 

efficiency obtained in this system is 96% approximately. 

 

7. CONCLUSION 
 

 The resonant converter is a topology with better characteristics used for AC-DC 

LED drivers with low output voltage. While comparing to the other topologies its output 

filter is smaller one, so implementing without electrolytic capacitors are possible and it 

allows galvanic isolation with the higher efficiency for low output voltage applications. 

By the variations in the LEDs characteristics determined by their warming up, the 

stability and the output voltage regulation is assured by the closed loop control. For 

obtaining high efficiency in low output voltage application, SR is forced. In this study, a 

resonant converter designed with SD-SR technique is stated. This resonant converter 

takes into the statement that the secondary voltage in the transformer modifies not only 

with variation in input but also voltage variation in dimming. The results are verified 

using MATLAB SIMULINK with the output of 12V, PI control validation and SD-SR 

circuit. There is no need of electrolytic capacitor and the efficiency in the topology 

proposed is 96%, this is greater than other topology which does not use electrolytic 

capacitor in the same voltage range and the hardware results are verified with an output 

voltage of 11.6V, the output current of 5A with the power of 58W and the efficiency is 

above 96%. 

In future, advanced IGBT can be used instead of MOSFET and resonant converter 

can be replaced by SEPIC converter to improve the efficiency and performance. 

 

References 
[1] Arias, M., Fernández Díaz, M., Lamar, D. G., Balocco, D., Diallo, A. A., & Sebastián, J. (2013). 

High-efficiency asymmetrical half-bridge converter without electrolytic capacitor for low-output-

voltage AC–DC LED drivers. Power Electronics, IEEE Transactions on, 28(5), 2539- 2550. 
[2] M.Arias, Marcos Fernández Diaz , D.G. Lamar, D.Balocco, Almadidi Aguissa Diallo , Javier Sebastiá 
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Abstract. The multi-port converter proposed in this work is used for the integration of many 

converters in a single system. The system is the solar dc-dc standalone converter with the 

battery storage. The proposed integrated multiport converter consists of three separate 

converters they are, bidirectional PWM converter, switched capacitor converter, series resonant 

converter.  The numbers of switches are reduced and thus the loss in the power electronics 

circuit is also reduced.  A 300 watts prototype model of the system is implemented and the 

hardware results obtained is discussed and the same system is simulated using matlab software 

and the results are matched. 

 Keywords: multi-port; PV standalone; PWM converter; reduced switching; PID controller. 

1. Introduction 

 Recently, control gadgets examine has concentrated on usage of sustainable power sources to 

supplant petroleum product, on account of its harmful natural impacts (Debnath et al., 2015). Because 

of the ecological issue, e.g., environmental change, and political and monetary reasons, e.g., less 

reliance on the remote vitality import, high oil cost, sustainable power source has pulled in colossal 

consideration. As extraordinary development in sustainable power source has been made, the cost for 

power delivered with sustainable power source drops. The national normal power levy cost is around 

5 rupees for every kWh. The cost for particular sorts of sustainable power source is lower than 5 

rupees for each kWh. As the expense of ordinary vitality assets is expanding each year, the retreating 

pattern in the expense of sustainable innovations is empowering, making sustainable power source an 

efficient methods for control age sooner rather than later. Sustainable power source advances not 

exclusively can tackle the environmental change and decrease the reliance on remote vitality import, it 

is likewise appropriate for dispersed power age. In remote territories, where there are no transmission 

lines or the expense of building new transmission lines is high, sustainable power source can give 

control without costly and muddled framework foundation. Multi-port segregated converter 

topologies positively affect utilizing different sustainable power sources, and can accomplish higher 
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power and voltages with improved productivity because of develop medium power semiconductor 

innovation, they are starting to stand out for control hardware(Su.G et al ., 2008) 

Switched capacitor converters are minimal effort and smaller and are fit for accomplishing 

efficiencies more prominent than 90%. Clearly, the present yield is restricted by the current conveying 

limit of the switches and the size of the capacitors. Switched capacitor voltage converters don't keep 

up high productivity for a wide scope of proportions of contribution to yield voltages, not at all like 

their exchanging controller partners. Since the contribution to yield current proportion is scaled by the 

essential voltage transformation  paying little mind to whether guideline is utilized to lessen the 

multiplied or reversed voltage, any yield voltage size under 2VIN for a doubler or not exactly |VIN| 

for an inverter will bring about extra power dispersal inside the converter, and productivity will be 

debased relatively. 

Bidirectional PWM converter has increased voltage transformation proportion and programmed 

current adjusting capacity for single-cell battery control frameworks. By adding just two capacitors to 

the ordinary interleaved three-stage PWM converter the voltage transformation proportion at a given 

obligation cycle is significantly increased, henceforth counteracting extraordinary obligation cycle 

activities. Inductor flows can be naturally adjusted gratitude to the additional capacitors, and no 

present sensor is essential for inductor current adjusting. Moreover, the additional capacitors lessen 

voltage worries of switches and charged-released energies of inductors, adding to effective power 

transformation and diminished circuit volume.  

The series-resonant converter (SRC) are utilized to infer shut structure answers for the yield qualities 

and enduring state control attributes, to decide working mode limits, and to discover top segment 

stresses. There are two ways: Zero current exchanging and Zero voltage exchanging. 

Turn-on or turn-off changes of semiconductor gadgets can happen at zero intersections of tank voltage 

or current waveforms, along these lines lessening or killing a portion of the exchanging misfortune 

instruments. Thus converters can work at higher frequencies than PWM converters. Zero-voltage 

exchanging likewise lessens converter-created EMI Zero-current exchanging can be utilized to 

commutate SCRs. In particular applications, thunderous systems might be unavoidable. High voltage 

converters: critical transformer spillage inductance and winding capacitance prompts resounding 

system. 

 

2. Block Description 
The block diagram of switched converter multi-port system switched capacitor multi-port converter is 

the integration of three separate converters into single converter (Sun.X et ., 2015).the three 

converters are Series resonant converter it consist of two switches S1, S2. bidirectional PWM 

converter S3,S4.finally Switched capacitor converter it have S1,S2,S3,and S4 switches, by using these 

four switches the three converter are combined in a single MPC.  
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3

 
Figure 1 Block Diagram of Multi-Port Converter. 

 

 

2.1. Switched Capacitor Converter Based Multiport Converter Major Benefits  

In examination with the traditional PV framework, the framework is drastically streamlined by 

incorporating 3 converters into a 1 unit. Moreover, the complete switch tally can likewise be 

decreased, subsequently accomplishing the circuit rearrangements; the proposed Multi-port requires 

four mosfet switches altogether, though the all-out mosfet switch tally is the traditional framework is 

ten. Notwithstanding the framework and circuit-level rearrangements, scaled down plan is additionally 

achievable gratitude to the Switched capacitor converter. The proposed Multi-port is fundamentally a 

crossover Switched capacitor converter that can extraordinarily cut back inductors, as announced. 

2.2. PWM- Pulse Width Modulation 

Pulse width modulation (PWM) is a strategy, which the exchanged voltages are created for various 

frequencies and voltages. PWM gives an approach to diminish the All-out Symphonies Twisting 

(THD) of burden current. The THD necessity can be met when the yield of a PWM inverter is sifted 

since the unfiltered yield of a PWM based reversed will have a moderately high contortion. There are 

numerous PWM plans, the most mainstream ones being sinusoidal PWM (SPWM). It very well may 

be actualized utilizing simple systems, the remaining PWM require the utilization of a chip. The PWM 

innovation redresses the yield voltage as indicated by the changing the Width of the exchanging 

recurrence in the oscillator side.  

2.3. Circuit of the System with Mosfet 

This MPC presents a recently structured, non-segregated single-input double yield 3 level of dc-dc 

converter. With a support of control procedure, the converter profits by the 3 levels and multiport 

system. Inferable from its 3 level structure, the given converter has the upsides of decreased voltage 

weight on diodes and switches, improved effectiveness and diminished aloof parts size. 
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3. Principle Operation 

There are three modes of operation in this multi-port converter each operation are used with different 

types of switches. The red line in figure 2,3and4 denotes the active switching elements in the 

converter. This converter consists of four mosfet switches S1, S2, S3 and S4.  

3.1. Mode 1 

In mode 1, the mosfet switches S1 and S3 turns on and the current passes  through 

the capacitor C2 to the S2 switch, from the switch S2 to the capacitor  C3,from the 

capacitor C3 to the switch S4. Voltages at the Vx and Vw, are in their elevated 

state. Capacitors are associated in parallel in the switched capacitor converter 

charge and release one another so their voltages are brought together and the 

current flow in SRC. 
Mode 1: (0.5 < d2 & d1 < 1) & (d1 > d2). 

3.2. Mode 2  

In mode 2,the MOSFET switches S4 and S2 turns on and the current passes through the 

capacitor C2 to the S2 switch, from the switch S2 to the capacitor  C3,from the capacitor 

C3 to the switch S4. Voltages at the Vx and Vw, are at their elevated level. Meanwhile, 

there is no current flow in SRC. 

Mode 2: (0.5< d2 & d1 < 1) & (d1 < d2). 

3.3. Mode 3  

In Mode 3,the multi-port converter is similar to mode 2 operation here the currentiLr1 and 

iLr2 become zero. The SRC is inactive in this mode. 

Mode 3: (d2+0.5 < d1 < 1) & (0 < d2 < 0.5). 

 

 

 

 

 

 

 

Figure 2. mode 1  
 

Figure 3. mode2 
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Figure 4. mode 3 

 

From Table I and the switching sequences S1, S2, S3 and S4 are given, the output voltages 

conversion ratio can be gained for mode 1 as follows: 

For the L1 inductor, 

Vin {d2-0.5} + {Vin-Vo1/2}(d1-d2)+(Vin-Vo1)(1-d1)=0 

Hence, 

Vo1/Vin=1/ (2-d1-d2)      (1) 

Table 1 Operating Range of The Converter 

Table I 

Mode Duty-cycle Voltage limits 

1 0.5<d2&d1<1 

d1>d2 

Vin/2<Vo 

2 0.5<d2&d1<1 

d1<d2 

0<Vo<Vin/2 

3 d2+0.5<d1<1 Vo<2Vin 

 

(-Vo2)(d2-0.5)+(Vo1/2-Vo2)(d1-d2)+(Vo1/2-Vo2)(1-d1)=0 

Hence, 

Vo2/Vo1=1-d2     (2) 

Thus, 

Vo2/Vo1=(1-d2)/(2-d1-d2)       (3) 

The voltage gains in mode 2and 3 can also be obtained in the same way as the above procedure. 

Voltage gains for all three cases become 

Vo1/Vin= 1/(2-d1-d2), mode 1&2   (4) 

                1/(1-d2), mode3 
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Vo1/Vin=(1-d2)/(2-d1-d2), mode 1&2   (5) 

                (d1-d2)/(1-d2),    mode3 

From (4) and (5), it can be seen that d1 and d2 are the control values for  output voltages v1 

and v2. In mode 1 and 2, the step-up output voltage is related to both duty cycle  d1 and d2, 

while in the mode 3, it is only related to d2. On the other hand, the step-down output voltage 

in all 3 cases is similar to both duty-cycle  d2 and d1. More detailed analysis of the control 

strategy will be tested in the following system. 

 

4. Simulations and Hardware Model 

The figure 5 shows the Simulink model of the proposed system. The power generated from 

the dc source as PV systems is passed over the subsystem. The output of the converter is 

used to link the single phase light load and if excess power is generated from PV more than 

load, the surplus power passes to the multi-port through link. Simulation input is highly 

given so comparatively the output is higher than hardware output. 

 

Figure 5. Simulation In Matlab. 

Based on the power generated (low or high voltage) there will be a variation in the graph (In 

other words, the power generated is directly proportional to the variation in the 
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graph).Figure 6 shows the current and voltage waveforms at the load while the connection 

of Load. 

 

Figure 6. Simulation Output. 

 

The waveform shows that the voltage and the current with the time in X-axis and amplitude 

in Y-axis. 

Table2 Experimental Results 

Parameter Value 

Total output power 300W 

Input voltage 15.4V 

Output voltage V1 36V 

Output voltage V2 30.3V 

resistive load 20 ohm 

Switching 

frequency 

20 kHz 

 

4.1 Hardware analysis 

 A prototype of 300W converter has been designed for the proposed system the DC source is 

taken instead of Solar-panel. The maximum power obtained from the panel is when the 

panel is 15-28 degree inclined. Accordingly the maximum power is set to 30W.In the 

converter we use MPPT based on perturb and observation method. The input voltage is 

taken as 15.4V given in figure 8. Every single converter are verified and tested separately by 

giving different pulse to the multi-port converter(figure 8 to figure 12).the converter is 

tested in two stage, pulse s1&s2 and pulse s3&s4 in figure 9,10. 

From the multi-port converter output waveform 15.4V stepped-up to 36V.the output voltage 

V2 is step-down to30.3V. 

From the bidirectional PWM converter the pulse output waveform is tested. The PID 

controller is used for the control operation of the system. 
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Figure 7. Hardware Output 

 

 

Figure 8.Input voltage in DSO for converter 
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Figure 9. Pulse Wave Form for converter 

S1&S2. 

 
 

Figure 10. Pulse Wave For S3&S4 . 

 

 

 
 

Figure 11. Output voltage V1.  
 
Figure 12. Output voltage V2.  

 

 

5. Conclusions 

The switched capacitor –multiport converter for solar system has been said in this paper. 

The MPC are determined by incorporating a stepping tool such as series resonant 

converter(src), switched capacitor converter(scc) and bidirectional PWM. and these are 

integrated in an single system by sharing the mosfet switches the Square wave voltages 

made at trading center points in the SCC are utilized to drive course of action full tanks in 

the Series Resonant Converter and a divert inductor in the PWM-converter. The proposed 

system are given in mat lab and the simulation for the multiport system is taken in an pwm 
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waveform. The prototype of the system is verified with the matlab .The characteristics of the 

MPC matched with simulation results model. 
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Abstract. Electricity consumption at houses and companies are calculated using digital 

energy meters installed in the consumer’s premises. The consumer will aware of the energy 

consumption rate only at the end of the period and get worried about the high electricity bill. 

This IoT based smart energy manager is capable of monitoring the electricity usage and send 

SMS/E-mail to the consumer when the consumed energy reaches beyond the threshold value. 

In addition to the above it aims to save energy by turning off the appliances from remote place 

when energy consumption gets exceeded. Remote monitoring and control of electricity is 

obtained with the help of Arduino, ESP-12E Wi-Fi module. The current sensor is used to 

measure the current consumption and gives input signal to the Arduino Uno, which is 
programmed to calculate the electricity bill.  With the help of CritaC App IoT, IFTTT, it sends 

SMS/E-mail about the total energy consumption and electricity bill. The prototype model is 

implemented and test results are discussed in this paper.  

1.  Introduction 
India is the second largest populous country and one of the fastest growing economies in the world. In 

2017, according to the International Monetary Fund (IMF), the Indian economy was nominally worth 

$2.6 trillion; it is almost $10 trillion as a 3rd largest Purchasing Power Parity [1]. India is rich in 
natural resources but the demand on power increases continuously (Figure 1-source: 19

th
 EPS report-

National Electricity Plan, Central Electricity Authority, India) due to increasing population, in order to 

satisfy the power demand new technologies should be included [2]. Renewable resources such as 
solar, wind should be used effectively to satisfy the emerging demand [3-4].Today technology plays 

an important role in day to day life, it makes our life simpler and enable us to stay connected to family 

and friends with almost no cost. Now- a- days, home automation can be done in smart phone for 
controlling appliances with the help of sensors inbuilt within it [5]. 

Arduino plays a major role in the IOT platform and used to develop lot of projects in all areas. 

Arduino consists of microcontroller, various analog and digital I/O pins. The microcontroller present 
in Arduino can be coded by C and C++ programming language. With the help of Arduino, it is easy to 

combine both hardware and software. Here arduino is chosen as the major component since, it is cost 

effective and compact in size and it can easily work with all types of sensors that are available. When 

arduino is connected to the Wi-Fi module, it can be accessible by the smart phones[6]-[13]. 
The proposed system provides energy monitoring and control with the help of CritaC IoT App 

which calculates the tariff and send a mail if it exceeds the threshold value. The threshold value 

Page 424 of 3066Page 424 of 3066



VCADPCA 2020

IOP Conf. Series: Materials Science and Engineering 906 (2020) 012004

IOP Publishing

doi:10.1088/1757-899X/906/1/012004

2

 

 
 

 

 
 

completely depends on the customer’s maximum demand at the home. By this system it is easy to 

monitor and control the energy, here controlling is done with the help of relay connected to every 

appliance that trips the appliances when it exceeds the threshold value. 

 

 

Figure 1. India’s Peak Electricity Demand Source: EPS 

2.  Proposed System  
The proposed idea gives a detailed report on energy monitoring and controlling purpose with help of 

Arduino, ESP8266, current sensor and relay. The Adafruit IO platform continuously fetches the data 

from the Wi-Fi component connected to the current sensor that measures the current consumption of 
the appliances. The CritaC IoT App is used to view consumption of energy for every second through 

smart phone and the load can be controlled with the help of relay. Thus the relay can turn off load  

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Figure 2. Block diagram of IOT based smart energy manager for low power consumers 

0

100000

200000

300000

2016-17 2021-22 2026-27

Peak Electricity Demand 

(MW)

Peak Electricity 
Demand (MW)

A 

R 

D 

U 

I 

N 

O 

U 

N 

O 

NON 

PREDOMINE

NT LOAD 

RELAY 

CURRENT 

SENSOR 

AC SUPPLY 

ESP8266 

MODULE 

MAIL 

PREDOMINE

NT LOAD 

Page 425 of 3066Page 425 of 3066



VCADPCA 2020

IOP Conf. Series: Materials Science and Engineering 906 (2020) 012004

IOP Publishing

doi:10.1088/1757-899X/906/1/012004

3

 

 
 

 

 
 

automatically, hence it is programmed in Arduino that if it exceeds the threshold value.  The main 

objective of the proposed project are to (i) monitor the energy consumption (ii) display energy 

consumption in a smart phone through CritaC IoT App (iii) display the amount of energy consumption 
shown as bill and  (iv)to control the appliances if the energy consumption exceeds the threshold value. 

The general block diagram of the proposed system is given in figure 2. The loads are classified into 

predominant and non- predominant loads. In this work the maximum limit is taken as 5 units. If the 
power consumption is beyond the maximum limit, it is not necessary to switch off all the loads. Rather 

than switching of all the loads only non-predominant loads are turned off with the help of relay. Here 

the energy monitoring and control is not enough, power saving is very much important for future. By 
turning on and off of the predominant and non–predominant loads at correct time is necessary and it 

can be done with the help of this proposed project. The comprehensive implementation details can be  

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Figure 3. Flow chart for proposed system 
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visualized using flowchart as shown in figure 3. The flowchart describes the function of proposed 

prototype in which when the tariff is greater than threshold value, the non -predominant loads are 

turned off by the relay which is programmed by the Arduino. 

2.1.  Hardware setup 

The hardware setup consists of Arduino Uno, relay, load, current sensor, bread board, ESP-12E 

module and a smart phone (Figure 4). Here the output can be viewed with the help smart phone. The 

loads are connected with the arduino, where ESP-12E module is used for transferring data to Adafruit 
Io platform. This chapter describes the components involved in this work. 

The Arduino Uno is an open source Micro Controller board based on the microchip 

Atmega328P.The board consists of both analog and digital input & output pins that can be interfaced 
with other circuits. The Uno board is different from all other boards by featuring the ATmega328P 

microcontroller programmed as a USB to serial converter. Here, Arduino is used for serial 

communication with ESP12 by writing code for both transmitting and receiving data. The loads are 

connected to the arduinouno board as it has two analog to digital pins. 
Current sensor is able to sense the flow of current in the appliances, which can detect AC or DC 

current. It generates a signal proportional to the current. The generated signal could be in any form and 

it is connected to Arduino to calculate tariff and bill using mathematical formulas (figure 3). Current 
sensor is the key component of the project that can able to sense up to 30A current. This module 

operates with Hall Effect principle.  

 

Figure 4. Experimental setup of smart energy manager 

 

ESP-12E module is a Wi-Fi module that helps to connect the mobile phone with the sensor 
components. The module connected to the current sensor that collects the data from the sensor and it is 

transferred into mobile phone through Wi-Fi. The code written for ESP-12E module is also connected 

to Adafruit IO with AIO user name and AIO key that used to trigger when the electricity bill exceeds 
the reference value.  In this project, the module is only used for transmitting and receiving data. 

 

Features  
32 bit LX106 RISC microprocessor  

80 to 160 MHZ adjustable clock frequency 

128 KB RAM and 4MB flash memory  

802.11b/g/n HT40 Wi-Fi transceiver 
 

2.2.  Software modules  

Adafruit IO platform is mainly used for storing electricity energy meter reading and communicates to 
CritaC IoT app. It can trigger when the bill amount exceeds the threshold value. In Adafruit IO 
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platform a new dashboard is created for energy meter. AIO key is generated that consists of username 

and password which can be used for CritaC IoT app. Then feed for power and bill are created. 

CritaC IoT App  is an android app that used to connect devices with mobile phone or tablet by 

which appliances can be easily controlled anywhere in the world. The appliances like light, fan, 
etc...Can be controlled with the help of this app. It helps the user by sending notification about the 

energy consumption, thereby it can take quick actions directly to control device by turning off. 

IFTTT is both the website and mobile app which is mainly used to do more with all applications. 
IFTTT stands for If This Then That. IFTTT is used for triggering Gmail or SMS for energy meter 

when bill increased beyond the threshold value. Create the new applet to connect the Adafruit IO to 

the Gmail, which helps to trigger as Gmail or SMS. 

3.  Result and discussion 

Smart energy manager works as an energy monitor and controller [6]. When all the appliances are 

working at a time it consumes lot of energy and it goes beyond the threshold value. In order to reduce 
the power consumption of the appliances the relay is used to control with the help of Arduino. The 

energy consumption and tariff can be viewed with the help of CritaC IoT App that monitors 

continuously with the help of current sensor. It continuously collects the data from the Wi-Fi module 

and displays in the smart phone. When the energy consumption is beyond the threshold value, the user 
is intimated with SMS or E-MAIL.  

The figure 5, 6, 7 describes how to create new dashboard for energy monitor and control in 

Adafruit IO. After creating a dashboard it is ready to link with Gmail through IFTTT (Figure 8).In 
order to trigger it is necessary to monitor a feed on Arduino IO as shown in the figure 9. The complete 

action field (figure 10) will send a Gmail and review and finish work is shown in the figure 11. 

The output in the experimental setup (figure 4) shows the current consumed by the loads and the 
maximum limit or threshold value fixed in the IOT server. It also display the bill amount for the power 

consumed totally, if it exceeds the threshold value the non-predominant loads are turned off with the 

help of relay automatically that programmed bythe Arduino .In the proposed prototype experiment kit 

only two incandescent lamps are connected as loads.When the lamps consume power more than the 
maximum limit then one lamp is automatically tripped off with the help of relay. The power 

consumption and tariff is continuously viewed by CritaC Iot app in the smart phone. Based on the data 

retrieved by sensor, the chart is drawn by android app as shown in the figure 12. 
 

 

Figure 5- Creating new dashboard in Adafruit IO 
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Figure 6- Choosing the feed 

 

Figure 7. Setting minimum and maximum values 

 

 

Figure 8. Linking Adafruit to SMS/E-mailusing IFTTT 
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Figure 9. Monitor a Feed on Adafruit IO 

 

Figure 10. Complete action field-Gmail 

 

Figure 11. Review and finish 
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Figure 12. Current consumption and bill shown in mobile phone 

4. Conclusion 
The energy monitoring and control has become more vital in the present scenario and power saving is 

very much important for future. By turning on and off of the predominant and non–predominant loads 
at correct time with the help of this proposed project the energy can be saved.  

This paper presented about energy monitoring and control with the help of smart phone that 

comprises with platform such as Adafruit IO, CritaC IoT and IFTTT. The experimental analysis of the 
proposed system clearly showed that it is applicable for domestic and industrial sectors and it is easy 

to install in both sectors. 
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Abstract 

Inverters are static force gadgets that convert dc input voltage to alternating current yield 

voltage with the ideal extent and recurrence. The yield voltage waveforms of perfect 

inverters ought to be sinusoidal. Yet, essentially it is square-wave or semi square-wave. 

The regular inverter, for the most part, contains the 2-level inverters that are utilized to 

acquire a capable of being regulated or limited voltage. The 2-level inverters circuits 

which includes numerous switches for regulate or limit voltage or current. Right now the 

fell staggered inverter execution is exceptionally better than that of the customary 2-level 

inverter because of diminished harmonics distortion and higher dc link voltage. In these 

topology requires fewer parts and in this way the cost, multifaceted nature in the structure 

stage in the extremely low and basic control system. The results are broke down utilizing 

MATLAB/SIMULINK programming. 

 

Keywords: Seven-level, Traditional Inverter, Diode Cascaded Multilevel Inverter, 

Voltage-boosting. 

 

1. Introduction 

Diode clamped inverters uses cinching diodes to reduce the voltage tension exerted on 

the appliances. This system was first proposed in 1980‟s. It was suggested by Takashi and 

Nabae. It is also called as the nonpartisan point converter. 

These inverters utilize the clipped diodes and dc capacitors to produce alternating 

current voltage from the dc voltage. Diode fell staggered inverters offer a few points of 

interest contrasted with the customary course staggered inverter as far as lower dv/dt 

stresses, lower electromagnetic similarity, littler rating, and better yield highlights. This 

proposed framework 7-level diode Clamped multilevel inverter (DCMI) utilizing the 

Sinusoidal PWM methods as the regulating techniques. The system has been developed 

within the carrier-based PWM framework allows its implementation in DCMI with at 

least 3 - levels. A suggested version of seven-level inverter has been designed and 

implemented using simulation. By expanding the degree of the inverter, compelling 

adjusting in line voltage and decreased THD is gotten. The great execution of the 

proposed regulation procedure is exhibited from recreation results for a nine-level diode 

clamped inverter and the 7-level diode clamped inverter. The fundamental idea of these 

inverters is to uses the diodes and gives the various voltage levels through the various 

levels to the capacitors which are in designed. The diode moves a restricted degree of 

voltage, thereby lessening the tension on other electrical or electronics appliances. The 

highest yield voltage is half of the energy supplied direct current voltage. It is the major 

limitation of the diode clamped staggered inverter (DCMI). This limitation can be 

unraveled by expanding the switches, the diodes, the capacitors. Because of the capacitor 

adjusting issues, these are constrained to the 3- levels. This types of inverter gives high 

effectiveness on the grounds that the major recurrence utilized for all the exchanging 

appliances. 
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2. Differentiation of Traditional and New Multilevel Inverter Topology   

 

 2.1. Traditional Inverter 

In regular inverters, for the most part, 2-level inverter is utilized to get a 

regulated output DC voltage. The 2-level inverter circuit which comprises of 

sources with some measure of voltage and numerous switches to regulates or limit 

voltage or current. In extreme force and extreme voltage applications, the traditional 

multi-level inverters consisting of 2 inverters, in any case, has a few confinements 

in working at extreme recurrence principally because of exchanging misfortunes and 

limitations of the influence gadget appraisals. Arrangement and equal blend of 

intensity switches so as to accomplish the force dealing with voltages and flows. 

Because of the nearness of number of switches. In normal, multi -level inverters 

consisting of 2 levels the information Direct Current is changed over into the 

Alternating Current. Contingent upon the setup, many switches were utilized. 

Positive gathering switches is obtained at the positive half cycle and the other the 

negative half cycle is obtained at negative gathering. Many methodologies has been 

as of late proposed, for example, the topology using low-exchanging recurrence 

extreme power gadgets, difficult circuits can frequently found in multi-level 

switches consisting of 2 level inverter circuits, because of intricacy and additionally 

increments. 

 

2.2. Multilevel Inverter Topology   

 

2.2.1. Diode-Clamped Inverter  

In diode clipped inverter we use diodes for amendment just as for controlling the 

sources and yield. By utilizing this strategy music just as utilizing of exchanging 

can be diminished. This will deliver swells that are similarly under two-level 

inverter along these lines getting a superior yield. For instance, the five-level diode-

cinched inverter that appears in Fig.1dc transport comprises four capacitors, and 

diodes are utilized. Hereby the activity of diodes is controlled. The capacitors 

voltage is also being controlled. 

 

Figure.1 5-level Diode consisting of circuit topology 
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2.2.2. Modified Diode Clamped Inverter 

Figure. 2 shows the circuit outline of the altered diode cinched staggered inverter. 

The force circuit of adjusted diode clipped staggered inverter is to such an extent 

that it can create more yield levels with a diminished number of intensity switches. 

It utilizes just 6 changes to get a yield voltage of seven levels while regular 

inverters utilize progressively a number of switches. Here just a single dc source is 

utilized and afterward it is separated by utilizing a dc transport capacitor. 

Accordingly, less number of parts are utilized to produce the seven-level yield 

voltage. Proposed block diagram below as follows: 
 

 

Figure 2: Proposed Diode Clamped multilevel Inverter 

 

A three-stage seven-level diode braced inverter (SLDCI) comprises of six 

capacitors on the dc transport, thirty- six exchanging gadgets and thirty clipping 

diodes to deliver a seven-level yield stage voltage. The switches are numbered in the 

grouping of S1, S2, S3, S4, S5, and S6 for stage A. Essentially, the other two stages 

are numbered. The reproduction model of three-stage SLDCI took care of enlistment 

engine is created utilizing PSIM. 

 

3. Switching Sequence  

The three phase SLDCI fed induction motor produce a seven level staircase output 

voltage. The switching sequence table generates the seven level staircase voltage is given 

below.  
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4. Calculation of Total Harmonic Distortion (THD): 

The total harmonics distortion (THD) is numerically given by 

 
  

 

 

Where H1 is the amplitudes of the central segment, whose recurrence is w0 and Hn is 

the amplitudes of the nth sounds at recurrence nw0 
 

 

 

Therefore, yield voltage THD of the displayed waveform can be calculated. 
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Hypothetically, to urge correct THD, limitless sounds got to be calculated. Be that as it 

may, it isn,t conceivable in practice. In this manner, certain number of sounds will be 

given. It depends on how exact THD is needed. 
 

5. Reduced Switching Topology  

For practical execution, the exchanging state must be changed over into transistor 

signals. Once the transistor signals are built up, common expressions for the a-phase line 

to ground voltage & the a-phase component of the DC streams is composed as 

  

 Vx0 =Hxn Vx0 +Hxn-1Vn-10 + …..+ Hx1V10 

 Vy0 =Hyn Vn0 +Hyn-1Vn-10 + …..+ Hy1V10 

 Vz0 =Hzn Vn0 +Hzn-1Vn-10 + …..+ Hz1V10  

  

 At „n‟ level inverter hub current are given by 

  

 In = Hxn Ix + Hyn Iy + HznIz 

 In-1 = (Hxn-1)Ix+(Hyn-1)Iy+(Hzn-1)Iz 

 I1 = Hx1Ix+Hy1Iy+Hz1Iz  

 

The over connections are modified into recreation computer program that recreates one 

stage of a diode clamped inverter. The multiphase framework are associated with a few 

blocks. The transistor & diode KCL & KVL conditions may be actualized to urge more 

points of interest. This permits the gadget voltage drops & too the person gadget voltages 

& currents are included. To get it this relationship, consider the common N level diode 

clamped structure. Through the clamping activity of diodes, the blocking voltage of each 

transistor is based on the capacitor voltage within the arrangement bank. At last, the 

capacitor intersection currents communicated as the distinction of two clamping diode 

currents. In case of three level inverter, the expression got diminishes to  

  

 C1pVz1 = -Idz+Hx3Ix+Hy3Iy+Hz3Iz 

 C1pVz2 = - (Idz+Hx1Ix+Hy1Iy+Hz1Iz)  

 

6. Simulation Results of Inverter  
  

 With the help of “MATLAB” the sinusoidal pulse width modulation was carried 

out as shown in Figure: 3.  
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 Comparison Output of 7L-DCML Inverter and Sinusoidal Wave 

 

 

 

 

   Figure:5  Prototype of 7L-DCML inverter 

Figure 3: SIMULATION OUTPUT OF 7 LEVEL DCMI 
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7. Conclusion 

 A 7 level diode braced staggered inverter has been proposed right now diminished 

number of switches. This topology needs less number of switches with the least standing 

voltage on switches to form levels. Consequently, the DCMI model staggered inverter 

topology lessens the establishment zone, cost and straightforward control framework. The 

exhibition of the diode braced staggered inverter has been reenacted on 

MATLAB/SIMULINK and results are contrasted and the traditional H-connect staggered 

inverter where it needs double the quantity of switches. 
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The solar photovoltaic (PV) source is preferred to be functioned at low voltages. The practical systems 

such as grid-tied systems require a high output voltage causing a reduction in conversion efficiency. 

To handle this problem, this paper presents a new non-isolated boost dc-dc converter with a single 

switch suitable for solar PV applications. This converter comprises a dual voltage multiplier (VM) 

cells, leakage energy recovery scheme, and coupled inductor (CI) techniques to get the desired output 

voltage from the converter. The double clamp capacitors are connected to the primary side of the CI. 

The clamp capacitors can share the current through the CI, and it ensures that the leakage inductance 

energy of the CI can be recovered, leading to an expansion in the converter voltage gain and conversion 

efficiency. In addition, the clamp circuit clamps the voltage stress of the MOSFET switch, and the 

clamp capacitors will discharge at a specific time to increase the converter gain. A high duty cycle is 

not necessary for getting a high voltage gain, which avoids the diode reverse recovery issues. The 

converter can be operated in both continuous conduction mode (CCM) and discontinuous conduction 

mode (DCM). A 500W experimental prototype is developed for experimental validation, and the 

supporting simulation results were presented. The maximum efficiency of the converter is 93.94%, 

and, at full load, the efficiency is 92.55%. 

Keywords: Clamp circuit; Coupled inductor; Voltage gain; VM cell; Voltage stress. 

1.   Introduction 

In present-days, electrical energy is the basic need for our life. To generate this electrical 

energy, some prominent issues like fossil energy depletion, global warming is becoming 

very serious due to the CO and CO2 emission from the power plants. These aspects have 

led the investigators to renewable sources such as solar PV, wind and fuel cell systems. 

Particularly, the solar power generation has become an attracted power generation system 

which has advantages like efficient, safety, pollution less; eco- friendly because of its 

operational cost is low. However, the fuel cell and solar PV sources pose major challenges 

such as (a) these sources are operated at very low voltages, typically (25-50) V, due to its 

Manuscript (pdf) Click here to access/download;Manuscript (pdf);JCSC - Converter Design_Dharma.pdf
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safety constraints. This results in unsuitability to the grid-tied systems and even stand-alone 

electrical loads which requires a high voltage boosting, (b) non-linear characteristics of the 

source which gives sub-optimal utilization (e.g. maximum power point tracking techniques 

is required for the PV source) [1-3]. Therefore, in-between the PV source and load, a high 

gain dc-dc converter is required. In addition, renewable energy-based distributed 

generation system got remarkable growth as a most crucial power generating division due 

to its environment-friendly and clean features. Moreover, these energy generation results 

in low voltage profiles where there is a high requirement of various dc-dc converter circuit 

topologies [4]. Recently, the technology called DC microgrid has been familiarized to 

utilize renewable energy sources and supplies the grid efficiently, particularly at remote 

locations. This technology is attractive due to its advantages, such as ease of expansion, 

operates in both stand-alone and grid-tied mode, and opportunity to export the excess 

power to the grid or receiving from the grid during high load demand. The DC loads, such 

as electric vehicles and LED lamps, directly receive the energy from the DC bus of the DC 

microgrid. However, a DC microgrid operation heavily depends on the high step-up boost 

converter [5]. Recently, the microinverter technology was introduced in which dc-dc 

converter and dc-ac inverters are integrated. As the output voltage of the solar panel is low, 

the voltage needs to be boosted using a step-up dc-dc converter. Therefore, the dc-dc 

converter plays a significant role, and it can lift or set down the input voltage by varying 

the duty cycle [6]. Based on construction, the dc-dc converters are divided into isolated 

and non-isolated converters and based on the voltage levels, and it is classified as buck, 

boost, buck-boost, and resonant converters. Usually, the conventional dc-dc boost 

converter has low conversion efficiency with an extreme duty cycle. It can cause high 

conduction loss and reverse recovery problem, which leads to decrease conversion 

efficiency [7-8]. 

Generally, the transformation among non-isolated and isolated dc-dc converter defines the 

electrical isolation between the output and input of the isolated dc-dc converter and for the 

non-isolated converter, there is a dc path between output and input [9]. In the isolated dc-

dc converter, the connecting part can be the transformer, but due to transformer leakage 

inductance, core and conduction losses are the problems with the transformer. Also, the 

difficulties due to transformer core saturation are absent in the non-isolated converters. 

However, isolation is required for security and safety purposes [10]. In a non-isolated dc-

dc boost converter, the connecting part between input and output can be done by the CI, 

energy storage cell, etc. Due to the absence of the transformer, the size and weight of the 

converter can be reduced [11-13]. The conventional non-isolated boost converter can step 

up the voltages, but, the current ripples are high, which causes more conduction losses. A 

large current ripple reduces the converter lifetime and may damage the power generation 

equipment. The high value of the inductance can reduce these ripples, and it may also 

decrease the dynamic response of the converter. Therefore, the converter requires an input 

filter, which reduces input current ripples. For high power applications, the filter may be 

large, so that converter weight and size increases. So, non-isolated converters are suitable 

for medium and low power applications [14-16]. Many converters can be functioned at less 
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duty ratio by providing high voltage gain, and there are so many topologies, and structures 

are discussed in the literature to improve voltage gain and the conversion efficiency. Some 

of the techniques such as switched-capacitor (SC), switched-inductor, voltage lift, voltage 

doubler circuit, and capacitor-diode voltage multiplier circuit are proposed by the various 

researchers [17-23]. The critical problem of these converters is high charging current 

through the switch, which leads to decrease efficiency. So, the converters based on the CI 

can attain a high conversion ratio by varying the turn’s ratio. The voltage gain of the boost 

converter is more dependent on the duty cycle; by inserting a VM cell, the voltage gain can 

be improved [22]. The SC is used to regulate the duty ratio of the converter, and the voltage 

stress can be reduced [21]. The major drawback is that if the conversion ratio of the CI is 

more, then the stages of the SC also increased [19]. The modified boost converter with SC 

is proposed in [24] has high voltage gain with less voltage stress across the power devices. 

Nevertheless, the drawback with the SC is less voltage regulation, which can be rectified 

by the converter proposed in [24]. 

The new high-gain non-isolated dc-dc converter for the solar photovoltaic systems is 

proposed by [25], and it has a single power switch. The voltage gain is high when compared 

to the basic boost topology and less voltage stress across the power devices. This converter 

is less in size and highly efficient, so it is preferred for voltage boosting purposes. The 

converter with the passive clamp is presented in [13], and the clamp capacitor recycles the 

leakage inductance energy of the CI without changing the converter gain. The converters 

discussed in [26-27] has features such as high gain, high conversion efficiency, less duty 

cycle, and low voltage stress across power devices than the isolated dc-dc converters. The 

converters proposed in [28-32] has soft-switching action such as zero voltage switching 

(ZVS) and zero current switching (ZCS) for the switches and diodes to reduce the 

conduction loss. It has less input ripple current, which is a more reliable converter for solar 

power generation systems. Many authors proposed a converter with two or more switches 

to reduce the count of passive elements [33-34]. However, the operation and control 

complexity makes the converter to come with a single switch.  

 

 
Fig. 1. Block diagram of the proposed converter system 
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By considering all the issues of the converter discussed in various literature, this paper 

presents a single switch dc-dc converter for a high step-up voltage conversion ratio, which 

consists of a coupled inductor and double VM cell with the passive clamp circuit. By 

considering all aspects of the solar PV systems, to achieve a higher voltage gain, the 

proposed converter has features such as leakage inductance energy recovery, reduction of 

reverse recovery issues of the diode, less input current ripple due to the CI and input filter, 

and drop-in switch voltage stress. Fig. 1 depicts the block diagram of the proposed 

converter system, in which the red line indicates the flow of the proposed work in this 

paper. The paper is structured as follows. Section 2 discusses the different operating modes 

of the proposed converter. The steady-state analysis under continuous conduction mode 

(CCM) and discontinuous conduction mode (DCM) are presented in section 3. The 

simulation study is presented in section 4, along with the thermal study on MOSFET and 

diodes. Section 5 presents the hardware implementation and further discussions. Section 6 

concludes the paper. 

2.   Proposed Circuit Outline and Operation of the Converter 

The circuit schematic of the proposed converter is shown in Fig. 2. Fig. 2(a) shows 
the schematic structure, and the equivalent circuit is depicted in Fig. 2(b). The 

coupled inductor comprises the magnetizing inductance (Lm), the primary leakage 

inductance (Llk), and the primary and secondary winding turns such as T1 and T2, 

respectively. The capacitors C3 and C4 are act as passive clamp capacitors and the 

diodes D1 and D2 act as passive clamp diodes. The proposed has a double VM cell 

circuit, which is made by the secondary side of the coupled inductor, the diodes D3 
and D4, and the capacitors C1 and C2.  

 

 
(a) 
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(b) 

Fig. 2. Circuit diagram of the proposed converter; (a) Structure of the 

proposed converter, (b) Equivalent circuit 

 

To simplify the circuit analysis, the following assumptions are made. 

 All power devices are ideal. 

 The capacitors Cout-C4 are large enough. During one switching period, the 

voltage is constant across the capacitors. 
 The CI turn’s ratio is equal to T2/T1. 

The proposed converter is operated in both CCM and DCM. The operating principles of 

the converter in both modes are discussed in this section. 

2.1.   Operation of the proposed converter under CCM 

In this sub-section, the operation of the proposed converter under CCM is discussed. The 

theoretical waveform for CCM of operation during one switching cycle is shown in Fig. 

3. Under CCM, the operation of the converter is split into five operating modes for better 

understanding. The operating modes are presented in Fig. 4. 

 

Mode-I (t0-t1): At t=t0, the switch S is turned ON by gate pulse. The current path during 

mode-1 is depicted in Fig. 4(a). The diode D0 is in conduction. The clamp diodes and VM 

cell diodes are reverse biased due to the voltages such as VC3+Vin, VC4+Vin, V0-VC1-VC4-

VC3-Vin, and V0-VC2. It is observed that the voltage source transfers the energy to the 

primary leakage inductor (L1k), and the magnetizing inductor (Lm) and. At the same time, 

Lm is connected with the capacitors C1 and C2 in series to deliver the energy to charge the 

output capacitor (C0) and the load (R). Finally, this mode ends when the current is ILlk=ILm 

at t=t1.  
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Fig. 3. Theoretical waveform during one switching period under CCM 
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(b) 

 
(c) 

 
(d) 
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(e) 

Fig. 4. Current paths under the CCM operation; (a) Mode-I, (b) Mode-II, 

(c) Mode-II, (d) Mode-IV, (e) Mode-V 

 

Mode-II (t1-t2): The switch S is turned ON during this mode, and the diodes D4 and D3 are 

forward biased. The diodes D2 and D1 are blocked by the voltages VC3+Vin and VC4+Vin. 

The diode D0 is blocked by V0-VC2. Fig. 4(b) represents the current path during mode-2. 

The inductors Llk and Lm are charged by the input source voltage. At the same time, a 

certain amount of energy in Lm is delivered to the CI’s secondary side to charge C1. 

Moreover, the input voltage is connected in series with the CI’s secondary winding, the 

capacitor, C3, and the capacitor, C4, to charge the capacitor C2 through the diode D4. The 

load receives power from the output capacitor, C0. Finally, the switch is turned off at t=t2, 

and this mode ends.  

Mode-III (t2-t3): At t=t2, when the switch S is turned OFF, and it forward biases the diodes 

such as D1, D2, and D3. The diodes D4 and D0 are reversed biased by the directions of the 

voltages such as VC2-VC1-VC3 and the V0-VC2. Fig. 4(c) represents the current path during 

mode-3. When switch S is turned off, the energy stored in Llk is quickly discharged to C3 

through D2. At the same time, the energy stored in Llk is also released to C4 through D1. 

Therefore, C3 and C4 are charged equally. Thus, Lm receives the energy from Llk, and the 

energy stored in the output capacitor C0 is continuous discharges to the load. The current 

ILlk drops at t=t3, and this mode end.  

Mode-IV (t3-t4): The switch, S, is kept at turned OFF during this mode. The diodes D2, 

D1, and D0 are forward biased. The diode D4 and D3 are still blocked by the voltages V0-

VC1-VC3 and VC0-VC2. Fig. 4(d) represents the current path during mode-4. The energy 

stored in the magnetizing inductor and Lk1 is released to C3 and C4 continuously. The 

voltage stress of the switch is reduced by the clamps circuit and effectively recycles the 

leakage inductor energy. At the same time, the energy stored in Lm is released to the 

capacitor C0 and the load. Therefore, the current such as ILlk and ILm are quickly decreased. 

At t=t4, the current ILlk reaches zero, and this mode ends.  

Mode-V (t4-t5): During this mode, the switch S is still turned OFF. Since ILlk=0, the diodes 

D2 and D1 are naturally turned OFF, and the diode D0 is in forward bias condition. Fig. 

4(e) represents the current path during mode-5. The magnetizing inductor Lm and the 
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capacitors C2 and C1 are still in series to deliver its energy to the capacitors C0 and the 

load. When the switch, S is ON at t=t5, this mode ends. 

2.2.   Operation of the converter under discontinuous conduction mode  

The operation of the converter under DCM is presented in this section. The converter has 

four modes during one switching cycle under DCM. The key waveform under DCM is 

shown in Fig. 5. The operating modes are presented in Fig. 6.  

 

 
Fig. 5. Theoretical waveform during one switching period under DCM  
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(a) 

 
(b) 

 
(c) 
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(d) 

Fig. 6. Current paths under the DCM operation; (a) Mode-I, (b) Mode-II, (c) 

Mode-II, (d) Mode-IV 

 

Under DCM, the effect due to the leakage inductance is neglected due to less leakage 

inductance. So, the voltage drop across the leakage inductor is less than the magnetizing 

inductor. 

Mode-1 (t0-t1): The switch S is turned ON during this mode, and it forward biases the 

diodes D4 and D3. The diodes D2, D1, DO are reverse biased. Fig. 6(a) represents the current 

path during mode-1. During this interval, the currents such as ILm, ID4, ID1 is progressively 

increasing due to the capacitor C1, and C1 can be charged by the source voltage and the 

capacitors C3 and C4. Simultaneously, the magnetizing inductor Lm receives the energy 

from the source voltage. Meanwhile, some of the energy in Lm is slowly released to the 

capacitor C1 through the diode D3. The capacitor C0 supplies the energy to the load. This 

mode ends at t=t1, and the switch S is turned OFF.  

Mode-2 (t1-t2): The switch, S, is kept OFF during this mode. The current path is depicted 

in Fig. 6(b) during mode-2. The stored energy in the CI is to be delivered to the capacitors, 

C4 and C3 and through the diodes D2 and D1. At the same time, the capacitor C1 is charged 

by the magnetizing inductor Lm. The currents such as ILm, ID2 and ID1 are decreased linearly. 

The stored energy in the output capacitor C0 is released to load. This mode ends at t=t2 

when the current ID3 reaches zero.  

Mode-3 (t2-t3): During this mode, switch S is turned OFF at t=t2. The diodes D2, D1, and 

D0 are forward biased, and the diodes D4 and D3 are reverse biased. Fig. 6(c) represents the 

current path during mode-3. The stored energy in the magnetizing inductor Lm delivers to 

the large capacitors C3 and C4 through the diodes D2 and D1. At that same time, IDo increases 

because the capacitors, C1, and C2 are connected in series with Lm to charge C0 and the 

load. This mode ends at t=t3 when the currents ID2= ID1=0.  

Mode-4 (t3-t4): The switch, S, is turned OFF at t=t2, and the diode D0 is forward biased. 

Fig. 6(d) represents the current path during mode-4. The magnetizing inductance Lm is 

continuously discharged linearly. The stored energy in Lm and the capacitors C1 and C2 are 

connected in series, and it releases the energy to C0 and the load through the diode D0. This 

mode ends when the energy in Lm is equal to zero at t=t4. 
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3.   Steady-State Analysis of the Proposed DC-DC Converter 

In order to simplify the proposed converter performance analysis, the capacitance values 

of VM cell and clamp circuit are large enough to neglect the output voltage ripple, and the 

efficiency of the converter is assumed to be as 100%.  

3.1.   Analysis during CCM of operation  

For the steady-state analysis, modes II & IV are considered because the modes I & III are 

very short. So, it is neglected for further investigation and discussion. The leakage 

inductance effects are neglected. In mode-2, the magnetizing inductor voltage (VLm) can be 

written as:  

sL VV
m
         (1)  

Where the input voltage is represented as Vs. The secondary voltage of the coupled inductor 

is presented in Eq. 2, in which T is the coupled inductor turns ratio.  

12 CsT VTVV          (2) 

Where the capacitor (C1) voltage is represented as VC1. Also, the capacitor (C2) voltage can 

be written as:  

1432 CCCsC VVVVV        (3) 

Where VC3 and VC4, respectively represent the voltage across the capacitor C3 and the 

voltage across the capacitor C4. During mode-4, the following equation can be written as: 

43 CCL VVV
m

        (4) 

The output voltage equation of the converter under CCM is presented in Eq. 5. 

212 TCCout VVVV         (5)  

Apply the inductor volt-second balance principle to the magnetizing inductor Lm, and by 

using the above-said equations, the voltage across the capacitors C2, C3, C4 and the 

secondary side voltage (VT2) of the coupled inductor is derived as:  

sCC V
D

D
VV




143
       (6)  

Where D is the duty cycle of the proposed converter. The voltage of the capacitor C2 and 

the voltage across the secondary side of the coupled inductor can be modified as follows:  

sC V
D

D
TV 




















1

2
1

2
      (7)  

sT V
D

TD
V 












12
       (8)  

By using the above equations, the voltage gain of the proposed converter under CCM is 

given by Eq. 9.  

T
D

DT

V

VVV

V

V
M

s

TCC

s

out
CCM 









1

1212     (9)  

Fig. 7 shows the variation of the voltage gain with the different turn’s ratio at the various 

duty cycles. For the steady-state analysis, the coupling coefficient is considered as 1, and 

the turn’s ratio (T) is selected as 1, 2, and 3. From Fig. 7, it is observed that the converter 

load output voltage is improved by varying the turn’s ratio, and the duty ratio. However, 

the coupling coefficient does not have much impact on the output voltage of the converter. 
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Fig. 7. Voltage gain versus duty cycle at the coefficient of coupling (k) equals to 1 at 

CCM 

3.2.   Analysis during DCM of operation  

For simplified analysis, the effects of leakage inductance are ignored, and modes 1, 3, and 

4 are considered for the discussion. When the switch S is turned ON, the equation for the 

voltage across the Lm can be written as:  

sL VV
m
         (10)  

The voltage across the secondary winding of the CI is given by Eq. 11.  

12 CsT VTVV          (11) 

In addition, the voltage of the capacitor C2 is presented in Eq. 12.  

1432 CCCsC VVVVV        (12) 

When the switch S is in OFF condition, the following equation is derived.  

43 CCL VVV
m

        (13) 

The output voltage of the proposed converter under DCM is presented in Eq. 14.  

212 TCCout VVVV         (14)  

Apply the inductor volt-second balance principle to the magnetizing inductor Lm, and by 

using the above-said equations, the voltage across the capacitors C2, C3, C4 and the 

secondary side voltage of the coupled inductor is derived as:  

s
l

CC V
D

D
VV 

43
       (15)  

DlTs is defined as the time when the current travels from peak to zero points when the 

switch S is turned OFF. Ts is the switching period of the converter. The voltage across the 

capacitor C2 and the voltage across the secondary side of the coupled inductor can be 

modified as follows:  

 
s

l

l
C V

D

DDT
V

21
2


        (16)  

s
l

T V
D

TD
V 

2
        (17)  

AC
CE

PT
ED

M
AN

US
CR

IP
TAccepted manuscript to appear in JCSC

J 
C

IR
C

U
IT

 S
Y

ST
 C

O
M

P 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 U

PP
SA

L
A

 U
N

IV
E

R
SI

T
Y

 o
n 

05
/1

9/
20

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

Page 455 of 3066Page 455 of 3066



14     Author Names 

 

 
  sout

s
l

VTV

DVT
D

21

2




        (18) 

According to the steady-state principle, the average currents of iD2 and iD0is equal to the 

average current I0, and Dy is the duration of the current iD2 changes from the peak to the 

zero. The peak current of the magnetizing inductance (iLm) is obtained as:  

 
m

ss
L

L

DTV
peaki

m
        (19)  

The average current of the diodes D2 & D0 can be expressed as follows:  

 

s

syL
D

T

TDpeaki
i m

25.0

2
       (20)  

  
s

sylL
D

TT

TDDpeaki
i m

**20


       (21)  

T

D
D l

y



2

2
        (22)  

 

 T

peakiD
I mLl

out



22

       (23)  

The time constant for the magnetizing inductance (𝜏𝐿𝑚) is defined as follows:  

R

FL

TR

L sm

s

m
Lm





        (24)  

Since Iout=Vout/R, the converter voltage gain during DCM is presented in Eq. 25. 

   

2

2
2121

2
2

































mL

s

out
DCM

D
TT

V

V
M



    (25)  

Fig. 8 displays the deviation of the converter voltage gain with various turn’s ratio at 

various duty cycles. From Fig. 8, it is observed that the load output voltage is improved 

by varying the turn’s ratio, and the duty ratio. The gain of the converter depends on the 

time constant (𝜏𝐿𝑚). 
 

 
Fig. 8. Voltage gain versus the duty cycle during the DCM under different𝜏𝐿𝑚  and 

during the CCM under T=1 
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The voltage gain comparison among various converters proposed in the literature is 

depicted in Fig. 9. It is observed from Fig. 9 that the voltage gain of the proposed converter 

is higher than the converter proposed in [21] up to 60% of the duty cycle. However, the 

voltage gain of the converter in [25] is slightly higher than the proposed converter after 

60% of the duty cycle. Nevertheless, usually, the operation of high step-up gain converters 

are limited to 65% of the duty cycle. In that context, the proposed converter performs 

better than the converter proposed in various literature.   

 
Fig. 9. Comparison among various converters at T= 2 

3.3.   Voltage and current stress of the and diodes  

Under CCM mode of operation, the voltage and the current stresses on the power devices 

are given as follows, and the leakage inductance Llk of the coupled inductor is neglected. 

The voltage stress of the switch S is presented in Eq. 26 and the voltage stress of the diodes 

from D0 to D4 are given as follows:  
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      (29)  

According to the operation, the inductor current ripple is derived and presented in Eq. 30.  

m
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         (30)  

During steady-state, the average currents of IC1, IC2, IC3, and IC4 are zero. Thus, the average 

current that flows through the diodes D2 and D0 are equal to the average current Iavg. The 

current stresses of the switch S and the diodes D2 and D0 can be written as follows:  
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Fig. 10 shows the normalized voltage stress of the switch versus duty cycle at different 

turn’s ratios of the coupled inductor. It is witnessed that the switch voltage stress is always 

lower than the output voltage. The voltage stresses of the power devices are still lower 

than the output voltage. Therefore, switch with the lower on-state resistance (Rds-on), 

which increases the efficiency of the converter. 

 

 
Fig. 10. Switch voltage stress curve at a various duty ratio 

3.4.   Performance comparison 

The performance comparison between the proposed converter, and the converters 

proposed in [13], [21], [25], and [29] is presented in Table 1. The number of components 

of the converter proposed in this paper, and the converter in [21] are equal, but the switch 

voltage stress is less than the other converter, which increases the efficiency of the 

proposed converter. The voltage gain of the proposed converter and the converter 

proposed in [25] is similar as discussed earlier; however, the number of components in 

[25] is more when compared to the proposed converter. The converter proposed in [25] 

requires an additional diode and the inductor for its operation, which reduces the overall 

efficiency of the converter. In this context, the proposed converter is made with few 

numbers of components, and it does not require any auxiliary inductor, which increases 

the converter efficiency.   
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Table 1. Comparison between the various converters 

Topology [13] [21] [25] [31] 
Proposed 

Converter 

Voltage 
gain D

TDTD





1

)1(2
 
 

D

TD





1

2)1)(1(
 

   
 D

DDT





12

223
 

)1(2

)1(1

D

DTDD




 

As per Eq. 
9 

Active 

switches 
1 1 1 1 1 

Diodes 6 5 6 6 5 

Capacitors 8 5 5 5 5 

Auxiliary 
inductor 

- - 1 - - 

Coupled 

inductor 
2-winding 2-winding 2-winding 2-winding 2-winding 

Voltage 

stress of the 

switch 23 



T

TVV sout
 

 
T

VTV outs





2

)1(
 

 
  sV

D

TD





12

)1(2
 

 2TDT

Vout
 

As per Eq. 
26 

Switching 
condition 

ZVS ZVS ZVS ZVS ZVS 

Reverse 

recovery 
Serious  Medium Small Medium Small 

Coupled 

inductor 

utilization 

Low Low High Low High 

3.5.   Power loss analysis 

In this section of the paper, the theoretical power loss analysis is discussed. The study 

included the losses in all the components. 

MOSFET Loss: The MOSFET switch conduction loss is calculated as follows. 

ondsrmsdsconductions RIP  2
)()(       (35) 

The switching loss of the MOSFET can be calculated as follows. 

  soffdsondsdsswitchings FtItIVP **
2

1
(max)(min))(      (36) 

Where switching frequency is represented as Fs, rise time (ton) and fall time (toff) of the 

MOSFET can be obtained from the manufacturer datasheet.  

Diode Loss: The diode's average current (ID(avg)) is equal to the output current, and the 

losses of the diodes are calculated as follows.  

)()( avgdfdconductionD IVP        (37) 

Where Vfd is the diodes forward voltage drop, and it can be obtained from the 

manufacturer's datasheet. 

Capacitor Loss: The capacitor losses can be calculated by computing the RMS value of 

the capacitor's current. 

ESRrmscconductionC RIP  2
)()(       (38) 

Where the equivalent series resistance of the capacitors is represented as RESR.  

CI Losses: (a) Conduction Losses – The CI’s copper losses can be calculated as follows. 

   ondaryrmsondaryprimaryrmsprimaryconductionCI RIRIP sec
2

)(sec
2

)()(   (39) 
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Where the primary and secondary winding resistance is represented as Rprimary, and 

Rsecondary, respectively. 

(b) Magnetic Core Losses – Using Steinmetz equations, the core losses of the CI can be 

calculated as follows in which maximum flux density is represented as Bmax, lc is the active 

length of the core, and Ac is the core cross-sectional area. 

cccoreCI lABKfP 
max)(         (40) 

The values of α, β, and K will be taken from the manufacturer datasheet. 

4.   Simulation results and discussions 

To endorse the strength of the proposed converter, the converter is simulated using the 

PLECS software package. The different parameters required for the simulation are 

presented in Table 2. Various simulation waveforms are depicted in Fig. 11. The 

simulations result confirms the theoretical analysis of the proposed converter. The 

converter is tuned to get the output voltage of 275 V at 25 V input voltage at a duty cycle 

of 0.6.  

 

TABLE 2. Simulation parameters of the proposed converter 

Symbol Parameters Ranges 

Vs Input voltage 25 V 

V
out Output voltage 275 V 

Pout Output power 500 W 

Fs Switching frequency 50 kHz 

D Duty cycle 0.6 

T Turns ratio 2 

Lm Magnetizing inductance 60 µH 

Llk Leakage inductance 2.12 µH 

C1, C2, C3  & 

C4 

VM cell capacitors & 

Clamp capacitors 
100 µF 

C0 Output capacitor 470 µF 
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(b) 

 
(c) 

 
(d) 

 
(e) 
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(f) 

 
(g) 

 
(h) 

Fig. 11. Waveforms for the voltage stress of the diodes, and switch at full load 

 

Fig. 11(a) depicts the voltage stress waveform of the switch and a gate-source voltage 

waveform of the converter. It is observed from Fig. 11(a), the voltage stress of the switch 

is equal to 64.2 V, which is less than 1/4th of the converter output voltage. The theoretical 

voltage stress of the switch is calculated using Eq. 26, and is equal to 62.5 V. Therefore, it 

is observed that the theoretical and simulation voltage stress of the switch is similar. Fig. 

11(b) shows the voltage and current stress of the switch for a better understanding. The 

current stress of the switch is observed as 39.5 A, and from Fig. 11(b), it is also observed 

that the switch is operated under the ZVS condition. Fig. 11(c) depicts the current 
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waveforms of the leakage inductor at both the primary side and secondary side of the 

coupled inductor. Fig. 11(d) illustrates the voltage waveforms of various capacitors such 

as C1, C2, C3, and C4, and the voltage across the capacitors is equal to 125 V, 80 V, 38.5 V, 

and 38.5 V, respectively. The theoretical capacitor voltages are calculated using Eqs. 14-

16, and the values are equal to 122 V, 78 V, 37.5 V, and 37.5 V, respectively. Since the 

clamp capacitors C3 and C4 are equally charged, the voltage across the clamp capacitors C3 

and C4 are similar. Fig. 11(e) depicts the voltage stress of the diode D1 and D2. The voltage 

stress of the clamp diodes D1 and D2 are similar to the voltage stress of the MOSFET 

switch. It is observed from Fig. 11(e), the diodes voltage stress is equal to 64.2 V, which 

is similar voltage stress of the switch. The theoretical diodes voltage stress can be 

calculated by using Eq. 27, and is equal to 62.5 V. Fig. 11(f) depicts the voltage stress 

waveforms of the diodes D3 and D4 and is equal to 150 V, and 97.4 V, respectively. The 

theoretical voltage stress of the diodes D3 and D4 can be calculated using Eqs. 28-29, and 

is equal to 135 V, and 93.75 V, respectively. Fig. 11(g) depicts the voltage stress of the 

output diode D0 and is equal to 150 V. The theoretical voltage stress of the output diode is 

calculated using Eq. 28, and is equal to 135 V. Fig. 11(h) presents the input voltage and 

output voltage waveform at 151 Ω load resistance. The gain is observed to be 11 at the duty 

cycle of 0.6. From Fig. 11(h), it is concluded that the converter output voltage is maintained 

constant by employing the proportional-integral-differential (PID) controller. The PID 

controller helps the converter to maintain the constant output voltage. The controller gains 

are tuned by the Zeigler-Nichols method. The PID gains are as follows. Kp=0.098, 

Ki=0.00622, and Kd=0.07. 

4.1.   Thermal Analysis by PLECS simulation model  

The operational conditions of the converter determine various losses of the proposed 

converter. The modules in the PLECS library can calculate the conduction loss and 

switching loss of the switch and diodes. The junction temperature of the switch and the 

diode is presented in Fig. 12 at full load.  
 

    
(a)      (b) 

Fig. 12. Junction temperatures at full load; (a) MOSFET, and diodes D4, D0, (b) 

Diodes D1, D2, D3 
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During switching condition, the junction temperature is more due to the rapid application 

of the pulse to the devices at the very high switching frequency. All the switching devices 

take a finite time to reach the stable junction temperature. From Fig. 12, it is predicted 

that the conduction losses by the VM cell circuits are higher than the double-clamp diodes 

and MOSFET switch due to continuous conduction during one switching period. So, the 

switching devices are provided with the proper heat-sink to dissipate the higher junction 

temperature. PLECS software has the option to quantify the heat flow of all the switching 

devices using a heat flow meter. The total heat flow of the proposed converter is 

determined by taking periodic losses of all the devices. The measured and calculated heat 

flow is compared, and the same has been shown in Fig. 13. The switching loss and 

conduction losses of the diodes and switch are measured by the various modules in the 

PLECS library. Fig. 14 shows various losses of the MOSFET, such as turn-off loss, turn-

on loss, and conduction loss under different operating temperatures. 

 

 
Fig. 13. Total heat flow of the proposed converter 

 

Fig. 15 illustrates various losses of the diodes, such as turn-on loss, turn-off loss, and 

conduction loss under various operating temperatures. 
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(c) 

Fig. 14. Various losses of the MOSFET; (a) Turn-on loss, (b) Turn-off loss, (c) 

Conduction loss 

  
(a)      (b) 

 
(c) 

Fig. 15. Various losses of the diodes; (a) Turn-on loss, (b) Turn-off loss, (c) 

Conduction loss 

 

From Fig. 14 and Fig. 15, the total loss, which includes switching loss and conduction loss, 

can be calculated for the proposed converter. The losses determined from the simulation 

tests are lower than the actual losses because actual losses are measured under the physical 
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condition, which is higher than the ideal data’s in the datasheet. However, the losses from 

the simulation results are good enough to compare with the theoretical losses. 

5.   Experimental results 

To confirm the performance of the proposed converter, a 500 W experimental prototype 

with k=0.97 is designed and developed. The laboratory setup for converter experimentation 

is presented in Fig. 16, and the various components of the converter are listed in Table 3. 

The gate pulse for the MOSFET switch is generated using the DSpace1103 development 

board. The LV-25 voltage sensor can sense the output voltage of the converter for the 

closed-loop operation.  

 

 
Fig. 16. Experimental setup of the proposed converter 

 
Table 3. Various components and its specification of the proposed converter 

Symbol Description Range Qty. 

L Coupled inductor Lm = 60 μH, Llk=2.12 μH 1 

S Switch IRFB4310ZPbF, 100 V, 120 A 1 

D1, D2 
Clamp diodes DSA50C100QB, 100 V, 50 A 2 

C3, C4 
Clamp capacitor Polyester Type, 47 µF, 100 V 1 

C1, C2 
VM cell capacitors MKT Type, 100 µF, 250 V 2 

D3, D4 
VM cell diodes MUR860, 600 V, 8 A 2 

D0 
Output diode BYV32-200, 200 V, 16 A 1 

C0 
Output capacitor Electrolytic, 470 µF, 450 V 1 

T Turns ratio 2 - 

R Load resistance 151 Ω, 5 A 1 
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Fig. 17 shows the different experimental waveforms of the proposed converter at full load. 

Fig. 17(a) depicts the voltage stress and gate-source voltage waveforms of the MOSFET 

switch. The MOSFET switch is driven using a TLP250 gate driver with 15 V as gate-

source voltage. At 60% of the duty cycle, the voltage stress is clamped to 61.2 V which 

is less than 1/4th of the converter output voltage, i.e., 275 V. The voltage stress of the 

switch shows the consistency with the theoretical, and simulation results. The leakage 

energy of the CI is absorbed by the clamp capacitors C3 and C4, and there are no voltage 

spikes when the MOSFET switch is turned off. Thus, a lower rating MOSFET switch is 

selected for the converter operation. Fig. 17(b) depicts the current stress waveform of the 

MOSFET switch. The current stress of the MOSFET switch is observed as 38.2 A (peak) 

and also found that the MOSFET switch is turned on under ZVS operation, which 

ultimately reduces the switching losses. Fig. 17(c) depicts the current waveforms of the 

primary and secondary leakage inductors. The currents are observed as 18.03 A(RMS), 

and 8.48 A(RMS). The potential difference across the secondary of the CI helps to 

increase the output voltage gain through the VM cell circuit. The voltage across all the 

capacitors are depicted in Fig. 17(d). The voltage across the capacitors such as C1, C2, C3, 

and C4 is equal to 125 V, 71.5 V, 42.5 V, and 40.2 V, respectively. The voltage across all 

the capacitors shows consistency with the theoretical and simulation results. Fig. 17(e-g) 

depicts the voltage stress of all the diodes in the proposed converter. From Fig. 17(e), the 

voltage stress of the clamp diodes such as VD1 and VD2 is measured as 61.5 V, and 68.5 

V, respectively. From Fig. 17(f), the voltage stress of the VM cell diodes such as VD3 and 

VD4 is measured as 132.5 V, and 99.5 V, respectively. Also, from Fig. 17(g), the voltage 

stress of the output diode is measured as 125 V. A small spike is observed in voltage stress 

waveforms of the diodes due to the parasitic elements of the diodes, and small spikes in 

capacitor voltage waveforms also due to the parasitic elements. The voltage stress 

waveforms of all the diodes are consistent with the theoretical and simulation results.          
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(h) 

Fig. 17. Experimental waveforms of the proposed converter 

 

The conversion efficiency of the prototype and the theoretical efficiency is plotted in Fig. 

18. The power losses in all the components at full load are presented in Table 4. For loss 

analysis of the converter, switching losses are ignored since the switch is operated at the 

ZVS condition. Moreover, the reverse-recovery losses of the diodes are ignored due to 

the CI’s leakage inductance. So, the total loss of the converter is equal to the sum of 

conduction losses and the losses due to the CI. 

 

 
Fig. 18. The performance curve of the proposed converter 
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Table 4. Theoretical Loss distribution of the proposed converter under full load 

 
Switch Diodes CI 

Capacitors 
S D1 D2 D3 D4 D0 conduction core 

Power 

loss (W) 
6.22 0.65 0.65 0.75 0.75 0.75 10.84 4.5 0.21 

ղmax 500/(500+25.11)=94.97% 

 

The proposed converter’s power losses distribution at full-load is shown in Fig. 19. From 

Fig. 19, it is observed that the losses in switch and the coupled inductor are dominant. If 

the design of the coupled inductor is optimized for mass production, the losses due to the 

coupled inductor will be minimized. As per Table 4, the conduction losses in the switch 

is high due to the high value of RMS current. From Fig. 18, it is observed that the full 

load efficiency of the converter is 92.55% at 250 W, and the maximum converter 

efficiency is 93.94% at 500 W.  

 

 

 
Fig. 19. Power loss distribution at the full-load of the proposed converter 

6.   Conclusion  

A new non-isolated high voltage gain dc-dc step-up converter is proposed and discussed in 

this paper. The CI and double VM cell capacitors based converter is implemented, which 

gives a voltage gain of 11 at 60% of the duty cycle. The voltage stress of the MOSFET 

switch is less than 1/4th of the converter output voltage due to the double-clamp device. 

Due to the low-voltage stress of the MOSFET switch, a low rating device can be preferred 

to improve efficiency. The leakage inductance energy can be recycled by the double-clamp 

circuit, which reduces the losses and further enhances efficiency. Simulation results and 

experimentations validate the effectiveness of the proposed boost dc-dc converter. For 

validation, a 500 W experimental prototype is made with 25 V input, and 275 V output 

voltage, all the output waveforms have demonstrated in CCM, and the conversion 

efficiency is 93.94% at full-load. The simulation and experimentation verify all the 

theoretical calculations. To conclude, the proposed converter has the following features.  
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 The use of CI and double-VM cell realizes a high voltage gain under less duty 

cycle.  

 The switch achieves ZVS during turn-on, which decreases the switching 

losses.  

 The voltages stress of the MOSFET switch and various diodes are less than 

the converter output voltage, and the low Rds-on devices can be used.  

 The utilization of the CI is improved, which reduces the volume and size of 

the magnetics.  
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A B S T R A C T   

With the help of accurate solar photovoltaic (PV) cell modeling, the PV system’s performance can 
be enhanced. However, PV cell modeling is erroneously caused by inaccurate solar cell param-
eters. In general, the manufacturers will not provide the required data to model PV cells accu-
rately. Thus, it is essential to get the PV cell parameters effectively. With this primary motivation, 
this paper presents a new stochastic optimization algorithm for estimating the solar PV cell pa-
rameters. Numerous optimization algorithms are discussed in the literature, and nevertheless, due 
to the convergence towards local minima, the sub-optimal results are produced by most of the 
algorithms. Thus, in this paper, a new algorithm named as Slime Mould Algorithm (SMA) is 
presented for the solar cell estimation. The proposed algorithm has a new feature called as an 
exceptional mathematical model with adaptive weights to simulate negative and positive feed-
back of the propagation wave to find the best path for attaching food with an excellent exploi-
tation tendency and exploratory capacity. The performance of the proposed SMA algorithm is 
validated by comparing the estimated results with experimental results. The superiority of the 
SMA algorithm is proved by extensive statistical analysis. In addition, the performance of the 
proposed algorithm is also compared with the other benchmark meta-heuristics algorithms.   

1. Introduction 

The energy from solar PV is a most important source of renewable energy, which may be used for rural, domestic, power plants, 
space shuttles, transportation because of its features such as clean and green source, noiseless, flexible sizes, and capacity, and less 
maintenance. In addition, due to the cost competition among the manufactures, the degradation of fossil fuels, as well as unstable cost, 
the PV investment is rising drastically [1,2]. As per the REN21 report during the year 2018, the PV installed capacity in 2018 is raised 
more than 100 GW worldwide, where nearly 10.3 GW installed capacity in India [3]. Therefore, an accurate PV cell modeling and its 
simulation are crucial in the solar photovoltaic research, such as partial shading effects, on-grid and off-grid PV power stations, 
maximum power point tracking, and thermodynamic effects, and the research in solar PV parameter extraction received a most 
important consideration in the recent year [4–8]. At that juncture, the study of the internal arrangement of the PV cell/module directs 
the researchers to recommend the accurate PV cell/module modeling. The modeling of the PV cells has the following steps, such as the 
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formulation of the mathematical equation and the estimation of the parameters. The mathematical expressions are derived from 
different views of the researchers [9,10], and practically the PV cell is represented as a single diode model (SDM), double diode model 
(DDM), and three diode model (TDM). The SDM represents the losses in the quasi-neutral region, the DDM represents losses in the 
space-charge and quasi-neutral regions, and the TDM represents the losses in all the three regions. The PV cell electrical modeling 
includes a current source, Iphoto, the non-ideal diode in parallel, and series resistance, Rs and shunt connected resistance, Rp [11–13]. 
The non-ideal diode, which represents the internal losses of the PV cell, is modeled with three parameters, such as diode saturation 
current, Id, photocurrent, Iphoto, and ideality factor, a. Thus, it is required to estimate the PV cell parameters such as the photocurrent, 
Iphoto, ideality factor, a, shunt resistance, Rp, series resistance, Rs, and diode’s saturation current, Id. For various models such as SDM, 
DDM, and TDM, the parameters needed to be estimated as five, seven, nine, respectively. Obtaining the best values of all the pa-
rameters for any of the said PV models to generate the optimum results, which is the same as the investigational values of the physical 
solar PV cell [14]. 

In most of the literature review, the SDM and DDM are commonly used, in which, the researchers have utilized various approaches 
to extract the five parameters or seven parameters based on the mathematical expression, iterations, meta-heuristics algorithms, or 
hybrid algorithms. The extraction based on the mathematical expressions is found using the values from the datasheet. The iterative 
methods such as the Newton-Raphson, Gauss-Seidel, and least-square are used to extract the parameters [15–18]. However, the 
drawbacks such as ignorance of few variables, improper selection of initial values, and assumption of constant values, that can result in 
absolute errors. Moreover, these methods are highly sensitive to the initial values, and the solution settles at local value instead of the 
global value. As a substitution, recently, heuristic optimization techniques are utilized to determine the PV cell parameters of SDM and 
DDM by minimizing the cost function. In most of the algorithms, the root-mean-square error (RMSE) is considered as the objective 
function, which is the root of the average changes between the estimated data and experimental data [19]. Most of the heuristics 
algorithms are proved that it can handle the engineering applications efficiently. Some of the heuristic approaches which are applied to 
extract the cell parameters such as genetic algorithm (GA), simulated annealing, particle swarm optimization (PSO), cuckoo search 
(CS), whale optimizer algorithm, teaching-learning optimization (TLO), differential evolution, salp-swarm optimization, RAO algo-
rithms, artificial bee colony (ABC), biogeography optimization, water cycling optimization, harmony search, and Jaya algorithm, etc. 
have been by described by various investigators [20–24]. 

Nevertheless, as per the researcher’s statement, the heuristic approaches realize global optimum rapidly than conventional 
techniques. Since the algorithms, such as GA and PSO are holding decent searching mechanism, and focus towards the local values due 
to the high chance of earlier convergence, and these effects are high when the system has multiple objective functions. The approaches 
such as ABC and CS work better during the exploration search phase, though the speed of convergence is low. Therefore, like PSO and 
GA methods, approaches such as ABC and CS are suffering when the system has multiple objective functions. Simple metaphor less 
optimization methods such as TLO and RAO algorithms perform better within the search space. However, these algorithms fail to 
identify the system parameters when it handles multiple objective functions due to its earlier convergence. To apply above-discussed 
optimization methods to solve the PV parameter estimation problems, a proper objective function needs to be defined, and these 
objective functions are derived from the experimental data of the solar PV cell. The objective function of the system is so noisy since the 
solution of the objective function is obtained from the uncooked data. Thus, the heuristic approach must balance the global and local 
exploration capability for estimating the PV cell parameters, and it is a challenging assignment for the current investigators [25,26]. 
Nevertheless, the main drawback of the above-said methods is the selection of upper and lower bounds of various parameters, 
particularly the diode saturation current, Id, which is much sensitive due to its value in microamperes. 

Recently, the authors of [27] developed a stochastic optimization algorithm called Slime Mould Algorithm (SMA). This method is 
stimulated by the foraging of slime mould and diffusion. The SMA algorithm is developed based on the slime mould’s natural oscil-
lation. The SMA algorithm is proposed with a unique mathematical expression that utilizes adaptive weights to simulate the negative 
and positive feedback of the slime mould propagation wave. It is based on a bio-oscillator to customize the optimal footpath for 
connecting food with tremendous ability towards the exploration phase. The SMA has not been applied to parameter extraction en-
gineering problems due to its newness. The performance assessment of the SMA is carried out using the collected experimental data of 
the PV cell. The suggested SMA is applied to all three PV models, such as SDM, DDM, and TDM. The performance comparison of the 
proposed SMA is carried out with the ABC, RAO, TLO, CS, and PSO, and the outcome proves that the SMA can perform better than the 
other heuristic methods. In addition, the results prove that the performance of SMA in terms of robustness and accuracy is excellent 
when it is applied to the multiple objective functions. 

The remaining section of the paper is structured as follows. The problem formulation and different solar PV models are presented in 
section 2. The basic concept, mathematical modelling, and application of the SMA for estimating the solar PV cell parameters are 
presented in section 3. Section 4 discusses the results and performance comparison. Section 5 concludes the paper. 

2. Solar photovoltaic cell models and problem formulation for optimization 

As discussed earlier, the modelling of the PV cell has two important steps. Primarily, the electrical modelling of the PV cell is 
structured and secondly, estimate the values of the various parameter. This section of the paper deals with the description of PV models 
and their respective problem formulation to optimize it. 

2.1. Single-diode model (SDM) and double-diode model (DDM) of the PV cell 

Generally, the cell is modeled using a single current source, Iphoto, and the photocurrent, Iphoto depends on the solar irradiance. In 
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SDM, a single non-ideal diode is connected in parallel with the current source and is illustrated in Fig. 1. As discussed earlier, the 
parallel resistance is denoted as Rp, the series resistance is denoted as Rs, and the current through the non-ideal diode is denoted as Id. 
However, in DDM, double non-ideal diodes are parallel connected to a single current source and are depicted in Fig. 2. In which the 
first diode current is denoted as Id1, and the second diode current is denoted as Id2, which represents the losses in the space charge 
region [28]. As per the Shockley equation, the expression for the total PV cell current, Ipv in SDM, and DDM models are given in Eq. 1 
and Eq. 2, respectively. 

Ipv = Iphoto − Id
(

exp
(
Vpv + IpvRs

aVt

)

− 1
)

−
Vpv + IpvRs

Rp
(1)  

Ipv = Iphoto − Id1

(

exp
(
Vpv + IpvRs
a1Vt

)

− 1
)

− Id2

(

exp
(
Vpv + IpvRs
a2Vt

)

− 1
)

−
Vpv + IpvRs

Rp
(2)  

where Vpv represents the total output voltage of the PV cell, ‘a, a1, a2’ represents the diode ideality factor, Id, Id1, and Id2 denote the dark 
diode saturation currents of the SDM and DDM, respectively, and Vt denotes a thermal voltage of the junction. The expression for the 
thermal voltage is given in Eq. 3, in which, T denotes the junction temperature in K, k denotes Boltzmann constant, and q denotes the 
electron charge. 

Vt =
kT
q

(3) 

It is noticed from Eq. 1 that there are five unknown parameters such as Iphoto, a, Id, Rp, and Rse is to be estimated from the PV cell V-I 
characteristic for effective PV modelling. And, it is noticed from Eq. 2 that there are seven unknown parameters such as Iphoto, a1, a2, 
Id1, Id2, Rs and Rp is to be estimated from the PV cell V-I characteristic. It is also noticed from the literature, the diode ideality factor for 
both the SDM and DDM is varies from 1 to 2. 

2.2. TDM of the PV cell 

For DDM of the PV cell, the diode ideality factors are denoted as a1 and a2, and the value is equal 1 to 2. Nevertheless, the values of 
the diode ideality factor vary between 1-1.5 and 2-5, respectively, for a large industrial sample. From the above discussions, it is 
noticed that the DDM of the PV cell is not acceptable to characterize different currents of the PV cell. In TDM, the current as a result of 
diffusion and recombination in the quasi-neutral region is denoted as Id1 with a1 = 1, and the current as a result of space-charge 
recombination is denoted as Id2 with a2 = 2. In addition, the current as a result of defect region recombination is denoted as Id3 
with a3 varies in the range of 2–5 [23]. The TDM of the PV cell is illustrated in Fig. 3. 

As discussed earlier, the total PV current, Ipv, is derived using the Shockley equation for the TDM of the PV cell and is given as 
follows. 

Ipv = Iphoto − Id1

(

exp
(
Vpv + IpvRs
a1Vt

)

− 1
)

− Id2

(

exp
(
Vpv + IpvRs
a2Vt

)

− 1
)

− Id3

(

exp
(
Vpv + IpvRs
a3Vt

)

− 1
)

−
Vpv + IpvRs

Rp

(3)  

Where the diode ideality factors are denoted as a1, a2, and a3 of the TDM and the respective currents are denoted as Id1, Id2, and Id3. It is 
observed from Eq. 3 that there are nine unknown parameters such as Iphoto, a1, a2, a3, Id1, Id2, Id3, Rs, and Rsh is to be estimated from the 
V-I characteristic of the PV cell. 

Fig. 1. SDM of the solar PV cell.  
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2.3. Problem formulation 

The main objective of the PV cell parameter extraction is to decrease the RMSE between the experimental and simulated values. 
Thus, the cost function in terms of RMSE, is formulated to get the optimal PV cell parameters depends on the selected PV cell model 
[23–25]. The cost function of the problem is given Eq. 4, in which ‘P’ denotes the standard experimental samples, and ‘Q’ denotes the 
solution vector for the selected problem. 

RMSE(S) =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

1
P
∑P

i=1
f
(
Vpv, Ipv,Q

)2

√
√
√
√ (4) 

The function for the SDM, DDM, and TDM, and the solution vector, Q for the respective PV model, is given as follows. 
⎧
⎪⎨

⎪⎩

fSDM
(
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(
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〉
(5)  

⎧
⎪⎪⎪⎨
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)
= Iphoto − Id1

(

exp
(
Vpv + IpvRs
a1Vt

)

− 1
)

− Id2

(

exp
(
Vpv + IpvRs
a2Vt

)
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〉
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⎧
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⎪⎪⎪⎩
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)
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(
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a1Vt

)

− 1
)

− Id2

(

exp
(
Vpv + IpvRs
a2Vt

)

− 1
)

− Id3

(

exp
(
Vpv + IpvRs
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)

− 1
)

−
Vpv + IpvRs

Rp
,Q =

〈
Iphoto, a1, a2, a3, Id1 , Id2 , Id3 ,Rs,Rp

〉
(7) 

Using the experimental data such as Ipv and Vpv from the PV cell’s V-I characteristic, the value of the RMSE is reduced. Conse-
quently, the solar PV cell parameter extraction is the procedure as a result of which the RMSE value is reduced as much as by adjusting 
the values of the solution variables. 

Fig. 2. DDM of the solar PV cell.  

Fig. 3. TDM of the solar PV cell.  
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3. Proposed slime mould algorithm (SMA) approach for parameter estimation 

The basic concept and mathematical modelling of the proposed SMA are discussed in this section of the paper. In addition, this 
section also deliberates how the SMA is applied to RMSE optimization by adjusting the values of solution vector variables. 

3.1. Basic concept 

The slime mould (SM) commonly talks about the Physarum polycephalum since it is categorized as a fungus, and finally, it is termed 
as slime mould by Howard [29]. The SM is a eukaryote that lives in a humid and cold place. The primary nutritious phase is Plas-
modium, the dynamic and active phase of SM. It is the primary research phase of developing SMA. In this phase, the organic substance 
in SM searches for food, surrounds the food, and conceals enzymes to digest. For the duration of the movement, the front end of SM 
spreads like fan shape, trailed by an organized intravenous link that lets cytoplasm to drift inside, as depicted in Fig. 4. Owing to the 
characteristic and sole pattern of SM, the SM can custom several food sources simultaneously to form an intravenous link joining them. 
Because of the feature of the SM can be simply refined on oatmeal and agar, they were extensively used as prototypical creatures. 
Firstly, the authors of [30] studied the development of the cytoplasmic flow of the SM. It helps to understand the SM move and links 
food in the surroundings. From this discussion, the developers of SMA [27] know that when a vein reaches a source of the food, the 
bio-oscillator generates a wave through the vein to increase the cytoplasmic, the quicker the flow of cytoplasm and denser the vein. 
Through this grouping of negative, positive responses, the SM can create the optimum food path to attach food in a comparatively more 
significant way. Thus, the SM was mathematically modeled and applied to solve engineering problems [31]. 

3.2. Mathematical modelling of the SMA 

In this section of the paper, the mathematical modelling of the SMA is discussed. 

3.2.1. Approach food 
The behavior of the SM is modeled using a mathematical expression. The following expression imitates the contraction mode of the 

SM. 

Y(l+ 1)
̅̅̅̅̅→

=

{

Yb(l)
̅̅ →

+ Vb
̅→

∗ (W→∗ YA(l)
̅̅→

− YB(l)
̅̅→

), r < p Vc
̅→

∗ Y(l)
̅̅→

, r ≥ p (8)  

where the parameter Vc
̅→ reduces linearly from one to zero and Vb

̅→ is a variable with a range of [-a, a]. The current iteration is denoted 
as ‘l,’ Yb

̅→ denotes the current individual location with the peak odour concentration, Y→ denotes the SM location, W→ denotes the weight 
of SM, YA

̅→ and YB
̅→ denotes selected individuals randomly from the swarm. The expression for the variable ‘p’ is expressed below. 

p = tanh
⃒
⃒Q(j) − Bf

⃒
⃒ (9) 

Fig. 4. Foraging morphology of the SM.  
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where, Q(j) denotes the fitness of Y→, Bf denotes the best solution found in all iterations, and j ∈ 1, 2,…,n. The expression for Vb
̅→ and the 

weight, W→ are given as follows. 

Vb
̅→

= [− a, a] (10)  

a = arctanh
(

1 −

(
l

max l

))

(11)  

W(Smellindex(j))
̅̅̅̅̅̅̅̅̅̅̅→

=

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

1 + r ∗ log
(
bf − Q(j)
bf − wf

+ 1
)

, condition

1 − r ∗ log
(
bf − Q(j)
bf − wf

+ 1
)

, others
(12)  

Smellindex = sort(Q) (13)  

where the random value in [0,[1]] interval is denoted as ‘r,’ ‘condition’ denotes that Q(j) ranks initial half of the population, the 
ascending sequence of the sorted fitness value is represented as ‘smell index,’ the worst solution is denoted as ‘wf,’ and the best solution 
is represented as ‘bf.’ 

3.2.2. Wrap food 
This subsection of the paper discusses the contraction approach of the intravenous arrangement of the SM mathematically during 

searching. The vein with a high concentration of food produces a stronger propagation wave by the bio-oscillator, which makes a high 
flow speed of cytoplasm, and due to which, the vein gets thicker. Eq. 12 simulated the mathematically the negative and positive 
feedback among the thickness of the SM vein and explored food concentration. The uncertainty of the intravenous contraction mode is 
denoted as ‘r’ and log in Eq. 12 is used to improve the rate change value. The ‘condition’ in Eq. 12 simulates the SM to alter the search 

Fig. 5. Flowchart of slime mould algorithm.  
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patterns based on food quality. The weight of the region is more prominent when the concentration of food is high, and the region 
weight is reduced when the food concentration is less, thus turning to search in other regions. Based on the discussion, the location of 
the SM is updated as per the following equation. 

Y∗̅→
=

⎧
⎨

⎩

rand.(ub − lb) + lb, rand < z

Yb(l)
̅̅ →

+ Vb
̅→

.(W.
̅→YA(l)

̅̅→
− YA(l)

̅̅→
), r < p Vc

̅→
.Y(l)
̅̅→

, r ≥ p (14)  

Where, the lower and upper bound is denoted as ‘lb,’ and ‘ub,’ respectively, and ‘r’ and ‘rand’ represents the random value between in 
the range of [0,[1]]. 

3.2.3. Grabble food 
The SM be subject to the wave generated by the bio-oscillator to control the cytoplasmic flow in veins so that it can move to the best 

position of food. The simulation of intravenous width variation of the SM is done with the help of W→, Vb
̅→ and Vc

̅→ . The weight, W→

simulates the frequency of oscillation of the SM near one at various concentrations of the food mathematically. Therefore, the SM can 
reach the food rapidly when the SM discover excellent food. While approaching the food slowly when the concentration of the food is 
less in an individual location, therefore increasing the SM efficiency in selecting the food source optimally. As per the discussion, the 
value of Vb

̅→ varies between [-a, a] and slowly reaches zero as iteration increases. Ultimately, the value of Vc
̅→ varies between [-1, 1] 

and slowly reaches zero. 

3.3. Application of SMA for estimating the PV parameters 

The main aim of the proposed SMA is to estimate the parameters of the PV cell by altering the solution vector parameters (five for 
the SDM, seven for the DDM, and nine for the TDM), which minimizes the RMSE value. The flowchart of the SMA for parameter 
estimation is illustrated in Fig. 5. The pseudo-code of SMA is given in Table 1. In this paper, the SMA has been applied to the PV cell 
parameter estimation for the PV models such as SDM, DDM, and TDM by minimizing the RMSE value. After every iteration, the cost 
function is adjusted for the experimental value from the V-I characteristic, which is crucial to be reduced to get the parameters. The 
solution is updated over the iteration, and the cost function objective is reached. 

4. Results and discussions 

The experimental results to check the performance of the proposed SMA is discussed in this section of the paper. The SMA algo-
rithms are applied to get the parameters of two well-known benchmarked solar PV cell/module (Photowatt PWM201 module and RTC 
France silicon cell). The SMA is applied to all three PV models, such as SDM, DDM, and TDM. The experimental values of the 57 mm 
diameter RTC France silicon cell at 1000 W/m2 solar irradiance and the temperature of 33 ◦C is collected to find the RMSE. Therefore, 
26 pairs of current and voltage trials are collected to find the cell variables by optimizing the RMSE. Likewise, the experimental values 
of the Photowatt-PWM201 module at 1000 W/m2 solar insolation and the temperature of 45 ◦C are collected to find the RMSE. Thus, 
26 pairs of current and voltage trials are collected for estimating the PV cell parameters by optimizing the RMSE. The ‘lb’ and ‘ub’ 
limits of the cell parameters for the cell, as well as the module, are given in Table 2. 

The efficiency of the proposed SMA is compared with the other benchmarked approaches, such as ABC, CS, PSO, TLO, and RAO 
approaches. The required parameters for such approaches are listed in Table 3, and these values are chosen after a thorough inves-
tigation from the literature. The check the proficiency of all the algorithms, the maximum function evaluation is limited to 40,000, and 
the outcomes were acquired after 20 independent execution for a realistic assessment. 

Table 1 
Pseudo-code of the SMA for parameter estimation.  

Experimental values of Vpv and Ipv; 
Initialize the parameters pop size(p), Max iteration;  
Initialize the positions of SM, Yj(j = 1, 2,…,p);  
While (l ≤ Max iteraition)
Calculate the fitness of all SM; 
Update bestFitness, Yb  

Calculate the weight, W by Eq. (12); 
For each search phase  
Update p,Vb , Vc;  
Update search agent positions by Eq.(14);  
End For  
l = l+ 1;  
Return bestFitness, Yb;   
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4.1. Results on SDM 

Table 4 presents the statistical results which include maximum (Max), minimum (Min), median, average, and the standard de-
viation (STD) of RMSE values of this study, and the comparison among various approaches such as ABC, TLO, PSO, RAO, and CS are 
presented in Table 4 for the SDM of the RTC France silicon cell. The accuracy of all the methods is assessed based on the RMSE values, 
and the reliability is assessed by considering the STD of the RMSE. The impact of various approaches is given in Table 4, in which ‘P’ 
denotes positive, ‘N’ denotes negative, and ‘E’ denotes equal, with respect to the proposed SMA for estimating the PV cell parameters. 
From Table 4, it is noticed that the SMA carry out better than various other approaches in terms of Min, Max, median, and average 
values. From the observation of STD value from Table 4, it is witnessed that the SMA can able to provide an optimal solution, which 
means the SMA is reliable and stable while estimating the best parameter values of the PV cell. From the observation of RMSE values, it 
is concluded that the SMA and other approaches can able to give an optimal minimum value. Still, the performance of other approaches 
is worst when the STD is considered for assessment. 

For the SDM, various PV cell parameters of the RTC France silicon cell and the RMSE values are listed in Table 5 for the proposed 
SMA and other approaches such as RAO, ABC, TLO, PSO, and CS. The algorithms are ranked based on the RMSE values in ascending 
order and ranked as SMA, RAO, PSO, TLO, CS, and ABC, respectively. 

The characteristics such as I-V and P-V for the SDM of the RTC France silicon cell is drawn with the help of the extracted parameters 
and is depicted in Fig. 6. It is perceived from Fig. 6 that the estimated data by the SMA and the experimental data are analogous. 
Moreover, the convergence curve of the best solution obtained by various algorithms for the RTC France silicon cell is depicted in 
Fig. 7. From Fig. 7, it is perceived that the convergence speed of the SMA is higher than other algorithms. 

4.2. Results on DDM 

Table 6 presents the statistical results as discussed earlier, and the comparison among various approaches such as ABC, TLO, PSO, 
RAO, and CS is presented for the DDM of the RTC France silicon cell. The significance of various algorithms is given in Table 6 as ‘P,’ 
‘N,’ and ‘E,’ respectively, with respect to the proposed SMA for estimating the PV cell parameters. From Table 6, it is noticed that the 

Table 2 
Parameters of the SDM, DDM, TDM, and PV module.  

Parameters Photowatt PWM201 module 
RTC France Solar cell 

SD DD TD 

Dimension, d 5 5 7 9 
Maximum fitness evaluation 40,000 40,000 40,000 40,000 
Decision variable range [lb,ub] Ip = [0,1.1] A 

Id = [0,3.5] A 
a = [1,50] 
Rse = [0,1.3] Ω 
Rsh = [0,600] Ω 

Ip = [0,1] A 
Id = [0,1] μA 
a = [1,2] 
Rse = [0,0.5] Ω 
Rsh = [0,100] Ω 

Ip = [0,1] A 
Id1, Id2 = [0,1] μA 
a1, a2 = [1,2] 
Rse = [0,0.5] Ω 
Rsh = [0,100] Ω 

Ip = [0,1] A 
Id1, Id2, Id3 = [0,1] μA 
a1, a2 = [1,2] 
a3 = [2,5] 
Rse = [0,0.5] Ω 
Rsh = [0,100] Ω  

Table 3 
Different algorithm parameters for the study.  

Approaches Parameters 

RAO n = 50 
TLO n = 50 
PSO n = 50, c1 = 1.501, c2 = 1.98, w = 0.88 ~ 0.18 
ABC n = 50, t = 200 
CS n = 50, pa = 0.31, α = 0.02, β = 1.8 
SMA n = 50, W = Adaptive, Vb=-1 to 1, Vc = 1 to 0  

Table 4 
RTC France solar cell-Statistics of the SDM.  

Algorithm RMSE Significance  

Max (E-01) STD (E-03) Min (E-04) Median (E-04) Average (E-03)  

SMA 2.30154 0.72569 9.84820 9.86145 1.92888 – 
RAO 2.42768 0.94599 9.86122 9.88958 2.03456 P 
TLO 2.84791 1.27882 9.86099 9.87485 2.15688 E 
ABC 2.68190 1.62568 9.86154 9.99745 2.88855 N 
PSO 2.88690 1.12455 9.86145 9.88865 2.02569 P 
CS 2.4497 1.45886 9.86035 9.87145 2.03354 N  
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SMA can able to give a better solution than various other approaches in terms of Min, Max, median, and average values. From the 
observation of STD value from Table 6, it is observed that the proposed SMA can able to provide an optimal solution, which means the 
SMA is reliable and stable while estimating the optimal values of the PV cell parameters. From the observation of RMSE values, it is 
concluded that the SMA and other approaches can able to give an optimal minimum value. Still, the performance of other approaches is 
worst when the STD is considered for assessment. 

For the DDM, various PV cell parameters of the RTC France silicon cell and the RMSE values are listed in Table 7 for the proposed 
SMA and other approaches such as RAO, TLO, ABC, PSO, and CS. The algorithms are ranked based on the RMSE values in ascending 
order and ranked as SMA, RAO, PSO, CS, TLO, and ABC, respectively. 

The characteristics such as I–V and P–V for the DDM of the RTC France silicon cell is drawn with the help of the extracted pa-
rameters and is depicted in Fig. 8. It is perceived from Fig. 8 that the estimated data by the SMA and the experimental data are 
analogous. Moreover, the convergence curve of the best solution obtained by various algorithms for the RTC France silicon cell is 
depicted in Fig. 9. From Fig. 9, it is perceived that the convergence speed of the SMA is higher than other algorithms. 

4.3. Results on TDM 

Table 8 presents the statistical results and the comparison among various approaches such as ABC, TLO, PSO, RAO, and CS are 

Table 5 
Parameters estimated for the SDM of the RTC France silicon cell.  

Algorithm SMA Rao TLO ABC PSO CS 

Ip (A) 0.76076 0.76102 0.76088 0.76054 0.76082 0.76078 
id (μA) 0.32314 0.32312 0.33288 0.35999 0.33018 0.32954 
Rse (Ω) 0.03637 0.03642 0.03542 0.03602 0.03624 0.03644 
Rsh (Ω) 53.71489 53.74568 56.03045 52.14795 53.59878 54.30202 
a 1.48114 1.48122 1.48466 1.49595 1.48334 1.48305 
RMSE (E− 4) 9.84820 9.86122 9.86099 9.86154 9.86145 9.86035  

Fig. 6. SDM of the RTC France silicon cell; (a) I-V characteristic, (b) P-V characteristic.  

Fig. 7. Convergence curve for the SDM of the RTC France silicon cell.  
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presented for the TDM of the RTC France silicon cell. The significance of various algorithms is given in Table 8 as ‘P,’ ‘N,’ and ‘E,’ 
respectively, with respect to the proposed SMA for estimating the PV cell parameters. From Table 8, it is noticed that the SMA can able 
to give a better solution than various other approaches in terms of Min, Max, median, and average values. From the observation of STD 
value from Table 8, it is witnessed that the SMA can able to provide an optimal solution, which means the SMA is reliable and stable 
while estimating the optimal values of the PV cell parameters. From the observation of RMSE values, it is concluded that the SMA and 
other approaches can able to give an optimal minimum value. Still, the performance of other approaches is worst when the STD is 
considered for the assessment. 

For the TDM, various PV cell parameters of the RTC France silicon cell and the RMSE values are listed in Table 9 for the proposed 
SMA and other approaches such as RAO, TLO, ABC, PSO, and CS. The algorithms are ranked based on the RMSE values in ascending 
order and ranked as SMA, RAO, CS, PSO, TLO, and ABC, respectively. 

The characteristics such as I–V and P–V for the TDM of the RTC France silicon cell is drawn with the help of the extracted pa-
rameters and is depicted in Fig. 8. It is perceived from Fig. 10 that the estimated data by the SMA and the experimental data are 
analogous. Moreover, the convergence curve of the best solution obtained by various approaches for the RTC France solar cell is 
depicted in Fig. 11. From Fig. 11, it is perceived that the convergence speed of the SMA is higher than other algorithms. 

4.4. Results on solar PV module 

Table 10 gives the statistical outcomes and the comparison among various approaches for the Photowatt-PWM201 module. From 
Table 10, it is noticed that the SMA can able to give a better solution than various other approaches in terms of Min, Max, median, and 
average values. From the observation of STD value from Table 10, it is observed that the proposed SMA can able to provide an optimal 
solution, which means the SMA is reliable and stable while estimating the optimal values of the PV module parameters. From the 

Table 6 
RTC France solar cell - Statistics of the DDM.  

Algorithm 
RMSE 

Significance 
Max (E-01) STD (E-03) Min (E-04) Median (E-04) Average (E-03) 

SMA 1.82855 0.78439 9.81488 9.85922 1.99844 – 
RAO 2.31115 1.00148 9.84504 9.86333 2.21658 P 
TLO 3.28699 1.56521 9.86122 9.88895 2.62545 E 
ABC 4.18635 1.85456 9.86145 10.21544 2.84585 N 
PSO 2.71775 1.14555 9.84899 9.86992 2.54325 E 
CS 2.77328 1.25698 9.84382 9.86143 2.30447 P  

Table 7 
Parameters estimated for the DDM of the RTC France silicon cell.  

Algorithm SMA Rao TLO ABC PSO CS 

Ip (A) 0.76076 0.76079 0.76145 0.76234 0.76072 0.76102 
id1 (μA) 0.74874 0.74863 0.29745 0.03889 0.21446 0.39699 
id2 (μA) 0.22652 0.21856 0.46998 0.51465 0.51369 0.45114 
Rse (Ω) 0.03677 0.03679 0.03478 0.03589 0.03699 0.03629 
Rsh (Ω) 55.71456 55.71963 53.42545 52.78869 55.14681 55.49124 
a1 2.00000 1.98965 1.68112 1.70202 1.68163 1.47698 
a2 1.45463 1.45221 1.48256 1.52782 1.46314 1.98889 
RMSE (E− 4) 9.81488 9.84504 9.86122 9.86145 9.84899 9.84382  

Fig. 8. DDM of the RTC France silicon cell; (a) I-V characteristic, (b) P-V characteristic.  
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observation of RMSE values, it is concluded that the SMA and other approaches can able to give an optimal minimum value. Still, the 
performance of other approaches is worst when the STD is considered for the assessment. 

The RMSE values and various Photowatt-PWM201 solar module parameters are listed in Table 11 for the proposed SMA and other 
approaches such as RAO, TLO, ABC, PSO, and CS. The algorithms are ranked based on the RMSE values in ascending order and ranked 
as SMA, RAO, CS, PSO, TLO, and ABC, respectively. 

The characteristics such as I–V and P–V of the Photowatt-PWM201 module is drawn with the help of the extracted parameters and 
is illustrated in Fig. 12. 

It is perceived from Fig. 12 that the value estimated by the SMA and the experimental value is analogous. Moreover, the 
convergence curve of the best solution obtained by various algorithms for the Photowatt-PWM201 module is depicted in Fig. 13. From 
Fig. 13, it is perceived that the convergence speed of the SMA is higher than other algorithms. 

As per the earlier discussions, it is concluded that the results acquired using the proposed SMA show the solution reliability, ac-
curacy, satisfying results, and durability to demonstrate the physical characteristics of the PV module and the cell. The RAO and TLO 
will not consider any extra parameters, unlike other approaches. Nevertheless, the performance is very less than the proposed SMA for 
the PV cell parameter estimation problem. The proposed SMA performance is better while comparing the results with the other al-
gorithms, such as RAO, TLO, CS, PSO, and ABC. From the earlier discussions, it is demonstrated that the proposed SMA can able to 
estimate the PV cell/module parameters efficiently with high precision. 

Fig. 9. Convergence curve for the DDM of the RTC France silicon cell.  

Table 8 
RTC France solar cell - Statistics of the TDM.  

Algorithm 
RMSE 

Significance 
Max (E-01) STD (E-03) Min (E-04) Median (E-04) Average (E-03) 

SMA 1.81458 0.69332 9.80143 9.83698 1.75458 – 
RAO 2.12589 0.96214 9.84569 9.88663 2.01125 P 
TLO 4.41563 2.19458 9.86125 9.89565 2.92145 E 
ABC 8.52365 2.28412 9.84522 11.94555 3.51369 E 
PSO 2.21252 1.19236 9.81256 9.84569 2.83145 P 
CS 2.36556 1.08156 9.86855 9.89598 2.47457 E  

Table 9 
Parameters estimated for the TDM of the RTC France silicon cell.  

Algorithm SMA Rao TLO ABC PSO CS 

Ip (A) 0.760785 0.760795 0.760789 0.760769 0.76078 0.760774 
id1 (μA) 2.64E-07 2.62E-07 2.54E-07 1.66E-07 3.45E-07 2.91E-07 
id2 (μA) 5.51E-12 2.63E-07 4.56E-08 1.98E-07 2.18E-07 6.93E-10 
id3 (μA) 5.81E-07 9.78E-07 1.48E-06 3.48E-08 7.49E-07 1.23E-06 
Rse (Ω) 0.03678 0.03674 0.03671 0.03641 0.03678 0.03658 
Rsh (Ω) 54.91521 55.35801 55.31440 53.72201 55.44698 55.38221 
a1 1.46085 1.771502 1.460287 1.487288 1.866745 1.468482 
a2 1.14671 1.451415 1.740863 1.477458 1.452256 1.546845 
a3 2.02086 2.41101 2.25143 4.46656 2.39512 2.32269 
RMSE (E− 4) 9.80143 9.84569 9.86125 9.84522 9.81256 9.86855  
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5. Conclusion 

This paper has proposed a stochastic slime mould optimization algorithm for estimating the solar PV cell/panel parameters for 
different PV electrical models, such as SDM, DDM, and TDM. The proposed SMA is developed with an adaptive weight, which can 
adjust itself to give optimal results by optimizing the solution vector parameters. The SMA is applied to the PV cell and the PV module 
to validate the reliability and performance. From the various results and discussions, it is concluded that the proposed SMA can able to 
deliver a superior result in terms of estimating the parameters, high convergence speed that can be noticed from the convergence graph 
for each PV model, and high-performance in terms of robustness and reliability that can be noticed from various comparison tables for 
each PV model. From the statistical results, it is concluded that the proposed SMA shows a decent performance than the other 

Fig. 10. TDM of the RTC France silicon cell; (a) I-V characteristic, (b) P-V characteristic.  

Fig. 11. Convergence curve for the TDM of the RTC France silicon cell.  
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approaches such as CS, ABC, TLO, RAO, and PSO. Overall, various simulation outcomes verify that SMA is a better tool for PV cell/ 
module estimation, and it shows the viable performance in terms of accuracy and reliability. 

Table 10 
Photowatt-PWM201 module – Statistics.  

Algorithm 
RMSE 

Significance 
Max (E-01) STD (E-02) Min (E-03) Median (E-03) Average (E-03) 

SMA 1.07992 0.62487 2.81125 2.86005 3.35278 – 
RAO 4.25535 0.98425 2.82196 2.88969 3.29556 P 
TLO 7.59069 2.32369 2.83268 2.89898 4.21878 E 
ABC 22.7712 5.29878 2.99456 2.99614 4.80245 N 
PSO 7.40889 1.74547 2.82589 2.88556 3.75369 P 
CS 5.76412 1.64456 2.82569 2.87895 3.74456 P  

Table 11 
Parameters estimated for the Photowatt-PWM201 module.  

Algorithm SMA Rao TLO ABC PSO CS 

Ip (A) 1.03422 1.03426 1.03478 1.03345 1.03225 1.03536 
id (μA) 1.32143 1.37269 2.51369 3.67845 3.28825 2.30745 
Rse (Ω) 1.25644 1.30421 1.22489 1.21325 1.20635 1.23635 
Rsh (Ω) 559.45 554.548 559.65 559.11 549.45 551.11 
a 45.19925 47.08478 49.29236 48.83256 48.45714 48.97456 
RMSE (E− 3) 2.81125 2.82196 2.83268 2.99456 2.82589 2.82569  

Fig. 12. Photowatt-PWM201 solar module; ; (a) I-V characteristic, (b) P-V characteristic.  

Fig. 13. Convergence curve for the Photowatt-PWM201 module.  
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Summary

Microgrid is a new era in the power system and it has more scope of investiga-

tion on research. Due to an increase in demand and future expansion of the

power system, analyzing the complexities of the network becomes a challeng-

ing task. Artificial intelligence plays a vital role in resolving such issues in a

microgrid in various aspects. Owing to the rapid growth of periodical update

in computational cost reduction, enhanced data analysis-based algorithm arti-

ficial intelligence enters into new epoch Artificial Intelligence AI 2.0. Based on

such approach, machine learning has been evolved as AI 2.0 initially. Now, it

develops branches like deep learning, reinforcement learning, and a combina-

tion of both deep reinforcement learning algorithms. These algorithms are pre-

cise to attain higher priority in decision-making under a complex network.

This paper deals with numerous challenges of the above algorithm to state the

significance of AI 2.0 and summarization of their application toward microgrid

is useful to analyze the power system.

KEYWORD S

deep learning, deep reinforcement learning, microgrid, reinforcement learning

1 | INTRODUCTION

Microgrid is a cluster of distributed generators (DG), stored energy system, local loads along with protecting and moni-
toring devices. Microgrid has its own specialty in operating under two modes of operation: autonomous and grid-con-
nected mode, mode selection attained by the use of static transfer switch that bridges operation selection in microgrid.
The presence of multiple DGs creates a distribution access problem in multipoint is transformed into a concentrated
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reinforcement learning; DSM, demand-side management; EI, energy internet; ELM, extreme learning machine; EO, external optimization; GA,
genetic algorithm; GAN, generative adversarial network; GPU, graphic processing unit; GRU, gated recurrent unit; LFC, load frequency control;
LSTM, long short-term memory; MAS, multi-agent system; MDP, Markov decision process; MG, microgrid; ML, machine learning; MPPT, maximum
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single point access solution in the microgrid. It supports the maximum consumption of renewable energy and minimizes the
adverse effects of DG in utility grid.1,2 Due to the implementation of DGs, microgrid accomplishes excessive attention while
the concept was proposed. Microgrid provides flexibility in bidirectional power flow, operation under low inertia, protection
requirements, and found massive application in power electronics devices for power quality issues. Due to an increase in the
application and development of microgrid technologies, it found challenges in demand prediction, planning and design,
operational control complexities, fault detection, and protective measures along with power quality issues. To handle these
challenges, artificial intelligence paves a new way to control and improve in a microgrid.

Artificial Intelligence is a witness to mankind's intelligence in science and technology. It possesses to handle large
data with numerous manipulations for the analysis under various applications. Over a long time of continuous research
for advancement and powerful computation in artificial intelligence paved the way for AI 2.0.3 Presently, AI 2.0 is in
the stage of development and further modifications were required to attain an effective algorithm. Among them, the
most emerging algorithm was deep learning, reinforcement learning, and combined deep reinforced learning algo-
rithms were proven successful in Reference 4 as paved way to universal attention.

1.1 | Deep Learning

Deep Learning (DL) is a function of machine learning, which resembles the working nature of the human brain in data
processing and decision-making by creating a pattern on its own. It can also be called as multi-layered artificial neural
network (ANN). Here, it attains more layer of NN hence it is called deep networking. It also attains learning based on
supervised, unsupervised, and semi-supervised mechanism. Different types of DL architectures are deep neural net-
works, deep belief network, convolutional neural network (CNN), feed-forward deep network, and recurrent neural
network (RNN). The most significant structure in deep learning was CNN and RNN, which suitable for handling large
distributed data, whereas RNN has most advantageous in time series data management.

Deep learning architecture consists of population-based ANN algorithm with input, multiple hidden layers, and out-
put as shown in Figure 1 that helps to provide an API (application program interface) in stable conditions, under train-
ing models on processing units. Currently, DL has shown its tremendous potential in many areas like speech
recognition, image processing, and language processing.5,6

1.2 | Reinforcement learning

Reinforcement learning is one of the most important types in ML, it has four major components namely: agent, envi-
ronment, reward (Rt), and action (At) as shown in Figure 2. The main objective of RL is to maximize the reward which

FIGURE 1 Deep learning layer

FIGURE 2 Reinforcement layer structure
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taken by the agent in an unstable environment. Generally, the RL algorithm performs under stable environment knowl-
edge with a feedback loop for quality decisions. It is an agent-based learning algorithm; agents behave in the environ-
ment by performing a task and obtaining results. Common and most popular RL is Q learning, deep Q net, normalized
advantages function (NAF) etc.7,8 RL often applications are gaming, navigation, and robotics.

1.3 | Deep reinforced learning

The combined set of deep learning and reinforcement learning has led to a new algorithm, called DRL. It integrates the
prediction of state in DL and decision-making skillset from RL. Hence, it found implementation in high dimension data
with a variety of tasks.9 Presently, many types of research are conducted in DRL application to attain a high state of the
art in ML. DRL found its application in robotics—arm rotation function to carry/hold external objects. These algo-
rithms were found in their footsteps nowadays in the industrial revolution, existing it was in the academic era. It has
become predominant due to massive growth in technology—Data interpretation, monitoring system, and productivity-
based environment which creates the space for big data. Raw data made processing for the development of a stable
algorithm in big data. The advancement in computation plays a vital role in the enhancement of DL, RL, and DRL.

Obtained results in DRL applications prove that it has a greater perspective aspect than the rest of the algorithm.
But, eventually, it has its drawback in a lack of long time to process data to learn. This technique made restricted for
usage from real-time learning. DRL technique mostly used in a practical way in a simulator and transferring knowledge
learned to various domains.10

This paper proposes that DL and its associated algorithm found application in various sectors and an outline of
research work being carried out so far in a microgrid. It also shows that DL, RL, and DRL can adopt under the various
domains to resolve multi-objective problems. Section 1 describes the introductive concepts of DL, RL, and DRL. Sec-
tion 2 describes overview of the necessity of algorithms in a microgrid. Sections 3 and 4 deal with the literature review
and discussion of research work. Finally, conclusion is on Section 5.

2 | NEED OF ALGORITHM IN MICROGRID

The complex arrangement of the system is the power system. With advancement by the development of microgrid
includes wind turbines with high penetration of wind, solar panel with MPPT, and participation of active customer
leads more uncertain in operation. Modeling and computational are traditional analysis, operation/control of primitive
power system. The traditional analysis found it difficult in the uncertain complex power system to operate/control for
the future development of microgrid. Conventional optimization methods like a genetic algorithm (GA),11,12 ant colony
optimization (ACO),13,14 and particle swarm optimization (PSO)15,16 were categories under metaheuristic method and
its convergence to attain an optimal solution to specified problems are less in robustness and its lack in computation
with machine learning. AI-based models are trained with big data collected from the wide-area monitoring system
(WAMS) to attain deep learning. Types of deep learning models are shown in Figure 3. As an advancement DL, RL and
DRL were found application in a microgrid for future development.

The prediction of wind and solar energy creates uncertainty for power systems. DL is a highly recommended tool to
improve the prediction of wind and solar energy based on large sets of data. On the other hand, RL, DRL can also sup-
port by providing an effective solution for load forecasting and other operations.

The present challenges that address power engineers to operate complex and uncertain power system under stable
and secure operating conditions. Traditionally, the operation and control of power systems based on numerical calcula-
tions by describing the physical model built with the behavior of power systems. Generally, models of a power system
are made with some typical assumption and simplification for computational, whereas the stability of the power system
becomes complex with uncertainty by a nonlinear model which creates an inaccurate prediction of operation in power
systems. DL, RL, and DRL algorithms were significantly believed to enhance the operation and control scheme.

Load sharing becomes incentives to the customer by operating a power system based on demand response (DR).
Loads are shifted between from peak to off-peak load condition to decrease power consumption during peak time under
DR. The consumer power consumption details are collected through the smart meter and these data are made process
in DL, RL, and DRL algorithms for price forecasting, load decomposition, so that, the consumer may opt economic
demand response with a successful implementation of AI-based power system.
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More monitoring devices are employed for supervision in smart grids. Based on collective data obtained from these
systems, implementing the DL algorithm may extract various features so that the detection of abnormalities in compo-
nents behavior and operations are made easier. DL found to be a high value in the detection of abnormalities in the
power system is believed. Other than these, it has more potential applications in a microgrid. By the way, this algorithm
has stepped its footpath in various technical fields in a microgrid, as described in the following sections.

3 | LITERATURE REVIEW

Microgrid has found more paper with the implementation of DL, RL, and DRL in recent. The paper is made reviewed
based on application fields like energy forecasting, energy management, load forecasting, prediction of fault detection,
stability analysis, and other technical aspects as shown in Figure 4, with the scope of AI, few kinds of literature are in
reviews.

3.1 | Generation of renewable energy forecasting

Development in microgrid paved the way for high penetration of renewable energy especially solar and wind power
throughout the world. The change happened due to technical and environmental benefits in renewable energy
resources with an increase in demand.17 The integration of renewable energy with the power grid has been increased
numerously and looking forward to 100% integration.18 The most significant among renewable is the PV system due to
the depletion of fossil fuel and the reduction of the cost function in PV. Owing to the tremendous increment in demand
renewable is the only source to serve us sustainable. The PV power highly depends on solar irradiance, weather condi-
tions, and surrounding temperature. Electricity at economical cost19 was achieved by safe integration of PV penetration;
an accurate prediction-based system is required.20 The increase of challenges in operation and proper load scheduling

FIGURE 3 Classification of deep learning model

FIGURE 4 Deep learning approach in microgrid
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develops uncertainty. Solar power prediction becomes an eventual task in the present world. Numerous algorithms that
are adopted to exhibits the future power generation in both were investigated. Among these attempts, the machine-
learning algorithm creates more attention toward predictive-based analysis in photovoltaic (PV). Paper21,22 proposed a
new algorithm as long short-term memory (LSTM), LSTM recurrent neural network (LSTM-RNN). The recurrent neu-
ral network found a major role in most applications like demand response, control of converters, and rest of the section
in a microgrid. It also serves applications in the forecasting of solar by developing a model from dynamic data. LSTM-
RNN develops its model with temporary changes in data for forecasting to avoid long-term dependency in RNN. This
algorithm made a deep analysis of the variation of PV power while developing a forecasting model. LSTM-RNN can
construct different forecasting models based on RNN architecture. Tasks are made performed with three gates: forget,
input, and output in LSTM-RNN, creates a model to process data in a certain forecast. Deep neural network (DNN)
found application in solar irradiation in paper.23 Prediction is easily made using statistical methods like support vector
machine (SVM), neural network (NN), ANN, and autoregressive moving average (ARMA) algorithm. All these methods
were found to lack long-term dependency. DNN creates the extraction of high-level features in complex models. Imple-
mentation was done in Canada to predict solar radiance, gives us a feasible solution of forecasting. Similarly, deep belief
network (DBN) also helps in the prediction of PV was discussed.24 DBN algorithm made combined with the features of
an artificial neural network (ANN) to resolve forecasting in the PV system. DBN made proposed with time series pre-
diction model with numerous limitations. The data are made interpreted between different hidden layers in each
model, which seems multi-layer perceptron (MLP) helps to forecast PV power. Paper25 investigates the deep learning
(DL) algorithm in the forecasting of PV. It became a more effective algorithm with a combination of DL and NN is
investigated more. Among the all existing predictive algorithm, hybrid algorithms are found a high effective prediction
of PV power with nonlinear system.26

Prediction of power is not mainly applicable to PV, it also made in wind energy. Secondly called renewable energy
to support a rise in demand is wind energy. The major disadvantage in wind is about season-based power production.
The wind was not available at all times as solar, while in the seasonal span, it needs to extract maximum power to meet
out an increase in demand. Paper27 is proposed with a deep learning algorithm to predict wind energy. Wind energy
completely depends on wind speed; maximum speed in wind achieves maximum power production. Prediction of wind
speed creates a vital role in wind power production. A novel method called Ensem LSTM is proposed by using deep
learning ensemble with LSTM-based time series prediction algorithm. To establish more robustness in a deep learning
approach, LSTM helps in overcoming data diversion with various hidden layers in a neural network (NN) to explore
and explicit wind speed in time series. Later, the prediction of LSTM is grouped into a nonlinear-based top layer model
made external optimization (EO) as a feed loop to top layers. The final prediction of wind speed is done by fine-tuning
of top layers. The graphic processing unit (GPU)-based time series helps to carry out time-series operation in deep
learning.28 Essential improvement in wind power forecasting become predominant to continue the economic and reli-
able operation of the power system. This article29 applies data-driven multi-model forecasting technique with ensemble
deep learning. Initial layer constructed with machine learning models that provide an individual forecast. A deep layer
of data analysis is composed to select suitable inputs for initial layers. Later, the algorithm is applied in the next layer to
create a determined and probabilistic forecast. This dual-layer model enhances the wind forecasting by 30% are
determined.

3.2 | Energy management

Microgrid comprises of distributed generation based on renewable energy along with distributed loads. The planning
and operation of loads develop a challenging task because of uncertainty in the prediction of future power consumption
and generation of renewable power. To mitigate these complexities, AI like DL, RL, and DRL are made effective adap-
tive solutions in decision-making. Paper30 proposed the PSO algorithm for the prediction of energy in a hybrid system,
PSO made its contribution in optimal cost function with a lesser iterative process, whereas multi-objective-based PSO is
implemented in Reference 31 under a different mode of operating conditions to archive minimum cost function.
Paper32 implements DRL in the microgrid to perform real-time optimization in energy management for buildings. It
made the process through large dimensional dataset includes data related to PV power generation and E-vehicles as an
account. Feedback-based control system made consumers enrich the effective usage of electricity. To analyze partial
large observational problems, a separate DL architecture needs to design for the extraction of information from the past
dataset and made processing in production-based time series for the future forecast. The DRL-based energy
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management system found validation with the test results in Pecan Street. Inc. Paper33 proposes real-time optimization
in the residential sector for electricity scheduling using DRL attains effective energy management. Multi-objective func-
tion like cost minimization, optimal energy management-based DRL adopted34,35 for better control strategy in a grid
system. Real-time-based control strategies in a large-area system implemented using multi-agent DRL architecture to
attain higher performance in energy management.36 Electric vehicle-based energy management found its importance in
charging and discharging based on real time is proposed using DRL.37,38 The learning mechanism of DRL implemented
with predictive dataset of predefined states. The decision-making in sequential problem is resolved using DRL to initi-
ate optimal usage of flexible energy sources, which helps to extract time series date for future prediction with specified
architecture.39

Energy management is an important task in power system existing microgrids. Paper40 contributes to RL-based
energy management in a storage system. The optimized scheduled operation of storage device found challenges in max-
imization of power production in PV by self-consumption in a microgrid. RL agent-based algorithm found optimal
scheduling duration of batteries based on data-driven and state of action function value an agent.

Energy management also concerns about the trading of electricity between grid systems.41 Microgrid trading games
play a major role in microgrid power trading. RL architecture-based trade games were formulated, it used to predict
generation in renewable energy, which made compared with local loads in a microgrid. Nash equilibrium (NE) in the
game reveals the satisfaction of demand in microgrid and excess is made a trade using trade algorithms. Another impor-
tant in trading mechanism is P2P42 along with the energy storage system. With consideration of domestic users and
local pool energy firms in trading needs to enjoy the optimal cost function of generation. To implement that Markov
decision process (MDP) and RL-based algorithm is adopted to obtain a feasible solution.

In addition to this DRL is also supported to resolve MDP with minimization of cost as an objective function in main
grid.43 DRL neural network is designed with a feed-forward mechanism along with a training algorithm of deep Q network
(DQN) to attain fast performance in a microgrid. A multi-agent system (MAS)-based energy management under standalone
microgrid was proposed.44 The existing challenges in a standalone microgrid are guaranteeing electric supply and enhancing
the reliability of the system. Multi-agent systems made specific advantages in microgrid by controlling the continuous state
of operation in power generation, power consumption, and storage system. For such multi-tasking fuzzy-based agents rep-
resenting microgrid are performed with state variables shows enhanced results. Paper45 applies RL for optimal distribution
in a microgrid. The power generation and demand are made as agent control mechanisms under a multi-agent environment
for making a local feasible decision to improve profit-based power management. The challenging case is to create an agent
with collective information about suppliers, which make tedious task. To overcome such challenges, RL algorithm developed
to obtain optimal strategies in generation and distribution under NE state.

Power balancing is always made in incremental functions; it shows the relation between electricity generation and
on its consumption in microgrids. The presence of deviation between them creates an increase in the cost function to
service providers and consumers. To overcome this, a novel online incentive-based demand response algorithm was
proposed.46 It framed using RL and DNN aim to support the reliability of microgrid by controlling the service provider
in the purchase of energy resource to maintain a balanced flow of energy.

Energy internet (EI)-based energy management problems are discussed in Reference 47. Interdisciplinary tech-
niques are proposed to create EI to perform optimal energy management in a microgrid. Deep and reinforcement-based
combination DRL made proposed in this paper for optimal power sharing. It is formulated to reduce existing issues in
new energy regulation based on EI operational principles specifically. EI has not yet defined with its limitations; hence,
it performs under Vazquez DRL algorithm. It creates a huge scope in DRL with EI for future investigation to
Researchers.

The operation of energy storage and planning of the power grid for future expansion in a microgrid is challenging.
Future power grid comprises of multiple microgrids, which need to coordinate each other for stable operation. Paper48

deals with RL architecture-based operation and maintenance under prognostic health management conditions. While
investigating the continuous state of the real problem in large, they used artificial neural network (ANN) which elimi-
nates the action value representation in tubular. Forecasting energy management is made with deep neural network
(DNN).49 DNN was designed with a novel model for real-time power system state estimation (PSSE) required training
in offline with minimum tuning factor.

Microgrid attains rapid growth throughout the world. Due to the implementation of DG along with associate load-
ing arrangement under standalone operation is the success of microgrid. It is essential to address the challenges of
microgrid from uncertain prediction and lack of observation. Overcoming all difficulties in a microgrid, the reinforcing
learning (RL) algorithm shows an enhancive performance under various aspects to attain optimal energy management.
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The major advantages of DRL are real-time control with feedback energy management architecture and cost function
reduction. Although the improvement in energy management still possesses some more challenging tasks like large
fluctuation in the integration of wind and PV systems with ambiguous factors, difficult in the coordination of various
energy storage systems. DRL attributes help in resolving the above issues by adopting real-time problems in sequence-
based analysis, reward functions mapped with objective constraints in model-based data analysis.

3.3 | Demand forecasting

Due to industrial evaluation and domestics development, demand increases eventually leads to concentration deeply in load
forecasting for planning and operation of power system in the future. Therefore, perfect demand forecasting is needed at dif-
ferent levels. Many methods have been developed to forecast demand with their available statistical data within a small area,
some may consider in large volumes of data by a smart meter in the power grid. Paper50 proposed an enhanced load predic-
tion algorithm with collective statistical data and AI models. AI found seamless practice in the predictive-based analysis.
Neural network architecture with a feed-forward mechanism is adopted, with numerous hidden layers. Due to an increase
in the hidden layer, the prediction of demand becomes more accurate while tracking makes a longer time.

The load forecast becomes more effective under deep analysis in most of the solutions. Deep learning was found the
next go for prediction of increasing demand. Experts found that joint analysis in DL can provide the effectiveness along
with computational time decrement. Hourly forecasting of load done by CNN and K-mean algorithm jointly in paper.51

CNN made trained by data subset, which obtains from collective data over 1.2 million in cluster dataset from K-mean.
The result describes that it shows a feasible prediction. Similarly, the experimental analysis using DBN52 to predict
hourly forecast in an urban area in Texas, USA, based on the dataset for a year shows accurate prediction over support
vector regression (SVR), classical ANN, and extreme learning machine (ELM). DNN approach of demand prediction
day ahead is proposed53 with a dataset of 90 days in the Iberian area made to train multi-layered NN with a combina-
tion of multiple active functions. The results state that the combinatorial algorithm shows high accuracy than others.

Individual demand forecasting in building level has become a new level of forecasting helps to decentralized local
demand response. Demand forecasting is predicted in deep learning using the collective information of energy con-
sumption from smart meters. Building level forecasting54,55 made attempted with conditional restricted Boltzmann
machine and factored conditional restricted Boltzmann machine. Both the papers are focused on demand prediction
with consideration of peak demand shift constraints. Paper56 analysis load prediction on hour basis and implemented a
dual architecture based algorithm namely, LSTM with a neural network. LSTM architecture fails to fulfill the accuracy
prediction of forecasting in hour level-based prediction. Hence, NN-based LSTM was coined to achieve accuracy in fore-
cast. Similarly, article57 focused on CNN for load prediction using historical data as a dataset. Here, CNN-based fore-
casting showing outstanding performance in prediction. It is achieved by its multi-layered architecture analysis. The
combined set of CNN with DL made increase the level of prediction with high accuracy.

Energy consumption is made influenced by environmental dataset like weather, temperature, and atmospheric pres-
sure. Dissertation implements DL with extreme value theory (EVT) to predict peak load in the main grid to improvise
prediction accuracy.58 Paper59 analysis generating power and energy consumption together with weather prediction as
numerical simulation-based analysis. It is evaluated by testing a small-scale building around the university campus
exhibits result feasibly with reliability.

DNN with addition machine learning architecture was implemented60 in the prediction of short-term load with
smart meter information. Paper61,62 deals with DBN-based load forecasting.

From these above articles, it is concluded that all types of deep learning algorithms can forecast demand with more
precision than traditional methods. Generally, DL helps to analyze a large volume of data obtained from the smart
meter and additional datasets. Here it is concluded that a combined set of DL, RL, and DRL helps to predict load fore-
casting with more accuracy than the others.

3.4 | Demand response

Demand-side prediction with available generation along with load creates flexibility in demand response. The smart
meter provides the consumer-side power consumption level in a real-time monitoring system for nonintrusive load
monitoring (NILM) analysis. It helps to identify individual appliance's power consumption.
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Dissertation implements DL to determine the level of flexibility in loads to provide a reference frame to demand
response.63 Paper64 adopts real-time identification and flexibility in demand response using a four-way condition
restricted Boltzmann algorithm. The classification of consumer-level and their predictive response in demand is
implemented using RNN in the paper.65 Based on testing analysis, RNN shows better results with effectiveness.

The challenging task is to have a balanced demand response and load control with observability. Paper66,67 proposed
the RL algorithm to domestic demand response with different levels, whereas RL used cluster dispatch load setting in
load control.68,69 Deep Q learning70 helps to develop a balance between load level and building level in deep learning
gradient policy. Q learning helps online scheduling at both levels of energy resources with minimization of the cost
energy function. The customer-based demand response is implemented using an approximate dynamic Q learning
approach in paper.71 RL with a cluster of customer-based demand responses in paper72 made decision-making by the
retailers. Demand response is influenced by weather conditions in some of the applications are made analysis in paper73

use fitted Q iteration RL technique. Test results show the enhanced prediction than the standard fitted techniques. Sim-
ilarly, RL-based fitted Q iteration creates control policy in thermostat regulator; the result shows reduced total cost con-
sumption in a water heater.

Demand response made more connected with energy management on the customer side. Paper74 uses RL for energy
management, which made decision-making by its historical data like energy generation, pricing, and demand data col-
lected from smart meters. Paper75 implements the Q learning algorithm in residential demand response for energy
management, along with future energy prices. Markov decision process approach76 for appliance scheduling with all
possible search paths to each appliance helps by taking a rapid decision. It is not an easy task to create a demand
response mechanism; paper77 uses the RL algorithm for payment program in demand response. Paper78 applies neural
network with more layers of convolution with fitted Q iteration in online demand response program. Demand-side
management (DSM) is disserted79 using DNN-based algorithm for robustness improvement absolute percentage error
and mean square error are adopted. Paper80 deals with DL-based DSM in electric vehicles to achieve smart charging. It
helps in determining the real-time charging nature of E-vehicle using the data set.

Dynamic pricing plays a vital role in customer-based energy trading and demand response. Implementation of dynamic
pricing still challenging due to customer demand response variation on time, collective energy data patterns violate the elec-
tricity pricing market. Paper74 proposed RL-based dynamic algorithm for pricing without a feed of required data about the
dynamic system. Paper81 uses the RL algorithm with nash equilibrium (NE) to develop trade energy games among different
players (consumers) for a dynamic pricing approach. Q learning with broker agent architecture82 found its equal play in
dynamic pricing in the grid market. Traditional automatic generation control (AGC) with RL-based algorithm adopted83 for
improvement in dynamic pricing. The grid stability improvement and peak demand shift balancing attained by keeping
demand response in desire limits. The optimal control strategies using DRL plays a vital role in resolving above-mentioned
issues.84,85 Paper86 adopts DRL for balancing utility grid and to reduce power fluctuation by consumer-based electricity pur-
chase to resolve demand response problem in real time. The atmospheric conditions in the high voltage grid system are bal-
anced by a sequential control mechanism using forward DRL method.87 The cost function of the HVAC system is made
reduced by adopting a multi-agent-based RL through game theory.88 Demand response is enhanced using voltage regulation
and LFC in a hybrid microgrid with selfish herd optimization.89 It helps to overcome the demand response of consumption
on a timely basis and to improve the reliability of power quality.

Demand response still is challenging due to the continuous impact on customer's behavior, variation in energy con-
sumption, and its pricing aspect related to attributes of social causes and policies and weather as external impact. In
addition to this, it also has the concern to fulfill incentive-based consumers, control the action of electrical equipment
under various conditions and optimal cost function varies from each other side. It found that it is hard to implement as
a prototype since it made a driven model for implementation. DL and DRL are helping to extract load characteristics as
a data-driven approach. RL made additional support to consumers, aggregators, and operators in the grid to make a fast
decision for varying demand response.

The above-listed literature made related to demand response from the customer side, load control by the direct
method, and fast decision-making to satisfy other stakeholders in demand response.

3.5 | Fault detection in power system

The reliability of the power system is ensured by predominantly fault/defect analysis in electrical components. Power
systems are mostly complicated network arrangement made continuous monitoring using various sensors. Due to the
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complexity in networking system, prediction of faults is made complicated at initial conditions. Numerous researchers
are adopting different techniques to find early stage identification of fault in electric components.

In paper90 analysis, fault in motor bearing, since motor load take part nearly 60% in loading conditions. Bearing
plays a vital role in the performance of all motor systems. Most of the motoring problems are made directly/indirectly
linked with bearing faults. The dynamic performance of the motor completely depends on bearing arrangements leads
to control and monitor the performance of the motor. Hence, the fault analysis in motor made completely concentrated
in bearing arrangements. The bearing is analyzed by vibration frequency in a motor using a neural network to predict
fault. The bearing fault analysis is carried out by fast Fourier transform (FFT) to train the DL algorithm using a feature
extraction technique in load current.91 The fault section is estimated in paper92 using neural network models. Collective
information on protective devices and circuit breakers helps to analysis. The analysis is carried out through modeling
bus bar, transmission line, protective devices, and transformer in the traditional neural network like regressing neural
network and multi-layer perceptron neural network. The analysis is done by training a neural network model of each
set of the bus bar, transformer, and protective devices. The advancement in wind turbine increases to made investiga-
tion in fault analysis in the wind turbine. Paper93 deals with monitoring conditions and fault detection in the wind tur-
bine. The wind turbine has variable speed operation, which brings up unsteady operation, this leads to the monitoring
of wind turbines under load conditions in wavelet analysis with the time-frequency response. The reasoning algorithm
with a developing model creates fault detection and cost reduction effect of power production. It is difficult to predict
fault conditions in the early stage of the wind turbine was discussed in paper.94 Deep learning-based small fault analysis
is implemented in the paper. The input data pattern is the vibrational data of wind turbines to the deep learning model.
Data are trained with multiple layer structure to improve accuracy prediction in fault analysis. The test results show
that DL-based fault diagnosis enhances accuracy in prediction. Paper95 proposed deep learning neural network for fault
diagnosis in the power system. Deep learning found the most effective approach than a neural network; it processes
data with optimal diffusion gradients. The processed data are encoded into different hidden layers in NN are observed
as a preliminary stage of fault prediction. The trained model stacked autoencoder (SAE) is used in DNN to predict fault.
Paper96 uses corrective voltage control (CVC) for post fault restoration in microgrid under different conditions. The
wind power plant on large scale with a deficiency in load margin has a great impact on post fault analysis.

Paper97 deals with fault detection in microgrid using deep neural networks. It adopts a combination of deep learning
with neural network architecture along wavelet transformation to create accuracy in fault detection. In this method
branch, the current is sampled by a protective device and wavelet transformation predicts pre-process statistical fea-
tures. The obtained input data are made process through a deep neural network to obtain fault information. Simulation
results are tested under the IEEE 34-bus system and it has shown an accuracy in detection and robustness in the config-
uration. The self-healing approach in a microgrid is implemented in paper.98 After fault detects, monitored grid data
are taken into an analysis of the level of security after clearing the fault system back to normal operating conditions.
The feature selection-based machine learning approach helps to select the dynamic layer for different fault in a micro-
grid. Input data are taken from the features of the generator and it made in a multi-layer algorithm to process. Partial
discharge (PD) indicates the operating condition and present state of electrical equipment. Paper99 implement PD using
deep learning in computational and stored data to feature extraction. DNN-based prediction provides efficient tech-
niques in fault analysis. Paper100 implement machine learning as a semi-supervised approach based on co-training for
fault classification in the transmission and distribution system of microgrids. A semi-supervised algorithm can handle
both labeled and unlabeled data. The discrete current and voltage are transformed using wavelet analysis. The optimal
wavelet set is obtained and it is feed as input for DL-based analysis. Test results show the flexibility and adaptable deal-
ing under various operating conditions. Paper101 adopts a deep neural network to eliminate DC offset in fault current.

It is found that deep learning is more effective for defect detection in electrical equipment that was proven from the
above literature. Some problems need online-based DL techniques to predict pre- and post-fault conditions.

3.6 | Planning and stability of microgrid

Microgrid has attained the next evolution of the power system in the universe. Microgrid intended to function along
with the existing grid; hence, the planning process may address as economic feasibility as long-term stability. Microgrid
planning becomes complex with existing attributes, equality, and inequality constraints. This paved the way for innova-
tion in planning techniques to operate microgrid in economic feasibility. Heuristic and metaheuristic methods of opti-
mization were listed in paper.102 The microgrid planning problems like power generation and sizing, scheduling, and
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siting problem are discussed. To meet out satisfied demand of consumers, microgrid requires a detailed analysis of
power generation planning. The sizing of generation depends on criteria of cost and demand load; selection of fuel-
based generation is made economical operation only with effective planning. Power generation allocation and layout of
transmission line cover in sizing problem under equality constraints. Planning of microgrid focused on scheduling of
generators and power storage devices. Paper103 implements machine learning for progress and implementation in the
planning of microgrids. Attributes of machine learning are deep learning and big data analysis initiates the adoption of
deep learning in planning. The architecture of deep learning is attained with the fundamental structure of the neural
network for detailed analysis. With deep learning techniques, planning of microgrid is become effective means of power
scheduling. The power generation data along with demand data are obtained from historical events later, they are made
process in the subset of DL model, which gives effective scheduling statements. Dissertation104 proposed a reinforce-
ment learning algorithm in power system control and decision-making in a microgrid. RL found that relative solution
to decision-making and control of microgrid. The perspective of RL found robust control in preventing and controlling
measures. RL algorithm operates on an agent-based collective dataset with a closed-loop control state. The system is
modeled based on the agent dataset and processed in the different operating states to obtain the optimal solution.
Through this process, RL provides all the possible solutions to achieve proper control of generation. The operational
control in the grid system is attained by control on the generator side. The advanced control scheme on an integrated
multi-area system is proposed.105,106 The smart generation control is proposed using the DQL algorithm under a multi-
agent grid system to attain robustness.107,108 The smart generation control proposed109 to prevent large disturbance in
the power system. To maintain thermal limit and energy-efficient in HVAC, an optimal model-based system is to imple-
ment.110 The traditional method111 proposed automatic generation control (AGC) with the Q-learning method in a
microgrid. The power generation and its characteristics of each distribution generation (DG) like PV, wind, and exter-
nal power storage devices are studied. AGC-based control of LFC in microgrid designed using Q-learning algorithm to
attain frequency control. The simulation result shows the improved dynamic control of microgrid than the PI control-
ler. DRL-based model-free LFC is adopted to attain rapid speed response and minimization of frequency deviation.112

The sparse observation problem in113 control strategy near the loaded sector was observed in the main grid. It can be
resolved by DRL with additional attributes of LSTM where LSTM having higher performance in time series-related
issues. Paper114 proposes artificial intelligence role and challenging opportunities in a microgrid. Information and com-
munication technology in microgrid leads to cost-effective enhancement in microgrid performance. Paper115 states
about the implementation of machine learning in the power system. Machine learning produces an accurate prediction
for short-term forecasting with less computational time.

The reliability of the power system depends on stability, identification of disturbance, and emergency state alert control.
It is achieved by complete monitoring of the power system using SCADA with a large volume of data collected from wide-
area measurements. This becomes a challenging task for a power engineer to operate under stable conditions.

Paper116 proposed an adaptive and intelligent power control approach in microgrid under grid-connected mode. It
consists of a fuzzy critic and a neuro-fuzzy agent controller for operation. Fuzzy critic adopts a reinforcement learning
algorithm. The output obtained from the reinforcement algorithm is made feed to the neuro-fuzzy set and to develop
backpropagation control to improve stability in power flow. The dynamic stability of the power system is made
improved using an automatic load frequency controller (ALFC) and automatic voltage regulator117 (AVR). It performs
with a power system stabilizer and interline power flow controller under a multi-area combinational system. Paper118

proposed a novel method to enhance stability in a microgrid. Fuzzy-based reference learning algorithm using SVC
improves stability in the power system. The stability of microgrid in the islanded condition is made enhanced by
implementing a PI-based fuzzy model reference learning controller to control loops of SVC, whereas the proposed algo-
rithm has the potential of learning in inadequate data for grid parameter variation under dynamic load conditions. Dis-
sertation119 implements DL-based multi-layer perceptron, CNN, and DBN for prediction of disturbance using different
layers for classification of fault in a microgrid. Collective of information on the power system obtained from installed
PMU's. CNN-based DL shows excellent performance in classification. Paper120 proposed DBN-based transient analysis
in a microgrid. It can map the original data with predictive data, where stable conditions are easily separable from the
unstable condition.

Multi-layer hidden module along with DL proposed in paper121 is to enhance the power system in emergency oper-
ating conditions. Present emergency systems are generally designed for offline technology due to the increase of size
and evolution of microgrid made these systems under dissatisfaction. To overcome and need to create a system with
more robustness, deep reinforcement learning (DRL) is adopted.122 It is tested under IEEE 39 bus system to attain
enhancement instability.
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TABLE 1 Comparative study of multiple domains

Domain Methods Description Performance of methods Reference

Energy
forecasting

Long short-term
memory (LSTM),
LSTM—RNN

• Predictive-based analysis
• RNN—Application in demand

response
• Forecasting is done by creating

own model with changes in data
to avoid reliance in RNN

• Improved memory learning
capability based on time series
analysis

21

Convolution neural
network (CNN)

• Prediction on Solar irradiation
• NN creates—Extraction of data in

complex models

• Image-based analysis for data
prediction

22,23

Deep belief network
(DBN) with ANN

• Proposed—Model in time series
with its limitations.

• Hidden layer performs data
interpretation (multi-layer
perceptron)

• Restricted Boltzmann machine
(RBM) serve as hidden layer

24

Deep learning (DL) • Forecast PV generation
• Analysis more set of Data

• Multi-layer algorithm with the
large data set

25

DL with NN • Effective algorithm to predict PV
generation

• Implemented in nonlinear system

• Deep multi-layer for large
system

26

Ensemble LSTM (Deep
learning with LSTM)

• Predict wind energy
• Time series-based prediction

approach
• Robust—Hidden layer is

formulated
• Fine-tuning in top layer helps in

wind prediction (External
Optimization)

• Initial layers are constructed by
deep learning

• Multiple learning algorithms
for precise predictive analysis

27

Energy
management

Deep Reinforced
Learning (DRL)

• Building energy management—
real-time optimization.

• Large data set of PV power is
taken into accounts.

• Feedback-based control systems
are adopted.

• Multiple layers with state and
reward function

32

Reinforcement
Learning (RL)

• Optimized scheduled operation.
• Batteries adopted with an agent-

based algorithm.

• State and reward function with
environment

40

Reinforcement
Learning (RL)

• Supports the trading application.
• Generation is predicted using local

load demand

• Trading function with a reward
function

41

A multi-agent system
(MAS)

• Standalone function.
• Enhancement in the reliability of

the system.
• Providing additional control in

power generation.

• Provide a solution to the system
under uncontrolled

44

Fuzzy-based Agent • Ability to have multi-tasking
functions.

• State variable-based
representation.

• Performance under a set of rule
functions

44

Reinforcement
Learning (RL)

• Optimal distribution.
• Multi-agent-based environment.

• Multi-objective function 45

(Continues)
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TABLE 1 (Continued)

Domain Methods Description Performance of methods Reference

RL and DNN • Power balancing.
• Support the reliability of

Microgrid.

• Multiple layers for data analysis 46

Deep Reinforcement
Learning (DRL)

• Energy Internet (EI)
• Optimal power-sharing.

• Power-sharing—Multi-layer
with environment state

47

DNN & ANN • The real-time problem is
investigated under large network

• More hidden layers for large
area system

48,49

Demand
forecasting

Enhanced load
predictive algorithm

• Collective statistical data with AI
models

• A feed-forward mechanism is
adopted in NN.

• Increase of hidden layer helps in
improving accuracy

• Enhancement in accuracy with
modified NN

50

CNN with K mean • Hourly forecasting
• Time decrement approach in

prediction
• CNN—Trained data subset

• Repeated training mechanism
with sharing of parameters

51

Deep belief network
(DBN)

• Hourly forecast—Tested in the
Urban area (Texas in the USA)

• Dataset is proposed
• Accurate prediction than classical

CNN and extreme learning
machine

• Large area system with CNN
for better performance

52

Deep neural network
(DNN)

• Tested in the Iberian area
• Dataset—90 days
• Multi-layer NN with multiple

active functions
• High accuracy

• More hidden layers with large
dataset analysis

53

LSTM with NN • Building level forecasting
• Hourly based prediction

• Time series-based analysis 54,55

CNN • Load prediction based on
historical data

• Image-based processing under
load prediction

57

Demand
response

Deep learning • Flexibility in load level is
determined by demand response
in real time.

• Multi-layer analysis and
demand prediction

63

Recurrent neural
network (RNN)

• Classification of consumer levels
• Predictive level attains

effectiveness

• Model based on the sequence
of data

65

Reinforcement
Learning (RL)

• Different level in domestic
response with load setting under
cluster dispatch

• Maximum performance under
different states

66-68

Deep Q learning • Load and building level are
balanced using gradient policy
in DL

• Q learning—Online scheduling
function

• Cost function minimization.
• Dynamic Q learning—Customer

based demand response

• Value based on gradient
methods.

• Adopted in a small area under a
singular objective function

70

RL based fitted Q • Weather condition is taken into
consideration

• Control policy

• Reward function set in
continuous mediate action

73
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TABLE 1 (Continued)

Domain Methods Description Performance of methods Reference

Q learning • Residential demand response
along with energy management

• Decision making by historical data
• Appliance scheduling

• Compare the output with
consideration of the
environment

75

Fault
detection

Neural Network • Fault analysis in motor—Bearing
fault

• The analysis is done through
modeling of parameters and is
made processed using NN.

• Multi-layer-based NN is used

• The complex model with
prediction analysis

90

Wavelet analysis with
time-frequency
response

• Condition monitoring and fault
prediction in early stage in wind
operation.

• Irregular dataset is made
analyzed with linear function in
higher order

93

Deep learning (DL) • Wind turbine
• Vibration data of wind turbine as

input
• Data are trained with multiple

layers
• Test results show accuracy

prediction

• Data augmentation helps in
improvement of detection

94

Deep learning with NN
(DNN)

• Fault diagnosis in power system
• Optimal diffusion gradient—

process data.
• Multi-layered algorithm
• The efficient technique in fault

analysis

• Solve a problem with data
availability, local optimum

95

Planning and
stability

Machine learning • Advancement and implementation
in microgrid - Planning

• Precise prediction
• Prediction in short term with less

computational time.

• Multi-layer function 102

Deep learning • Detailed analysis
• Data are processed in the DL

model
• Effective power scheduling—

planning

• Process data with hidden layers
for precision

103

Reinforcement learning • Control & decision-making in
power system

• Robust control in preventive and
control measures

• Agent-based dataset with
closed loop

• RL attains all possible control of
generation.

• Data prediction carried out
with state and reward function
in presence of an environment

104

AGC with Q learning • Helps in controlling the
generation

• Model-free learning algorithm 111

LFC with Q learning • Helps to attain frequency control • Optimal function—Converge 114

Adaptive and
intelligent power
control

• Stability improvement
• Implementation of fuzzy critic and

neuro-fuzzy controller
• Fuzzy critic—designed using a

reinforcement learning algorithm.

• Feedback control mechanism
helps in improvement
instability along with fuzzy

116

(Continues)
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Due to enlargement in power system and being complex more and more due to penetration on new sources like
solar, wind, storage devices create an investigation instability in a microgrid. Under such complexity, model-based anal-
ysis becomes an essential condition, which is achieved by the implementation of DL, RL, and DRL models. Through
the review, it can suggest that combined model-based analysis will perform analysis and control to improve stability.

TABLE 1 (Continued)

Domain Methods Description Performance of methods Reference

• Neuro-fuzzy set—improve stability
using backpropagation.

Fuzzy-based reference
learning algorithm

• SVC used to improve stability.
• Potential of learning from

grid data.

• Optimal sizing and placing of
SVC carried out using fuzzy

118

Deep learning • CNN gives excellent performance
in classification of the fault.

• Multi-layer perceptron.

• The multi-layer function
provides a wide range of
classification

119

Deep belief network • Transient analysis
• Stable and unstable conditions are

easily identified.

• Multi-area with CNN for better
results

120

Deep reinforcement
learning

• More robust
• Enhancement in stability (tested

in IEEE 39-bus system)

• Large area system with multiple
systems

122

TABLE 2 Dissertation of reference papers

Domain Description
Section of
reference papers

Generation of renewable
energy forecasting

The main objective is the future prediction of generation to satisfy demands. 17-29

Energy management It adopts automated systems to perform optimal scheduling of distributed
generation.

30-49

Demand forecasting Due to an increase in demand, it is essential to predict and adaptive
measures are required to resolve.

50-62

Demand response To satisfy the load with generation according to respective load demand. 63-89

Fault detection It helps to enhance the protection of microgrid. 90-101

Planning and stability Under the different modes of operation of the microgrid, it requires proper
planning and a stable system.

102-122

FIGURE 5 Different techniques and its implementation—
Study
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4 | DISCUSSION

This section gives a complete outlook of this paper. It is projected in below Table 1. It deals with multiple domains and
their inference on different applications. Table 2 shows the dissertation of reference papers under the various
applications.

Figure 5 shows the implementation of various techniques in review papers. It clearly states that deep learning and
reinforced learning algorithm are extended their application in various domains.

5 | CONCLUSION AND FUTURE WORKS

The power system network becomes more complex due to the increase in demand and usage of nonlinear loads. This
complexity has minimized by using microgrid with predictive control measures. A recently evolved algorithm like DL,
RL, and DRL has found attention and many applications throughout the world. Additionally, AI combined with
machine learning has created a new era in ML for the next stage of development. Microgrid creates tremendous oppor-
tunities for ML for obtaining the solution to challenging tasks. Through this article, it is clear that DL, RL, and DRL
had started to serve microgrid in prediction, analysis, decision-making, and control of power system components. It
serves, high-level efficiency and accuracy in a predictive-based task like power forecasting, demand forecasting, stability
state prediction, etc. create opportunities for a business firm. Presently, these algorithms found its application in lesser
in a microgrid, since it is in the beginning stage of ML-based microgrid soon, it will attain gigantic growth in various
applications of the microgrid. This paper paves the new way to researchers by focusing on DL, RL, and DRL under pre-
dictive analysis and decision-making in various sectors in microgrid by identification of deep learning with a specified
layer to address various problems in the future.
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I. ABSTRACT 

The demand for power is increasing day by day throughout the globe. In such a state of affairs typical sources of 

power might not meet the requirement. The importance of renewable power sources is taken into account 

because the various appropriate energy sources these days. This paper deals with the fabrication of the solar 

energy system that is that the main supply which encompasses a cell backup power supply. Therefore, no charge 

device is interfaced. The planned technique has four major parts: PV cell: because it is  the main offer, 

Hydrogen fuel cell: as a backup supply, the management device: for switch power from the most supply to 

backup supply and the other way around and therefore the final half may be a load. The load is energized by the 

alternative energy directly through the management device. Once the solar energy is short regarding the 

demand, then the load gets power from the cell through the management device. However, if the solar energy 

becomes ample to produce power to the load, the management device changes over the supply from fuel to cell. 

The result of the simulation shows that the load continuously gets associate degree uninterrupted power offer. 

Keywords 

 solar cell, hybrid power system, fuel cell, renewable energy source, control device. 

 

II. INTRODUTION 

Conventionally single source for power generation in the given place is used. Fuel-Cell with Photo voltaic (PV) 

cell hybrid power system combines the benefits of each power sources. This way, these power systems is attention-

grabbing for some backup applications[11].The performance of the PhotoVoltaic cells has been successfully 

proved that they are way better than the conventional power generation methodologies[9]. The PV cells that are 

used for power generation can be integrated with the present power grid[4][8]. The generation of power using PV 

cells can be done on both surface and water bodies[5]. The  hybrid system can be controlled using MPPT[10] or 

with any interfacing technologies. This integration has certain drawbacks[6] and they shall be overcome by this 

method. 

This paper develops a technique for size backup fuel-cell/battery hybrid power systems, in keeping with a 

minimum lifecycle price criterion, from any outlined hourly load profile and any outlined backup time[13]. The 

developed methodology relies on associate degree existing size tool for hybrid systems, however its initial 

capabilities are extended so as to contemplate backup performance. This way, it's potential to form selections 

before investment is created, that is far a lot of necessary in such dearly-won systems. As a exercise, the 

methodology is employed for the size of a backup installation for a communication system. the foremost ordinarily 

used technologies for backup power systems area unit lead–acid battery systems and engine–generator sets. These 

2 alternatives don't clearly fits some requisites of a perfect uninterruptible power provide (UPS).Which means the 

existing system is not the zenith for the inventions of power storing methodologies. This paper brings up the 

prototype model of the Idea of making a hybrid power generating unit that completely utilizes only the renewable 

resources for generating the power. The very underlying principle, the integration of two sources, is not only for 

urbans and sub-urbans but also for villages and remote areas[7].  

III. EXISTING SYSTEM VERSUS THE PROPOSED SYSTEM 

 The commonly existing backup systems only uses lead acid battery and Diesel Engine generator sets. 

But this systems have some disadvantages that were extremely contrast to the certain must-have qualities of 

power systems and their storing units like good quality of electric service high power and energy density, high 
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reliability and efficiency, low magnetic interference and acoustic noise, etc. The disadvantages of engine–

generator sets are high maintenance, fuel availability (both are very inconvenient in remote locations), and high 

pollution. 

But on the other hand it must be told that this Generator sets are very suitable for running longer times, but in 

vain because the power generated cannot be stored continuously on the batteries because, as a matter of fact, 

they are not designed to take in the charging action for longer time durations. Also they are nondurable and very 

sensible to the temperature fluctuations and the power fluctuations that will undoubtedly produced when the 

power is drawn from the batteries. Thus they have high DC grid voltage ripples and very high Power losses. The 

following diagram shows the existing system  

 

 

 

It can be also noted from the diagram that this existing system’s configuration do not contain any 24/7 reliable 

power generating source and unluckily this is what currently in use. So obviously there is a need for another 

system that is both versatile as well as robust and easy to expand and replace. Thus, clearly there is  the need of 

a new and updated system and it’s here this prototype is coming into action. 

Although most backup power systems use lead–acid battery systems and engine–generator sets, or a mix of the 

two, customers are expecting alternatives that work with sturdiness and are with reliability that will never let down 

the customer. They also Expect that this should be at an inexpensive price. Fuel cells are on the top of the 

alternatives when the available alternatives are filtered with their performance and reliability. Fuel-cell-based 

systems are growing as a very important element to replace the technologies that make up the existing backup 

power systems, due to their high specific energy, high reliability and no pollution. 

 Specifically, proton-exchange-membrane (PEM) fuel cells are at the zenith of the alternatives because they are 

the simplest alternatives due their low operational temperature and comparatively quick response time. Moreover, 

PEM fuel cells are compact and light-weight. Comparing to batteries, fuel cells give longer and continuous 

runtime (energy storage is decoupled from power supply size, in contrast to batteries) and larger sturdiness in 

laborious, out of doors environments underneath a larger range of temperature conditions. They need less 

maintenance than each generators and batteries as a result of they had fewer moving components. They would 

even be monitored remotely, reducing the particular maintenance time. Compared to generators, fuel cell units 

are quieter and might don't have any emissions. Among the backup facility markets,the most interest for PEM fuel 

cells are in backup systems for telecommunication applications, specifically backup for power systems for 

telecommunication systems connected to the electrical grid. They need uninterrupted power supply to perform a 

delay free information exchange. However, in remote locations, interruptions area unit common. Such 
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Fig.1 Existing system 
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telecommunication systems may need power capability from 1 - 10 kW additional to an autonomy of 1–2 or 24 

h. [14] 

 

 

 

 

However, there aren't solely benefits with fuel cells. Though the praising hymns of fuel cells are sung they too 

contain drawbacks like High installation cost, Slower dynamics in starting and transition period and lower power 

density. Which in turn gives us a situation. There may be a need of an auxiliary power source so that user may not 

solely depend on the Fuel cells for power. The auxiliary source should defy the drawbacks that the normal fuel 

cell imposes upon us. This shall be solved by using smaller battery source. 

IV. COMPONENTS USED 

Below are the list of components used to bring this solution a shape, 

 Battery 

 Micro controller 

 Solar panel 

 Fuel cell 

 Multiport DC to DC converter 

 Inverter 

 Step up Transformer 

 Firing circuits 

The proposed system has a battery of 6 Volts and 4.5 Amperes and it would be a lead acid battery. This battery 

is used to store the energy that is used to shovel off the drawbacks that the Fuel cell impose upon us like the 

Irregularities in response during the Starting and during dynamic transitions and this will act as the 

supplementary power supplying unit in the case of both primary sources failed. 

This controller is used to regulate the switching the power between the backup unit and the primary unit. The 

micro controller used is ATMEGA 8 ,8 bit micro controller. The following are the configurations of the 

controller used 

Throughput at 16 MHz– maximum up to 16 MIPS 

 On-chip 2-cycle Multiplier 

Memory segments 

Fig.2 Proposed system 
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– 8K Bytes of In-System Self-programmable Flash program memory 

– 512 Bytes EEPROM 

– 1K Byte Internal SRAM  

Oscillator 

– On-chip Analog Comparator 

– Internal Calibrated RC Oscillator 

Operating Voltages 

– 4.5 - 5.5V (ATmega8) 

Power Consumption at 4 Mhz, 3V, 25°C 

– Active: 3.6 mA 

– Idle Mode: 1.0 mA 

– Power-down Mode: 0.5 µA 

Solar panel is nothing but the source that used to generate our power primarily in this project. This, in 

combination with the fuel cells, is coupled Multi port DC-DC converter. This is also connected with controller 

so that the latter can detect any ups and downs in the solar panel generation and it can give signals to switch in 

the back up source.Fuel cell is the backup source used for this project. Anode is made of Hydrogen dipped metal 

oxide and cathode is of carbon supported lithium. Using that this would produce the flow of electrons which in 

turn it forms electricity. 

V. CONTROLLING CODE OF ATMEGA 8 CONTROLLER: 

 

The following code is the controlling and decision taking sequence  of the ATMEGA8 controller. 

#include <mega8.h> 

#include <delay.h> 

// Declare your global variables here 

void adc_init(void) 

{ 

   ADCSRA |= (1 << ADPS2) | (1 << ADPS1) | (1 << ADPS0); // Set ADC prescalar to 128 - 125KHz sample 

rate @ 16MHz 

   ADMUX |= (1 << REFS0); // Set ADC reference to AVCC 

   //ADMUX |= (1 << ADLAR); // Left adjust ADC result to allow easy 8 bit reading 

  // No MUX values needed to be changed to use ADC0 

   //ADCSRA |= (1 << ADFR);  // Set ADC to Free-Running Mode 

   ADCSRA |= (1 << ADEN);  // Enable ADC 

   ADCSRA |= (1 << ADSC);  // Start A2D Conversions 

} 

unsigned int read_adc(unsigned char ch) 
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{ 

    ADMUX &= 0xF8; // clear bottom 3 bits 

    ADMUX |= ch; // then set bottom 3 bits to channel n  

    ADCSRA |= (1 << ADSC);  // Start A2D Conversions 

    while ((ADCSRA & 0x10)==0); 

return(ADCW); 

} 

void main(void) 

{ 

// Declare your local variables here 

   unsigned char step,din; 

   unsigned int adc,thr,res,ml; 

// Input/Output Ports initialization 

// Port B initialization 

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In  

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T  

PORTB=0x00; 

DDRB=0x00; 

// Port C initialization 

// Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In  

// State6=T State5=T State4=T State3=T State2=T State1=T State0=T  

PORTC=0x00; 

DDRC=0x00; 

// Port D initialization 

// Func7=In Func6=In Func5=In Func4=In Func3=Out Func2=Out Func1=Out Func0=Out  

// State7=T State6=T State5=T State4=T State3=0 State2=0 State1=0 State0=0  

PORTD=0x80; 

DDRD=0x0F; 

// Timer/Counter 0 initialization 

// Clock source: System Clock 

// Clock value: Timer 0 Stopped 

TCCR0=0x00; 

TCNT0=0x00; 

// Timer/Counter 1 initialization 
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// Clock source: System Clock 

// Clock value: Timer1 Stopped 

// Mode: Normal top=0xFFFF 

// OC1A output: Discon. 

// OC1B output: Discon. 

// Noise Canceler: Off 

// Input Capture on Falling Edge 

// Timer1 Overflow Interrupt: Off 

// Input Capture Interrupt: Off 

// Compare A Match Interrupt: Off 

// Compare B Match Interrupt: Off 

TCCR1A=0x00; 

TCCR1B=0x00; 

TCNT1H=0x00; 

TCNT1L=0x00; 

ICR1H=0x00; 

ICR1L=0x00; 

OCR1AH=0x00; 

OCR1AL=0x00; 

OCR1BH=0x00; 

OCR1BL=0x00; 

// Timer/Counter 2 initialization 

// Clock source: System Clock 

// Clock value: Timer2 Stopped 

// Mode: Normal top=0xFF 

// OC2 output: Disconnected 

ASSR=0x00; 

TCCR2=0x00; 

TCNT2=0x00; 

OCR2=0x00; 

// External Interrupt(s) initialization 

// INT0: Off 

// INT1: Off 

MCUCR=0x00; 
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// Timer(s)/Counter(s) Interrupt(s) initialization 

TIMSK=0x00; 

// USART initialization 

// USART disabled 

UCSRB=0x00; 

/ Analog Comparator initialization 

// Analog Comparator: Off 

// Analog Comparator Input Capture by Timer/Counter 1: Off 

ACSR=0x80; 

SFIOR=0x00; 

// ADC initialization 

// ADC disabled 

ADCSRA=0x00; 

// SPI initialization 

// SPI disabled 

SPCR=0x00; 

// TWI initialization 

// TWI disabled 

TWCR=0x00; 

// Alphanumeric LCD initialization 

// Connections specified in the 

// Project|Configure|CCompiler|Libraries|Alphanumeric LCD menu: 

// RS - PORTB Bit 2 

// RD - PORTB Bit 4 

// EN - PORTB Bit 5 

// D4 - PORTC Bit 0 

// D5 - PORTC Bit 1 

// D6 - PORTC Bit 2 

// D7 - PORTC Bit 3 

// Characters/line: 16 

while (1) 

      { 

           i2=read_adc(5)/8; 

           i1=read_adc(5)/8; 
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           p=i1-12; 

           m=ref-p; 

          OCR1A=m;  

          PORTD=0x03; 

delay_ms(10); 

        PORTD=0; 

delay_us(500);  

        PORTD=0x0C; 

delay_ms(10); 

        PORTD=0; 

delay_us(500); 

      } 

} 

VI. WORKING AND OUTPUTS 

 

 

                                     

Fig.3 Workflow 
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Fuel cell and solar panel will be coupled with Multiport DC-DC multiport booster. The latter also contains a 

connection from the lead acid battery. If the total voltage from any one or the combination both the Primary 

sources (Solar panel and Fuel cell) then the battery will be charged or else the battery will be discharged. The 

input to DC-DC multiport booster is 12V and the output will be boosted to 16V. To protect the micro controller 

from heavy voltages is is provided with a regulator which will send only 5V to controller. Since the many 

applications used are nothing but AC powered, an Inverter is needed and it is driven by the PWM driver IC 

whose signals are obtained from the Micro Controller. The inverter is fed from the output of Converter and the 

output from this would be fed to the Transformer (Step Up) which would finally be fed to the Load. The 

feedback unit contains V & I sensor and triggering pulses to Converter and inverter. 

 

 

OUTPUT WAVEFORMS 

 

 

Fig.4 DC output from the PV panel 

 

 

 

Fig6.DC output from the Fuel Cell 
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Fig.7 Boosted DC Voltage 

 

 

Fig.8 Pulse to the inverter 

 

 

 

Fig.9 Inverter Output 

 

 

Fig.10 Step-Up Transformer Output 
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VII. FABRICATED PROTOTYPE KIT 

 

 

Fig.11 Fabricated kit 

 

 

 

 

VIII. CONCLUSION 

This paper discusses the fabrication of the model hybrid power system that utilizes two non-conventional energy 

sources (solar panel and Fuel cell). This system also contains a battery storage unit which act as a supporting 

system if both the primary sources fails to function. This system is so modelled that this will be compatible with 

the existing power transmission and distribution systems so that when this model is implemented in large scale 

there will be no need to make much changes in the existing power transmission system. 
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Abstract: The major problem among the people is that they are lacking in the awareness of the 

underground water usage. Thus, they are in the process of designing the “Application” which 

gives the data about the underground water consumption of the consumers and monitor the 

ground water usage of the consumers. Also, alarming when the maximum usage of water or 

wastage of water. This system sends the information of the water usage of that area and 

automatically recorded in the government water board of that area with quantity of the water 

usage, If exceeds the limit will have the locking system of the water supply of the usage area with 

fine. Thus the paper gives the total guidance to the people according the usage of the underground 

water resources digitally with the application itself 
Keywords - Arduino, IoT, Groundwater 

 

1. Introduction 

Groundwater is water underneath the outside of the Earth.  Groundwater begins as precipitation 

and the part of the downpour water that penetrates underneath the ground's surface, either normally or 

falsely, becomes groundwater.  The rest of the bit of the precipitation is utilized by plants, dissipates, or 

becomes surface water spillover which can either add to groundwater levels in different territories or be 

expanded by groundwater outpourings relying upon the geography the surface water voyages through.  

The measure of precipitation that gets assimilated and becomes groundwater relies upon the dirt type [1-

2].  Highly permeable soils, for example, sandy soils, retain water a lot quicker than soil, for example, 

mud which has little pores.  The immersed soil acts like a wipe and the region where groundwater is 

available, or soaked, in the dirt are called a spring, which for the most part has a limit characterized as its 

basin [3-4].  Groundwater bowls are framed normally over a period running from quite a while to over a 

thousand years in certain topographies. Groundwater is basic to the networks that are based on or 

approach the spring, or the underground layer of water that fills splits in the stone or sand that makes up 

the soil.  This groundwater layer which makes up around 30 percent  of the worlds freshwater gracefully 

used for certain, reasons including water framework, private drinking water, and metropolitan water 

supplies. Groundwater is a key bit of the United States ability to flood its farmland. Water system 

structures speak to the usage of about 53.3 billion [5] gallons of groundwater consistently for agriculture 

watering. This utilization can be appeared differently in relation to the 1900s when the US simply used 

2.2 billion [6] gallons for water system. Furthermore the creatures and aquaculture ventures eat up 

generally 3.2 billion [7] gallons of groundwater consistently. Information as for groundwater use for 

drinking water generally speaking is limited, in any case it is surveyed that 33% [8-9] of the all out 
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people depend upon groundwater as the essential wellspring of their drinking water. More than 13 

million US nuclear families typically depend upon private ground water wells. Groundwater sources are 

used by around 33 percent [10] of the vast water structures in the United States. Among open and private 

water wells around 44 percent of the US people depends upon groundwater for their drinking water. 

Counting drinking water and developing nearby various jobs of groundwater, for instance, collecting, 

mining, and thermoelectric ability to give a few models, 79.6 billion gallons each day of new 

groundwater are used. 

 

 

2.  Motivation 

Knowing the groundwater level is noteworthy for a couple of reasons, including understanding 

spring levels under static conditions and siphoning conditions, choosing how the levels partner with close 

by surface water sources, and perceiving how surface headway has influenced the spring. Groundwater 

extraction from siphoning groundwater for surface use has the best effect on the proportion of 

groundwater [11-12] set aside in a spring and the rate at which it finishes off or energizes.  The most 

serious outcome of over the top groundwater siphoning is that the water table can be lowered.  It is 

critical to screen and comprehend the groundwater levels proceedings boring any wells which will have 

noteworthy draw down of the spring on the grounds that the water table levels will give a smart thought 

of the effect of the new well.  For water to be pulled back beginning from the most punctual stage, must 

be directed from a well that compasses underneath the water table [13-14]. The data assembled by 

checking groundwater can be used to choose the proportion of groundwater that can safely be pulled back 

before no more water can be siphoned. Close by water managers can shield wells from going dry and 

hinder the improvement of progressively disastrous quality groundwater into the spring. In the event that 

groundwater levels decline exorbitantly [15] far, by then the well owner may need to broaden the well, 

drill another well, or, at any rate, try to cut down the siphon which could end up being expensive for the 

proprietor. Despite the cost of extending the significance of the well, entering another well, or moving the 

direct down as the significance to water constructs; the water should now be lifted higher to rise to the 

top. Sometimes there may be a chance that siphons are used to lift the water (rather than artesian wells), 

greater essentialness is required to drive the siphon which realizes continuously exorbitant water. In the 

end a significant well could end up being prohibitively expensive to siphon water from. 

Certain regions decreasing the water table level can greatly affect the groundwater's quality.  In 

waterfront freshwater spring’s salt water interruption can happen when the various densities of both the 

saltwater and new water permit the sea water to barge in into the new water aquifer [16-17].  Often beach 

front groundwater springs bolster huge populaces where the interest for groundwater withdrawals 

surpasses the new water revive rate permitting salt water to advance into the spring sullying the water.   

Worldwide Positioning System (GPS) and nearby situating calculations can be utilized to acquire 

area and situating data of water. By which the location of the water body with the flow rate is shown in 

mobile simply. The sensor is used to detect the Moisture content and Temperature of the certain area in 

the underground water and when the limit exceeds the Notification is sent to the Customer and 

Government water board automatically. 

 

3 Proposed System 

3.1 Water Level Sensor  

 Water stream sensor comprises of a plastic valve from which water can pass. Water pivots 

alongside a Hall Effect sensor that sense and measures the water stream [18-19]. The fundamental 

working guideline behind the working of this sensor is the Hall Effect. As per this standard, in this 

sensor, a voltage distinction is instigated in the conductor because of the revolution of the rotor. This 

initiated voltage distinction is transverse to the electric flow. 
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Figure: 1.Water flow sensor 

3.2. Arduino 

 
Figure: 2Arduino-UNO 

 

3.3 Arduino UNO Pinout  
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Figure: 3. PIN configuration 

4. Implementation  

GPS (Global Positioning System) which is used to locate the area of the underground fresh water 

availability by storing the entire data by this project in the Cloud Computing Technology. The 

Application provides the Guidance with the Data of water in that area visually to the people in “Google 

Map”and it help energy conserved and utilized efficiently [20]. The limit of the water is set according to 

the water availability and quality of water to alarm over usage information to the people and Water Board 

by measuring the water flow using “Arduino & Sensors”. Peoples are always For instance deforestation, 

depleted wetlands, and urban improvement cause water to overflow a lot quicker than it would normally.  

This prompts diminished charging of the fundamental aquifer. The surface water collaboration referenced 

before extra concerns incorporate the expanded expense of water and land subsidence.  The expense of 

water increments as the profundity of the water table increments because of expenses related with the 

vitality required to lift the water further.  Land subsidence, or soaking in, is brought about by the loss of 

help underground.  Groundwater extraction can cause subsidence by leaving a void where the water was 

and drying the dirt permitting it to shrivel and settle.  As groundwater is ceaselessly removed from the 

dirt the probability builds that the ground will settle to occupy the unfilled spaces left behind.  This 

settling can be the wellspring of significant harm to the nearby networks remembering breaks for 

establishments, dividers, streets or possibly even sinkholes. It is necessary to determine the Powerful 

groundwater watching is the best way to deal with secures the local system, ensure a dependable and 

sensible groundwater gracefully, and guarantee the sum available for at some point later [21]. Help line 

provision with Water Board Advice also available. The GPS (Global Positioning System) is utilized to 

recognize the area of the water body with the subtleties is associated with the Google Map secretly. This 

configuration makes it possible for the Raspberry pi sensor sent the data to the Government when the 

water is over utilized or squandered [22]. 
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Figure: 4. Hardware implementation of water monitoring system 

5. Results 

The consumer can view their water consumption through the application shown below and they 

can communicate to water board through it. It will useful for consumer and immediately they get 

consumption of water. The flow rate also can able to monitor with help of internet of things. The 

proposed method is simulated and hardware is implemented [23]. 
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Figure: 5. Results of the Arduino based water   monitoring system 

 

6. Conclusion 

 In this paper, a model brilliant groundwater level observing framework utilizing Arduino 

is introduced. For this a few sensors are utilized. The gathered information from the all the sensors are 

utilized for investigation reason for better arrangement of water level just as stream rate checking can be 

executed. So this application will be the best challenger continuously checking and control framework 

and use to comprehend all the groundwater level observing related issues. 
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Abstract: The renewable energy plays a vital role in various fields like electronic and 

automotive applications. This paper presents the Permanent magnet synchronous machine 

(PMSM) which is fed by boost converter. A wide range of dc voltage is fed to bridge inverter by 

boost converter which in turn controls the speed of PMSM. Boost converter is used to boost up 

the input voltage. An electric vehicle may be powered through a shaft of the motor to run the 

various electric vehicles like electric aircraft, electric truck, electric space craft, electric 

locomotive etc. In this paper by using converter topologies increase the performance of the motor 

speed. The performance of the proposed system is verified using MATLAB/Simulink and 

presented results demonstrate the performance and analysis of the system to provide high speed 

by using PID controller. 

 

Key words: PID controller, boost converter, automotive, electric vehicle. 

 

1. Introduction: 

               PMSM are used for the traction application of electric vehicles. It is normally used for high 

effective and high performance motors. In PMSM the field excitation is presumed by permanent magnets 

and it can provoke torque at zero speed [1]. The load is driven by PMSM through a bridge inverter which 

is fed by boost converter. In order to reduce the PMSM’s energy consumption, it can able to improve the 

forbearance mileage of electromotive vehicles [2]. The bridge inverter is used to convert dc supply to ac 

supply. The input voltage and output voltage mainly depends on specific device. To solve this problem 

this inverter can able to control the speed of the synchronous machine [3]. Square wave is suitable for 

low sensitive applications. Permanent magnet synchronous machine starts to rotate by using inverter ac 

supply. The proposed method is simulated and hardware is implemented [4]. 

 

2. Block Diagram: 

 

 
Figure: 1. Block Diagram of Operation 
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3. Operation: 

            

A 230V DC voltage is fed to boost converter. 230 V is boosted to 457.6 V by the working of 

boost converter. Input side of the inductor has the value of 200e-6 H. In that inductor resists the input 

current Dis-continuous and continuous conduction mode is the two modes of operation on boost 

converter [5-6]. 

 

 
Figure: 2. Circuit Diagram of Boost Converter 

 

3.1. Continuous Conduction Mode: 

 

        In this mode, never goes to zero value of inductor current. 

Case 1: ON mode 

 

No current passes across the diode while switch is in ON condition 

Finally inductor current while switch ON mode equation then,  

 

= E                                     …..(1) 

                                             

Case 2: OFF mode 

 

          Diode will short circuited while switch in OFF condition. Switch is un-energizing and the inductor 

discharges the energy as well as diode discharges the energy and given to the load and output power [7]. 

 

Current through the inductor equation is given as 

  =          =              …..(2)                                                        

 

3.2. Dis-Continuous Conduction Mode: 

 

        In this mode, the current through inductor goes to zero [5]. 

 

    I˳ = =                                      …..(3)                                                            

                                                                     

     =1+                                                         …..(4)   
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    =                                                      …..(5) 

                                                                       

Where, 

 K =  

 

= Output voltage of the converter 

Input voltage of the converter 

L=Inductance of the converter 

 

4. Inverter Design: 

                Thus, the inverter topology used is a bridge inverter energy conserved and utilized efficiently 

 [8]. Gate pulse is given by means of feedback network [7]. Thus, it is necessary to determine the  

 look-up table logic for each and every phase voltage coordinating each other [8]. The gate sequence is 

produced by using relational operators suggesting the proper logic pattern. The six logic on and off 

period is controlling the operation the phase and line voltage of the system[9-10]. 

 

 
Figure: 3. Lookup Table and Gate Sequence 
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4.1. Decoder: 

 

 
Figure: 4. Decoder logic for inverter 
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Figure: 5. Waveform of gate pulse for inverter 

 

The above figure 5 represents the gate pulse used for controlling the firing angle of inverter. 

 

5. PID Controller: 

 

         Calculated the values of error and compare the measured value and value of error [11-12]. On 

comparing the set value the measured value is more nominal. The proportional, integral and derivative 

get summed to determine the output of PID controller. The equation is given as follows, 

 

0

( )
( ) ( ) ( )

t

p i d

de t
u t K e t K e d K

dt
 = + +                            ….. (6) 

 Here,                                         

pK =Proportional gain` 

             iK = integral gain   

        dK = derivative gain 

            ( )e t = error 

   The transfer function of PID controller is  

                    ( ) i
p d

K
L s K K s

s
= + +                                                           ….. (7)                                                                              

Table: 1 Specifications Of PID controller 

 

        GAIN VALUE OF PID CONTROLLER 

pK  0.0001 

iK  0.8 

dK  0 
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6. Specification: 

                  

 

Table: 2 Specification details of converter and PMSM 

  

 

S.NO COMPONENTS RATING 

1 DC  VOLTAGE Input voltage 230 V 

2 Boost Converter 

Inductor 200 mH 

Capacitor 50 µF 

Resistor 20 Ω 

Output Voltage 457.6 V 

Output current 24.75 A 

3 PMSM 

Output voltage 237.7 V 

Speed of rotor 5000 RPM 

Torque 105 N-m 

Current of stator 120 A 

 

7. Result Analysis: 

 

                 The model of boost converter fed PMSM is performed in MATLAB/Simulink software [13-

14]. The consequence of boost converter gives information of output voltage [15-16]. During simulation 

output voltage gets doubled when compared to input voltage [17]. After simulation output voltage of the 

converter is higher than input voltage and it gives higher efficiency of 96%. No controller is used in this 

converter topology [18-20]. 

 

 

 

 
 

        Figure. 6. shows motor speed at 5000 RPM. 
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Figure. 7. shows stator current at 120 A 

 

 
                                

Figure. 8. Shows torque of the motor which is measured at 105 NM. 

 

7. Conclusion: 

                  As Proposed less noise high voltage boost converter was presented in this paper. The required 

amount of voltage is fed to the bridge inverter by boost converter which controls the speed of the motor. 

The motor speed can reach about the settle time of 0.2s. The Proposed work mainly used in high voltage 

applications. Electric vehicles are charged through batteries. The proposed converter design and its 

performance was observed through simulation and then verified with experimental measurements. 
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a b s t r a c t 

Background and Objective: Coronary artery disease (CAD) is considered one of the most prominent health 

issues causing high mortality in the world population. Hence, earlier diagnosis and prediction of CAD 

is essential for the proper medication of patients. The objective of this study is to develop a machine 

learning algorithm that will help in accurate diagnosis of CAD. 

Methods: In this paper, we have proposed a novel heterogeneous ensemble method combining three base 

classifiers viz., K-Nearest Neighbour, Random Forest, and Support Vector Machine for effective diagnosis 

of CAD. The results of base classifiers are combined using ensemble voting technique based on average- 

voting (AVEn), majority-voting (MVEn), and weighted-average voting (WAVEn) for prediction of CAD. The 

random forest-based Boruta wrapper feature selection algorithm and feature importance of SVM are used 

for relevant feature selection based on attribute importance and rank. 

Results: The proposed ensemble algorithm is developed using 5 features selected based on the feature 

importance and the performance of the algorithm is evaluated using the Z-Alizadeh Sani dataset. Fur- 

ther, the dataset is balanced using Synthetic Minority Over-sampling Technique and its performance is 

evaluated. The result analysis shows that the WAVEn algorithm achieves better classification accuracy, 

sensitivity, specificity and precision of 98.97%, 100%, 96.3% and 98.3% respectively for the original dataset. 

The WAVEn algorithm applied on the balanced dataset achieves 100% accuracy, sensitivity, specificity and 

precision in diagnosing CAD. To the best of author’s knowledge, the accuracy achieved by WAVEn is the 

highest accuracy when compared with the state-of-the-art algorithms in the literature for both original 

and balanced dataset. 

Conclusions: The statistical results prove the robustness of the WAVEn algorithm in reliably discriminating 

the CAD patients from healthy ones with high precision, and therefore it can be used for developing a 

decision support system for diagnosing CAD at an early stage. 

© 2020 Elsevier B.V. All rights reserved. 

1. Introduction 

Cardiovascular disease (CVD), also known as Heart disease is 

one of the clinical disorders that occurs due to the abnormal func- 

tioning of the heart [23] . Heart disease can be commonly classi- 

fied as coronary artery disease (CAD) and heart failure (HF). Ac- 

cording to the statistics of world health organization (WHO) [63] , 

it has been estimated that 26 million of world adult population 

are suffering from heart diseases. Coronary Artery Disease (CAD) 

occurs due to the accumulation of plaques inside the coronary ar- 

∗ Corresponding author. 

E-mail addresses: mvdurgadevi@gmail.com (D. Velusamy), 

papkarthik@gmail.com (K. Ramasamy). 

teries. Atherosclerosis is a condition where plaque builds up nar- 

rowing the artery lumen that limits the flow of oxygenated blood 

to the heart. This decreased oxygenated blood is inadequate for the 

heart muscles that cause pain in the chest, pain in the neck, arms, 

and shoulder called Angina. The complete blockage of oxygenated 

blood leads to a heart attack. 

The various risk factors identified as the cause for CAD are hy- 

pertension, stress, diabetes, smoking, unhealthy food intake, physi- 

cal inactivity, high cholesterol, the genetic history of a person, and 

so on [45] . The clinical diagnosis of CAD is regarded as a great 

challenge especially in hugely populated countries like India as it 

requires lots of medical experts. The death rate due to heart attack 

is high due to a lack of health awareness and knowledge among 

the patients, insufficient diagnostic devices, and medical experts 

https://doi.org/10.1016/j.cmpb.2020.105770 

0169-2607/© 2020 Elsevier B.V. All rights reserved. 
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[46] . In such a case, an earlier diagnosis of CAD along with proper 

medication will drastically decrease the overall deaths in the coun- 

try. 

Coronary angiography, a gold-standard is used for the diagno- 

sis of CAD [8] . However, this approach is expensive and time- 

consuming. Therefore, a suitable health-care application for au- 

tomatic CAD diagnosis using intelligent machine learning tech- 

nique will assist a cardiologist in an earlier diagnosis of the dis- 

ease. The performance of any diagnostic system greatly depends 

on the algorithm and the number of feature variables used for dis- 

ease diagnosis and prediction. The feature selection algorithms can 

be broadly classified into three categories namely filter methods, 

wrapper methods, and embedded methods. Various attribute se- 

lection algorithms like weights by Support Vector Machine(SVM) 

[20] , correlation [30] , Gini index [31] , information gain [31] , prin- 

cipal component analysis [30] , Boruta Wrapper Feature Selection 

[35] , recursive feature elimination [40] , and so on are used for 

identifying important features of CAD. In general, a relevant fea- 

ture subset selection has the potential to substantially improve the 

testing performance of any machine learning algorithm on unseen 

data samples in terms of accuracy and learning ability. 

In this study, we have employed Random Forest based Boruta 

wrapper feature selection algorithm and SVM variable importance 

measure to select the significant attributes associated with the 

CAD dataset. To the best of our knowledge, no prior works in liter- 

ature have applied the Boruta-based attribute selection algorithm 

on the Z-Alizadeh Sani dataset [55] for the prediction of CAD. En- 

semble classification has been proved to be an effective way of 

improving disease diagnosis accuracy over single classifier models. 

The main aim of this work is to develop an ensemble of hetero- 

geneous classifiers that will help to detect and predict CAD at an 

earlier stage. An ensemble of heterogenous classifiers combining 

the K-Nearest Neighbour [31] , Random Forest Ensemble [21] , and 

Support Vector Machine as the base classifiers are used for de- 

veloping an ensemble model. Further, the class probability of the 

three base classifiers are combined to develop a voting-ensemble 

based on the average of the posterior probability (AVEn), a major- 

ity vote of the class probability (MVEn) and a weighted average of 

the posterior probability (WAVEn) to obtain the final classification 

accuracy of the ensemble method in predicting CAD. 

In the proposed work, we have evaluated the performance of 

the base classifiers and ensemble methods with five significant 

features on the Z-Alizadeh Sani dataset separated into training 

and testing datasets. The ten-fold cross-validation is applied to 

the training set and the testing set is used to test the perfor- 

mance of the classifier on the unseen data. Besides, we have bal- 

anced the dataset using Synthetic Minority Over-sampling Tech- 

nique (SMOTE) and applied the same procedure as that of the 

original dataset to evaluate model performance on the balanced 

dataset. Experiments are conducted to evaluate the performance of 

these algorithms with reduced feature subset in terms of accuracy, 

sensitivity, specificity, Area under the Curve (AUC), and Matthew’s 

Correlation Coefficient (MCC) for binary classification. The experi- 

mental result shows that the proposed WAVEn classification tech- 

nique has achieved the highest average accuracy of 98.97% with 

the original and accuracy of 100% for the balanced dataset respec- 

tively in the detection of CAD. To the best of our knowledge, these 

are the highest classification accuracy achieved so far when com- 

pared with other state-of-the-art algorithms in the literature. 

The significant contributions of this paper are as follows: 

(1) We have proposed a heterogeneous ensemble method by com- 

bining Random Forest, K-NN and SVM and the result of base 

classifiers is combined using a voting technique for earlier and 

effective diagnosis of CAD. 

(2) An attribute selection measure is used for selecting relevant 

features based on their relative importance to minimize clas- 

sification time and improve accuracy in CAD prediction. 

(3) To improve the disease diagnosis accuracy and reduce the false 

predictions, the weights in the weighted-average voting tech- 

nique is assigned based on the predictive performance of the 

base classifier. 

(4) The performance of the classifier models are evaluated using 

the original and SMOTE balanced datasets to analyze the pre- 

dictive accuracy of each model in identifying the CAD patients 

as a patients and healthy persons as healthy. The model per- 

formance is validated using metrics like accuracy, sensitivity, 

specificity, precision, F measure, MCC, kappa and Area under the 

Curve . 

The rest of the paper is organized as follows. Section 2 de- 

scribes the related works in the literature, especially for detec- 

tion of CAD. Section 3 provides details about feature selection al- 

gorithms and the proposed heterogeneous ensemble classifiers for 

prediction of CAD. The experimental results of the classification al- 

gorithms for the original and balanced dataset are presented in 

Section 4 . The discussion about the performance of the proposed 

algorithm in classification of CAD is given in Section 5 . Finally, 

Section 6 summaries the conclusion with future works. 

2. Background 

2.1. A review of previous research works 

Data mining and machine learning algorithms have gained great 

attention from many researchers in several domains like communi- 

cation security [59] , optimization [60] , predictive analytics [22,37] , 

smart grid [61] , automatic disease diagnosis and detection and so 

on. Numerous studies exploiting machine learning algorithms have 

been reported in the literature for automatic disease diagnosis and 

classification namely coronary artery disease [1,5–7,19,62] , obstruc- 

tive sleep apnea [57] , cancer diagnosis [16,27] , Alzheimer diseases 

[33] , chronic kidney disease [40] and so on. In this section, we re- 

view some of the significant works reported in the literature for 

CAD diagnosis using computational intelligence algorithms. 

There are several studies reported in the literature for the di- 

agnosis and classification of CAD. Generally, most of the studies 

reported in [29,34,43,48–52,56,58] have either used Electrocardio- 

gram (ECG) signals or analyzed the heart rate signals for diagno- 

sis of CAD. Nonetheless, data mining and machine learning algo- 

rithms are widely used for prediction and classification of CAD. A 

fuzzy expert system is developed in [42] for CAD prediction us- 

ing the clinical parameter and the algorithm is able to achieve a 

sensitivity of 95.85% and specificity of 83.33% with 84.20% classifi- 

cation accuracy. The following are some of the literary works that 

have applied prediction techniques particularly on the Z-Alizadeh 

Sani CAD dataset [55] published in 2013. The authors in [5] ap- 

plied algorithms like Artificial Neural Network (ANN), Naive Bayes 

(NB), Bagging Algorithm, Sequential Minimal Optimization(SMO) 

with feature selection and creation algorithms for classification of 

CAD. The result shows that the SMO achieved a classification ac- 

curacy of 94.08% in the prediction of CAD. The disease diagnostic 

system developed in [6] utilized information gain and Support Vec- 

tor Machine (SVM) for feature selection and diagnosis of CAD. The 

algorithm achieved an accuracy of 86.14% for stenosis diagnosis of 

left anterior descending (LAD), 83.17% for left circumflex (LCX), and 

83.50% for right coronary artery (RCA) respectively. 

The non-invasive detection of CAD in high-risk patients is pro- 

posed [7] for CAD prediction using SVM based on the stenosis 

of three coronary arteries, namely LCX, LAD, and RCA, respec- 

tively. This machine learning algorithm has achieved an accuracy of 

2 
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96.40%, sensitivity of 100% and specificity of 88.1% in the detection 

of CAD. The authors in [9] proposed a machine learning algorithm 

based on SVM with different kernels for diagnosing the stenosis 

of each individual artery. The PCA and Gini index algorithms are 

used for feature selection. The proposed algorithm achieved a clas- 

sification accuracy of 86.43%, 83.67%, and 82.67%, in diagnosing 

LCA, LCX and RCA stenosis respectively. A hybrid PSO algorithm 

is proposed in [64] for rule discovery and diagnosing CAD. This 

study achieved an accuracy of 84.25% using 13 feature attributes 

in prediction of CAD. An SVM algorithm is presented in [10] for 

automatic diagnosis of stenosis of LAD, LCX and RCA arteries. The 

hyper-parameters of SVM kernels are tuned using the genetic algo- 

rithm. The SVM with RBF kernel function is utilized for diagnosing 

individual arteries stenosis and achieved a classification accuracy 

of 86.64%, 83.47% and 82.85% in diagnosing stenosis of LAD, LCX 

and RCA arteries respectively. The study in [11] has utilized C4.5, 

Naive Bayes, and K-NN for diagnosing the stenosis of individual 

coronary artery. The C4.5 algorithm achieved an accuracy of 74.20% 

for LAD, 63.76% for LCX and 68.33% for RCA coronary arteries re- 

spectively. 

The authors in [12,13] employed a cost-sensitive algorithms 

along with the base classifiers like KNN, SMO, C4.5, SVM and Naive 

Bayes for classification of CAD with high sensitivity. The SMO al- 

gorithm achieved greater sensitivity of 97.22% and 92.09% accu- 

racy, respectively. Utilizing the Bagging and C4.5 classification al- 

gorithms, the authors in [14] diagnosed the stenosis of coronary 

arteries with a classification accuracy of 79.54%, 61.46% and 68.96% 

in diagnosing stenosis of LAD, LCX and RCA arteries respectively. 

The authors in [15] utilized the SMO, Naive Bayes and Ensem- 

ble algorithm with 16 features for diagnosing CAD. The ensemble 

method achieved an accuracy of 88.25% in predicting CAD. A het- 

erogeneous hybrid feature selection algorithm is employed [39] for 

classification of CAD. The authors employed Decision tree, Ran- 

dom Forest, Gaussian Naive Bayes, and XGBoost classifiers on the 

dataset balanced using SMOTE and Adaptive synthetic (ADASYN) 

sampling techniques. The XGBoost classifier with SMOTE technique 

has achieved a classification accuracy of 92.58% in diagnosing CAD. 

A machine learning algorithm for diagnosing CAD presented in 

[2] employs genetic algorithm and particle swarm optimization for 

feature selection and SVM for identification of CAD. It achieves an 

accuracy of 93.08% and F1 score of 91.51% in predicting CAD. A hy- 

brid method combining Multi-layer Perceptron (MLP) Neural Net- 

work and Genetic Algorithm (GA) is proposed in [19] for the clas- 

sification of CAD that used 90% of data for training and 10% for 

testing. The authors have used weights by SVM feature selection 

method and achieved a classification accuracy of 93.85%, the sen- 

sitivity of 97%, and specificity of 92% in predicting CAD. A decision 

tree-based CAD diagnosis using classification and regression tree 

(CART) developed in [28] has utilized feature importance measure 

for relevant feature selection. The algorithm has achieved an accu- 

racy of 100% for 18 and 10 features and an accuracy of 92.41% for 

five feature using the CART model. 

Most of the research works reported in the literature have 

utilized a single classifier model for CAD diagnosis like Decision 

Tree (CART) [28] , K-Nearest Neighbour (KNN) [5] , Artificial Neu- 

ral Networks (ANN) [5,62] , Naive Bayes [5] , Support Vector Ma- 

chine (SVM) [7] and so on. However, a single classifier model can- 

not assure a high level of accuracy in all contexts, as each clas- 

sifier model has its own merits and demerits. To the best of the 

author’s knowledge, no prior works except the studies presented 

in [1,15,47] have used ensemble classification for CAD diagnosis 

using the Z-Alizadeh Sani dataset [8] . A nested ensemble algo- 

rithm (NE-Nu-SVC) with feature selection and multi-step balanc- 

ing [1] has achieved a classification accuracy of 94.66% on the bal- 

anced dataset. An ensemble algorithm for integrating multiple cri- 

teria feature selection algorithm is presented in [47] that achieved 

an accuracy of 93.7% in prediction of CAD. Although several algo- 

rithms have been developed for diagnosis and prediction of CAD, 

only a few works have used random forest ensemble for CAD diag- 

nosis even though it performed well [1] . Moreover, there are sev- 

eral studies in the literature that have applied ensemble methods 

for prediction task in various fields like agriculture [24] , cancer dis- 

ease diagnosis [16,27,38] , attack detection [41] , and so on. This mo- 

tivated us to develop an ensemble classifier for identification and 

prediction of CAD with a reduced feature set for earlier diagnosis, 

prediction, and treatment of CAD. 

Ensemble techniques can be categorized into two types, namely 

homogeneous and heterogeneous [27] . When an ensemble method 

combines a base method with two or more configuration or vari- 

ants, then it is homogeneous, whereas a heterogeneous ensem- 

ble method combines one or more base methods with a meta- 

ensemble method like Bagging, Boosting or random subspace. 

Meanwhile, heterogeneous can have a combination of two differ- 

ent base classifiers. An ensemble technique having the capabil- 

ity of accomplishing a favorable trade-off between heterogeneity 

among base classifiers and diversity in the same training dataset 

can achieve better accuracy and ability to handle different train- 

ing errors of base classifiers. In general, an ensemble learning tech- 

nique enhances the performance and improves the overall accuracy 

of prediction [24,27,41] . 

This paper investigates the performance of an ensemble of het- 

erogeneous classifiers with reduced feature subset built with three 

base classifiers, namely Random Forest ensemble, KNN, and SVM 

for earlier diagnosis and prediction of CAD. Initially, Random For- 

est (RF) ensemble classifier along with two single classifiers viz., 

KNN and SVM are trained as base classifier models to predict the 

probability of a particular class and perform binary classification. 

Then, the posterior probability of the individual base classifier al- 

gorithms are combined to compute the classification result of the 

voting ensemble based on average-voting (AVEn), majority-voting 

(MVEn) and weighted-average voting (WAVEn) techniques. 

2.2. Medical dataset used 

The Z-Alizadeh Sani medical dataset contains information about 

303 patients as clinical records with 56 feature attributes freely 

available in the University of California, Irvine machine learning 

repository [55] . The dataset consists of 216 records of CAD patients 

and 87 records of healthy persons with 55 independent feature 

attributes or predictors and one output or response variable. The 

medical dataset is the study based on angiography procedure con- 

ducted by Alizadeh Sani to measure the stenosis of each artery. The 

response variable has two values based on an angiographic disease 

status, namely (i) value 0 for the absence of CAD and (ii) value 1 

for the presence of CAD. The target class is set to value 0: When 

the narrowing diameter of an artery is less than 50% then the per- 

son is a non-CAD patient (a person is healthy or normal) and oth- 

erwise set to value 1: when the arteries have ≥ 50% diameter nar- 

rowing, the particular patient record is categorized as CAD patient 

(a person having CAD). 

The dataset is highly imbalanced with 71.29% patient records 

contributing to CAD patients, and the remaining 28.71% records 

are normal or healthy persons. The dataset features can be catego- 

rized into four groups based on the demography, Echocardiography, 

symptoms and examination, and laboratory and echocardiography 

features. The demography consists of 16 parameters, 7 features re- 

lated to Electrocardiography, symptoms and physical examination 

results consists of 14 clinical parameters and 17 feature attributes 

extracted from laboratory tests, and echocardiography results. The 

details about the features of the Z-Alizadeh Sani dataset along with 

the range or type of value is given in Table 1 . 
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Table 1 

Range value of various features of Z-Alizadeh Sani dataset. 

Category Feature name Range or type 

Demographic 

Features 

Age(yrs) 30 - 86 

Sex Male, Female 

Weight(kg) 48 - 120 

Body Mass Index (BMI, Kg / m 

2 ) 18 - 41 

Diabetes Mellitus (DM) Yes, No 

Hyper Tension (HTN) Yes, No 

Current Smoker Yes, No 

Ex-smoker Yes, No 

Family History(FH) Yes, No 

Obesity Yes (BMI > 25),else No 

Chronic Renal Failure (CRF) Yes, No 

Cerebrovascular Accident (CVA) Yes, No 

Thyroid disease Yes, No 

Airway disease Yes, No 

Congestive Heart Failure (CHF) Yes, No 

Dyslipidemia (DLP) Yes, No 

Electrocardiography Rhythm Sin,AF 

ST elevation Yes, No 

ST depression Yes, No 

Q-wave Yes, No 

T inversion Yes, No 

Left Ventricular Hypertrophy (LVH) Yes, No 

Poor R-wave progression Yes, No 

Symptoms 

and 

Phys- 

i- 

cal 

examination 

Blood Pressure (BP, mmHg) 90 - 190 

Pulse Rate(PR) 50 - 110 

Edema Yes, No 

Weak peripheral pulse Yes, No 

Lungs rales Yes, No 

Systolic murmur Yes, No 

Diastolic murmur (DM) Yes, No 

Typical Chest Pain Yes, No 

Dyspnea Yes, No 

Function Class 1,2,3,4 

Atypical Yes, No 

Nonanginal Chest Pain Yes, No 

Exertional Chest Pain Yes, No 

Low Threshold Angina (LowTH Ang) Yes, No 

Laboratory 

Tests 

and 

Echocardiography 

Fasting Blood Sugar (FBS, mg/dL) 62 - 400 

Creatine (Cr mg/dL) 0.5 - 2.2 

Triglyceride (TG mg/dL) 37 - 1050 

Low Density Lipoprotein (LDL, mg/dL) 18 - 232 

High Density Lipoprotein (HDL, mg/dL) 15 - 111 

Blood Urea Nitrogen (BUN, mg/dL) 6 - 52 

Erythrocyte Sedimentation Rate (ESR, mm/h) 1 - 90 

Hemoglobin (HB, g/dL) 8.9 - 17.6 

Potassium (K, mEq/lit) 3.0 - 6.6 

Sodium (Na, mEq/lit) 128 - 156 

White Blood Cell (WBC, cells/mL) 3700 - 18000 

Lymphocyte (Lymph %) 7 - 60 

Neutrophil (Neut %) 32 - 89 

Platelet (PLT, 1000/mL) 25 - 742 

Ejection Fraction (EF-TTE %) 15 - 60 

Region with Regional wall motion 0,1,2,3,4 

abnormality (Region.RWMA) 

Valvular Heart Disease (VHD) Normal, Mild, Moderate, Severe 

3. Methods 

In this section, we discuss about the Boruta wrapper feature se- 

lection and embedded feature selection algorithm based on SVM 

used for selecting relevant feature attributes. After attribute selec- 

tion, the Random Forest ensemble, K-Nearest Neighbour and Sup- 

port Vector Machine classifiers are trained as base classifier mod- 

els using the selected features. The proposed ensemble-method 

is a heterogeneous ensemble voting technique that combines the 

posterior probability of base classifiers. The result of the base 

classifiers are combined with average voting, majority voting and 

weighted-average voting ensemble techniques to find the final 

classification result for diagnosing CAD. 

3.1. Feature selection algorithms 

In this study, we have used a wrapper-based Boruta feature se- 

lection algorithm, and embedded algorithm based on SVM feature 

importance for selecting relevant features from the dataset. We 

have applied a 10-fold cross-validation technique on the training 

data for selecting the significant features of importance. The fea- 

tures with higher weights are ranked to find and select a good 

combination of features. The attribute selection measure helps to 

identify the subset of attributes that are most relevant, significant, 

and less redundant. We have selected only those features that have 

been selected by more than one algorithm based on the feature 

significance and relevance measure to predict CAD. 
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Fig. 1. Feature selection using Boruta wrapper feature selection algorithm. 

3.1.1. Boruta feature selection algorithm 

Boruta is a random-forest based feature selection algorithm that 

follows all relevant feature selection method [35] . It works by gen- 

erating randomness in the dataset by making copies of all features 

in a shuffled manner (shadow features). Then, the algorithm trains 

a random forest classifier to evaluate the feature importance based 

on Mean Decrease of Accuracy or Mean Decrease of Impurity mea- 

sure as shown in Fig. 1 . 

During each iteration, the algorithm tries to find significant fea- 

tures by comparing its Z-score with that of the randomly shuf- 

fled copies of features (shadow features). An attribute becomes im- 

portant when higher its Z-score than the maximum Z-score of its 

shadow features computed using a binomial distribution. Finally, 

all the attributes are categorized either as confirmed or tentative 

or rejected based on its importance score. The box plot represen- 

tation shown in Fig. 1 illustrates that the algorithm has selected 

15 features as confirmed (shown in green color), 2 features as ten- 

tative (shown in yellow color), and the remaining features are re- 

jected (shown in red color) based on their score. 

3.1.2. Feature Selection based on SVM 

The feature selection based on variable importance function 

of SVM shown in Fig. 2 . It is based on the model information 

where the model is trained to incorporate the relation between 

the predictors for computing the variable importance [20] . In vari- 

able importance computation, the feature attributes selected by 

SVM have the same importance for both the classes and the im- 

portance measure ranges from 0 to 100. The main advantage of 

Fig. 2. Feature selection using variable importance measure of SVM algorithm. 

using the in-built method for model evaluation is that the per- 

formance of the model is closely related to it. Fig. 2 shows the 

top 20 feature variable selected based on its importance using in- 

built variable importance measure of SVM. However, we have se- 

lected only top 12 features viz., Typical.Chest.Pain, Atypical, Age, 

Region.RWMA, EF.TTE, Nonanginal, HyperTension, FBS, Tinversion, 
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BP, Diabetes, and TG having importance measure greater than 20 

for our evaluation. 

3.1.3. Features selected for model evaluation 

This section discusses about the number of features selected for 

model evaluation for predicting CAD using the base classifier and 

ensemble models. In this study, we have employed a trial and er- 

ror procedure to find the number of significant features that can 

predict CAD more accurately than previous methods reported in 

the literature. From Figs. 1 and 2 , it can be observed that the sig- 

nificant features selected by both the algorithms are the same with 

some changes in the ranking order. Hence, we initially started with 

the top seven features that are commonly selected by the two 

feature selection algorithms namely Typical Chest Pain, Atypical, 

Age, Region.RWMA, Nonanginal, EF.TTE and Hyper Tension(HTN) 

for model evaluation. Then, we selected the top five features for 

model evaluation and diagnosis of CAD. In the present study, the 

proposed model is developed and evaluated using the five features 

namely Typical Chest Pain, Atypical, Age, Region.RWMA, and EF.TTE 

for diagnosis of CAD. 

3.2. Data partitioning 

The Z-Alizadeh Sani dataset is randomly divided into a training 

subset and testing subset with the selected features for the devel- 

opment of the three base classifiers. The dataset is split into two 

parts with 90% of data for training and 10% for testing respectively. 

In the training process, 10-fold cross-validation with 3 repetitions 

is utilized with a suitable measure to tune each base classifier ac- 

cording to the training errors and average of results are computed. 

The data is more efficiently used by taking k − 1 subsets i.e., 9 sub- 

sets for training and one for testing to determine the parameters 

of the model by repeating the iteration for k times. The param- 

eter tuning is done by exploiting the exhaustive grid search algo- 

rithm for predicting CAD using the training subset. Thus, the cross- 

validation procedure makes available different subsets of samples 

for training the model to create the model more robust against 

errors. Once the model is trained and built using ten-fold cross- 

validation, the testing subset is used to assess the predictive abil- 

ity of the base classifiers on the unseen test samples during the 

prediction (testing) process. 

3.3. Proposed heterogeneous ensemble classification for CAD 

prediction 

Let us consider for example the dataset D consists of each pa- 

tient record with n feature variables, m classes and having N num- 

ber of patient records in the dataset. A classification problem in 

which sample X is associated with one of the possible classes out 

of m classes (C 1 , C 2 , C 3 , . . . , C m 

) in the dataset. In our study, the 

CAD dataset has two classes namely normal or healthy person and 

abnormal or CAD patient. Let us call it as class C 1 for normal, rep- 

resented as value 0 and class C 2 for CAD, represented as value 1 in 

the dataset. Select k most relevant features from D based on fea- 

ture significance rank and importance measure R , R ( f 1 ) > R f 2 ) > 

, . . . , > R ( f k ) . The schematic diagram of the proposed heteroge- 

neous ensemble classification algorithm for diagnosis and predic- 

tion of CAD is shown in Fig. 3 . 

Split the dataset D into two subsets DTR and DTE with k se- 

lected features having P training samples and Q testing samples 

such that D = DT R 
⋃ 

DT E. The set DTR is used as a training set and 

DTE is used as a testing set. The dataset is divided at a ratio of 90% 

training and 10% testing respectively. Initially, the base classifiers 

RF, K-NN, SVM are trained on the training samples using the 10- 

fold cross-validation technique. The hyper-parameters of the base 

classifiers are tuned to improve the predictive accuracy by reduc- 

ing training errors. Then, the trained model is tested using the un- 

seen testing samples and a probability score for each class is com- 

puted to find the class outcome of sample X. The class with the 

highest probability score is the final winning class chosen by each 

classifier. The probability predicted by each classifier is called the 

posterior probability that is used by the ensemble voting method 

for prediction of CAD. In final ensemble-based classification, the 

testing data are classified using the average voting, majority voting 

and weighted-average voting ensemble techniques. 

Algorithm 1 gives a detailed procedure about the flow of the 

Algorithm 1 Proposed ensemble voting algorithm for CAD predic- 

tion. 

1: procedure Heterogeneous Ensemble Classi f ication 

Input: D = f 1 , f 2 , . . . , f n Training dataset consists of n 

feature variables, m classes, N number of patient 
records in the dataset, M Base classifier algorithms 
C A 1 , C A 2 , . . . , C A M 

. 
Output: Prediction results of Ensemble Classifiers. 

2: Select k most relevant features from D based on 

feature significance rank and importance measure R, 
R ( f 1 ) > R f 2 ) >, . . . , > R ( f k ) 

3: Partition the dataset into two sets: Training sub- 
set (DT R k ) with P samples and Testing subset (DT E k ) 
Q samples. 

4: for i = 1 to M do 

5: Apply 10-fold cross validation on DT R k using 

CA i with the k selected features. 
6: Predict the result of CA i for all samples in 

DT R k 
7: Tune the hyper-parameter of CA i to improve 

prediction accuracy and goto step 5. 
8: end for 
9: for i = 1 to M do 

10: Evaluate the performance of CA i on DT E k with 

the k selected features. 
11: Compute the class probability and predict the 

result of CA i for all samples in DT E k . 
12: end for 
13: Apply average-voting 

̂ y = 

1 
M 

∑ 

(P r(CA 1 (X )) + 

P r(CA 2 (X )) + . . . + P r(CA M 

(X ))) 
14: Apply majority-voting 

̂ y = mode (CA 1 (X ) + 

CA 2 (X ) + . . . + CA M 

(X )) 
15: Apply weighted-average voting ̂

 y = W 1 ×
P r(CA 1 (X )) + . . . + W M 

× P r(CA M 

(X )) 
16: Compute the Prediction results of Ensemble Vot- 

ing classifiers. 
17: end procedure 

proposed heterogeneous ensemble classification algorithm for the 

prediction of CAD. 

3.3.1. Average voting ensemble (AVEn) 

The average voting ensemble is simply summing up the poste- 

rior probabilities obtain for each sample from the M classification 

algorithms (C A 1 , C A 2 , . . . , C A M 

) and then assigns the sample with a 

particular class based on the average value of the posterior proba- 

bilities obtained from the base classifiers is computed using Eq. (1) . 

̂ y = 

1 

M 

∑ 

P r(CA 1 (X )) + P r(CA 2 (X )) + . . . + P r(CA M 

(X )) (1) 

if ̂  y > 0 . 5 then sample X ∈ CAD, otherwise Normal. 

3.3.2. Majority voting ensemble (MVEn) 

The majority voting or hard voting classifies a sample based 

on the votes received for a particular class from the M different 
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Fig. 3. A typical framework for prediction of CAD. 

base classifiers (C A 1 , C A 2 , . . . , C A M 

) . The class that gets major votes 

based on the posterior probabilities is chosen as the final class of 

the sample is calculated using Eq. (2) . 

̂ y = mode ( CA 1 ( X ) + CA 2 (X ) + . . . + CA M 

(X ) ) (2) 

3.3.3. Weighted average voting ensemble (WAVEn) 

The weighted average voting ensemble assigns weight to a base 

classifier based on its performance. The weights are small positive 

value between 0 and 1 and sum of all weights assigned is equal to 

1. The weights are assigned based on the predictive performance 

of the classifier model on the unseen test data and the weight as- 

signed indicates the percentage of trust on a particular classifier 

based on its performance and the final classification result is com- 

puted using Eq. (3) . 

̂ y = W 1 × P r(CA 1 (X )) + W 2 × P r(CA 2 (X )) + . . . 

+ W M 

× P r(CA M 

(X )) (3) 

such that 
∑ 

W 1 + W 2 + . . . + W M 

= 1 if ̂ y > 0 . 5 , then sample X 

∈ CAD, otherwise Normal. 
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4. Experimental results 

In this section, we discuss the experiments carried out to eval- 

uate the performance of the proposed heterogeneous ensemble 

technique. The experiments are conducted on a 2.5–4.0 GHz Intel 

dual-core i7 processors with 16 GB RAM running on Mac-10.13.2 

operating system to evaluate the performance of the algorithms. 

The R-3.6.1 version and RStudio1.2.1335 are used to develop these 

algorithms for performing classification of CAD. An extensive set 

of simulation using R to evaluate the performance of base classi- 

fiers namely Random Forest Ensemble classifier, K-Nearest Neigh- 

bour and Support Vector Machine Radial Basis Kernel are inves- 

tigated on the original data set. The Ensemble classification ap- 

proach based on a voting method using average voting, majority 

voting and weighted-average voting techniques are implemented 

by combining the result of the base classifiers. 

Meanwhile, the classes in the dataset are balanced using Syn- 

thetic Minority Over-sampling Technique (SMOTE) and the perfor- 

mance of the base classifier algorithms and Ensemble classifiers 

are evaluated on the balanced data set. From the experimental re- 

sults, it is observed that the balanced data improved the overall 

performance of the algorithm with a considerable amount of im- 

provement in the classification accuracy, sensitivity, specificity and 

F Measure of the base classifiers as well as for the ensemble clas- 

sifiers specifically due to the increase in the number of training 

samples in the balanced data set. 

In this study, the experiments are executed for 10 independent 

trials with the same set of parameters to avoid random errors. The 

result of all performance evaluation measures is the average value 

taken from 10 independent simulations with different random seed 

values. These results are reported for the base classifiers and en- 

semble methods. 

4.1. Performance evaluation measures 

This section presents the performance evaluation of the base 

classifiers and the ensemble of heterogeneous classifiers in ef- 

fectively diagnosing and predicting CAD. The performance of any 

classification algorithm is measured in terms of accuracy. How- 

ever, relying only on classification accuracy, especially for an im- 

balanced medical dataset could be misleading sometimes. Hence, 

in addition to the accuracy, model evaluation metrics like sensitiv- 

ity, specificity, precision, F measure, Kappa, MCC and area under 

the curve (AUC) are computed to assess the performance of the 

classifier models. The effectiveness of the classifier is experimen- 

tally evaluated using the parameters obtained from the confusion 

matrix namely True Positive (TP) i.e., CAD predicted as CAD, True 

Negative (TN) i.e., Normal predicted as Normal, False Positive (FP) 

i.e.,Normal predicted as CAD and False Negative (FN) i.e., CAD pre- 

dicted as Normal. 

Accuracy is defined as the metrics that determine the number 

of correctly classified class out of the total samples in the test- 

ing database. The accuracy is mathematically computed using the 

Eq. (4) . 

Accuracy = 

T P + T N 

T P + T N + F P + F N 

(4) 

Sensitivity or True Positive Rate (TPR) and Specificity or True 

Negative Rate (TNR) of a classifier model is computed using the 

Eqs. (5) and (6) respectively. 

Sensit i v it y = 

T P 

T P + F N 

(5) 

Speci f icity = 

T N 

T N + F P 
(6) 

Table 2 

Average testing results of 10 runs obtained by the base classifiers (RF, K-NN, and 

SVM) and ensemble classifiers (AVEn, MVEn, and WAVEn) using the selected five 

feature performed on the original Z-Alizadeh Sani dataset. 

Algorithm ACC% Kappa Sen Spe Prec F1 MCC 

RF 98.3 0.96 1.00 0.94 0.98 0.989 0.96 

K-NN 86.21 0.655 0.905 0.75 0.905 0.905 0.655 

SVM 95.17 0.87 1.00 0.825 0.94 0.969 0.88 

AVEn 92.76 0.8 1.00 0.74 0.91 0.953 0.82 

MVEn 96.9 0.92 1.00 0.89 0.96 0.98 0.922 

WAVEn 98.97 0.973 1.00 0.963 0.987 0.994 0.974 

ACC - Accuracy, Sen - Sensitivity, Spe - Specificity, Prec - Precision, MCC - 

Matthew’s Correlation Coefficient 

Precision and F measures are computed to measure the algo- 

rithm performance using Eqs. (7) and (8) respectively. 

P recision = 

T P 

T P + F P 
(7) 

F 1 = 2 × precision × sensit i v it y 
precision + sensit i v it y 

(8) 

Matthew’s Correlation coefficient (MCC) is a measure used to 

evaluate the quality of a binary classifier for diagnosing CAD in a 

patient is computed using Eq. (9) 

MCC = 

T P × T N + F P × F N √ 

(T P + F P )(T P + F N)(T N + F P )(T N + F N) 
(9) 

The kappa coefficient measure takes into account the random 

classifier accuracy to evaluate the achieved classification accuracy 

as given in Eq. (10) . 

κ = 

acc − rand 

1 − rand 
(10) 

where acc - is the accuracy achieved by an algorithm and rand - is 

the accuracy achieved by the algorithm with random outputs. 

4.2. Classification results 

In this section, the classification performance of the proposed 

heterogeneous ensemble classifier models and the three base clas- 

sifiers using five features namely Typical Chest Pain, Age, Atypi- 

cal, Region.RWMA and EF-TTE to predict CAD is reported for the 

original Z-Alizadeh Sani dataset and the dataset balanced using the 

SMOTE sampling techniques. 

4.2.1. Original dataset 

This section describes about the performance results of the en- 

semble models and three base classifiers for prediction of CAD in 

terms of classification accuracy, Kappa, sensitivity, specificity, pre- 

cision, F1 measure and MCC is reported for original dataset. The 

developed model applies 10-fold cross-validation on the training 

samples and the testing data do not affect model training. The test 

samples are independently tested to evaluate the performance of 

the models on the unseen data. 

The original dataset consists of 303 samples out of that 216 

samples are diseased and 87 samples are healthy. The dataset con- 

sists of 274 training samples and 29 test samples. The average 

testing result of 10 runs in terms of accuracy, kappa, sensitivity, 

specificity, Precision, F measure and MCC obtained by the base 

classifiers namely Random Forest (RF), K-Nearest Neighbour (K- 

NN), Support Vector Machine (SVM) and ensemble classifiers based 

on average voting (AVEn), Majority Voting (MVEn) and Weighted- 

Average Voting (WAVEn) for the original Z-Alizadeh Sani dataset is 

reported in Table 2 . 

8 

Page 546 of 3066Page 546 of 3066



D. Velusamy and K. Ramasamy Computer Methods and Programs in Biomedicine 198 (2021) 105770 

Table 3 

Average testing results of 10 runs obtained by the base classifiers (RF, K-NN, and 

SVM) and ensemble classifiers (AVEn, MVEn, and WAVEn) using the selected five 

feature performed on the SMOTE balanced Z-Alizadeh Sani dataset. 

Algorithm ACC% Kappa Sen Spe Prec F1 MCC 

RF 100 1.00 1.00 1.00 1.00 1.00 1.00 

K-NN 88.34 0.767 0.905 0.862 0.868 0.886 0.767 

SVM 97.62 0.952 1.00 0.952 0.955 0.977 0.953 

AVEn 97.62 0.952 1.00 0.952 0.955 0.977 0.953 

MVEn 97.86 0.957 1.00 0.957 0.959 0.979 0.958 

WAVEn 100 1.00 1.00 1.00 1.00 1.00 1.00 

ACC - Accuracy, Sen - Sensitivity, Spe - Specificity, Prec - Precision, MCC - 

Matthew’s Correlation Coefficient 

From the experimental results, it can be seen that the WAVEn 

model shows better performance in terms of accuracy, kappa, sen- 

sitivity, specificity, precision, F measure and MCC. From the three 

ensemble models developed for prediction, the Weighted-Average 

Voting Ensemble (WAVEn) technique is able to achieve better per- 

formance with a classification accuracy of 98.97% having a sensi- 

tivity value of 100% and specificity value of 96.3% on the origi- 

nal Z-Alizadeh Sani dataset with 303 patient records. This shows 

the efficiency of the model in predicting all patients with CAD as 

positive cases which is required for any medical diagnostic system. 

However, the result shows that there are some false predictions 

say some of the healthy persons are classified as CAD patients. 

From the result, it can be inferred that WAVEn algorithm sig- 

nificantly identifies all CAD patients as patients and sometimes 

it has little degradation in its discriminative power of identifying 

all healthy persons as healthy. It should be noted that the previ- 

ously developed models for diagnosing CAD using Z-Alizadeh Sani 

dataset have not achieved this accuracy level. 

4.2.2. Balanced dataset 

In this section, we discuss about the performance results of the 

ensemble models and three base classifiers for prediction of CAD in 

terms of classification accuracy, Kappa, sensitivity, specificity, pre- 

cision, F1 measure and MCC for the dataset balanced using Syn- 

thetic Minority Over-sampling Technique (SMOTE). We have evalu- 

ated the performance of the classifier models and reported the re- 

sults obtained by the base classifiers and ensemble classifier mod- 

els for the testing samples. 

We have balanced the dataset to improve the robustness of 

the algorithm and achieve better performance by correctly classi- 

fying CAD patients as patients and healthy persons as healthy. The 

balanced dataset consists of 432 samples with 216 diseased sam- 

ples and 216 healthy samples. In developing our classifier mod- 

els, we have used 390 samples for training and 42 samples for 

testing. The average testing result of 10 runs in terms of accu- 

racy, kappa, sensitivity, specificity, Precision, F measure and MCC 

obtained by the base classifiers namely RF, K-NN, SVM and en- 

semble classifiers based on Average Voting (AVEn), Majority Voting 

(MVEn) and Weighted-Average Voting (WAVEn) for the balanced Z- 

Alizadeh Sani dataset is reported in Table 3 . 

From the experimental results, it can be observed that RF and 

WAVEn show superior performance for all performance evaluation 

measure with an average accuracy of 100% and zero false positive 

and false negative rate. This shows the efficiency and robustness of 

the developed model in predicting CAD with less time and cost. 

In addition, the performance of the proposed heterogeneous 

ensemble classifier model was compared with the results of the 

previous studies reported in the literature for the Z-Alizadeh Sani 

dataset. From the Table 4 , it can be observed that the proposed 

methodology has obtained better performance when compared 

with all the existing works. It should be noted that we have used 

only five features selected based on the importance score using 

Fig. 4. ROC curve of the three base classifiers and ensemble models for the SMOTE 

balanced Z-Alizadeh Sani dataset on 90% training and 10% testing ratio. 

Boruta and SVM feature importance algorithms that significantly 

improved the performance of the proposed algorithm. Moreover, 

our research is different from the previous works reported in the 

literature as we have studied the performance of our algorithms 

on both the original unbalanced and SMOTE balanced datasets. It 

is important to mention that in this research optimization algo- 

rithms such as evolutionary or nature inspired techniques are not 

utilized for tuning the hyper-parameters of the base classifiers. 

4.3. Receiver operating characteristics (ROC) analysis 

The Receiver Operating Characteristics (ROC) curve was plotted 

against the true-positive rate against the false-positive rate. The 

relationship between the True positive rate (Sensitivity) and False 

positive rate (1-Specificity) helps to visualize the strength of the 

classification performance of a classifier model with a Receiver op- 

erating characteristics (ROC) curve. When the ROC curve is closer 

to the ideal coordinate then the classifier is more accurate in pre- 

dicting the CAD. The ROC graph is plotted against the true positive 

rate (TPR) in y-axis against false positive rate (FPR) in x-axis for 

different cut-points starting from the coordinate (0,0) to (1,1). 

The Z-Alizadeh Sani dataset is balanced using SMOTE to analyze 

the performance of the classifiers. The ROC curve for the three base 

classifiers and ensemble models is given in Fig. 4 for the SMOTE 

balanced Z-Alizadeh Sani dataset. From the figure, it is observed 

that the ROC curve raises up to (0,1) and then horizontally reaches 

(1,1) indicates Weighted-Average Voting Ensemble (WAVEn) identi- 

fies both positive instances and negative instances more effectively 

than other classifiers. The RF and WAVEn Model achieves higher 

predictive accuracy in identifying CAD effectively when compare 

with other classifier models. The ROC curve shows that RF and 

WAVEn approaches achieve a 100% classification accuracy in de- 

tecting CAD. The value of the Area under the Curve (AUC) for each 

classifier is given in red color nearer to each classifier model in the 

figure. 

4.4. Experimental results of proposed method on the Cleveland 

dataset 

In this section, we discuss about the experimental results of 

our proposed method on other datasets. To analyze the perfor- 

mance of our proposed method on other dataset, we have selected 
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Table 4 

Comparison of the proposed method with other methods in literature on the Z-Alizadeh Sani 

dataset. 

Method #Features Accuracy(%) Sensitivity Specificity 

Information Gain + SMO [5] 16 94.08 0.963 0.885 

Information Gain + SVM [6] 24 86.14 (LAD) NR NR 

83.17 (LCX) 

83.50 (RCA) 

SVM + Feature Engineering 32 96.4 1.00 0.88 

on Extended Dataset ∗ [7] 

Gini Index + SVM [9] 26 86.43 (LAD) NR NR 

83.67 (LCX) 

82.67 (RCA) 

Hybrid PSO [64] 13 84.25 NR NR 

SVM + GA [10] 40 86.64 (LAD) NR NR 

83.47 (LCX) 

82.85 (RCA) 

Information Gain + C4.5 [11] 37 74.2 (LAD) NR NR 

63.76 (LCX) 

69.33 (RCA) 

SMO [12] 34 92.09 0.97 NR 

SMO [13] 34 92.09 0.97 NR 

Bagging-C4.5 [14] 20 79.54 (LAD) NR NR 

61.46 (LCX) 

68.96 (RCA) 

Ensemble::Naive Bayes + SMO [15] 16 88.52 0.91 0.82 

Hybrid FSA + FA+ETCA 27 92.58 0.93 NR 

+ XGBoost+SMOTE [39] 

N2GC-nuSVM + balancing [2] 29 93.08 NR NR 

NN-GA [19] 22 93.85 0.97 0.92 

CART [28] 5 92.41 0.986 0.77 

Proposed WAVEn Ensemble + Ori 5 98.97 1.00 0.937 

Proposed WAVEn Ensemble + Bal 5 100 1.00 1.00 

#Features-Number of Features selected, NR- Not Reported, Ori-Original Dataset, Bal- SMOTE Bal- 

anced Dataset, Extended Dataset ∗ has 500 patient records 

the Cleveland dataset for experimental evaluation as it is widely 

used by the researchers for heart failure identification and pre- 

diction. The Cleveland dataset is a famous heart failure dataset 

taken from University of California, Irvine machine learning repos- 

itory with 303 records [25] . This dataset consists of 14 features 

with 13 independent feature attributes namely Sex, Age, resting 

Blood Pressure (RBP), serum cholesterol (CHO), Fasting Blood Sugar 

(FBS), Rest Electrocardiogram (RECG), Maximum achieved Heart 

rate (THA), Angina induced by exercise (EXA), old peak (OP), peak 

exercise slope (SLO), major blood vessels coloured by Fluoroscopy 

(CA), Thallium Scan (THAL), Chest Pain Type (CPT) and one target 

class (NUM). The target class has two values: value 0 represents 

the absence of disease and value 1 represents the presence of dis- 

ease. 

In the dataset, we have selected only 297 records from 303 

records and removed 6 records having missing values. Finally, the 

dataset consists of 160 normal or healthy records and 137 CAD or 

unhealthy records with a class distribution of 53.87% normal and 

46.13% abnormal or CAD patients. The dataset is divided into train- 

ing and testing subsets with 90% for training and remaining 10% 

of the data is used for testing. A 10-fold cross-validation technique 

is utilized for training the model using seven significant features 

namely Sex, THA, EXA, OP, CA, THAL, and CPT selected using the 

Boruta feature selection algorithm. 

Experiments are conducted to evaluate the performance of the 

proposed algorithm on both original and SMOTE balanced dataset. 

From the experimental results, it can be observed that the WAVEn 

model shows better performance in terms of accuracy, kappa, sen- 

sitivity, specificity, precision, F measure and MCC. The WAVEn 

technique achieves a classification accuracy of 96.55% with a sen- 

sitivity value of 100%, specificity value of 93.75%, 92.86% precision 

and F1 score of 96.3% on the original Cleveland dataset. The quality 

of binary classification measured using MCC score has a value of 

0.933 with a kappa value of 0.931. In addition, the 100% sensitivity 

shows the efficiency of the WAVEn model in predicting all posi- 

tive cases which is required for any medical diagnostic system that 

make it practically applicable. From the results, it can be inferred 

that WAVEn algorithm significantly identifies all CAD patients as 

patients and sometimes it has little degradation in its discrimina- 

tive power of identifying all healthy persons as healthy. 

Similarly, the experimental results of the SMOTE balanced 

dataset shows that the proposed WAVEn algorithm achieved 100% 

for all metrics. This shows the effectiveness of the proposed model 

in significantly identifying all heart failure persons as CAD patients 

and normal persons as healthy. Nonetheless, the previously devel- 

oped models for identification and prediction of heart failure dis- 

ease using Cleveland dataset have not achieved this accuracy level. 

Table 5 shows the performance result of various algorithms and 

number of feature selected for predicting CAD using the Cleve- 

land dataset. The proposed WAVEn algorithm improved the pre- 

dictive accuracy with only 7 features and achieved a better classi- 

fication accuracy when compared with all the existing techniques 

[3,4,17,18,26,32,36,44,53,62] , except one that has slightly better per- 

formance than ours only in terms of accuracy and specificity for 

unbalanced dataset [54] . However, it should be noted that high 

sensitivity is required for any medical diagnosis system to accu- 

rately identify the diseased data from healthy data. Hence, our pro- 

posed algorithm is effective than [54] as it has the ability in dis- 

criminating the diseased data more accurately. 

5. Discussion 

In the proposed work, we achieved the maximum achievable 

accuracy, sensitivity, specificity, and precision in diagnosis and pre- 

diction of CAD. The main objective during the diagnosis of CAD 

is that a CAD patients should be reported as having CAD and a 
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Table 5 

Comparison of the proposed method with other methods in literature on the Cleveland dataset. 

Method #Features Accuracy(%) Sensitivity Specificity 

CFS + PSO + MLP [62] 7 90.28 NR NR 

ANN + F-AHP [53] 13 91.10 1.00 0.84 

Logistic Regression [26] 13 85 0.89 0.81 

Adaptive FDSS [44] 8 92.13 0.92 0.92 

HRFLM [36] 13 88.4 0.93 0.826 

RSA-RF [32] 7 93.33 0.95 0.898 

Voting [17] 9 87.41 NR NR 

Stacked SVM [4] 9 92.22 0.829 1.00 

DNN [3] 11 93.33 0.85 1.00 

HNCL + AMLN [54] 13 97.80 0.955 1.00 

NE-nu-SVC + GA+balancing [18] 7 98.60 0.986 NR 

Proposed WAVEn Ensemble + Ori 7 96.55 1.00 0.937 

Proposed WAVEn Ensemble + Bal 7 100 1.00 1.00 

#Features-Number of Features selected, NR- Not Reported, Ori-Original Dataset, Bal- SMOTE 

Balanced Dataset 

healthy person should not be reported as a patient. Also, it is es- 

sential to identify a person having CAD correctly as a patient is 

more important than identifying a healthy person. In this aspect, 

the WAVEn algorithm always correctly identifies a person having 

CAD as a patients with some false predictions say some of the 

healthy persons are classified as CAD patients in original dataset. 

However, the WAVEn and RF algorithms have the ability to pre- 

dict patients having CAD as well as always identifies and reports 

a healthy person as healthy without any error for the balanced 

dataset. With compliance to these experimental results, the devel- 

oped model can be used to test a patient initially to find whether 

he/she is having CAD or not. When the test results are negative 

no further diagnostic measures are required for the patient, other- 

wise, recommend angiography procedure for identification of the 

stenosis. 

Experimental results clearly shows the robustness of our algo- 

rithm in diagnosis and prediction of CAD. To the best of author’s 

knowledge, no prior works in literature have obtained these high- 

est result using only five features in CAD diagnosis with an average 

accuracy of 98.97%, 100% sensitivity and 96.3% specificity for the 

original dataset and similarly 100% average accuracy, 100% sensi- 

tivity and 100% specificity rate for a balanced dataset. Comparing 

both original and balanced dataset performance, it is found that 

the proposed WAVEn ensemble model shows better performance 

with zero false-negatives ensures that the algorithm identifies the 

CAD patients more accurately than identifying a healthy person. 

Furthermore, the WAVEn model has zero false predictions for a 

balanced dataset. Obviously, the performance result shows the re- 

liability of the WAVEn model in distinguishing CAD patients from 

healthy persons that makes it more suitable for practical imple- 

mentation. 

6. Conclusion 

In this study, a heterogeneous ensemble method is proposed to 

facilitate effective diagnosis and prediction of CAD disease in a pa- 

tient. We have evaluated the performance of the proposed ensem- 

ble technique and base classifiers to analyze the predictive or di- 

agnostics performance of the model to correctly classify CAD data 

using original and balanced Z-Alizadeh Sani dataset. We have em- 

ployed feature selection algorithm and selected five features based 

on feature importance and rank. Then, 10-fold cross-validation is 

applied on the training subset and the performance of the algo- 

rithm is independently assessed on the unseen test data. Com- 

pared with all classifier models, the WAVEn algorithm shows better 

performance and able to identify CAD with 98.97% accuracy with 

a precision of 98.3% for the original dataset. Moreover, the WAVEn 

method is able to discriminate the diseased data from healthy data 

on the balanced dataset to achieve the highest precision of 100% 

and no prior works have achieved this reliability with only 5 fea- 

tures. Hence, the proposed model can be used effectively to pre- 

dict CAD in a patient without using angiography procedure that 

will greatly reduce the side-effects of angiography, saves time and 

cost for the patients. 

In this study, the highest classification accuracy of WAVEn with 

zero false negatives strongly emphasize on the practical implemen- 

tation of a diagnostic system in hospitals that can be helpful for a 

cardiologist to diagnose CAD at the earlier stage. Finally, the algo- 

rithm can be applied on the extended version of Z-Alizadeh Sani 

dataset with 59 features and its performance in predicting stenosis 

using LAD, LCX and RCA arteries can be taken as future research 

work. 
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Abstract. This paper deals with efficiency enhancement of photovoltaic renewable system 

under Partial Shaded Conditions (PSC) using Hybrid DPSO (Deterministic Particle Swarm 

Optimization) algorithm based maximum power point tracker embedded in a high gain DC/DC 

SEPIC converter. The proposed high static gain converter with Hybrid DPSO algorithm 

eliminates the multiple peaks under varying insolation conditions; speedup the tracking process 

and also dynamic responses of the converter. The performance parameters of the proposed 

Hybrid DPSO method are analyzed and comparing it against the PSO and classical Perturb and 

Observe (P&O) techniques in MATLAB simulink. The evaluation result proves that proposed 

method shows better tracking performance under fast varying insolation conditions. 

1.  INTRODUCTION 

Fast development in green energy generation investments and government subsidized policies quite 

significant in recent years has led to a sustained development in the power sector. Renewable power 

consumption grew day by day and creates great impact in the world’s electricity generation. This 

scenario induces the researchers to attract interest towards green energy generation in the form of 

distributed generation (DG). Solar, wind, hydroelectricity, geothermal energy and wave power, and 

combustible renewable and renewable waste (solid biomass, landfill gas, liquid biofuels, and waste 

incineration) are the vital renewable energy among them few sources produces DC power, examples: 

fuel cells, PV (photovoltaic) etc. Energy storage devices such as super capacitor, lead acid, sodium 

ion, nickel cadmium and Li-ion secondary batteries etc, are supplying DC power. DG systems 

employed in DC micro-grid guarantees reliable power to consumers by optimal control of flow of 

power from the generation to consumers load. One more imperative feature is majority of the end user 

appliances are moreover DC adaptable loads (e.g. LED, BLDC fan, CCTV cameras, computers etc.). 

PV panel have the drawbacks of lower cell voltages and non-linear PV, IV characteristics with respect 

to irradiance and temperature leads to poor energy conversion efficiency. To overcome the above said 

limitations a power conditioning units such as Boost converter and maximum power point tracker 

(MPPT) are used in linking the DC bus and PV Panels. MPPT as its name signify, allows tracking of 

power over a period of time and detecting the peak power point (MPP) that the panel is customized to 

provide under varying temperature and solar insolation [4]. The process of MPP tracking is to get 
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optimizes and superior exploit of PV systems thus maximize the PV array efficiency which depends 

upon the particular MPPT technique. The MPPT algorithms that are mainly categorized into two 

groups, namely conventional and nonconventional algorithms in several literatures. The conventional 

techniques includes incremental conductance method or hill climbing algorithm, P&O (perturb and 

observe), ripple correlation method, short circuit current, open circuit voltage etc [7-10]. The MPPT 

control using P&O method is most preferred method in the literatures because of its simplicity   and 

easy implementation in real time. But under varying environmental conditions a shaded cell would act 

as a load and draws additional current from the main load causes tracking PV power get diminished, 

process of tracking get oscillates and leads to wastage of power [11]. Thus fast varying insolation 

conditions in P&O method alter the PV power output and distress the reliability of the system. Non-

conventional techniques are biologically inspired algorithms has ability to handle multiple peaks in PV 

characteristics curve and faster convergence to the actual peak point [12-18]. Particle swarm 

optimization algorithm (PSO), ant colony systems (ACS), genetic algorithm, and flashing firefly 

algorithm (FA) are few accepted and recent evolutionary algorithms (EA) [19-25]. Each algorithm has 

its own merits and limitations, in this paper, swarm optimization algorithms are utilized because of its 

simple construction and easy implementation. Particle seeker optimization efficiently maximizes the 

efficiency of solar array by tracking optimum global peak point (GPP) [26-30].  But the random 

numbers makes the algorithm little slow, when tracking the peak power with complex computations at 

more number of iterations which causes some substantial amount of power loss. To overcome the 

losses occurred and speed up the tracking process, hybrid DPSO (Deterministic Particle Swarm 

Optimization) technique is initiated [31-33]. Hybrid DPSO algorithm tracks the global peak point in 

less convergence time as compared to other soft computing techniques.  

 

 

 Figure 1. General Block Diagram of Photovoltaic system for DC Microgrid 
 

The proposed controller is able to track optimum global peak operating point with an optimal speed, 

and it indicates a very good dynamic response under exclusive partial shadowing conditions. The 

figure 1 indicates the blocks of proposed PV system for DC microgrid applications.  The option of an 

appropriate converter is another imperative subject of matter when employing a PV-MPPT system. 

Several literatures reveal that the custom of midway converters for power conditioning and tracking 

applications, which are: classical boost, buck, buck-boost, SEPIC and Cuk converter topologies [9] 

and [13]. The above said converter topologies suffers with the problems like electromagnetic 

interference and reverse recovery, when it is subjected to extreme high duty cycle value D>0.8, to get 

higher voltage gain. The SEPIC, conventional buck-boost and Cuk topologies were ability to either 

step up and down the voltage applied to it. In this work, a SEPIC converter has been preferred with an 

intention to use the system for high static gain and high voltage applications [2]. Rest of the work is 

structured as follows. The hybrid DPSO technique will discuss in section 2. Section 3 and section 4 

illustrates the high static gain converter. The comparison results of P&O, PSO and the DPSO hybrid 

techniques are disused in section 5. At last, the paper is concluded in section 6. 
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2. Implementation of Hybrid DPSO Based MPPT 

In this paper, hybrid DPSO-P&O MPPT technique is proposed for PV systems under PSC to get 

maximum efficiency, fast convergence time and low complexity. In PSO based MPPT control to the 

DC-DC converter be capable of react to one command at an instance, the particles are initialized and 

assessed in a consecutive way. The successive particles intervals should be larger than the settling time 

(ts) of the overall system in order to get acceptable voltage and current samples. Each particle takes 

ample amounts of time to carry out entire aforesaid steps, hence the convergence time of particles 

converge to the Global Peak Point (GPP) is greater and it causes some considerable power loss. To 

reduce convergence time, loss of power and get peak power (Ppv), Hybrid - DPSO technique is 

initiated. The implementation of hybrid P&O-DPSO algorithm in MPPT controller reduces the search 

space and hence, the time of convergence gets decreased. Moreover, each particle’s velocity is 

controlled to a meticulous value to remain the space surrounded by the peaks. Therefore the classical 

PSO composed into the deterministic construction. Figure 2 represents the flow of proposed P&O 

algorithm.  In conventional PSO algorithm, the particles position is defined by PV array voltage as 

reference and all the particles should converge to GPP by updating the Pbest and Gbest using equation 1 

and 2. However, this procedure involves large number of iterations and huge variation in the velocity 

component may cause the particle to move out as of the vicinity of global peak point [3].  
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Thus, by eliminating the random number r1 and r2 in (2) and restraining the velocity factor (Vmax) 

hence the conventional PSO is changed to a new deterministic construction. The basic concept is 

removing the random number from PSO acceleration factor in the equation 2 and modified velocity 

equation of PSO can therefore be written as: 
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Hybrid DPSO-P&O MPPT algorithm is proposed by modifying the velocity represent in equation 3. 

The velocity perturbation with respect to VP&O using flowchart shown in figure 2 helps the fast 

tracking ability to reach the GPP. The modified velocity equation as depicted below: 
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Where VP&O is the variation of voltage offer by the classical P&O algorithm illustrated on figure 2. 

The controlling the value of 
1+k

i
 the values of duty cycles to SEPIC converter is decrease or increase 

gradually in two succeeding MPPT cycles. By realizing DPSO method, subsequent parameters are 

utilized: particle size is about 15. One parameter i.e. the inertia weight (W) required to tune so efforts 

for parameter regulation is very much reduced. Figure 3 represents the overall hybrid DPSO-P&O 

MPPT algorithm.  Hybrid DPSO-P&O method is employed to extract maximum power from PV array 

with reduced number of computation and iteration. Power losses tracking speed and dynamic response 

are better as compared to other intelligent control techniques. Here, soft computing technique decides 

the duty signal of converter thus proposed circuit tracks peak power point effectively. 
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Figure 2. Flowchart of P&O algorithm                                  Figure 3. Flowchart of proposed hybrid 

method                                                                                    DPSO-P&O MPPT algorithm 

 

3. DESIGN OF SEPIC CONVERTER 

The DC to DC conversion using DC/DC converter is heart of MPPT circuit which is generally used 

to regulating the voltages of PV array at the Maximum Power Point (MPP) and providing maximum 

power transfer by load matching. SEPIC is a DC/DC converter similar to buck-boost and Cuk 

converter, that has the ability to produce the output either may lesser or greater, otherwise equal to 

the voltage at the input terminal, but has added benefit of have non-inverted polarity output. The 

SEPIC converter voltages obtained at the output terminal are depending upon the switching rate of 

the power electronic switch. The basic structure of the classical SEPIC converter circuit is point up in 

figure 4. The converter construction to be modified by including two components capacitor CM, and 

diode DM in existing SEPIC converter as presented in figure 5.  

 

 

      

 

 

 

 

 

 

       Figure 4. Classical SEPIC converter                         Figure 5. SEPIC converter with voltage  

                   multiplier 
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By the aforementioned alteration numerous functional features of the classical SEPIC converter are 

transformed and get twice the time of classical boost converter gain for a duty-cycle near to D = 0.85.  

However few applications needs larger static gain at lower duty cycle less than 0.8 (D < 0.8). So the 

customized converter to be tuned to get the higher static gain at duty cycle smaller than 0.8.   

 

4. PROPOSED DC-DC CONVERTER WITH MAGNETIC COUPLING 

A simple alteration made in modified SEPIC converter to build higher the static gain at the smaller 

duty cycle D < 0.8 is by inserting a secondary coil with the L2 inductor. The magnetic coupling 

between the winding inductor L2p and L2s will increase the voltage at output and working like a fly-

back transformer.  Figure 6 demonstrates the modified arrangement of the proposed high gain circuit. 

The insertion of coil L2s drives the over voltages across output diode D0 terminals. This enormous 

voltage at diode D0 terminals will not suppress with traditional snubber circuit. Hence a clamping 

circuit consist of capacitor CS2 and diode DM2 are added with the secondary coil L2S as provided in 

figure 7. This clamping circuit also act as a voltage multiplier for the output diode D0. 
 

 

 

         

 Figure 6. SEPIC converter with coil                     Figure 7. Proposed high static gain  

              L2s as secondary                              DC-DC converter  

 

The voltage multiplier circuit helps transfer of energy from the leakage reactance to the output 

terminals and subsequently the stress on the diode D0 gets suppressed and the voltage across the output 

diode is reduced than the voltage at output which guides to increase the overall converter static gain. 

 
The high static gain SEPIC converter operates in continuous conduction mode (CCM) illustrates in two 

operation stages.  
 

4.1 First Stage of operation 

When the MOSFET switch S is in ON state, the input voltage charges inductor coil L1. The inductor 

L2S discharges their stored energy to capacitor CS2 through the diode DM2 which forms a closed path 

and block the output diode D0 as shown in figure 8. Once the charging of capacitor CS2 is completed 

the diode DM2 becomes reverse biased which opens the path as illustrated in figure 9.  
 

 

 

 

 

 

 

 

 

  

       Figure 8. First stage of operation                Figure 9. First stages of operation after  

                                                                                          Diode DM2 open  
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4.2 Second Stage of operation 

When the control switch S is in OFF state, the stored energy in the inductor L1 discharging through 

DM1 diode to the capacitor CM illustrated in figure 10. Once the energy transfer from Inductor L1 makes 

the capacitor CM charged which reverse biased diode DM1. The charges stored in inductor L2, capacitors 

CS1, and CS2, charges the capacitor C0 and energize the load RL through output diode D0 as shown in 

figure 11 until the switch S get ON. 
 

 

 

 

 

 

 

         

 Figure 10. Operation at second stage                  Figure 11. Diode DM1 blocked at end  

                                                                                       of second stage of operation  
 

5. RESULTS AND DISCUSSION 

The Matlab simulink model of overall PV system for DC microgrid environment is presented in the 

figure 12. The outputs of PV arrays are directly fed to the proposed high gain SEPIC converter in 

which the hybrid P&O-DPSO MPPT algorithm is embedded. The figure 13, 14, and 15 shows hybrid 

P&O-DPSO based MPPT provides better results than conventional P&O and PSO methods and tracks 

global maximum power point under PSC. The proposed converter can operate with high static gain    

(q > 10) and employs fewer quantity of switching devices results less switching losses. Consequently 

the overall PV system effectiveness and efficiency gets increased. 

 

                  Figure 12. Simulink model of Hybrid P&O-DPSO MPPT control of proposed high  

                  static gain converter 
 

 

 

 

Page 558 of 3066Page 558 of 3066



RESGEVT 2020

IOP Conf. Series: Materials Science and Engineering 937 (2020) 012010

IOP Publishing

doi:10.1088/1757-899X/937/1/012010

7

 

 

 

 

 

 

 

 

 

Figure 13. Power variation between P&O, PSO and hybrid DPSO techniques 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Voltage variation between P&O, PSO and hybrid DPSO techniques 
 

 

       

 

 

 

 

 

 

 

 

 

 Figure 15. Current variation between P&O, PSO and hybrid DPSO techniques 

 

6. CONCLUSION 

This paper gives a hybrid P&O-DPSO based MPPT, and a high static gain SEPIC converter. The 

proposed hybrid control algorithms gives better results and efficiently track the optimum peak point 

Page 559 of 3066Page 559 of 3066



RESGEVT 2020

IOP Conf. Series: Materials Science and Engineering 937 (2020) 012010

IOP Publishing

doi:10.1088/1757-899X/937/1/012010

8

for the PV array underneath partial shading circumstance. In this proposed technique, the output 

voltage has very high static gain and constant under normal or shaded conditions of solar panel using 

hybrid P&O-DPSO based MPPT algorithm implemented on modified SEPIC converter using 

MATLAB / SIMULINK. The proposed high static gain converter working with low voltage input is 

able to produce better output voltage and efficiency at duty cycle D < 0.8. So the control mechanism is 

competent to utilize in grid connected renewable system using various multilevel inverter topologies. 
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ABSTRACT
The photovoltaic (PV) systems must work at the maximum power point (MPP) to derive the
highest possible power with the higher performance during a change in operating conditions.
The primary objective is to implement a novel hybrid tracking algorithm to extract the maxi-
mum output power from the solar PV panel or array under partial shading conditions (PSCs).
This hybrid MPP tracking algorithm is based on the salp swarm algorithm (SSA), which finds the
initial global peak (GP) operating point and is followed by the perturb and observation (P&O)
algorithm in the last stage to realize a faster convergence rate. Thus, the computational bur-
den met by the conventional methods such as standalone P&O, hybrid grey-wolf-optimization
(HGWO), and hybrid whale-optimization algorithm (HWOA) algorithm reported in the literature
is overcome by the proposed hybrid SSA algorithm called HSSA. The P&O algorithm searches the
MPP in the projected search space by the SSA algorithm. The proposed hybrid algorithm is sim-
ulated usingMATLAB/Simulink simulation tool to validate the effectiveness of tracking the MPP.
The hybrid SSA is compared with the standalone P&O, hybrid WOA, and hybrid GWO, and from
the simulation results, it is proved that the hybrid tracking algorithm exhibits a high tracking
performance.
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1. Introduction

Nowadays, renewable energy has been technologically
advanced because it provides green and clean energy.
Out of various renewable energy sources, the solar PV
source plays a vital role in generating the clean and
pure energy by transforming the solar photo energy
to the electrical energy, and it is strengthened by the
maximum power point tracking (MPPT) technique to
produce the maximum possible power from the solar
PVmodule [1,2]. Themain objective of theMPPT tech-
nique is to locate the MPP to regularize the output
voltage of the solar panel by controlling the converter
operation [3,4]. The primary objective is to produce the
highest power from the panel under a change in envi-
ronmental conditions. This can be possible by adjust-
ing the converter duty ratio and to locate the MPP
[5,6]. The authors of [7,8] discussed various MPPT
techniques for the PV based energy systems such as
incremental conductance (IC), and perturb and obser-
vation (P&O), fractional open-circuit voltage, frac-
tional short circuit current, modern MPPT techniques
(based on neural network (NN), bio-inspired optimiza-
tion, nature-inspired optimization, fuzzy logic (FL),
etc.). The most familiar MPPT method is P&O, and
it has several advantages such as simple structure, low
cost, smooth implementation, and fewer parameters

measurement. The MPPT controller alters the PV out-
put power with a small step in each cycle, and this
step size is kept fixed. The control parameters are PV
voltage and PV current, and this is called perturba-
tion. It depends on the power derivative concerning
zero voltage at MPP. However, this method fails to
locate the MPP under the fast-changing environmen-
tal condition, and its convergence speed is high [9,10].
These basic MPPT tracking algorithms are efficient
only under consistent irradiance conditions. The con-
ventional algorithms normally fail to track global peak
for a system with PSC or rapid irradiance change,
resulting in power losses of up to 70%. Furthermore,
weather conditions, such as tropical conditions, can
lead to rapid change in irradiance and PSCdue to cloud,
tree, dust, etc. This requires the quick tracking of the
MPPT devices and the capability to track the global
peak. The solar PV modules under PSCs are shown in
Figure 1. During PSCs, the panel exhibits multiple local
peaks (LP) and one global peak (GP), and it is very chal-
lenging to track the GP under PSCs, and conventional
MPPT algorithms fail to track the GP [11].

The authors of [12] define the concept of an
improved P&O MPPT algorithm for drift-free opera-
tions. A new variable step-size algorithm was proposed
in [13] for an MPPT with fast-tracking characteristics
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Figure 1. Solar PV array under PSCs.

and highly efficient during rapid irradiation changes.
The authors of [14] presented a novel autoscaling vari-
able step-size P&O MPPT technique to track the GP
with less convergence speed. However, the maximum
power generation is affected by the scaling factor (S),
and the wrong selection of S leads to power oscilla-
tions. An IC technique was discussed in [15] to fulfil
the MPPT goal during a change in insolation condi-
tions. Another major aspect of research is the impact
of PSC, where comprehensive studies are carried out
in [16]. This result shows numerous PSC power peaks
and requires an MPPT system that can differentiate
between GP and LPs. In such cases, the conventional
MPPTs may not be efficient; based on the PV array
configurations and shading conditions, they can fall
under LPs. So, a recent optimization algorithm neu-
tralizes the PSCs effects by controlling the duty cycle
of the converter. Soft computing-based bio-inspired
optimization techniques such as artificial bee colony,
bat optimizer, firefly, ant colony optimization, Parti-
cle Swarm Optimization (PSO) [17], flower pollina-
tion, Cuckoo search, etc. can track the GP effectively.
However, the above-said algorithms exhibit oscilla-
tions under the steady-state condition, which makes
the system ineffective. The algorithms, such as the bat
algorithm and flower pollination, are addressed by [18]
to track the GP, and flower pollination has high track-
ing efficiency than the bat algorithm. However, the
algorithm fails to track the GP due to the less search
space. The other meta-heuristic algorithms, such as
Grey Wolf Optimization (GWO) [19], whale optimiza-
tion algorithm (WOA) [20], harris-hawk optimiza-
tion [21], slime mould algorithm [22], marine preda-
tor algorithm [23], salp-swarm optimization algorithm
(SSA) [24], etc. were discussed in the literature. The
GWO reduces the oscillation around the steady-state
and improves the tracking efficiency with a good tran-
sient response. The WOA algorithm accurately locates
theGPwith a higher tracking speed and accuracy under

PSCs. The WOA algorithm is better than the PSO and
GWO in terms of accuracy and speed. To improve the
steady-state performance, the GWO is combined with
the conventional P&O algorithm, which also improves
the tracking efficiency under a dynamic change in solar
irradiation [25]. The initial stage of the change in inso-
lation can be taken care of by the GWO, and the P&O
controls the final stage. An artificial neural network
(ANN) is combined with the P&O to reach a faster
convergence rate, and it was proposed by [26]. At the
initial stage, the ANN locates the GP, and finally, P&O
locates the peak operating point by controlling the duty
cycle of the converter. TheWOAalgorithm is combined
with the P&O to reduce the steady-state oscillationwith
a better convergence rate under a change in operat-
ing conditions [27]. The WOA locates the GP at the
initial stage, and the P&O algorithm finds the opti-
mal operating point to achieve a higher convergence
rate. To address the issues, such as tracking dynamic
GP and large steady-state oscillation, is addressed by
[28]. This paper proposed a hybrid PSO algorithm, in
which the PSO takes care of the dynamic GP under
various shading patterns, and the fuzzy logic controller
(FLC) takes care of the steady-state oscillations. All
the methods discussed in the literature do not guar-
antee that the shading pattern change due to the solar
irradiation change or load variation. Moreover, the
shading pattern may change when the search space is
unchanged.

SSA is a new optimization algorithm to solve many
problems of optimization with a single-objective and
multi-objective [29]. The main drive of SSA is the
swarming behaviour of salp as they swim and search
for food in the oceans. This algorithm is mathemati-
cally modelled and tested on various benchmark func-
tions in order to demonstrate their effective behaviours
in finding the best solution for problem optimization.
The authors of [30] have developed several metaheuris-
tic algorithms, including SSA, to cope with automo-
tive industry problems. The authors of [31] introduced
an MPPT technique based on the SSA algorithm and
tested with various operating conditions. The authors
of [32] introduced an improved SSA to extract the
solar cell parameters of the double-diode PV electrical
model. The authors of [33] introduced a new version of
the SSA tested for its efficiency by a number of common
benchmark functions. The authors of [34] suggested
a modern hybrid algorithm focused on a Sine Cosine
with SSA and named as HSCSSA. The proposed hybrid
technique improves the convergence executionwith the
exploitation and exploration of search spaces. Within
the proposed technique, the SSA’s position within the
search space available is updated using the positions of
the sine-cosine algorithm; thus, the best solutions are
reserved based on sine or cosine. The authors of [35]
implemented a new variant of the SSA based on Arctan
transformation. This variant consists of two functional
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characteristics, namelymobility andmultiplicity, which
improves the exploitation and exploration ability of
SSA. The authors of [36] presented a multi-objective
optimization based on hybrid SSA and Spotted Hyena
Optimizer, named as HMOSHSSA. The HMOSHSSA
utilizes the exploration capabilities of spotted hyena
to examine the search space thoroughly, and the SSA
is used to obtain the optimal solution, which can
allow convergence quicker. Most of the metaheuris-
tic algorithms in the literature have been trapped in
local research and suffer from slow convergence [37].
The authors of [38] have introduced a new, improved
SSA system. To enhance the performance of the SSA,
opposition-based learning is presented in the con-
ventional SSA. This algorithm is evaluated on var-
ious benchmark functions, and the performance is
compared with optimization techniques. Many factors
make it difficult to solve global problems of optimiza-
tion: as dimensionality increases, the search regions
increase exponentially, which is the key problem faced
by most of the optimization methods [39]. Neverthe-
less, there is no theory to decide which algorithm gains
the best efficiency; however, hybrid algorithms improve
the performance of the basic algorithm [40]. For sev-
eral problems of low and even medium dimensionality,
the basic SSA has shown greater performance. Never-
theless, two main shortcomings are recognized in the
basic SSA: lack of the solutions variety, which causes
slow convergence and tenacious early convergence.Due
to these limitations, SSA calls for additional improve-
ment, modifying or hybridizing with other searching
techniques, to avoid the early convergence to enhance
the performance. The basic SSA has the merits of sim-
ple upgrading functionality but has the pitfalls to col-
lapse into the local optimumwith themultidimensional
functions in particular. From the detailed literature,
the shortcoming of the basic SSA is given as follows.
(i) due to insufficient exploitation and exploration, it
creates large output oscillations and (ii) less tracking
speed.

Based on the literature, the above said bio-inspired
optimization algorithms and the hybrid algorithms
could able to locate the GP with high oscillations at a
steady-state. Moreover, these techniques cannot track
the dynamicGPunder various shading patterns. There-
fore, an improved hybrid technique called HSSA is
proposed, and it is formulated by combining SSA and
P&O to overcome the above-said problems. This HSSA
algorithm improves the tracking efficiency with the
high tracking speed under PSCs by controlling the duty
cycle of the converter. The significant contributions to
this research are as follows.

• A new hybrid HSSA is developed to track the MPP
during PSCs

• The significant effects of the PSC are explained and
validated

• The tracking efficiency of the HSSA during PSCs
and rapid change in insolation is validated through
simulation and experimentation

• The performance of HSSA is compared with the
conventional P&O and few hybrid versions, such as
HGWO and HWOA.

The rest of the paper is organized as follows: section
2 of the paper presents the solar photovoltaic panel
mathematical modelling and its operating character-
istics under PSCs. The modelling of the hybrid salp
swarm algorithm and its usage to develop the MPPT
control is illustrated in section 3. The simulation and
experimental results are discussed in detail in section
4, along with the performance comparison among
the various algorithms, as discussed in the literature.
Finally, the paper is concluded in section 5.

2. Characteristics of the solar photovoltaic
array

A photovoltaic array comprises multiple PV strings
connected in parallel, each ofwhich is constructed from
different PV modules linked to each array, as shown in
Figure 2. Each of the photovoltaic modules comprises
several parallel and series-connected PV cells. A single
PV cell’s power is very limited and cannot be used for
real-time applications, and the PV module is generally
considered as a part of a single PV cell. Therefore, the
characteristics of the PVpanel are significant under var-
ious irradiance conditions, i.e. uniform irradiance and
PSCs [41].

2.1. Uniform solar irradiation condition

Several researchers have presented various electric
equivalent models to understand the output character-
istics of a photovoltaic module. The single-diodemodel
(SDM) is depicted in Figure 3. The paper opts for the
most commonly encountered model due to its precise
result and simple structure. The total current of a PV
module can be represented according to the SDM as:

I = Iph − I0
[
exp

(
Vpv + IRse

nVth

)
− 1

]

−
[
Vpv + IRse

Rsh

]
(1)

Where n is the ideality factor of the diode, thermal
leakage voltage is presented as Vth, the photocurrent
of the module is represented as Iph, the reverse satura-
tion current of the diode is represented as I0, and the
ohmic resistances are represented as Rse and Rsh. The
thermal leakage voltage is equal to NskT/q, in which
the series-connected PV cells are represented as Ns, k
is Boltzmann’s constant, T is the absolute temperature,
and q is the electron charge.
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Figure 2. PV array configurations; (a) 4S configuration, (b) 2S2P configuration.

Figure 3. SDMmodel of the PV cell.

The temperature effects are generally not severely
affected, so this paper primarily investigates the irra-
diance effect on the output properties of a photo-
voltaic array under PSCs. The PV array output current
(Ipv,array) comprising parallel strings Nsh and series PV
modules Nse in a string is represented as follows.

Iarray = I′ph − I′0

[
exp

(
Varray + xIarrayRse

nVth
′

)
− 1

]

−
[
Varray + xIarrayRse

xRsh

]
(2)

Where the output current and voltage of the PV array is
represented as Iarray and Varray, respectively, x is equal
toNse/Nsh, I′0 is equal toNshIo, I′ph is equal toNshIph, and
V ′
th is equal to NseVth.

2.2. PSCs on the photovoltaic array

The PV array is formed by connecting more number
PV modules in series and series/parallel combinations.
Due to the change in environmental conditions, the PV
cells in the panel are partially shaded. The PV cell sub-
jected to the shading absorbs more energy due to the
reverse voltage. The absorbed energy is transformed
to the hotspot, and it results in high thermal stress

and damages the PV cell junction. The bypass diodes
are connected across the cell/panel to reduce the effect
due to the hotspot. So, the negative voltage due to the
reverse voltage is avoided as per the discussion in [42].
The bypass diode starts its function when the condition
given in Equation (3) is satisfied.

Vg =
n∑

i=1
Vi ≥ VD, i �= 2 (3)

The effect on the PV array due to the PSCs is shown in
Figure 4, and it is observed that voltage- power charac-
teristic of the PV array exhibits multiple local peak (LP)
points during the shading condition and one global
peak (GP) point. Themost referred PV array configura-
tion, such as 4S (four series-connected panels) and 2S2P
(two series-connected panels are connected in paral-
lel), as shown in Figure 2 are considered to validate
the performance of the proposed hybrid algorithm. The
hybrid algorithm is suitable for other PV array con-
figurations such as honey-comb, total-cross-tied, and
bridge-linked. However, for simplification, the testing
with the other PV array configurations is not discussed
in this paper, which is out of the scope.

The maximum power derived from the panel is for-
mulated as an enlarged problem, and the optimized
problem is presented in Equation (4).

Maximize the power extraction subjected to dmin

≤ d ≤ dmax (4)

Where d is the duty cycle of the conventional boost con-
verter, the minimum duty ratio is represented by dmin,
dmax represents the maximum duty cycle, and the val-
ues are restricted as 0.45–0.70, respectively. The max-
imum duty ratio is fixed at 0.70 to reduce the reverse
recovery on the diode and the switching device.
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Figure 4. PV array characteristics under different shading patterns; (a) P-V characteristics, (b) I-V characteristics.

3. Hybrid salp swarm optimization algorithm
and its application in MPPT

3.1. Basic concepts of salp swarm optimization
algorithm

The motivation of this paper is based on the swarm
behaviour of salp. The shape of the salp is barrel-shape,
and the transparent body and the salp have belonged
to the family of Salpidae. Salp tissue looks like a jel-
lyfish, and the movement of salps is also similar to
jellyfish. The salps are moving forward by pushing the
water through the salp body, and this action resem-
bles propulsion. The shape of the salp is pictured in
Figure 5(a). The exciting feature of the salp is the main
inspiration of this paper. In the ocean, the salps are
grouped into a swarm called salp-chain [43,44], and
Figure 5(b) shows the salp-chain formation. The pur-
pose of salp-chain formation is an unknown fact to the
researchers, and few researchers believe that the salp-
chain is used for a better change in coordination and
mobilization using foraging.

3.2. Mathematical modeling of the salp-chain

The authors of [29,45,46] proposed a mathematical
model for the salp-chain, and the same can be used for
the optimization issues. The population can be grouped
into two groups, such as leader and follower. The for-
ward salp is called as a leader, and the leftover salps are
called as a follower. The leader salp gives guidance to
the follower salp. Like other similar optimization algo-
rithms, the position of the salp in SSA is defined as
n-dimensional search space, in which n is a number
of variables. The position of the salp is stored in a 2-
dimensional search space. The food source in the space
is assumed as a swarm target. Equation (5) presents the
update for the leader position.

P1j =
{
Gj + c1((ubj − lbj)c2 + lbj)c3 ≥ 0
Gj − c1((ubj − lbj)c2 + lbj)c3 < 0

(5)

Where P1j is the position of the leader in the jth
dimension, Gj is the food source, the lower and upper
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Figure 5. Pictorial representation of salp [25]; (a) Single salp, (b) Salp-chain.

boundary is represented as lbj and ubj respectively, c1,
c2, and c3 are the random numbers. It is noticed that the
leader position is updated about the food source. The
random number c1 is the most significant coefficient
in SSA, and it decides the exploration and exploitation.
The expression for the c1 is presented in Equation (6).

c1 = 2e−
(
4l
L

)2
(6)

Where the maximum iteration is represented by L and
l represents the current iteration. The other random
numbers, such as c2 and c3, are selected randomly
between [0, 1]. As per Equation (7), the follower posi-
tion is updated.

Pij = 1
2
at2 + Vot (7)

Where Pij is the follower position in the jth dimension,
and i ≥ 2, Vo is the initial speed, a = Vfinal/Vo, and
Vfinal = x−xo/t. LetVo = 0, and “t” is the time in opti-
mization. So, Equation (7) is modified and presented in
Equation (8).

Pij = 1
2
(Pij + Pi−1

j ) (8)

Equations (5–8) is used to model the SSA using the
MATLAB/Simulink, and the same has been simulated
to check its performance.

3.3. Traditional perturb and observation
algorithm

Asdiscussed in [47], before and after each perturbation,
the P&O algorithm locates the maximum operating PV
voltage by spotting the small change in the PV output
power. As per the many researcher’s points of view, the
conventional P&O algorithm is the most popular and
preferable MPPT technique, and it is the base reference
to derive and develop a new MPPT technique. The PV

output power of the panel is calculated and analysed
within the algorithmby providing the sensed PVoutput
voltage and PV output current as input parameters. The
algorithm provides the perturbation as per the change
in the PVoutput power processed by the algorithm, and
it changes the duty ratio of the converter. The algorithm
rule is presented in Equation (9).

dnew =
{
dold + ε, if Ppv > Ppv(old)
dold − ε, if Ppv < Ppv(old)

(9)

Where dold is the old duty ratio, the perturbed duty
cycle is represented as ε, and dnew is the new duty
ratio. The fast convergence is achieved by considering
large value for ε; however, it results in high steady-state
oscillation.

3.4. Proposed hybrid SSA-P&O solar PVMPPT
technique

The grouping of the salp swarm algorithm and P&O
algorithm is called the hybrid SSA-P&O MPPT tech-
nique, and it is an advanced computation algorithm for
the solar PV system. The P&O algorithm tracks the
maximum operating point under uniform irradiance,
and the SSA algorithm locates the global peak under
non-uniform irradiance conditions. During execution,
the SSA algorithm comes into action first, followed by
the P&O algorithm.When salps are close to each other,
the P&O is in operation at the best salp location in
the SSA algorithm process. Figure 6 shows the overall
flowchart for the proposed hybrid SSA-P&O algorithm.
The main objective of the proposed algorithm is to
find the GP under PSCs. In the salp-chain, the follower
salp follows the leader salp, and the leader salp moves
forward to reach the food source. The food source is
replaced by MPP; however, the salp-chain moves near
to theMPP. The preeminent solution so far is the maxi-
mumpower point and the salp-chainmoves to the food
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Figure 6. Overall flowchart for the proposed hybrid SSA MPPT technique.

source. Finally, the P&O algorithm locates the GP accu-
rately. The following steps are involved in developing
and implementing the proposed hybrid SSA algorithm.
The flow of the hybrid SSA technique started with the
initial optimum value by allocating the random posi-
tion for the salps. This approximation finds fitness and
determines the greatest fitness salp. The position of the
best salp is allocated as a food source. The random c1
coefficient is keep updated using Equation (10). The
leader salp position is to keep updated at each dimen-
sion as per Equation (7) and Equation (11) updates the
follower salp position.

The salp position is maintained within the search
space. The SSA algorithm initially finds the optimal
power point under the non-uniform irradiation condi-
tion, and finally, P&O converges to GP under normal
operating conditions. The salp swarm move near the
GP and the position of the leader salp represent the duty
cycle for the dc-dc converter which eliminates usage of
different controllers and reduces the frequent controller
gain tuning, results in the simple control structure. The
block diagram of the proposed hybrid SSA MPPT is
shown in Figure 7. Depending on the environmental
conditions such as solar irradiation and cell tempera-
ture, the output PV power is continuously oscillating.
The hybrid MPPT algorithm is reinitialized when PV
output power changes. By increasing the number of
salps, the tracking accuracy is improved; however, a
large number of salps increase the computation burden
on the algorithm execution. So, the number of salps

in the salp-chain is considered as 30 to reduce the
computation time in this paper.

4. Results and discussions

The proposed hybrid SSA-P&O algorithm is validated
on the different PV configurations by comparing the
simulation results acquired by the HGWO, HWOA,
and the conventional P&O algorithms. The proposed
algorithm is implemented and tested with the con-
ventional boost converter under a change in insola-
tion condition and PSCs. As discussed earlier, there
is two PV array configuration considered such as
4S and 2S2P configurations under PSCs for testing
the proposed MPPT technique. The PV power gen-
eration system is made with PV array, dc-dc boost
converter, MPPT controller, and the load for test-
ing. The PV panel specification is given as follows;
Vmp = 40 V, Imp = 5 A, Voc = 47.8 V, Isc = 6.2 A,
Pmp = 200W, and number of PV cells = 72. The com-
monly used dc-dc boost converter is designed as per
[48], and design parameters of the converter are as fol-
lows: fs = 100 kHz, Vin = (24–150V), Vout = 388 V,
Ldc = 1.7 mH, Cout = 100 μF, 450V (electrolytic), and
ripple voltage is assumed as less than 1%. The load resis-
tance is selected as 22�. The proposed algorithm is
tested under various shading patterns, and the same is
listed in Table 1. The duration for each shading pat-
tern is 0.5 sec, and the computation time is depend-
ing upon the various other parameters. To validate
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Figure 7. Block diagram of the proposed hybrid MPPT technique.

Table 1. Various shading pattern for the PV array configurations.

Shading Pattern Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5 Pattern 6 Pattern 7 Pattern 8

Solar Irradiation (W/m2) 550 650 850 500 600 700 950 850
Condition Rapid Change in Insolation PSCs
PV Array 4S 2S2P 4S 2S2P
Extreme change in insolation – 200W/m2 – 300W/m2 – 600W/m2 – 900W/m2(for both 4S & 2S2P)

Table 2. Various parameters of different MPPT techniques.

MPPT Technique No. of Search Agents Lower Limit (dmin) Upper Limit (dmax)
Maximum
Iterations

No. of Input
Variables

No. of Output
Variables

HWOA 30 0.45 0.71 10 2 (Vpv, Ipv) 1 (Duty ratio)
HGWO 30 0.45 0.74 10 2 (Vpv, Ipv) 1 (Duty ratio)
HSSA 30 0.45 0.70 10 2 (Vpv, Ipv) 1 (Duty ratio)
P&O – 0.45 0.92 – 2 (Vpv, Ipv) 1 (Duty ratio)

the performance of the proposed hybrid algorithm,
the algorithm parameters are kept constant for all
the techniques. The operating parameters are listed in
Table 2.

4.1. Simulation results

The simulation of the proposed PV systems is per-
formed using MATLAB/Simulink 2018a using a Lap-
top with an IntelR Core (TM) i5-4210U CPU at 2.40
GHz and RAM of 8 GB. The solver in MATLAB is
ODE45 (Dormand-Prince), and step size is selected as
auto variable-step. The performance of HSSA is com-
pared with the other hybrid metaheuristics algorithms,
such as HGWO and HWOA. The maximum number
of iterations and population size are significant param-
eters of the metaheuristic algorithms. Therefore, these
two parameters are selected based on various trials
and the information from the literature. To have a fair
comparison among various algorithms, the parameters

are selected as 10 and 30, respectively, as listed in
Table 2.

4.1.1. Performance of the solar PV array under a
dynamic change in insolation
The solar PV array’s output power, voltage, and current
waveforms for 4S array configuration under a dynamic
change in insolation for the proposed hybrid technique
and other techniques, such as HGWO, HWOA, and
P&O, are presented in Figure 8. Figure 8 shows the
PV power output along with the PV output voltage
and the current for a better understanding of the read-
ers. However, in the text, PV output tracking power
has been presented for each of the shading patterns.
As per Table 1, three shading patterns are created to
validate the performance of the algorithm. The pattern-
1 is generated at 0.5 sec, pattern-2 is generated at 1
sec, and pattern-3 is generated at 1.5 sec. During the
pattern-1, the proposed hybrid HSSAMPPT technique
converges to GP at 688.6W, the HWOA locates the GP
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Figure 8. 4S PV array configuration under a dynamic change in insolation; (a) PV output power in watts., (b) PV output voltage
(Volts.), (c) PV output current (Amps.).

at 631.2W, the HGWO locates at 413.5W, and the P&O
tracks the GP at 411.1W. The pattern-2 is switched
from the shading pattern-1 at 1 sec. During the pattern-
2, the HSSA technique converges to GP at 628.1W, the
HWOA tracks the GP at 575.7W, HGWO converge to
GP at 389.2W, and the P&O tracks the GP at 384.6W.

The pattern-2 is changed to pattern-3 at 1.5 sec. During
the shading pattern-3, theHSSA technique converges to
GP at 575.1W, theHWOA tracks the GP at 501.4W, the
HGWO locates theGP at 332.4W, and the PO tracks the
GP at 331.1W. It is observed from the Figure 9 that the
P&O and HGWO algorithm fails to track the GP, and it
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Figure 9. 2S2P PV array configuration under a dynamic change in insolation; (a) PV output power in watts., (b) PV output voltage
(Volts.), (c) PV output current (Amps.).

is concluded that the proposed hybrid HSSA algorithm
displays a higher tracking speed with accuracy, and the
power oscillation is less compared to other techniques.

Figure 9 shows the PV output power along with the
PV output voltage and the current for 2S2P PV array

configuration. Similar to the 4S configuration, three
shading patterns are created. During the pattern-4, the
proposed hybrid HSSA MPPT technique converges to
GP at 610.2W, the HWOA locates the GP at 478.1W,
the HGWO locates at 304.5W, and the P&O tracks the
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Figure 10. 4S PV array configuration under PSCs; (a) PV output power in watts., (b) PV output voltage (Volts.), (c) PV output current
(Amps.).

GP at 279.4W. During the pattern-5, the HSSA tech-
nique converges to GP at 598.2W, the HWOA tracks
the GP at 475.2W, HGWO converge to GP at 299.5W,
and the P&O tracks theGP at 278.1W.During the shad-
ing pattern-6, the HSSA technique converges to GP
at 588.2W, the HWOA tracks the GP at 469.9W, the

HGWO locates theGP at 298.7W, and the PO tracks the
GP at 276.4W. It is observed from the Figure 10 that the
P&O, HGWO, and HWOA algorithm fails to track the
GP, and it is concluded that the proposed algorithmdis-
plays a higher tracking speed, and the power oscillation
is less.
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Figure 11. 2S2P PV array configuration under PSCs; (a) PV output power inwatts., (b) PV output voltage (Volts.), (c) PV output current
(Amps.).

4.1.2. Performance of the solar PV array under PSCs
Similar to subsection 4.1, the PV power system is sim-
ulated for 4S configuration under PSC at the pattern-
7, and the respective waveforms are presented in
Figure 10, and the same is extended for 2S2P PV array
configuration at the pattern-8, and the respective wave-
forms are presented in Figure 11. From Figure 10–11, it

is noticed that the hybrid HSSA-P&OMPPT technique
converges fast toGP as comparedwith the conventional
PO, HWOA, and HGWO techniques. The proposed
hybridMPPT technique tracks/extracts the high output
power from the solar PV array. However, the HGWO
and P&O algorithm track significantly less PV output
power than the HWOA and HSSA.
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The conventional P&O algorithm tracks very less
power during the 2S2P PV array configuration than the
4S configuration. So, the P&O algorithm is not suit-
able for a PV system with PSCs. It is observed that both

the HSSA and HWOA converge to GP at a fast rate;
however, the HSSA technique extracts roughly around
100W more than the HWOA with high accuracy for
the two PV array configurations.

Figure 12. 4SPVarray configurationunder Extreme change in insolation; (a) PVoutput power inwatts., (b) PVoutput voltage (Volts.),
(c) PV output current (Amps.).
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Figure 13. 2S2P PV array configuration under Extreme change in insolation; (a) PV output power in watts., (b) PV output voltage
(Volts.), (c) PV output current (Amps.).

4.1.3. Performance of the solar PV array under an
extreme change in insolation
The proposed hybrid HSSA is simulated under an
extreme change in solar insolation to validate the
performance of the proposed algorithm. The output

waveforms are shown in Figure 12 for the 4S PV array
configuration, and Figure 13 shows the output wave-
forms for the 2S2P PV array configuration. As sim-
ilar to previous test conditions, the shading patterns
are created at every 0.5 sec. From Figure 12, it is
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Figure 14. Experimental setup of the photovoltaic system.

observed that the proposed algorithm converges to GP
at 730.8W during 0–0.5 sec, 494.2W during 0.5–1 sec,
and 362.8W during 1–1.5 sec.

At the same time, the HWOA technique tracks less
power (approximately 24W) than the proposed tech-
nique with almost the same convergence speed. How-
ever, the other two techniques, such as HGWO and
P&O algorithm, fails to trace the GP under an extreme
change in insolation. During an extreme change in
insolation, all the MPPT techniques introduce the
power oscillation, but the oscillation introduced by
HSSA is less with high convergence speed and track-
ing efficiency. From Figure 13, it is noticed that the
P&O algorithm exhibits more power oscillation than
the other algorithm due to the inability to track the
power under an extreme change in insolation, and it
requires frequent tuning on the MPPT controller. The
proposed algorithm and the HWOA exhibit the same
operating performance; however, the proposed hybrid
algorithm converges to GP at a fast rate with high track-
ing efficiency. The HGWO algorithm takes more time
to converge to GP with less tracking efficiency due to
the restriction in the upper and lower limit of the duty
ratio of the dc-dc converter.

4.2. Experimental results

The simulation and theoretical discussions are vali-
dated through real-time experimentation. Therefore,
the experimental prototype is made for laboratory test-
ing, and the same is depicted in Figure 14. As similar to
the simulation study, the proposed HSSA is validated
for two PV array configurations, such as 4S and 2S2P
PV array configurations. The shading pattern on the
PVmodules is artificially created is created. TheDSpace

1103 development board process the input signals and
generates the PWMpulse to control the switching oper-
ation of the boost converter. The sensors, such as LA25-
NP and LV25-P, are used to sense the PV array current
and PV array voltage, respectively. The raw signals are
processed by the signal conditioning units and sent to
the DSpace 1103, which further processes the signals
and generates the gate pulse with the required duty
cycle.

The performance of the HSSA is validated for two
different shading patterns. The voltage, current, and
current waveforms are captured using control desk NG
5.2. The DSpace and MATLAB/Simulink process the
control signals and it sends the PWM pulse to the
MOSFET switch of the boost converter. The effective-
ness of the proposed HSSA is compared with other
hybrid algorithms, such as HWOA and HGWO, since
the P&O algorithm fails to track the global peak during
a rapid change in insolation conditions. And the same
has been proved through the simulation results. The PV
array voltage, current, and power waveforms for the 3S
configuration are depicted in Figure 15. The shading
pattern is changed every 10 sec. intervals. At the ini-
tial stage, the proposed HSSA tracks the global peak at
561W, HGWO converges to 492W, and HWOA con-
verges to 521W, as illustrated in Figure 15. As seen in
Figure 15(c), the proposed HSSA tracks the GP quickly
than the other two hybrid algorithms. The shading
pattern is artificially changed at 20 sec., and the pro-
posed HSSA starts to search the global peak through-
out the search space. Due to its high exploration and
exploitation ability, the HSSA tracks the GP at 529W,
HGWO converges to 418W, and HWOA converges to
498W, as illustrated, and at 30 sec., the shading pattern
is again changed. The HSSA tracks the GP at 469W,
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Figure 15. Experimental waveforms for the 3S configuration; (a) HWOA, (b) HGWO, (c) HSSA.

Figure 16. Experimental waveforms for the 2S2P configuration; (a) HWOA, (b) HGWO, (c) HSSA.
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Table 3. Comparison of HSSA, HWOA, HGWO and PO MPPT methods.

PV Array Shading Pattern MPPT Techniques PV Power (W) Tracking Time (Seconds) Pmax from the Curve (W) Efficiency (%)

4S I HSSA 688.6 0.2145 698 98.65
HWOA 631.2 0.2987 90.42
HGWO 413.5 0.3541 59.24
PO 411.5 0.3877 58.95

II HSSA 628.1 0.2045 682 92.09
HWOA 575.7 0.2987 84.41
HGWO 389.2 0.3124 57.06
PO 384.6 0.3289 56.33

III HSSA 575.1 0.2258 600 95.85
HWOA 501.4 0.2874 83.56
HGWO 332.4 0.3035 55.40
PO 331.1 0.3365 55.18

2S2P IV HSSA 610.2 0.1156 676 90.26
HWOA 478.1 0.1789 70.72
HGWO 304.5 0.2251 45.04
PO 279.4 0.2785 41.33

V HSSA 598.2 0.1457 650 92.03
HWOA 475.2 0.1976 73.17
HGWO 299.5 0.2399 46.07
PO 278.1 0.2874 42.78

VI HSSA 588.2 0.1754 620 94.87
HWOA 469.9 0.1937 75.79
HGWO 298.7 0.2547 48.17
PO 276.4 0.2691 44.58

The bold letter indicates the best results.

Table 4. Comparative analysis of various MPPT techniques.

MPPT Methods Regular Tuning Response Power Oscillation GP Convergence Execution Time Difficulty

HSSA No Very quick and accurate Very Less Guaranteed 0.0032* Medium
0.0042**
0.0054***

HWOA No Quick and less accuracy Less Guaranteed 0.0058* Medium
0.0092**
0.0112***

HGWO No Moderate and poor accuracy Moderate Guaranteed 0.0101* Medium
0.0158**
0.0458***

PO with a step size of 0.05 Yes Sluggish and poor accuracy Very High Not Guaranteed 0.0028* Easy
0.0034**
0.0042***

*Start-up, **PSCs, and ***Rapid insolation change.

HGWO converges to 409W, and HWOA converges
to 406W.

Similar to the above study, the performance of the
2S2P configuration is validated for different shading
conditions. The PV array voltage, current, and power
waveforms for the 2S2P configuration is depicted in
Figure 16. The shading pattern is changed every 10
sec. intervals. At the initial stage, the proposed HSSA
tracks the global peak at 445W, HGWO converges to
405W, and HWOA converges to 395W, as illustrated
in Figure 16. As seen in Figure 16(c), the proposed
HSSA tracks the GP quickly than the other two hybrid
algorithms. The shading pattern is artificially changed
at 20 sec., and the proposed HSSA starts to search
the global peak throughout the search space. Due to
its high exploration and exploitation ability, the HSSA
tracks the GP at 422W, HGWO converges to 404W,
and HWOA converges to 401W, as illustrated, and at
30 sec., the shading pattern is again changed. TheHSSA
tracks theGP at 421W,HGWOconverges to 375W, and
HWOA converges to 368W.

From Figure 15–16, it is noticed that the HSSA
locates the GP precisely under a change in solar insola-
tion conditions. The HSSA also results in a high track-
ing efficiency with a quicker convergence. From the
above all the discussions, it has been decided that the
proposed hybrid HSSA MPPT technique can able to
work in all the operating conditions such as PSCs, fast
change in insolation, and an extreme change in insola-
tion. The performance of the proposed hybrid HSSA,
HWOA, HGWO, and P&O techniques are compared
with regard to the tracking speed and tracking effi-
ciency, and the same is listed in Table 3. The operating
features of the algorithms discussed in the paper are
presented in Table 4. The performance characteristics
of the different PV array configurations with the var-
ious MPPT techniques are shown in Figures 17–18.
The tracking speed of all the techniques is presented in
Figure 17 and Figure 18 shows the tracking efficiency of
all the MPPT techniques.

The proposed hybrid HSSAMPPT technique results
in high convergence speed with very high tracking
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Figure 17. Tracking speed of all MPPT methods.

Figure 18. Tracking efficiency of all MPPT methods.

efficiency of the controller. Finally, it is concluded that
the proposed HSSA MPPT technique can able to regu-
late itself towards the extreme change in insolation, fast
change in insolation, and PSCs.

5. Conclusions

A novel hybrid HSSA MPPT technique is discussed
in this paper to track/locate the GP when the PV
based power generation system is subjected to change
in shading conditions. The proposed hybrid technique
is tested in the laboratory for two various PV array
configurations under different operating conditions
such as PSCs, fast change in insolation, and extreme
change in insolation. When the PV based power gener-
ation system exhibits multiple LPs, the proposed tech-
nique can able to locate the GP accurately with fast-
tracking speed and high tracking efficiency for all the

test conditions. From the test results and the discus-
sions, the proposed hybrid MPPT technique is more
significant in tracking speed, accuracy, and efficiency.
The computation burden of the HSSA technique is
reduced by less search agents. In this paper, the 30
number of search agents are selected with 10 itera-
tions for the HSSA technique. From the results, it is
noticed that the proposed method has a low stan-
dard deviation, which allows the HSSA technique to
locate the GP efficiently. The ability of the proposed
algorithm is proved by the laboratory simulation results
in both steady-state and transient conditions. In sum-
mary, the main contribution/novelty of this paper as
follows.

(1) A new hybrid HSSA combined with the conven-
tional P&O is developed, which tracks the MPP
during PSCs.
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(2) The significant effects of the PSC are analysed
and validated through simulation and experimen-
tation.

(3) The standalone meta-heuristic algorithms are
implemented with a single search mechanism. The
proposed HSSA can use multiple searches using
the basic SSA during steady-state and P&O during
the transient state, which helps to generate more
energy.

In the future, the proposed HSSA will be imple-
mented using a low-cost microcontroller board called
Arduino for a low rating photovoltaic system. The pro-
posed HSSA MPPT will also be tested by considering
the inverter for a real-time system.
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ABSTRACT With the proliferation of renewables and energy storage, inverters and converters are being
updated to outperform their antecedents in every possible aspect for numerous applications in fields and
industries. The proposed research involves the design and implementation of improved three interface
converter, and B4-Inverter fed brushless direct electric current motor drive for industrial uses. The proposed
integrated Three Port Converter (ITPC) and B4-Inverter fed Brushless Direct Current Motor (BLDC) drive
is proposed targeting low or medium applications. The ITPC has been operated in unidirectional and going
in both directions for accomplishing a built-in dual electric potential and power rate of flow control. besides,
efficiency and the losses of the proposed converter are analyzed using three different domains, i.e., battery
charging, discharging, and photovoltaic (PV) effectively. The results are validated by performing simulations
of the proposed systems in MATLAB/Simulink. The validation results reveal that the proposed converter
works under all three domains and that the losses in the PV domain are reduced compared to the other
converters. Also, the average efficiency achieved is 80.95%. These results authenticate the application of the
proposed converter to numerous applications pertaining to renewable energy resources and energy systems.

INDEX TERMS ITPC, BLDC, simulation, battery domains, B4-inverter, energy storage systems, three port
converter, PV systems, microcontroller, maximum power point tracking.

I. INTRODUCTION
The constant development in demand for global energy along
with the soaring awareness of the society about environ-
mental effects due to the extended usage of fossil fuels has
resulted in renewable energy sources, such as photovoltaic
(PV) technology, to be popularly explored. Even though
PV energy has gained significant attraction over the past

The associate editor coordinating the review of this manuscript and

approving it for publication was N. Prabaharan .

few years, the discontinuous nature of PV systems and the
low conversion efficiency concerning PV modules are the
huge obstructions for exploiting the PV source on a massive
scale [1]. Hence, various studies have been carried out to
minimize such disadvantages. For the purpose of extracting
the maximum power of the PVarray, the conventional imple-
mentation of the maximum power point tracking (MPPT)
in stand-alone systems is usually achieved by serially con-
necting a DC-DC converter between the PV array and the
load and then having a bidirectional DC-DC converter in a
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FIGURE 1. Block diagram of TPC with two-stage conversion, including the
MPPT controller integrated with the PV energy and battery discharge
converter.

parallel connection between the energy storage element and
the load [2]. Energy storage element, such as the battery,
is necessary for improving the system dynamics and steady-
state characteristics. An Integrated Three Port Converter
(ITPC) interfaced with solar, battery and motor, at the same
time, can be considered to be a right candidate for a renew-
able power system and has gained a lot of research interest
recently [3]–[5].

Conventionally, one PV energy converter is needed for
the maximum power point tracking and then, the entire
power is stored in a series-connected battery. Then one
battery discharging converter is required for load voltage
control in a standalone system, as illustrated in Figure 1—
nonetheless, the system bulk and the cost of battery rise owing
to this series setup. Meanwhile, the efficiency of the system
reduces because of the two-stage conversion [6]. The two-
stage converter requires complicated PWMcontrols as amore
significant number of capacitors and diodes are required for
controlling the output voltage and state (charge/discharge
level) of the battery. As an alternative to reduce conversion
stages, [7] one PV energy converter, one battery charging
converter, and one battery discharging converter is proposed
for standalone PV-battery system, as indicated in Figure 2.
However, there is an increase in the system losses because of
this sophisticated architecture. Modified multilevel cascaded
H-bridge inverters have also been studied for use in PV
systems [8].

Consecutively, to decrease the control losses, additional
ITPC architecture is introduced in [9]–[15]. ITPC features
include one stage conversion connecting two of the three
ports, greater system efficiency, and a smaller quantity of
components, quicker response, and integrated power man-
agement among the ports with central control. The ITPC
design is illustrated in Figure 3. The current study explains
the ITPC used B4-inverter fed BLDC motor drive system,
as shown in Figure 4, having all the aforementioned benefits.
In addition, it is possible to increase the total efficiency of the
system in comparison with the existing one.

The choice of BLDC motors for this article emerged
from their relative advantages over induction motors [16].
The B4-inverter is an alternative topology of the conven-
tional B6 inverter, having six switches and six diodes [17].

FIGURE 2. Block diagram of ITPC with single-stage conversion, taking
battery charge and discharge converter into consideration for standalone
PV battery system.

FIGURE 3. Block diagram of ITPC with single-stage conversion,
connecting two of the three ports, a smaller quantity of components, and
integrated power management among the ports with central control.

B4-inverter fed BLDC motor drives have garnered a lot
of attention in several works. Researchers have worked on
renewable energy fed BLDC drive with a DC-DC con-
verter for reducing vibration and noise [18]. Several control
schemes are prevalent for BLDCmotor drives, such as FPGA
based scheme [19]–[20], sensor-less control [21], [22], etc.
Compared with the traditional inverter, the Z-source inverter
has an extra shoot through switching state. During the shoot-
through state, the output voltage to the load terminals is zero,
i.e., both the thyristors of the same leg conduct simultane-
ously. This period helps in boosting the voltage of the Z-
impedance network. This shoot-through period is forbidden
in conventional inverters which destroy the inverter. This
shoot-through period is controlled by varying the modulation
index of the inverter and they are generated by various control
methods proposed [23] [24].
In comparison to such works, the contributions of this

technical work presented in the paper are:
1) The newly introduced ITPC converter is developed for

boosting the overall efficiency of the standalone system.
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FIGURE 4. Conventional TPC employed B4-inverter fed BLDC motor drive system, providing an enhanced efficiency
compared to the aforementioned ITPC, utilizing battery controlled converter circuit coupling at DC connection.

2) Because of the single-arrange control change, the cur-
rent flow in the semiconductor device in the ITPC is greatly
reduced.

3) The work also includes center tap voltage fluctuation
control and DTC for torque ripple minimization while sector
to sector commutations.

However, the ITPC has some drawbacks as stated below:
1. Structure needs galvanic isolation to ensure safety

measures.
2. Maintenance is high.
3. Battery power is high.
4. Isolation of converter is high
Control Strategy of DOBB Converter:
The control mechanism is designed in order to achieve a

stable voltage and control the current storage capacity of the
topology in order to improve the dynamic response of the
converter during the application of the load or input voltage
disturbances. In the situation of the rise in input voltage or
drop in load current that may result in over-voltage in the
output, closed-loop regulation that senses the actual output
voltage of the system and then activates the power switches

in order to deviate the inductor current from the load and to
eliminate the over-voltage is required. The case of drop-in
input voltage or rise in load current is also solved by using
closed-loop control strategies. The contribution done by the
present research depends upon the SIMODOBB converter by
selecting a classical Proportional Integral (PI) controller for
a closed-loop control strategy. The PI controller attempts to
precise the error among the measured process variables and
the desired set point through calculation and then provides an
accurate output, consequently, it can control the conversion
process. The PI controller computation involves two unique
modes: proportional mode and integral mode. In the propor-
tional mode, the reaction to the current error is decided, but in
the integral mode, the reaction based recent error is decided.
The weighted sum of the two modes provides the output to
be the corrective action to the control element. PI controller
is widely applied in several industries due to its simple design
and unsophisticated structure.

output (t) = KPerr (t)+ KI

t∫
0

err (t) dt (1)

VOLUME 8, 2020 149095

Page 586 of 3066Page 586 of 3066



S. K. Shanmugam et al.: Design and Implementation of Improved TPC and B4-Inverter Fed BLDC Motor Drive System

FIGURE 5. A substitute proposition of the ITPC converter for the execution of the B4-inverter fed BLDC motor drive system
with a phase change framework.

where, err (t) = set voltage − actualvoltage KP,KI are the
proportional and integral controller gains respectively.

The rest of the paper is organized as follows: Section II
sheds light on the materials and methods utilized in this
article, including the architecture andworking principle of the
proposed system, the power flow analysis of the ITPC and its
mathematical modeling, and the estimation of power losses in
the ITPC converter. Section III contains the simulation results
and discussions that include a comparative analysis of the
proposed system with the conventional system in terms of
losses and efficiency. Section IV describes the experimental
analysis of the ITPC converter and the B4 inverter fed BLDC
motor driver, encompassing the controller features, measure-
ment devices, and circuits, gate driver circuits, hardware
component selection along with the experimental results of
the proposed ITPC. Finally, Section V concludes the paper
with important findings.

II. MATERIALS AND METHODS
A. ARCHITECTURE AND WORKING PRINCIPLE
OF PROPOSED SYSTEM
The ITPC with motor driver by one stage conversion system
is illustrated in Figure 5. The proposed research consists
of a solar array powered dual output buck-boost (DOBB)
converter, B4-Inverter fed BLDC motor and ampere-hour
powered battery, which acts as back-up power for the load
operating under demand condition. The proposed DOBB
converter comprises of buck-boost switch S1, power-sharing
switch S2, two power diodes D1 and D2, a single buck-
boost inductor L1, intermediate capacitor C1, and output
capacitors C01 and C02. Similarly, the bidirectional buck-
boost converter consists of buck switch S3, boost switch S4
and power diodes D3 and D4. On the other side, the rear
end B4-inverter comprises four switches Q1 to Q4 and a
BLDC motor.

149096 VOLUME 8, 2020
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FIGURE 6. Equivalent circuit of ITPC operates in BCD, showing three different modes of operation in blue, green, and red
dotted lines.

Figure 5 shows a substitute proposition of the converter
(ITPC converter) for the execution of BLDC drive with a
phase change framework. The battery-controlled converter
circuit coupling at DC connection is utilized as shown
in Figure4, which is particularly coupled at the inductor (L1)
terminal. The main advantage of this shape is that the DC-DC
converter handles only a part of the power created, allow-
ing for more noteworthy proficiency in correlation with DC
between gathering correspondence coupling setup. An incor-
porated power circuit is exhibited in this specialized work
alongside the underneath separate various limits, i.e., battery,
battery buck controller, and step up/step down change and
burden voltage guideline. The switch (S1) present in the
DOBB converter is for the extraction of the greatest power
from the PV board utilizing the Perturb and Observe

(P&O) MPPT calculation. On the opposite side, the guide-
line of the all-out output voltage to the required worth is
the obligation of the power-sharing switch (S2) present in
the DOBB converter. Likewise, when the produced voltage
is adequate to drive the BLDC motor, the extra voltage is
stored by the battery. When the power switch (S3) is turned
on, the inductor (L1) stores the energy and energy flows from
the PV module to the battery. If the voltage that is created
at the PV module is insufficient to drive the BLDC motor,
the power framework works as a lift converter, making the
charges move from the battery to the BLDC motor. When the

switch (S4) is turned on, the inductor (L1) stores the energy
from the battery, and if the switch (S4) is off, the energy stored
in the inductor gets moved to the BLDC motor. The switches
(S3 and S4) are correspondingly used.

B. POWER FLOW ANALYSIS OF ITPC
To demonstrate the dynamic output qualities of the PV mod-
ule under various daylight conditions, the framework pro-
posed will work in different power stream modes such as
battery charging area (BCD), PV space (PVD) and battery
releasing space (BDD).
In the Battery Charging Domain (BCD) mode, the PV

charges the battery. The bidirectional converter works as a
buck converter in the BCD. This happens if the PV power
is extremely contrasted with the heap control and if the PV
voltage is higher than the battery voltage required, indicating
that the battery must be charged. In BCD, switches S1, S2, S3
are dynamic and switch S4 is in off condition. BCD has four
modes, which are named as mode A, B, C, and D. In mode
A, the switch, S2, is turned on and switches S1, S3, S4 are off.
As S2 is on, energy stored in the inductor L1 moves to the
capacitor C1, and the capacitor begins to charge. The identical
circuit of ITPC working in this mode is demonstrated as the
red line in Figure 6. In mode B, the switch S1 is turned on
and switches S2, S3, S4 are off. Since S1 is on, the inductor
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FIGURE 7. Equivalent circuit of the proposed converter operates in BDD, showing four different modes of operation as
marked in blue, green, red and purple.

L1 begins to charge from PV, and afterward, the current, iL1
increases. Then again, the current in the capacitor, iC1 and
PV begin to release to the output capacitor, CO2 through
the diode, D2, and current, iC1 reduces, while the output
capacitor current, IO2 increases. The proportional circuit of
ITPC working in this mode demonstrated as the blue line
in Figure 6. In mode C, the switch, S3 is turned on and
switches S1, S2, S4 are turned off. Also, the extra energy in
the inductor, L1, moves to the battery, while the battery starts
to charge. All the while, the

diode, D1 is forward biased for making a flowing current
way of the inductor, L1, subsequently the capacitor, CO1
current increases. The identical circuit of ITPC working in
this mode is demonstrated as a green line in Figure 6. In mode
D, switches, S2 and S3 are turned on and switches S1, S4
are turned off. The extra energy present in the inductor, L1
gets moved to the battery while the battery starts to charge.
Simultaneously, the inductor, L1, begins to release energy
to the capacitor, C1 through a switch, S2, and the capaci-
tor current, iC1 increases. The comparable circuit of ITPC
working in this mode is signified as a green and red line in
Figure 6 correspondingly.

In the PVD mode, the value of the load current is equal
to the PV module current; the power that is handled by the
bidirectional converter is zero. Here, the efficiency of the
power network is near 95% since the most extreme intensity

of the PV module gets moved to the load just by the DOBB
converter. In PVD, switches S1 and S2 are dynamic and
switches S3 and S4 are completely off.
In the BDDmode, both the sources PV and battery provide

energy to the load. The bidirectional converter works as a
boost converter either in the battery de-energize mode or if
the load power demand is higher than the produced power.
In BDD, switch, S3 is turned off entirely, and switch S1, S2,
S4 are dynamic. The five various activity modes in BDD are
modes H, I, J, K and L. In mode H, the switch, S2 is turned
on and switches S1, S3, S4 are turned off. Since S2 is on,
the energy stored in the inductor L1 flows to the capacitor C1,
and the capacitor begins to charge. The proportional circuit of
ITPC working in this mode is shown as a red line in Figure 7.
In mode I, the switch S1 is turned on and switches S2, S3,
S4 are turned off. As S1 is on, the inductor, L1 begins to
charge from PV, and the current, iL1 increases. Then again,
the current in the capacitor C1 and PV begins to release
to output capacitor, CO2 through the diode D2, while the
output capacitor current increases. The equal circuit of ITPC
working in this mode is meant as the blue line in Figure 7.
In mode J, the switches S1 and S4 are turned on and switches
S2 and S3 are turned off. In this way, the inductor, L1 begins to
charge from PV, while the current in the capacitor, C1 and PV
begin to release to output capacitor, CO2 through the diode,
D2. At the same time, the surplus load current gets removed
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from the battery and afterward put away in an inductor, L1
through a switch, S4 and diode, D3. The comparable circuit
of ITPC working in this mode is demonstrated as a green
line in Figure 7. In mode K, switch S4 is turned on and
switches S1, S2 and S3 are turned off. In this way, the surplus
load current is removed from the battery and afterward, put
away in an inductor, L1, consequently, the inductor current
increases. The identical circuit of ITPC working in this mode
is shown as a green line in Figure 7. In mode, L switches
S1, S2, S3, and S4 are turned off. In this way, the surplus
current put away in an inductor, L1 gets moved to the output
capacitor, CO1. The proportional circuit of ITPC working in
this mode is signified as the purple line in Figure 7.

C. MATHEMATICAL MODELLING OF THE
PROPOSED ITPC
The converter conduction at different time intervals and its
modeling are shown in Figure 8. During the conduction at
time interval 1 as represented in Figure 8(a), the governing
equations are

L1
diL1
dt
= −VC1 (2)

C01
dV01
dt
= −

V01
R1

(3)

C02
dV02
dt
= −

V02
R2

(4)

During the conduction at time interval 2 as represented
in Figure 8(b), the governing equations are

L1
diL1
dt
= Vin (5)

C01
dV01
dt
= −

V01
R1

(6)

C02
dV02
dt
=

VC1 + Vin − V02
R2

(7)

During the conduction at time interval 3 as represented in Fig-
ure 8(c), the governing equations are

L1
diL1
dt
= −V01 (8)

C01
dV01

dt
= iL1 −

V01

R1
(9)

C02
dV02

dt
= −

V02

R2
(10)

D. ESTIMATION OF POWER LOSSES IN ITPC CONVERTER
Conduction loss of the switch S1 is

Pcond−S1 = I2S1 × RDS−on (11)

where, IS1 denotes the current flowing through the switch S1,
and RDS−on represents the drain to source resistance of the
switch when it is in a conducting state or on the state.

FIGURE 8. ITPC Conducting states at a time interval (a) 1; (b) 2; (c) 3,
showing the flow of current in different modes of operation marked in
red and blue.

III. SIMULATION RESULTS AND DISCUSSIONS
In order to verify the performance of the proposed system,
at first, simulations have been done in ideal, battery dis-
charging and charging modes by MATLAB software. Input
voltage sources such as PV and battery are considered to be
VPV = 18V and Vbat = 12V . The output voltages of the
ITPC are desired to be regulated on VO1 = 24 V and VO2 =
24 V. Consequently, the total output voltage is desired to be
regulated on 48 V. The simulation parameters of the proposed
system are listed in Table 1. The following parameters such
as PV insolation (IRR), PV Power (PPV ),
ITPC power (Pdc), BLDC motor rotor speed (N ), Battery

Power (Pbat ), and state of charge (SOC%) of the system are
measured for validating the proposed idea.
The qualities of a 70 W PV module can be reproduced

utilizing MATLAB instrument depending on the identical
circuit model. Presently, the reproduction is analyzed in
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FIGURE 9. Performance validation of proposed system under different insolation condition showing (a) the most extreme insolation on PV,
(b) the fluctuation of power, (c) the mechanical capacity to a load, (d) rotor speed, (e) voltage levels of battery connection, (f) SOC of the
battery.

TABLE 1. Simulation specifications of the proposed system.

three distinctive activity modes (for example, perfect, battery
charging, and battery discharging) of ITPC. The simulation
results for these three modes are depicted in detail. Initially
(e.g., 0 to 0.4 Sec), the solar insolation of (200 W/m2)
is connected to the PV. At 0.4sec, the solar insolation is
expanded all of a sudden from (200 to 600W/m2). At 0.8 sec,
the most extreme insolation (i.e.1000 W/m2) is connected
on PV as appears in Figure 9(a). Because of changes in
solar insolation, the power produced from PV fluctuates from
(12.01 W, 42.1 W, and 74.4 W) separately, as can be seen
in Figure 9(b). The BLDC motor of intensity rating 39W
(rotor speed = 3000 rpm, evaluated DC-interface voltage =
24V, load torque= 0.125 Nm and the number of posts= 8) is
taken at the load port of the proposed framework. The motor
conveys 39.5W of mechanical capacity to a load at 2800 rpm,
as shown in Figure 9(c). Additionally, the rotor speed is

kept up at 2800 rpm as shown in Figure 9(d) individually.
At low insolation condition (i.e. 200W/m2), the required load
power of 31.01W is effectively removed from the battery.
At a specific moment, 11.8 V and +2.62 Amp are drawn
from the battery. Likewise, at greatest insolation condition
(i.e., 1000 W/m2), the surplus PV intensity of 28.48 W is
proficiently conveyed to the battery. At a specific moment,
12.3 V and - 2.32 Amp is connected towards the battery indi-
vidually, appeared in Figure 9(e). Furthermore, at medium
insolation condition (i.e., 600 W/m2), the PV exclusively
meets the load necessity. Therefore the battery is in perfect
condition. As observed from Figure 9(e), the negative sign
means that the battery acquires power from the PV; therefore,
the positive sign shows that the battery gives power to the
load. The state of charge (SOC) of the battery, at all the three
modes, is depicted in Figure 9(f).
As observed in figure 9, the proposed research is

constrained by planned compensators efficiently. Addition-
ally, the power balance among data sources and outputs
must be satisfied. The ITPC Converter ripple voltages
are shown in Figure 10. ITPC offers versatility due to
its capabilities in improving the output voltage control
during the dynamic (sudden variation) in input voltage
and load disturbances conditions. Moreover, for appli-
cations regarding the load or input voltage disturbance,
DOBB converter control possesses the capability to elim-
inate the impact of these disturbances from the output
voltages.
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FIGURE 10. ITPC Converter ripple current iL1 and voltage VO1, VO2 and VT with respect to time.

FIGURE 11. Solar unit at different irradiation (a) 200 W /m2and (b) 1000 W /m2.

The ITPC Converter Solar unit at different irradation (a)
200W/m2and (b) 1000 W/m2 are shown in Figure11. The
ITPC output voltage at different irradation, BLDC motor at
different irradation (a) 200 W/m2and (b) 1000 W/m2 are
shown in Figures 12 & 13.

The charging units at different irradation (a) 200W/m2and
(b) 1000 W/m2 and BLDC motor parameters are shown

in Figures 14& 15, respectively. A voltage follower approach
is adjustable for controlling the Proposed converter when it
operates with DCM. A dual voltage sensor, i.e., total output
voltage and capacitor (CO2) voltage measurement sensors,
is necessary for regulating the output voltage of the DOBB
converter. Figure 3.8 presents a closed-loop control of the
DOBB converter. This control strategy comprises a voltage
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FIGURE 12. ITPC output voltage at different irradiation (a) 200 W /m2and (b) 1000 W /m2.

FIGURE 13. BLDC motor at different irradation (a) 200 W /m2and (b) 1000 W /m2 (a) 200 W /m2 (b) 1000 W /m2.
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FIGURE 14. Charging unit at different irradiation (a) 200 W /m2and (b) 1000 W /m2.

FIGURE 15. BLDC motor parameters and corresponding waveforms (a) actual and set speed in RPM, (b) Voltage (ea),
(c) Current (ia), (d) Torque (Te) with respect to time in seconds.
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FIGURE 16. Analysis in the proposed system under three different
domains at two-stage conversions (a) Losses (b) Efficiency.

error generator, Output Voltage Controller (OVC), Capacitor
Voltage Controller (CVC) and a PWM generator The torque
value 0.125 the ripple is very less.

A. LOSSES AND EFFICIENCY ANALYSIS OF
CONVENTIONAL AND PROPOSED SYSTEM
The losses in the total framework cause problems in dif-
ferent segments, for example, converter, B4-Inverter, and
the BLDC drive. The losses in these three segments are
dissected for three distinct setups of the proposed research,
for example, battery releasing area, PV space and battery
charging space individually, as appears in Figure 16(a). From
the figure, the losses in PV, battery charging, and battery
releasing area are higher in TPC because of the utilization of
battery-powered bidirectional converter tied at DC interface,
which builds the exchanging losses and battery volume in
the framework. Be that as it may, TPC, battery-controlled
bidirectional converter tied at inductor terminals, in this way
losses are extensively decreased. Hence, a huge increment
inefficiency on the range of 1.5–2% is accomplished in the
proposed arrangement as appeared in Figure 16(b). The losses
in these three segments are dissected for three distinct setups
of the proposed research, for example, battery releasing
area, PV space, and battery charging space individually as

FIGURE 17. Analysis in the proposed system under three different
domains at single-stage conversion (a) Losses (b) Efficiency.

appeared in Figure 17(a). From the figure, the losses in PV,
battery charging and battery releasing area are higher in TPC
because of the utilization of battery-powered bidirectional
converter tied at DC interface, which builds the exchanging
misfortunes and battery volume in the framework. Be that
as it may, ITPC, battery-controlled bidirectional converter
tied at inductor terminals, in this way losses are extensively
decreased. Hence, an increment inefficiency in the range
of 1.5%–2% is accomplished in the proposed arrangement as
appears in Figure 17(b).

IV. EXPERIMENTAL ANALYSIS OF ITPC AND
B4-INVERTER FED BLDC MOTOR DRIVER
The experimental verification is conducted for validat-
ing the proposed ITPC and B4-Inverterfed BLDC motor
drive. The hardware of ITPC and B4-Inverter fed BLDC
motor drive is presented in Figure 18.The hardware ITPC
and B4-Inverter fed BLDC motor drive consists of 16-Bit
digital signal Peripheral Interface Controller (dsPIC30F4011)
for ITPC control, 32-Bit Mixed-Signal Microcontroller
(MSP432P401R) for B4-Inverter control, a gate driver cir-
cuit for ITPC and B4-Inverter MOSFETs. The feedback sig-
nals are processed with the help of measurement devices

149104 VOLUME 8, 2020

Page 595 of 3066Page 595 of 3066



S. K. Shanmugam et al.: Design and Implementation of Improved TPC and B4-Inverter Fed BLDC Motor Drive System

FIGURE 18. Experimental illustration for ITPC and B4-Inverterfed BLDC motor drive, consisting of 16-Bit digital signal Peripheral
Interface Controller (dsPIC30F4011) for ITPC control, 32-Bit Mixed-Signal Microcontroller (MSP432P401R) for B4-Inverter
control, a gate driver circuit for ITPC and B4-Inverter MOSFETs.

and circuit, and thereafter the control signals to the ITPC
and B4-Inverter are transmitted by a dsPIC30F4011 and
MSP432P401R.The ITPC is coupled among PV, Battery and
load ports. A 40W BLDC motor is powered by a B4-Inverter
in the form of a load port of the new system. The ITPC input
power is changed from 12W to 74Wwhich in turn, is utilized
for exemplifying the performance of the proposed system.

A. CONTROLLER FEATURES OF MSP432P401R
The MSP432P401R device family is from Texas Instruments
and it is the recent addition to its collection of highly effi-
cient ultra-low-power mixed signal microcontroller units.
It includes the ARM Cortex-M4 processor in an extensive
configuration of device options that consists of a huge set
of analog, timing, and communication peripherals, thereby
providing an array of application scenarios in which both
resourceful data processing and improved low-power oper-
ation are dominant. The dsPIC30F4011 controller is a pop-
ular 16-Bit controller. It also has significant features such
as modified RISC CPU, CMOS technology, motor control
PWM module, analog and digital signal controller features
and so on.

B. MEASUREMENT DEVICES AND CIRCUIT OF ITPC
The voltage and current measurements are necessary for
carrying out the control operation in microcontrollers. Hence
the voltage and current transducers are needed for measuring
the respective input voltage, input current, output voltages,
DC link voltage, and stator currents. The voltage transducer
(LV25-P) is utilized to transform the DC voltage of input

FIGURE 19. Measurement devices: (a) Voltage Transducer (LV25-P) and
(b) Current transducer (HXS 10-NP/SP3).

and output within the range of 0-5V. LV25-P is a voltage
sensor, though it senses current actually. A sense resistor
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FIGURE 20. A single MOSFET driver circuit of ITPC, consisting of
BC557-PNP type transistor and SFH6325, dual-channel optocoupler with a
Gallium-Aluminum-Arsenide (GaAIAs) infrared emitting diode.

FIGURE 21. Representation of optocoupler SFH6325 equivalent circuit,
showing 8 pins for 2 anodes, 2 cathodes, 1 source, and ground with
2 pins for output.

is required to reduce the current prior to its being fed into
LV25-P. The output of LV25-P is current, but the analog
to digital conversion (ADC) module takes only the voltage
signal rather than the current signal. A resistor is kept at
the output side for the purpose of converting the current to
voltage. The current transducer (HXS 10-NP/SP3) works on
the principle of the fundamental Hall effect measurement.
Then the induced voltage at their outputs is integrated so as to
get both the amplitude and phase information for the current
that is being measured. The measurement devices and their
equivalent circuit diagram are illustrated in Figure 19.

C. GATE DRIVER CIRCUITS FOR MOSFETS
The gate driver circuit is a typical power amplifier that gets
a low-power input from a controller and generates the suit-
able high-current gate drive for a power MOSFET. A single
MOSFET driver circuit of ITPC, is illustrated in Figure 20.

FIGURE 22. Driver IC DS0026 equivalent circuit, showing 2 input,
2 output, 2 no connection pins with 2 pins for voltage supply.

FIGURE 23. B4-Inverter MOSFET driver MIC4606-1 equivalent circuit,
interfaced with the BLDC motor connected with the AH, AL, BLO, and BH
pins of the driver to the gate of the B4-inverter.

Necessarily in driver circuit, BC557-PNP type transistor is
employed for amplifying the current at emitter and collector
terminals. The amplified current from the transistor is fed into
the optocoupler (SFH6325) for providing isolation between
controller and MOSFET. The SFH6325 is a dual-channel
optocoupler with a Gallium-Aluminum-Arsenide (GaAIAs)
infrared emitting diode, which is optically coupled with an
integrated photodetector consisting of a photodiode along
with a high-speed transistor in a DIP-8 plastic package.
Signals can be carried between two electrically isolated cir-
cuits till the frequency of 2 MHz. The strong difference
between the circuits that have to be coupled must not go
beyond the maximum acceptable reference voltages. The
SFH6325 equivalent circuit diagram is provided in Figure 21.
In the gate driver circuit, to transform the Transistor-

Transistor Logic (TTL) level signals into high current outputs
and voltages until 15V, the driver integrated circuit (driver
IC) DS0026 is necessary. DS0026 is an economic monolithic
high speed, two-phase Metal-Oxide-Semiconductor (MOS)
clock driver and interface circuit. An exclusive circuit design
outputs very high-speed operation and the capability of driv-
ing big capacitive loads. The device takes in standard TTL
outputs and then has them converted to MOS logic levels.
The device may be powered from standard 54/74 series and
54S/74S series gates and flip-flops. The DS0026 is supposed
for use in applications where the output pulse width is con-
trolled logically i.e., and the output pulse width is equivalent
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FIGURE 24. Snapshot of the test setup of proposed ITPC, showing 2 DC sources with the driver circuit,
measurement circuit, and 2 controllers. The ITPC and B4-inverter fed BLDC motor is enlarged to show the converter,
inverter and motor with the energy storage.

to the input pulse width. The DS0026 is developed in order
to satisfy various MOS interface requirements, as illustrated
in Figure 22.

In contrast, the MIC4606-1 is a B4-Inverter MOSFET
driver, which characterizes an adaptive dead time and shoot-
through protection, as indicated in Figure 23. The adaptive
dead time circuitry monitors both the sides of the B4-Inverter
actively, so as to reduce the time between high-side and
low-side MOSFET transitions, thereby increasing the power
efficiency. Anti-shoot through circuitry helps in prevent-
ing erroneous inputs and noise from turning both MOS-
FETs of every side of the bridge ON simultaneously. The
MIC4606- also renders a wide 5.5 V to 16 V operating
supply range for maximizing the system efficiency. The low
5.5 V operating voltage permits for long-duration run times
in battery-powered applications. Moreover, the MIC4606-
1’s adjustable gate drive fixes the gate drive voltage for
optimal MOSFET drain-source resistance that reduces the
power loss.

D. HARDWARE COMPONENT SELECTION
A 40 W, 48 V, 0.83 Amp BLDC Motor load is chosen for the
purpose of test studies. Hence, the ITPC and B4-Inverter are

developed for coupling PV, battery, and BLDC motor. The
voltage control is got by changing the duty cycle (D), which
is decided by Equation (12) [6]

D =
Vdc

Vin + Vdc
= 48/(16.6+ 48) = 0.74 (12)

where (Vin) represents input DC voltage at normal condition,
while (Vdc) indicates the DClink voltage, i.e., input voltage
of B4-Inverter.The inductor (L1) value is obtained by Equa-
tion (13) below [6]

L1 =
(Vdc)2

Pdc
×
(1− D)2

2× fSW
=
(48V )2

40W
×
(1− 0.74)2

2× 10000
= 194.68µH (13)

where, fSW is the switching frequency and Pdc is the DC link
power (input and output power of B4 inverter)
The input inductance values are taken at lesser than1/10th

of the minimum critical value of inductance so as to guar-
antee a deep DCM condition [7]. Therefore, the value of
inductor (L1) is chosen around1/10th of the critical inductance
and is taken at 19.5µH .Here, (fSW ) refers to the switching
frequency, (Pdc) indicates the DC link power (i.e., the input
power of B4-Inverter).The rating of the output capacitors
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FIGURE 25. Prototype input/output parameter responses due to varied output power for the BLDC treated as a load port.

C01and C02 is derived from Equation (14) below for the
minimum pulse width as done by [4]

C01,02 =
Idc

∼ Vdc × ωf × 2
=

0.83
(0.03× 48)× 314× 2

= 917µF (14)

where (ωf ) indicates the angular frequency, permissible rip-
ple voltage (∼ Vdc) in the output capacitors (C01and C02),
which is considered to be the closest possible value, and
therefore the output capacitors value of 1000µF is chosen.

The current rating of ITPC converter and B4-Inverter
switches is estimated by Equation (15,16) [9]

ISWITCH = safetymarginIdc+ ≈ IDC (15)

ISWITCH = 1.25 {0.83+ 0.8715} = 1.0893A (16)

where Idc represents the DC link current (i.e., the input
current of B4-Inverter), ≈ IDC is the output ripple current
in the ITPC converter and B4-Inverter, which is taken as
5% of maximum current and is computed as 0.08715 A,
and the safety margin is taken to be 1.25 for the purpose
of design. Likewise, the voltage rating of the ITPC con-
verter and B4-Inverterswitches is estimated by means of
Equation (17,18)

VSWITCH = safetymargin× Vdc (17)

VSWITCH = 1.25× 48V = 60V (18)

From the earlier equations, the maximum voltage across the
device can be 60 V, and the current passing through the device
could be 1.09 A. The ITPC and B4-Inverter fed BLDC motor
driver constructed with the key parameters that are presented
in Table 2.

TABLE 2. ITPC and B4-Inverter fed BLDC motor driver components
specification.

E. EXPERIMENTAL RESULTS OF THE PROPOSED ITPC
For verifying the efficiency of the system proposed, a low
power range laboratory prototype is constructed as illustrated
in Figure 24. For the experimental arrangement, two diverse
input power sources are used. A power supply with the elec-
tric specification of 16.6 V, 0.72 A, 12W, and 16.9 V, 4.38 A,
74W are considered to be the input power sources. Moreover,
a lead-acid battery having the electric specification of 12 V
and 7.4 Ah gets implemented, considering the output load
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FIGURE 26. Detailed waveforms of the proposed system with the output power variation from 12 W to 75 W with respect to ITPC
parameters, BLDC motor parameters and battery parameters.

TABLE 3. Experimental specification of the proposed system.

in the auxiliary circuit, backup power supply. The prototype
parameters of the proposed system are given in Table 3.

For the experimental analysis, the DC power supply is
fixed at a constant voltage value of 16.7 V, but diverse cur-
rent ratings that can indicate PV source effects on insolation
variation conditions are set. The control scheme is realized
by dsPIC30F4011 and MSP432P401R. The parameters like

ITPC output voltages (V01and V02), ITPC output currents
(I01and I02), stator voltage (ea), stator current (ia), battery
voltage vbat () and battery current (ibat ) of the system are
measured for the validation of the proposed technique.The
prototype preparation is analyzed in two diverse operation
modes i.e. battery charging and battery discharging, of ITPC.
At the start, input source 1(12 W) is used on ITPC fed
BLDC motor driver system. Later, the input power applied
is increased abruptly from 12 W to 74 W, as indicated
in Figure 25(a).The BLDC motor of power rating 39W is
treated to be the load port of the proposed system. There-
fore, the ITPC must provide 40 W of electrical power to a
B4-Inverter fed BLDC motor. The motor supplies 40 W of
mechanical power to a load at 2800 rpm. From Figure 25(b)
and (c), the output voltages of the ITPC can be controlled with
stability to be (V01andV02 = 24 V ) and the average output
currents (I01andI02 = 0.83 A) under the total output power
variation between 12 and 74 W. At low power, i.e., 12W
condition, the necessary load power of 32.15W is extracted
with efficiency from the battery. At a certain period of time,
11.9 V and +2.701 A is obtained from the battery. In a similar
manner, at maximum power (i.e.74 W) condition, the extra
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FIGURE 27. Test analyses in the proposed system under two different
domains (a) Losses, (b) Efficiency for different parameters pertaining to
PV, battery, and load.

power of 26.71 W is deposited efficiently to the battery. At a
specific instance, 12.8 V and -2.087 A is applied towards the
battery as illustrated in Figure 25(d). As observed from the
figure, the battery current waveform is maintained above zero
points, and then transferred to below zero points, indicating
that the battery supplies/get the energybased on the PI closed-
loop voltage control.

Furthermore, the elaborate waveforms of the system pro-
posed through the ITPC parameters (iL1, iS2, I01, I02), BLDC
motor parameters (ea, ia) and Battery parameters (Vbat , Ibat )
with the output power variation from 12 W to 75 W is
demonstrated in Figures 26 (a)-(e).

The losses in these three domains, i.e. converter, B4-
inverter and BLDC motor, are evaluated for two diverse
configurations of battery charging and battery discharging
through the experimental arrangement, as illustrated in Fig-
ure 27. From the test analysis, it is verified that the losses
of the proposed ITPC get reduced and the efficiency of the
converter improved.

V. CONCLUSION
The Three Port Converter (TPC) and B4-Inverter fed BLDC
motor drive has been proposed targeting low or medium

power applications. The TPC has been operated in unidirec-
tional and bidirectional ways simultaneously for achieving an
inherent dual voltage and power flow control. Furthermore,
losses and efficiency of the proposed system are analyzed
with three different domains, i.e., with battery charging, dis-
charging, and PV systems effectively. The results have been
validated by performing simulations of the proposed sys-
tems in MATLAB/Simulink. A detailed comparison has been
made between the proposed converter and the predecessors to
examine the benefits of the proposed converter. Experimen-
tation has been performed using prototype models, the hard-
ware results of which have closely resembled the simulation
results. Moreover, a satisfactory closed-loop performance has
been achieved for both simulation and experimental setup.
Losses and efficiency of the proposed ITPC based system are
compared with the existing TPC based system. The valida-
tion results reveal that the proposed converter has performed
effectively under all the three domains and that the losses
in the PV domain has been reduced compared to the other
converters. In addition, the average efficiency achieved has
been 80.95%. The outcomes of the experiment have vali-
dated the proposed model for different applications related to
renewable sources and energy storage systems. Future work
of the research will focus on the application of the proposed
converter in the domain of agriculture, integrating renewables
and energy storages.
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Abstract-Bandpass filter is very important part in any wireless communication system. In this 

paper a novel metamaterial inspired microstrip band pass filter is proposed for 5g application. 

The proposed fitter has a frequency which covers the frequency from 3.42 GHz to 3.72 GHz 

and the band is used for 5G application. The microstrip BPF make used of loop metamaterial 

patches to achieve such frequency performance and the structure is feed by two port tapered 

feed.  The entire structure is simulated using CST software. The total size of the proposed 

Metamaterial BPF is 12 x 10 x 1.6mm3 and fabricated on FR4 substrate. The simulated result 

proves that the proposed antenna has capacity to satisfy the 5G application requirements. 

Index Terms: Bandpass filter, Compact, Metamaterial, Wireless communication, 5G 

application. 

I. I. INTRODUCTION 

 In the recent treads in communication such as green communication and radar 

systems, the removal of RF noises becomes the key quality to be taken into care for the better 

performance of the systems [1]. The planar band pass filters [2] are the major components in 

the current 5G wireless communication which utilize various spectrum bands such as 

700MHz,3.6 GHz and 26 GHz [3]. Varity of techniques such as couple line technique, hair 

pin technique, combine technique, step and stub impedance [6] methods are reported in the 

literature.  

 Due to the peculiar EM property of the metamaterial the researcheshave attracted and 

various metamaterial structure are developed in order to enhance the electromagnetic 
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property of the RF devices. The planar filters are widely used to implement various types of 

filters such as low pass, high pass, band pass and band stop filters. The usage of planar filter 

is increased in because of its ease of fabrication and easy implementation with MIC. The 

various methods are implemented in order to enhance the filter performance but using the 

metamaterial to change the performance of the filter is not widely reported in the literature. In 

this paper a complementary split ring resonator is used in order to shift the frequency of 

operation is reported. Further the paper elaborately discuss the design methodology followed 

, result and finally conclusion. 

II. II. MATERIALS AND METHODS 

A. Design Methodology  

Figure 1 Evolution of the Metamaaterial BPF 

 

Figure 2 Parameters of the Metamaterial BPF 

The proposed filter has three stages of evolution namely filter A, filter B and filter C. Filter A 

has three simple resonator patches namely resonator 1, resonator 2 and resonator 3. The 

structure is designed on a Fr4 substrate and feed with 2 tapered port from the lateral sides. 

The other one resonator act as parasitic elements. Then filter B, is designed by 

simplyincorporatingthe single rectangular stub in resonator 3. Then proposed  filter C  is 

designed by imprinting the oval CSRR in Resonator 1 and resonator 2 . 
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l w a b c d e 

12 10 3 2 3 3.5 3 

f i j k l m t 

5 4.5 3.5 0.75 0.5 7 0.035 

Table 2 Metamaterial BPF parameter Value 

III. RESULTS AND DISCUSSION 

1. A. Filter A 

 

Figure 3 Filter A configuration 

Filter A is having three resonators namely resonator 1, resonator 2 and resonator 3. In which 

resonator three is a simple split ring resonator which parasitic to resonator 1 and 2. The 

structure is feed at resonator 1 and 2. The configuration of filter A is depicted in Fig. 3. In 

Fig. 4 the s parameter characteristic is presented. From the Fig. it is observed that the filter A 

is having resonance from 3.78 GHz to 4.26 GHz. the return loss of the filter in the resonant 

frequency is -29.89dB and the insertion loss is about 2dB. 

 

Fig. 4 s parameter of the Filter A 

2. B. Filter B 
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Figure 5 Filter B Configuration 

The filter B is the slight modification of filter A. a rectangular stub is included in side the 

resonator 3 in filter A to design filter B. the configuration of Filter B is depicted in Fig. 5 and 

in Fig. 6 the s parameter characteristics of the filter B is presented. The inclusion of 

rectangular stub increases the current path length and it also increases the capacitance. 

Because of this the resonance of the after B is shifted upward due to the inclusion of the 

rectangular stub.From the Fig. 6, it is observed that the filter A is having resonance from 3.96 

GHz to 4.28 GHz. the return loss of the filter in the resonant frequency is -26.89 dB and the 

insertion loss is about 2.1 dB. 

 

Figure 6 s parameter of the Filter B 
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Figure 7 Filter C Configuration 

Then proposed filter C is designed by imprinting the oval CSRR in Resonator 1 and resonator 

2. The configuration of filter C is depicted in Fig. 7 and its s parameter characteristics is 

presented in Fig. 8. Further inclusion of the oval CSRR increases inductance and decreases 

the capacitance. Because of this the proposed filter C is having resonance from 3.42 GHz to 

3.72 GHz. The return loss of the filter in the resonant frequency is -33.16 dB and the insertion 

loss is about 1.5 dB. 

 

Figure 8 s parameter of the Filter C 

IV. CONCLUSION 

In this paper, Metamaterial BPF is proposed with size of 12 x 10 x 1.6mm3 and fabricated on 

FR4 substrate.The structure is designed on a Fr4 substrate and feed with 2 tapered port from 

the lateral sides.The proposed filter has three stages of evolution namely filter A, filter B and 

filter C.Filter A has three simple resonator patches namely resonator 1, resonator 2 and 

resonator 3 operating from 3.78 GHz to 4.26 GHz. The other one resonator act as parasitic 

elements. Then filter B, is designed by simply incorporating the single rectangular stub in 

resonator 3 operating from 3.96 GHz to 4.28 GHz. Then proposed filter C is designed by 

imprinting the oval CSRR in Resonator 1 and resonator 2 operating from 3.42 GHz to 3.72 

GHz.The simulated result proves that the proposed antenna has capacity to satisfy the 5G 

application requirements. 
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Abstract 

 The highest determination of this work is to make a examination of the transient stability of 

a particular energy system. The determination of the transient stability of the energy scheme is to 

learning the steadiness of the system under various interference. The steadiness of a power system is 

the capability of generators to remain in sync even fault is interrupted. By providing a referral 

response system, we have adopted the IEEE 9 bus system, where it has various disruptions. Swing 

switches on various generators for various bus systems are designed to comment on system stability. 

Factors affecting stability are analyzed and ways to obtain better system stability under erroneous 

conditions. From the study, the prediction of the system's active response is modeled and rated. 

Predictability progress is not indirectly involved, instead we have proposed a retractable 

mathematical model. In this work, we took the analysis of the Partial Least Square Regression 

(PLSR) to exclude the relationship between the variables. From that active response feed the 

program and saw the effectiveness of the program. The work has shown a successful response to the 

system when it is affected by an error in various areas. The performance of the system is expressed 

in terms of the temporary stability of the Generators, where it limits the system to produce a positive 

response. 
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Keywords- Transient stability; synchronization; twists and turns; prediction; retreat; Partial Least 

Square. 

I. INTRODUCTION 

Day by day the demand for electricity is growing due to the growth of the industrial, 

residential and commercial sectors. With this recognition, power companies are being asked to run 

their equipment very close to their main product. To meet this demand, the size of the connected 

energy system is increasing, leading to an increase in the changing costs of these energy systems. 

State-owned companies plan and adopt multiple construction options to reduce high exchange costs. 

In this case, detailed studies related to short-term stability analysis were performed with various 

expected assumptions. Temporary stability research requires a large amount of computer effort due 

to the large size of the integrated power system. Due to the network problem, the stability of the 

power system is divided into smaller areas containing rotor angles, frequency and voltage. Rotor 

angle stiffness refers to the ability of the corresponding mechanical systems of the corresponding 

electrical systems to continue to synchronize after a fault indication [1]. In [2], the authors indicated 

that the study of the temporary stability of the system is important not only in the design and 

coordination of the protection system in the planning phase but also in the management of security 

during the operation of the system. In [3] they proposed a new hybridial system for short-term 

stability speculation. In this case, an intelligent system is made up of a processor, a network of 

neural networks (NN) and an interpreter. In [4] The distributed method of interim analysis 

performed over a period of time described the stability analysis of a large number of machines and 

buses. The accuracy of using static (nonlinear) loading models with well-defined parameters for 

temporary stability analysis was assessed in [5]. Here, calculations are performed using on-line 

measurement data for modeling real-time behavior patterns during the disruption which is why it is 

considered appropriate for a temporary stability analysis. The new method was developed for 

economic deployment and nodal price calculations that included short-term stable issues and, at the 

same time, improved input to flexible AC transmission system (FACTS) devices to strengthen 

system stability and reduce nodal prices [6, 7]. Temporary stability analysis according to rotor angle 

equipment, electrical power, mechanical speed and terminal power was performed in [8]. In [9], the 

authors performed short-term stability analysis in a variety of conditions such as high and off-peak 

loads, connectivity and bus termination, with and without current limit Reactor (CLR). In this case, 

the temporal stability in the high-load condition was much more stable than in the lower load; the 

temporary stability of the disconnected bus has been significantly more stable than that attached to 
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the bar; Temporary stability with CLR was much more stable than without CLR. Frequent questions 

for the temporal stability analysis are made by combining step-by-step insertions with specific 

methods in [10]. In this case, a lot of time was needed to calculate the available power and kinetic 

capacity of all machines before and after errors. The power tool learning toolbox (PSAT) has been 

used to study the interim stability study of the IEEE 9-bus system with a wind turbine engine [11]. In 

[12] I learned the temporary stability of a two-way bus with a time zone compared to a temporary 

power operation when a major disruption was involved. Here, they used Lyapunov's work and a 

blank controller used to study temporary stability. 

2.PROPOSED WAY 

        The proposed process is developed based on regression analysis. The purpose of this note is to 

attempt to outline a number of methods used to capture data and identify the answer (Y) or answers 

according to the input variables (x values). These strategies fall into the broader phase of regression 

analysis and those retrospective tests split into linear regression and non-linear regression. This first 

note will deal with the reversal of the line and the next note will look at the reversal that does not 

match the line. The independent variable used for regression can be either fixed or extreme (i.e. 

taking a value of 0 or 1). Fully self-regulating variables with more than two values can be used in 

repetitive reading, but first must be revised for variables with only two levels. This is called dummy 

coding or pointer variables. Typically, retrospective investigations are used with a variety of natural 

variables, with different variables used experimentally, even if you can use retrospective 

experimental variables. 

In retrospective research the important interactions between variables cannot be determined. These 

areas are 1) simple linear regression (SLR) for different polynomial calculation variables e.g. y = β0 

+ β1x + ε, and 2) multiple linear regression (MLR) or multivariate regression using vectors and 

matrices to represent interest rate. Types of Regression analysis can be classified as A) A general 

analysis of square regression B) A partial analysis of square regression. A small square reduction is 

the expansion of multiple line regression models. In simple terms, a straightforward model specifies 

the (direct) correlation between the dependent (response) variable Y, and the predictable variable 

setting, X’s, so that 
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Y = b0 + b1X1 + b2X2 + ... + bpXp                            (1) 

        In this equation b0 is the constant of the catch and the bi values of the regression coefficients 

(variable 1 to p) are aggregated as data. In most aspects of data analysis, estimating the correlated 

relationship between variables is sufficient to define experience data, and to make a reasonable 

prediction of new observations. Many types of linear regulation have become more comprehensive 

in many ways to deal with complex data analysis problems. Multi-line retrospective model serves as 

the basis for many multivariate methods such as discriminatory analysis, primary asset retrieval and 

canonical correction. These multivariate systems all have two important similarities. These methods 

impose restrictions on (1) sub-Y and X variables being subtracted as Y'Y and X'X matrices, 

respectively, and never deviating from product shortcuts that link both Y and X variables, and (2) the 

number of predictive functions shall not exceed the minimum number of Y variables and X 

variables. 

        The reversal of the square at least slightly extends the linear order more without setting the 

limits used for the split analysis, the regression of the main elements, and the canonical correction. 

In at least partial reversal, predictive functions are represented by elements extracted from the 

Y'XX'Y matrix. The number of such predictive functions that can be typically excluded will exceed 

the maximum value of the Y and X variables. 

        The reversal of small squares, which is a small part may be a small restriction of various 

multivariate additions for many line layout models. This extension allows it to be used in situations 

where the use of traditional multivariate methods is severely limited, such as when there are fewer 

comments than forecast variations. Also, at least a few square footage can be used as an analytical 

tool to investigate the volatile selection of appropriate forecasts and to detect traders without a 

traditional line break. 

3.RESULTS AND DISCUSSION 

The ETAP software is used to learning the IEEE's intermediate stability research of three machines, 

a nine-bus power system grid. The base MVA is 100 MVA and the frequency of the system is 50 

Hz. A one-line diagram of a 3- machine system is shown in Fig. 1. 
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Here,  G1 is linked to reference bus 1, whereas G2 is connected to bus bar 2 and G3 is connected to 

bus bar 3. Bus bars 5, 6 and 8 are linked with loads A, B and C. Initially, fast decoupled technique is 

used for load flow analysis. Then transient stability study has been carried out by monitoring the 

performance of the generators (G1, G2 and G3).The first case has been dealt with a three-phase fault 

happening near bus 5 of the line 5-4. 

 

 

 

 
Fig. 2.Absolute Power Angle of Generator 1 when fault at line 1 

 
Fig.3. Absolute Power Angle of Generator 2 when fault at line 1 
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Fig. 4.Absolute Power Angle of Generator 3 when fault at line 1 

The fault is cleared by connecting the over current relay across the faulted line. The swing angles 

of the G2 and G3 have been designed by subtracting the swing angles of the G1.The swing angles of 

generators G2 and G3 are plotted in the t plane, which are shown in Fig.5. An examination of Figs. 

5,6,7 shows that the three-machine system is stable. 

 

Fig. 5.Absolute Power Angle of Generator 1 

 

 

 

 

 

 

 

 

                                                                                    

Fig. 6.Absolute Power Angle of Generator 2 
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Fig.7.Absolute Power Angle of Generator 3 

The coefficient partial least square regression model has been constructed by usage of MINITAB 

platform. As a result of this constructed model, it is fitted with the validated model that portrays the 

exact progress of transient stability progress. 

 

TABLE I 
COEFFICIENT MODEL OF RELAY TIMING 

 

 

By the observed variable results through ETAP, PLS regression coefficient model has been 

constructed and the validation of the model is analyzed. Cross validation results are shown in fig 
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Fig.8. PLS Response Plot 

 

4. CONCLUSION 

The transient study of a system has been improved by the way of coordinating the relays in 

efficient and effective model. Predictive model has been done through exquisite time delays in order 

to assure the transient response within the stable region. Predicting the effective model has done 

through Partial least square model where it gives the fitness value of 89 percent to assure the 

effective prediction. Extraction of features and predicting the transient stability response is to be 

done through hybrid intelligence system. 
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Abstract. The photovoltaic panel’s network must stay in its extreme state to handle continuous 

energy efficiently. In the event of weather change, reliable energy yield changes. So, constant 

maintenance and monitoring will be needed. In this paper, we have projected an innovative real-time 

monitoring system to monitor the environmental conditions that are affecting the performance of 

panel such as fault, dust coverage or shading surfaces. Through this monitoring device, the 

deterioration of photovoltaic panel can also be defined and it also gives the information about the 

causes of current fault. An android app cayenne is interfaced with the system that will show the 

information about the temperature, rain and dust condition. 

Keywords:  IOT, Arduino UNO, Sensors, LCD Display. 

1.  Introduction 

Rapidly rising needs for energy and global environmental issues involve the use of 

renewable energies. Solar panels are of the greatest future projection among renewable energy-

generating technologies. Compared with the previous four decades, the involvement of solar 

Photovoltaic energy enlarged unusually. Solar PV nowadays represents the third-largest renewable 

energy source after wind and hydro.     

Because of the huge electricity demand, India nowadays faces many power cuts. While a large number 

of renewable resources such as tidal, wind, geothermal, natural biofuel, and traditional biomass are 

present. But solar energy alone has enormous benefits. The rapid growth of society would increase the 

consumption of electricity. The only source for feeding such a mass population will be renewable 

energy. 

After China, the USA, and Russia, India ranks fourth in energy consumption. India's 

consumption of electricity is 70%, whereas for 30 % of the population there is no electricity
 [1]

. With 

the aid of the IoT, this issue can be solved.        
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       Owing to the interconnection of different technologies, real-time data visualization, machine 

intelligence, product sensors and embedded devices the idea of the Internet of Things has evolved. 

Embedded systems, wireless sensor networks, monitoring systems, robotics (including home and 

building controls) enable the IoT and a lot more. 

 

An IoT ecosystem involves smart web-enabled devices that store, communicate and use 

embedded processors, sensors and communication hardware to acquire records they receive from their 

environments. IoT systems share sensor data collected by linking it from an IoT access point or other 

edge devices in which data is either transmitted to the server to be analysed or localised. These devices 

also interact with related devices and rely on each other's data. A great deal of analysis is done by 

computers without human intervention, while people can connect with it.  

 

      The internet of things provides organizations several advantages which enable them to: 

• Track product development as a whole 

• Allowing customer service better 

• Save money and time 

• Increases productivity for employees 

• Build-in and evolve business models 

• Make better choices 

• Plus sales production 

         This paper consists of certain fragments: Division II describes the analysis of literature in this 

field. Division III presents the current effort and proposed method which has been done and Section 

IV encapsulates the outcome. 

2. EXISTING MODEL 

 A low-cost server uses ESP32 with physical system power for present collection of 

photovoltaic statistics. A data collection program for solar thermal parks. Data were gathered from PV 

park devices, dimension systems in the parking area (climate stations), and information bases 

information on the web. In terms of IoT (Internet of Things) spreads, there is a massive rise in uses in 

the smart city, smart parking, and so on. IoT reduces humanoid involvement by implementing system-

to-system interaction, which is used to ease the analysis of multiple device modules. For this purpose 

the aforementioned surveillance system uses internet to link to remote services and provide a cloud 

platform for data collection to ensure the reliability and accuracy of the expected model. This makes 

the online monitoring and recording of ecological and knowledge conditions of the PV panel in real-

time. It will also make the potential changes to the system smoother. For this cause, researchers have 

built further techniques in modern years to help gather and analyse PV data for the initial identification 

of faults. Built a control unit for synchronised monitoring of four PV screens. For the identification of 

faults the mean power of the PV boards and the voltage descent limit are used. Premeditated a 

mathematical method to track photovoltaic conditions and detect the hotspots. They follow the aspects 

(Cp and Rp) in the PV panel's equivalent method and use these limit projections to forecast when the 

PV board is part of the details or under hot-spot conditions. 

3. PROPOSED MODEL 

The system of solar cells is flattering a general choice as an energy source. To use sustainable 

electricity proficiently, the PV panel system must endure in the best possible circumstance. This 

device consists of a sensor such as a temperature sensor, a dust detector and a rain sensor. The 

temperature sensor is used to sense the temperature value and the dust detector is used to detect dust 

intense. The rain sensor is used to measure the rain value and all the parameters are displayed through 

LCD. The values will be uploaded to IoT. 
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Figure 1:  Proposed system smart real-time PV surveillance network with IoT 

 

A. Arduino UNO 

In Arduino UNO has 14 digital pins and is used as input or output with 6 analogue pins.As the 

specified operating situation, the rising pin can supply or receive 20 milliamperes, and also have an 

internal pull-up resistor (default detached) of 20-50 k ohm. 

Indeed, certain pins have different functions: 

• Serial / UART: Receiving (RX) TTL serial data. Pin number 0 and transmitting (TX) TTL serial data 

pin number. These terminals are linked to the respective ATmega8U2 USB-to - TTL Serial Chip pins. 

• Peripheral interrupt pins 2 and 3. These pins can be designed to initiate a low-value interruption, an 

increasing or decreasing power, or a change in value. 

• PWM pins: Pulse Width Modulation pins are 3, 5, 6, 9, 10, and 11 It will arrange for 8-bit PWM 

performance through analog Write() feature. 

• SPI pins: Serial Peripheral Interface pins are 10 (SS), 11 (MOSI), 12 (MISO), and 13 (SCK).  

These pins provision Serial communication through the SPI library. 

 
Figure 2: Arduino UNO  

 

 

B. Solar panel 

 
Figure 3: Solar panel 
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The photovoltaic cells are assembled in solar panel and assembled on structural support. The 

solar unit may be used as a part of a broader PV network to produce and provide energy for 

business, domestic purposes under STC. Each unit is rated with its DC output power, which 

typically ranges from 100 to 320 watts. A small amount of electricity will be produced by a single 

solar module, so most of the systems have several modules. A PV system usually involves a panel 

or series of solar panels, an inverter and a battery and/or solar sensor and wiring link. 

C.  Battery 

The specification of battery used in our system is given below. 

Input power: 120V AC 50/60Hz 0.4A Max.  

Battery voltage rating not less than 5.5V  

Rating output: 12V DC 1.5A  

Battery type: lead-acid battery  

Maximum charge voltage: 14.4V  

Maintenance charge voltage: 13.2V~14.0V  

Operating environment:-10~40 ° C 

 

Figure 4: Battery  

D. Temperature Sensor 

The humidity sensor detects, measures and regularly reviews the relative humidity levels. The 

sensor tests both the humidity and the temperature. Relative humidity expressed as a percent, is the 

ratio of actual humidity in the air to the maximum amount of humidity at which the temperature can 

be maintained. The warm air can hold the more water content in it. So the humidity levels changes 

with temperature variations.  

Humidity sensor measures the relative moisture of the local areas in which they are situated. It 

calculates the temperature and relative humidity in the air and describes relative humidity as a 

proportion of the ratio of humidity to the average level that can be sustained in the mid-air at the 

actual atmospheric condition. As the air gets warmer, more water vapor is kept, so the humidity 

level changes with the atmospheric pressure. 
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Figure 5: Temperature sensor  

 

 

E. Rain Sensor 

 
 

Figure 6: Rain sensor 

 

It provides a digital module and a programmable logic controller that "collects" droplets. As water 

drops are gathered on the power cord, parallel resistance paths are created which are measured by an 

op-amp. Lesser the resistance or more water is collected; the output voltage produced will be lesser.  

 

F. Dust Sensor 

 

Dust Sensor is a basic dust detection kit which can detect small particles greater than 0.8μm in 

diameter, much like the tobacco smoke. The analog signal sensor output is constant with dust 

intensity. Air Quality is an abstract concept which typically involves measures of many indicators: 

dust rates – calculated in μg / m3, with various scale particles such as Volatile Organic Compound 

Gasses (VOCs) – formaldehyde, benzene, and more – calculated in ppm (parts per million) of CO2 – 

measured in ppm. 

 
Figure 7: Dust sensor 

 

Sharp's GP2Y1010AU0F is an air feature sensor or optical pollution tracker. This Dust 

sensor is used to detect powder molecules. The IR emitting diode and the phototransistor are diagonal 
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directions organized in this device to sense the light reflection of dust in the air. This is particularly 

efficient in identifying extremely small elements such as tobacco burn and is widely used in air filter 

systems. 

  

4. Output 

 

 

Figure 8: Hardware Setup 

The data’s from various sensors are given to controller. Based on the data’s, the output voltage 

produced is displaced in LCD. Through Cayenne mobile application the real time data can be viewed 

by using mobile. 

                

Figure 9: Output representation 

The picture (figure 9) shows the various values of solar panel during normal condition. The values 

which are shown are lower than the ideal values that need to be given manually. The output shows the 

temperature, dust and rain are in normal value. 
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Figure 10: Output representation 1 

The figure 10 shows the output,when the temperature is high and raining condition. The values are 

shown in LCD and also represented in mobile app. 

 

              

Figure 11: Output representation 2 

 

The figure 11 shows the output,when there is a raining condition. The values are shown in LCD and 

also represented in mobile app. 

                   

5. Conclusion 

Through this monitoring system, any individual PV panels that require maintenance can be identified. 

The reason for low output voltage (temperature or rain or dust) can be easily identified. The 

temperature, rain and dust data can be viewed through mobile. So, user can monitor the performance 

of solar panel at any place.  
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a b s t r a c t

In a day to day life converter and inverters are ruled the world. This paper proposes the pulse width mod-
ulation technique implemented for multilevel inverter and it is produced a fifteen level single phase out-
put. Total harmonics distortion have reduced, produced good quality of output and number of levels also
increased. Proposed system having seven switches and three isolated battery source. The switching losses
and switching stress also reduced. Multi carrier modulation Pulse width modulation technique imple-
mented. The fifteen level of output voltages are 0, Vdc/7, �Vdc/7, 2Vdc/7, �2Vdc/7, 3Vdc/7, �3Vdc/7,
4Vdc/7, �4Vdc/7, 5Vdc/ 7, �5Vdc/7, 6Vdc/7, �6Vdc/7, V dc, �V dc from the input.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Advances in Materials Research – 2019.

1. Introduction

Enormous inverters have commonly used and growing solicita-
tion of huge power current applications, which by and by connects
from the tens to a few megawatts. The low voltage go (2.3–13.8
KV) Alternating Current motor drives. Nowadays, perilous and
relate only one power semi-conductor switch authentically system
in view of the Running on high voltage. Another kind of power con-
verter has been implemented as a solution in high-power applica-
tions to alleviate this challenge. Stunned Converters use fast
trading components, retaining a key good way to connect them
directly to the network by interfacing single contraptions with dif-
ferent rates of DC. Amazed converters are used in a number of
applications; mechanical motor drives, utility interfaces for main-
tainable force source systems (Photovoltaic, wind imperative and
vitality units), flexible AC transmission structures, high voltage
direct current transmission and traction drives structures. Mul-
tilevel Inverter with different topologies of diode clamped, flying
capacitor and H bridge multilevel Inverter. Out of this three, H
Bridge are the best (Table 1).

2. Literature review

[1] Multilevel voltage source inverters offer a few central
focuses showed up diversely corresponding to their regular assis-
tants. By organizing the AC yield terminal voltage from two or
three degrees of voltages, flight of stairs Waveforms that approach
the sinusoidal waveform with low symphonic contorting can be
passed on, thereby reducing channel requirements. The need for
a few sources on the converter’s DC side does proposed improve-
ment drawing in for photovoltaic applications. This paper gives a
graph of various dazed geographies and researches their reason-
ableness for single-stage matrix related photovoltaic structures.
Two or three Transformer less photovoltaic frameworks consoli-
dating paralyzed converters are analyzed seeing issues, for exam-
ple, Piece control and stress, structure power rating and
photovoltaic exhibit earth capacitance effect. [2] This paper pro-
poses a single stage seven-level inverter for photovoltaic frame-
related structures with a novel heartbeat control plot (PWM).
Three comparisons are hazy to each other for an equality that is
for all intents and purposes The PWM signals were made using
indistinguishable from the abundance of the triangular transporter
signal. The inverter is capable of deftly generating seven degrees of
yield voltage levels (Vdc, 2Vdc/3, Vdc/3, 0,-Vdc,-2Vdc/3,-Vdc/3)
from dc. In a TMS320F2812 DSP, an impelled relative base
current-control calculation was recognized to hold the existing
embedded on the cross area sinusoidal. Regardless, the bidirec-
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tional switch impels exchanging difficulties. Besides control circuit
is complex [3,13]. This survey spins around inverter headways for
accomplice Photovoltaic (PV) orchestral modules for a solitary
stage. The inverters are designed in four representations: 1) calcu-
lation of the power arrangement stages in the course; 2) some
power decoupling between the PV module(s) and the one-stage
cross area; 3) whether or not they are using a transformer (either
line or high rehash); and 4) such a lattice related power stage.
Assorted inverter geologies are introduced, Considered and evalu-
ated demands, lifespan, area and expense assessments. Ultimately,
a piece of topography is elevated as the best open doors for either
single PV module or specific applications with PV module.
Notwithstanding, in this geography for the most part covering
influence is high with the target that impact afflictions are more
[4,14]. Producers proposed a tale multi-step PWM inverter for a
Solar force age structure. The circuit course of action is worked
by adding a bi-directional change to the standard development
type inverter circuit utilizing the restricted DC power deftly for
which the sun based cell is extremely reasonable. The new sort
of PWM inverter introduced has different highlights, for example,
remarkable yield waveform, negligible size of channel, low
exchanging occurrences, and low acoustic racket. In this paper
the producers outline the circuit game plan, control procedure
and the qualities of the structure, and they additionally break
down the relationship between the inverter and the sun arranged
cell properties. Regardless, voltage stress is high [5].The advance-
ment of passed on age inside a mass force structure will incite
the essential for continuously perceptible Command of power
streams on the transmission-line. Static Coordinated Compen-
sators (STATCOMs) offer methods based on force contraptions to
present control of transmission-line voltage and force streams.
Trading off centrality aggregating with a STATCOM will relax stan-
dard STATCOM capabilities to monitor the power stream in four
quadrants and increase transient efficiency. This paper addresses
noteworthiness piling up frameworks (ESSs) made for a crossbreed
STATCOM / ESS with customary and flabbergasted bidirectional
force converters. Standard, diode-propped, and fell flabbergasted
converter-based STATCOM / ESSs are made, and their shows are
mulled over the use of battery vitality selection for a set of power
system applications. Nonetheless, extra information requires DC
outlets; costs would increase [6].

3. Existing eleven level multilevel inverter

The current framework presents another high recurrence regu-
lation strategy for staggered converters. The proposed technique
gives a wide straight working extent and can be carefully actual-

ized with insignificant computational exertion. This balance strat-
egy makes a stage voltage made out of a rectangular segment
superimposed on the head of a semi square molded reference
work. The reference limits are portrayed with the ultimate objec-
tive that the utilization of the dc interface voltage is extended in
any change record, while the dv/dt of the switches is reliably the
base possible worth. So as to actualize the proposed strategy, an
update time that is a lot shorter than the key time frame is charac-
terized in the calculation for refreshing the rectangular parts of the
reference voltage [7]. The high recurrence rectangular segment
would then be able to be forced on the reference capacity to create
the last exchanging capacity by exchanging between two voltage
levels during the time between two update cases. A few explora-
tory outcomes are given to assess the exhibition of the proposed
strategy and to contrast its activity with regular techniques

3.1. Circuit diagram

The circuit diagram of the existing system consist of three
phases, DC voltage source, power semiconductor switches as
shown in Fig. 1.

3.2. Operation

The motivation behind this paper is to propose another
exchanging method for staggered converters that amplifies the
usage of the dc connect voltage while constraining the stage volt-
age changes to one voltage level, in this manner limiting the dv/dt
of switches. The proposed adjustment strategy includes a wide
direct working reach comparative with a characterized tweak file.
Furthermore, complex scientific changes and disconnected calcula-
tions are not utilized in this strategy. Besides, this strategy can be
applied to the single-stage inverters too. The proposed technique is
appropriate for computerized execution and requires far less
online computational exertion than the SVM strategy and less dis-
connected counts and extra room contrasting with the SHE tech-
nique. Moreover using the proposed technique, each period of
the three stage inverter can be controlled autonomously for the
shortcoming open minded purposes [8]. The inverter voltages pro-
duced utilizing this technique have THD levels equivalent to that of
ordinary strategies, for example, SVM and SPWM. The proposed
tweak technique can be actualized utilizing an ease advanced con-
troller with insignificant computational exertion in any event, for
the staggered converters with enormous number of voltage levels.
What’s more, by utilizing the proposed strategy the most extreme
number of exchanging substitutions is not exactly other high
recurrence adjustment techniques. The proposed regulation strat-

Table 1
Switching sequence for 15 level inverter.

Voltage Level S1 S2 S3 H1 H2 H3 H4

Vdc ON ON ON ON ON OFF OFF
6/7 Vdc ON ON ON ON ON OFF OFF
5/7 Vdc ON ON OFF ON ON OFF OFF
4/7 Vdc ON OFF ON ON ON OFF OFF
3/7 Vdc ON OFF OFF ON ON OFF OFF
2/7 Vdc OFF ON OFF ON ON OFF OFF
1/7 Vdc OFF OFF ON ON ON OFF OFF
0 V OFF OFF OFF OFF OFF OFF OFF
�1/7 Vdc OFF OFF ON OFF OFF ON ON
�2/7 Vdc OFF ON OFF OFF OFF ON ON
�3/7 Vdc ON OFF OFF OFF OFF ON ON
�4/7 Vdc ON OFF ON OFF OFF ON ON
�5/7 Vdc ON ON OFF OFF OFF ON ON
�6/7 Vdc ON ON ON OFF OFF ON ON
�Vdc ON ON ON OFF OFF ON ON
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egy creates a stage voltage involved a high recurrence rectangular
part riding on head of a lower recurrence semi square formed ref-
erence work. A standardized example stage voltage produced by

the proposed technique for a 11-level inverter is shown in Fig. 1.
The central sufficiency of the produced stage voltage relies upon
both the state of the reference work and the obligation pattern of
the high recurrence rectangular segment. [9] These two boundaries
are set relating to a balance record characterized somewhere in the
range of zero and one, such that the proposed strategy gives a wide
straight activity run for the converter. In the proposed technique,
for a n-level inverter the whole balance run [0, 1] is separated into
portions of a similar length and a particular reference work is char-
acterized for each fragment. The reference capacities are character-
ized to such an extent that the usage of the dc connect voltage is
amplified in any regulation record, the dv/dt of the switches is con-
sistently the base conceivable worth (one voltage level progress),
and the even-request music of the stage voltages are killed nor-
mally. To dispense with the even request music, the reference

Fig. 1. Eleven level inverter block diagram.

Fig. 2. Existing system simulation output.

Fig. 3. Existing system simulation output of harmonic spectrum.
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capacities need to have half-wave evenness. Boosting the principal
as a part of the inverter voltage and minimum.

3.3. Simulation result

The Figs. 2 and 3 shows the output of eleven level inverter with
the quasi – square wave and the level of total harmonic distortion
(Fig. 4).

3.4. Drawbacks

The main drawback of the existing system is total harmonic dis-
tortion and number of switches is high. While gown through the
circuit topology, very difficult to manage control circuit (Fig. 5).

4. New inverter topology

The proposed fifteen-level, single-stage inverter was developed
using the seven-level inverter. This contains a standard Single
stage H-interface inverter, three switches, and three sources of
voltage. This geography of the H-partner is usually gainful over
various geographies, i.e. less force transfer, power diodes, for
inverters with an equal number of stages. Certifiable inverter
exchange will pass 15 yield voltage rates (Vdc, 6Vdc/7, 5Vdc/7,
4Vdc/7, 3Vdc/7, 2Vdc/7, Vdc/7, 0, �Vdc/7, �2Vdc/7, �3Vdc/7,
�4Vdc/7, �5Vdc/7, �6Vdc/7, �Vdc) from the dc deftly voltage.

The operation of the proposed inverter can be separated into fif-
teen trading states; the critical yield voltage of fifteen degrees was
rendered as follows.

4.1. Control signal production

Method to make the fifteen level yield voltages is used in this
paper dual transporter beat width shift method. Seven correspond-
ing triangular signs with balance of the transporter abundance are
isolated and the sinusoidal reference signal. The switches S1, S2, S3
are given certain PWM signals. At the time the two sinusoidal signs
with 180-degree ejection signals are split and the triangular sign of
the transporter, these PWM beats have dead band, it will maintain
a strategic gap from the shooting through problem between two
gadgets. [11] The single stage inverter circuit switches H1, H2,
H3, and H4 are given these PWM beats. The exchange gadget is
MOSFET here; The cost when standing apart from IGBT is small.
The FPGA (Field Programmable Gate Array) processor used here
is [12]. It is under the framework of Very titanic expansion bargain
gathering. In FPFA multiplexed pins are a simple number of the
pins. And we can use it either as data or as pins for yield. The Spar-
tan 3E controller working speed working rate is significantly moreFig. 4. Fifteen level Inverter Circuit diagram.

Fig. 5. Proposed system Simulink model.
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critical than Digital sign processors [10]. Such controls are used to
transform the PWM heartbeats into the inverter of fifteen stages. In
the table is shown the exchange collection for the fifteen stage
inverter. The FPGA Spartan 3E controller makes use of the PWM
beats.

5. Simulation and hardware results

5.1. Proposed system Simulink

The Fifteen level inverter has designed using MATLAB tool box.
The Multi carrier modulation technique is used to produce the
PWM pulses.

5.2. Fifteen level inverter output voltage

The Fig. 6 shows the fifteen level inverter output voltage wave-
forms. It requires only seven switches and three DC sources. Also it
is high quality output voltage

5.3. THD result

The Fig. 7 shows the THD of fifteen level inverter. THD is 8.05%.
Further can improve by add filters in the output side, can improve
the THD and becomes less than 5%.

5.4. Hardware view

The Fig. 8 shows the Fifteen level inverter hardware develop-
ment proto type system. The dsPIC30F2010 controller is used to
generate the PWM pulses.

6. Conclusion

Proposed inverters gives better THD as 8.05% and the conven-
tional and exiting inverters THD is more than 10%. This paper pre-
sented a novel strategy to substitute PWM for the proposed dazed
inverter. Only one reference signal is shown in this task and is var-
iously comparable to a triangular wave signal with the PWM sig-

Fig. 6. Proposed system Fifteen level inverter output voltage.

Fig. 7. THD of Proposed system.

Fig 8. Proposed system hardware view.
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nals being generated. For this paralyzed inverter three different DC
voltage levels are used here. And this approach is known as strayed
fell inverter for course of action. The fifteen level of yield voltage
produced by regulating the adjustment record and varying degrees
of DC voltages.
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Abstract
Autism spectrum disorder (ASD) is basically a varied neurodevelopmental disor-
der which affects the developmental curve in numerous behavioral domains. This
includes the impairments of social communication, cognitive and also language abil-
ities. Autism has an extensive gamut of severity and symptoms that are often utilized
to categorize the ASD. Each of the syndromes under ASD is disparate as of the other.
For instance, individuals suffering with Asperger syndrome have no considerable hin-
drance in language development. Kids with ASD might concurrently also encompass
other issues, for instance, Tourette’s syndrome epilepsies, attention-deficit hyperactiv-
ity disorder, etc. So, there is a need to detect autism in children. ASD can be detected
in children by analyzing the signals (EEG). Initially, the EEG signals are attained
from the dataset. This signal undergoes preprocessing utilizing Kalman filter. Next,
signal decomposition is done by the variable mode decomposition. This is followed
by feature extraction. These are classified utilizing Hybrid Bat Algorithmwith ANFIS
classifier (HBA–ANFIS). The classified output is either a normal signal or an autism
signal. To prove the proposed work’s efficiency, disparate performance metrics were
determined and also analyzed. The proposed work shows superior performance in
respect of all the evaluated metrics.

Keywords ASD · EEG signals · Kalman filter · VMD · HBA–ANFIS

1 Introduction

ASDstands as a neurodevelopmental disorder. It is normally categorized by the intrica-
cies seen in societal communication. The repetitive together with restricted behaviors
are the indications of autism disorder. The nature of those intricacies remains largely
unknown [8]. Inherited genetic predispositions along with epigenetic changes are
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Fig. 1 Triad of impairments seen in a person with autism

accountable for autism [25]. The occurrence of ASD has been progressively rising
over the last ‘2’ decades, with present estimates reaching up to 1 in 36 children. The
extensive variations in the severity of symptoms both within and across the group of
disorders complicated the capability to efficiently discern one disorder as of the other.
So, there is a requirement for exploring autism in a much better way. The triad of
impairments is displayed in Fig. 1. These three components are the factors that exhibit
the disorder in a child.

Neuroimaging studies connected to the autism children have taken disparate
approaches. Some of them include (i) anatomical MRI, (ii) diffusion-weighted
imaging, (iii) functional MRI, (iv) electroencephalography (EEG) and (v) magnetoen-
cephalography [17]. The process of analyzing signal (EEG) is of prior significance.
This is generally done by preprocessing the signal, FE, feature selection, post-
processing and classification [4]. EEG signal can give information on different mental
states of a normal person. The signals (EEG) give information concerning the type of
any neurological disorder.

Signal analysis of multiple-channel data has a fundamental part in the domain of
medical signal image processing [19]. EEG encompasses a basic function of detecting
and amplifying the bioelectric potential of an individual’s brain. This is done by
placing electrodes on the surfaces of the scalp [13]. The brain waves occur at different
frequency levels. Each frequency has a particular significance. The subsequent table
evinces disparate frequency ranges with their respective functions (Table 1).

It is possible to recognize autism at a young age [21]. The electrical activity of
the brain is measured as a voltage at disparate points of a brain. This is the base of
the EEG [12]. These signals are generally non-stationary as well as time-varying in
nature. Anxiety is prevalent and persistent in ASD patients. Key ASD-linked obstacles
to anxiety treatment are: (a) impairments in cognitive capability, (b) communication,
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Table 1 Different brain waves and their corresponding state of mind

Frequency range Brain wave State of mind

Above 40 Hz Gamma Peak performance

13–40 Hz Beta Worry, stress, fear, anger, moodiness, nervousness, depression, anxiety

8–12 Hz Alpha Meditation, relaxation, lucid, creativity, peacefulness, calmness,
tranquility

4–7 Hz Theta Intuition, inspiration, insight, problem solving

0.1–4 Hz Delta Renewal, healing, restoration, rewarding, dreaming.

(c) emotional awareness, (d) introspection [15, 24, 3]. The diagnosis of ASD is not a
simple process and generally needs certain behavioral and also cognitive characteris-
tics. Nowadays, researchers are attempting to discover ASD diagnostic techniques via
electrophysiological along with neuroimaging techniques. As EEG recording along
with analysis is a basic tool in diagnosing as well as identifying disorders in neuro-
physiology, researchers endeavor to utilize the EEG method for diagnosing people
with ASD. The EEG signals obtained from autism children show a varied pattern in
the beta and theta wave activity [14]. The quantification of the abnormality in brain
waves might reveal brain conditions and pathologies [9–11, 22]. These signals are
again processed for further understandability of the disorder.

The remaining sections are ordered as Sect. 2 delineates the literature works. Sec-
tion 3 evinces the proposed methodology. Section 4 points the experiential outcomes,
and Sect. 5 proffers the conclusion of the work.

2 Literature Review

The detection of autism in young children utilizing EEG attributes has been a domain
of research over a fewyears. The literatureworks by disparate researchers are proffered
in this section.

Sheikhani et al. [23] recommended a method for detecting the abnormalities of
autism children utilizing qEEG analysis (quantitative EEG). qEEG was being uti-
lized as an imperative tool for the neurophysiologic diagnostic for several years. The
authors utilized coherence and spectrogram values for assessing qEEG for 17 ASD
children and 11 controlled children. Assessment of qEEG along with statistic analysis
delineated that alpha frequency band (8–13 Hz) had the good distinction level of 96.4
percent. This outcome was seen in the undisturbed eye-opened state utilizing spec-
trogram criteria. Normally, the ASD children had notable lower spectrogram aspect
values on a left-brain hemisphere. Taken into account of their results, that method
as indexes of abnormalities in qEEG of kids with ASD could be helpful for clinical
diagnostic but required more replications in a larger population

Boutros et al. [6] examined the alterations in EEG signals linked with the ASD.
The survey of those authors resolved the chief EEG findings attained as of the qual-
itative or standard (visually examined) EEG and also the quantitative (computer
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examined) EEG. This was attained amid rest state of ASD persons. The chunk of
evidence underpinned notable connectivity disturbances on ASD that were feasibly
widespread with two specific facets like (i) over-connectivity on the local networks
and (ii) under-connectivity on the remote networks. Moreover, the review recom-
mended that disruptions were utmost severe in the brain’s later on-developing parts.
Grounded on the prevailing information, from the quantitative and qualitative EEG
literature, it was postulated that a primary hypothesis that elevates cortical excitability
might be utilized to contribute the notable overlap betwixt epilepsy and ASD. As the
availability of a focal-epileptic discharge was ascertained to be a precise indication of
hyper-excitability, the authors deduced that the existence of epileptic discharges was a
biomarker for at least a subgroup of ASD. Additional research is required to scrutinize
these efficacies, chiefly in recently diagnosed ASD patients.

Bosl et al. [5] proffered a data-driven strategy for the timely detection of ASD
utilizing the EEG features. ASD is an intricate disorder. Determining disparate scal-
able biomarkers for earlier detection was much more intricate. This is owing to the
dissimilarity in the existence of the disorder. There is an elevating requisite for sim-
pler measurement that could be implemented regularly amid baby checkups. EEG
measures were gathered as of 99 ASD children along with an elder sibling. Nonlin-
ear properties were evaluated as of the EEG signals and were utilized as the input
for the statistic learning methodologies. The forecast of disorder was ascertained to
be precise. The performance parameters were as well ascertained. This methodology
confirmed valuable digital biomarkers could be extorted as of disparate EEG mea-
surements. Bigger and more varied populations are required to ascertain the clinical
applicability of this approach to ASD detection in the general population.

Rajak et al. [20] examined the EEG as of the brain’s frontal lobe for the ASD
children. This part is accountable for emotion, social and cognitive functions. These
were compared in opposition to the EEG signals of normal (explicitly, healthy) chil-
dren. The PS (power spectra) of the EEG signal were attained utilizing FFT algorithm
(fast Fourier transformation) in MATLAB. The EEG recording was made on all the
selected ten children (five ASD and five normal) utilizing two electrodes localized on
F3 together with F4. The artifact-free EEG signals of 10 min were extorted. This was
employed for attaining PS. The PS evinced higher-intensity power peak at a 50 Hz
frequency, for all normal children. The PS were disparate for ASD children. It was
perceived that for ASD groups, there were two peaks at 100 Hz and 50 Hz. The inten-
sity of fifty (Hz) peak in ASD groups was not as intensive as those of normal children,
but the 100 Hz peak was utmost intense. The existent of higher-intensity peaks in ASD
points to the imbalance in highest-frequency EEG rhythm. This rhythm was respon-
sible for cognitive and perpetual processing for humans. Also, the power intensity of
fifty (Hz) peak in ASD cases was lower in comparison with those of normal cases.

Askari et al. [2] propounded a model to delineate the connections betwixt dis-
parate zones in ASD children. This model initially conducted the EEG signal wavelet
decomposition by wavelet transform (WT). This was preceded by feature extortion.
The features namely, entropy, as well as relative energy, were extorted. These were
given as the input to the 3D cellular NN (neural network) prototype to specify the
brain connections. The outcomes evinced that there were imperative differences with
certain abnormalities on the left hemisphere, (p <0.05) at the electrodes T7, AF3, F3,
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O1 and P7in alpha band of T7, AF3, beta band of O1 and F7, gamma band of T7
together with P7 for autism children contrasted to the normal children. Additionally,
the calculation of the attained connection values betwixt brain zones specified that
there were added abnormalities in the connectivity of parietal and frontal lobes of the
brain as well as in the connections of the adjoining zones in all three bands specifically
in gamma band intended for autistic children. The complete assessment delineated that
the alpha frequency band had the finest 96.6% distinction level. This was centered on
the attained cellular NN values utilizing support vector machine (SVM). Limitations
include that the kids with autism could not sit for a longer period. Moreover, could
not avoid taking their medication for a longer period.

XinDang et al. [7] projected activities classificationmethod for the rehabilitation of
the kids with autism. The movement along with mental centered features was attained
utilizing themotion and also electroencephalographyvectors as ofKinect togetherwith
MindWave. Two SVMs were integrated to do a frame-centered classification process.
The suggested methods were tested with a dataset that has about 110 recordings as
of ‘5’ children (with ‘2’ autism). The suggested algorithm attained an accuracy of
93.3, 94.06, 96.2 and also 97.40% for the NG positive, good negative, good positive
along with NG negative, correspondingly. Here, the most errors occurred between NG
positive and good negative.

Enas Abdulhay et al. [1, 16] presented an EEG-centered quantitative approach for
automatic discrimination betwixt children with common neurodevelopment and kids
with ASD. Here, the ‘3D’ mapping of EEG SODP values was executed and also
analyzed. The attained outcomes displayed that the performed Student’s t test yielded
values of under 0.05, and also that the NN two-class classification centered upon
SODP features led to an accuracy (94.4%), which indicated significant differences
betwixt SODP values of kids with neurotypical development and those with ASD.
The obtained results had as well been emphasized by the analysis of the findings of
the performed 3D mapping.

3 Autism Detection in Children using HBA–ANFIS

The proposed architecture is divided broadly into four different phases. They are:

• Preprocessing
• Signal Decomposition
• Feature Extraction
• Classification

The four steps mentioned above are utilized as the essential methods for the detec-
tion of autism in children. The proposed system is precisely depicted in the diagram
displayed in Fig. 2.

This depicted proposed system handles the execution of a system for the recognition
of autism in children. The steps involved in this implementation are as follows. Firstly,
the input signal (EEG) is fed into the preprocessing step. This step is performed utiliz-
ing aKalman filter (KF). KF offers an effective computational way to evaluate the state
of amethod by lessening errors. Afterward, the decomposition of a signal is performed
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Fig. 2 Block diagram of the proposed system

utilizing a technique termed variable mode decomposition (VMD). Grounded on the
decomposed signal, disparate features such as wavelet entropy, approximate entropy,
relative wavelet entropy, root mean square, Hurst exponent, correlation dimension,
PCA, HOS, DFA, kurtosis and also skewness are extracted. These features are then
classified utilizing HBA and ANFIS classifier. Afterward, the signal is categorized as
either a normal signal or an autism signal.

3.1 Preprocessing

This is the primary step which is to be executed in the proposed system. This step is
done to eradicate unwanted signals that are existent in the desired signal. For this, KF
is utilized.

3.1.1 Kalman Filter

KF also called a linear quadratic estimation utilizes a sequence of measurements
perceived against time, including statistical noise along with other inaccuracies. The
KF can well be implemented to evaluate the unknown system parameters by reducing
the variance of the error between the recorded output and the modeled output.

It is a collection ofmathematical equationswhich proffer an effectual computational
way to predict the condition of a process by diminishing errors. Given below are the
fundamental equations that are employed for KF development. A linear system and
process design from time k to time k + 1 are delineated as:

xk+1 � Fxk + Guk + wk (1)
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where xk and xk+1 indicate the system vectors at the time k and k + 1, respectively, F
corresponds to the system transition matrix, G denotes the gain of control uk , and wk

implies the zero Gaussian process noise.
The state estimation issue where the true system state is not available and needs to

be estimated is formulated in the following equations. The initial x0 is presumed to
follow a known Gaussian distribution. The aim is to determine the state at each step
by the process model at each model and the observations. The observation design at a
time k + 1 is signified by:

zk+1 � Hxk+1 + vk+1 (2)

whereH denotes the observation matrix and vk+1 indicates the zero mean Gaussian
observation noise. Consider, the knowledge on xk at a time k is provided in equation
[3]

xk ∼ N (x̂k, Pk) (3)

Then, the value of xk+1 at time k + 1 follows the relation:

xk+1 ∼ N (x̂k+1, Pk+1) (4)

where x̂k+1, P
k+1

can be computed by the following KF formula.

xk+1 � Fx̂k + Guk (5)

Pk+1 � FPk F
T + Q (6)

x̂k+1 � xk+1 + K (zk+1 − Hxk+1) (7)

Pk+1 � Pk+1 − K SKT (8)

K � Pk+1H
T S−1 (9)

where S represents the innovation covariance and K denotes the Kalman gain.

3.2 Signal Decomposition

The intention of this is to part the signal components as of composite signals. This is
performed to attain a noiseless signal in order that the essential features can well be
effortlessly extorted. Here, the SD is performed utilizing a technique termed VMD.
The chief objective of VMD is decomposing a signal (input) into a discrete amount
of sub-signals (modes) which have particular sparsity properties while reproducing
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the input. The complex signal f (t) is decomposed into discrete K modes sk about its
center frequency ωk .

f (t) �
K∑

k�1

sk(t) (10)

where the number of modes K is defined ahead of time. sk(t) are narrow-band mode
functions. They can well be composed as given in equation [6].

sk(t) � Ak(t) cos(ϕk(t)) (11)

where Ak(t) and also the time derivative of phase change ϕk(t) are thought to be posi-
tive and gradually varying elements. The decomposed modes have particular sparsity
property while recreating the input signal. As such, every mode is for the most part
compact about a central frequency.

3.3 Feature Extraction

3.3.1 Wavelet Entropy (WE)

This is basically a novel instrument with the capability to scrutinize transient features
of signals. The dynamics in EEG results can well be determined using this feature.
The WE is basically a function of time and is scientifically represented as displayed
in the following equation.

WE � −
N∑

n�1

ρn ln(ρn) (12)

where N refers to the wavelet decomposition level, which ranges from level 1 to level
N .

3.3.2 Approximate Entropy (ApEn)

ApEn enumerates regularity and also complexity. It haswide application in the scrutiny
of time and data series. ApEn gauges the intricacy of signals. It also determines the
unpredictable fluctuations over a particular time sequence. Consider a time series of
N data points, with corresponding vector sequences. The vectors signify consecutive
values with a function defined as:

Cm
i (r ) � (Bi )

(N − m + 1)
(13)
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where Cm
i (r ) is the probability that any vector x( j) is within r of x(i). The function

ϕm(r ) is specified as:

φm(r ) � 1

N − m + 1

N−m+1∑

i�1

lnCm
i (r ) (14)

where φm(r ) is the average of the natural logarithms of the functions Cm
i (r ).

For finite datasets, the equation for ApEn becomes:

ApEn(m, r , N ) � φm(r ) − φm+1(r ) (15)

3.3.3 Relative Wavelet Energy (RWE)

This is employed to typify the disparate frequency bands into different categories. The
energy of wavelet coefficients dn, j is fundamentally the energy at disparate decom-
position levels (as of 1 − N) which is a representation of the energy detail signal at
which resolution level, n is provided by the following equation.

En+1 �
∑

j

|dn, j |2; n � 1 . . . N (16)

The signal’s total energy is mathematically given by:

Etotal �
N∑

n�1

En (17)

Therefore, the RWE can be written as:

ρn � En

Etotal
; n � 1, . . . , N (18)

3.3.4 Root Mean Square (RMS)

An EEG signal’s strength is taken from the signal to gauge the strength of every EEG
sample data. This is performed by computing the RMS value. RMS is essentially
known to be the quadratic mean. This is helpful when there are positive as well as
negative variations found in a signal. This feature is calculated on the frequency domain
(FD) by the following formula.

RMS �
√∑M

i�1 |ui j |2
M

(19)
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3.3.5 Hurst Exponent (H)

This is a gauge of self-similarity, predictability along with the level of longer-range
reliance in a time series. It is likewise a gauge of the smoothness of a fractal time
series grounded upon the asymptotic conduct of the rescaled range of the procedure
in line with the Hurst’s summed up the time series equation; H is characterized as:

F3 � H � log
( R
S

)

log(T )
(20)

where T is the data sample duration and also R/S is the corresponding value of the
rescaled gauge. R is the contrast betwixt the minimal and maximal deviation from the
meanwhile S signifies the standard deviation. As such, Hurst exponent stands specified
by equation [21].

(
R

S

)

T
� c ∗ T H (21)

where c implies a constant.

3.3.6 Correlation Dimension (CD)

This decides the measure of autonomous factors which are important to demonstrate
the real signal dynamics. As well, it is a gauge of the complication of the procedure
being scrutinized, furthermore portrays the dispersal of points in the stage space. This
is declared in the following equation.

F7 � CD � lim
r→0

(
lnC(r )

ln r

)
(22)

in which C(r ) implies the correlation integral, furthermore, it is declared with much
clarity in equation [23].

C(r ) � 2

N (N − 1)

N∑

i �� j

θ(r − |X (i) − X ( j)|) (23)

in which N implies the number of data points on phase space, |X (i) − X ( j)| signifies
the Euclid form, and C(r ) implies the correlation integral.

3.3.7 Principal Component Analysis (PCA)

The decomposition of a multi-channel signal like EEG signals yields separate signals
of a single channel for the extraction of useful information. PCA can well be utilized
to perform FE using outcomes of the linear algebra to lessen the dimension of the
signal in matrix form EN ,M . In EEG signals, the column j � 1, 2, . . . , M denotes the
channel index and the row i � 1, 2, . . . , N represents the observations. This matrix
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canwell be transformed into a newmatrix PM,M to find values as given in the following
equation.

YN ,M � EN ,M PM,M (24)

3.3.8 Higher Order Spectra (HOS)

This is a spectral depiction of high-orders moments or else cumulants of a signal. Bis-
pectrum, theHOS, implies the Fourier transform of the signal’s third-order correlation,
additionally, is presented via equation [24].

F2 � B( f1, f2) � E[X ( f1)X ( f2)F × ( f1 + f2) (25)

where X ( f ) stands as the signal’s Fourier transform and additionally, E is for the
desired operation. By and by, the desired operation is replaced by a gauge that is an
average over an ensemble of realizations of a haphazard signal.

3.3.9 Detrended Fluctuation Analysis (DFA)

This is an approach to deciding the signal’s statistical self-affinity. It is beneficially
aimed at examining time series which come out to be longer-memory processes. It
is fundamentally a strategy for gauging the correlation property on a non-stationary
time series via processing a scaling exponent using a modified RMS scrutiny of an
arbitrary walk. The DFA is characterized in equation [25].

F4 � F(n) �
√

1

N

∑n

k�1
[s(k) − sn(k)]2 (26)

3.3.10 Skewness (SK)

It is basically a standardized moment of a random signal. It states the asymmetry of
the distribution concerning the median. SK can well be positive/negative contingent
upon the signal. It can well be mathematically signified as below.

SK �
∑ (x−x)3

n−1(√∑
(x−x)2

n−1

)3 . (27)

3.3.11 Kurtosis (KU)

KU is a gauge of whether the data are peaked/flat with regard to a normal distribution.
That is, the dataset which has a high KU tends to encompass a distinct peak close to
the median. Datasets with low KU generally have a flat top close to the median instead
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of a sharp peak. KU determines the intensity of the distribution of random variables.
The mathematical definition of KU is given below.

KU �
∑ (x−x)4

n−1(√∑
(x−x)2

n−1

)4 (28)

3.4 Classification

This is the procedure of categorizing the data grounded on the extorted features. The
proposed work has two classes. One class identifies the signal that is normal and also
the other class identifies the autism signal. In this area, HBA is joined with ANFIS
with the intention of ameliorating the accuracy in characterizing the normal signal and
also the autism signal.

3.4.1 Hybrid Bat Algorithm (HBA)

The Bat Algorithm (BA) is basically nature-stimulated metaheuristic optimization
algorithm. This is grounded on the bats’ echolocation behavior. Echolocation is a vital
feature of bat behavior, meaning that bats produce a pulse (sound) and then listen to the
echo being bounced back as of the barriers while flying. This was the inspiration that
stirred the development of theBA.All batsmake utilization of echolocation to ascertain
the location of the prey or food or other background barriers. Generally, bats fly with
a velocity vi with a fixed frequency fmin, at position pi with differing wavelength λ,
along with loudness Ai . The bats normally regulate the wavelength/frequency of the
generated pulses and automatically regulate the pulse emission’s rate r ∈ [0, 1]. This
counts upon the proximity of their target.

Step 1 The first population is arbitrarily generated as of real-valued vectors with
dimension and number, by considering lower and upper boundaries.

Step 2 In simulations, virtual bats are used. The frequency, position and velocities
of the bats can well be updated centered on the following equations that are defined
here.

fi � fmin + ( fmax − fmin)β (29)

vti � vt−1
i + (pti − p∗) fi (30)

pti � pt−1
i + vti (31)

where β ∈ [0, 1] implies a random vector drawn as of uniform distribution. In the
above equation, x∗ implies the current best solution. This solution is obtained after
comparing with all the other bats.

Step 3 The HBA is a combination of the conventional BAwith the genetic operators
which are mutation and crossover. In this step, mutation and crossover operations are
performed.
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Fig. 3 Pseudocode of HBA algorithm

Step 4 Finally, the current best solution is chosen from the best solutions.
The pseudocode for the HBA is exhibited in Fig. 3.

3.4.2 ANFIS Classifier

ANFIS stands as a fuzzymodel located in the adaptive framework’s structure to encour-
age learning and also adaptation. Such structure crafts the ANFIS modeling lot more
systematic, and less dependent on specialist knowledge. It was broadly employed
in analyzing the biological signals, say, EEG. ANFIS is basically a hybrid system
incorporating the ANNs learning abilities and excellent knowledge representation
and inference capabilities of fuzzy logic that encompass the ability to self-modify
their membership function to reach the preferred performance. ANFIS utilizes the
hybrid-learning rule and mainly used to manage complex decision-making or diagno-
sis systems. Here, enhanced ANFIS is engaged to sort the signal of EEG to distinguish
the normal signal and autism signal. This classifier is trained and optimized with HBA
to ameliorate the classification accuracy.

The features, for instance, WE as (F1), ApEn as (F2), RWE as (F3), RMS as (F4),
H as (F5), CD as (F6), PCA as (F7), HOS as (F8), DFA as (F9), SK as (F10) together
with KU (F11) are extracted as of the deteriorated signals of EEG in addition are
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Fig. 4 Structure of ANFIS classifier

characterized utilizing the notable classifier called ANFIS which engages five layers.
In the five layers, the layer-1 with the layer-4 encompasses adaptive nodes wherein the
second and third besides fifth layers hold the fixed nodes. Using the improved ANFIS,
the signals are sorted as a normal signal or autism signal. The ANFIS’s rule basic is
specified on Eq. (29),

If F1 is Ai , F2 is Bi and F11 is Ci

(29)

Rulesi � ai ∗ F1 + bi ∗ F2 + bi ∗ F3 + bi ∗ F4 + bi ∗ F5 + bi ∗ F6

+ bi ∗ F7 + bi ∗ F8 + bi ∗ F9 + bi ∗ F10 + ci ∗ F11 + fi

in which F1, F2, F3, F4, F5, F6, F7, F8, F9, F10 and F11 stand as the inputs, Ai , Bi ,
and alsoCi are the fuzzy sets, Rulesi stands as the output among the predefined fuzzy
region via the fuzzy rule, andai , bi , ci and also fi are the design parameters which are
controlled by the training strategy (Fig. 4).

The ANFIS classifier’s design is depicted in five layers as exhibited below:
Layer-1 here, each node i stands as a square node with a node work.

O1,i � μAi (F1), O1,i � μBi (F2) , O1,i � μBi (F3), O1,i � μBi (F4), O1,i � μBi (F5), O1,i � μBi (F6),

O1,i � μBi (F7), O1,i � μBi (F8), O1,i � μBi (F9), O1,i � μBi (F10), O1,i � μCi (F11) (30)

μAi (F1) � 1

1 + (F1 − ci/ai )2bi
(31)

whereai , bi and also ci stand as the parameters of themembership work, administering
the bell-shaped functions.

Generally,μAi (F1), μBi (F2), μBi (F3), μBi (F4), μBi (F5), μBi (F6), μBi (F7),
μBi (F8), μBi (F9), μBi (F10) and also μCi (F11) are chosen to be bell-shaped with
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the ideal equivalent to 1, in addition, minimum equal to 0 and also are characterized
as:

(32)

μAi (F1) � μBi (F2) � μBi (F3) � μBi (F4) � μBi (F5) � μBi (F6) � μBi (F7)

� μBi (F8) � μBi (F9) � μBi (F10) � μCi (F11) � 1

1 +

[(
x−oi
pi

)2]qi

whereoi , pi and qi stand as the parameter set and are specified as premise parameters.
Layer-2 here, the nodes are fixed, which are tagged withM, demonstrating that they

function as a basic multiplier. The outcomes of layer-2 can be signified as

(33)

O2,i � wi � μAi (F1) × μBi (F2) × μBi (F3) × μBi (F4) × μBi (F5) × μBi (F6)

× μBi (F7) × μBi (F8) × μBi (F9) × μBi (F10) × μCi (F11), i � 1, 2

Every one of the nodes’ output indicates the rule strength.
Layer-3 here, each of the nodes was a circle node named N . The i th node estimates

the proportion of the i th rules strength to the total of every one of rule’s strengths:

O3,i � wi � wi

(w1 + w2)
, i � 1, 2 (34)

Layer-4 each of the nodes i th here is basically a square node

O4,i � wi · Rulesi i � 1, 2 (35)

where wti is the layer-3 outcome and also ai , bi , ci and fi stand as the parameter set.
Parameters on the layer-4 will be mentioned as subsequent parameters.

Layer-5 here, the sole node stands as a circle node named ‘Σ that figures the general
yield as the summation of every approaching signal:

O5,i �
∑

i

wi Rulesi �
∑

i wi Rulesi∑
i wi

(36)

Appropriately, the obtained features processed via the five layers of ANFIS and
ordered as normal signal and autism signal. Here, ω implies the predefined threshold
value, as well as the NN outcome, is (Y ). The classified neural network output Y is
more prominent than the threshold value ω which means the provided input signal is
typical and classified NN output Y is not as much as the threshold value ω means the
signal is autism signal.

4 Experimental Results and Discussion

This part handles the experimental results that are attained with the analysis of the
proposed system. Various performance parameters are determined. They include accu-
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Table 2 Autistic dataset

Dataset Sample number Positive samples Negative samples

Training dataset 49 24 25

Testing dataset 49 24 25

racy, sensitivity,F-measure, recall, false rejection rate (FRR), false negative rate (FNR)
and Mathew’s correlation coefficient (MCC). Various experiments are performed by
employing MATLAB on Windows 8 PC with Intel Core i5 processor of 2.30 mega-
hertz.

4.1 Database Description

The database utilized in the proposed system comprises only EEG signals. Those
signals in the database include normal signals and autism signals. The entire databases
are bifurcated. One part is termed training dataset, while the other is termed the testing
dataset. Forty-nine samples were individually taken as the testing and training dataset.
There were 24 positive samples along with 25 negative samples in both the training
and testing datasets (Table 2).

In the autistic dataset, the samples have two marked classes of the positive class
which is a normal EEG signal together with the negative class which is an autism
signal. The dataset of training data has absolutely 49 samples, in which 24 are positive
and 25 are negative. Likewise, in the testing dataset, there are 49 samples, in which
24 are positive and 25 are negative.

4.2 Performance Analysis

The performance analysis is performed utilizing disparate performance metrics. Pre-
cision (PR) indicates the closeness in measurements. The values of true positive (TP),
as well as false positive (FP), have a close connection with the calculation of precision.
PR can be mathematically represented as:

PR � TP

(TP + FP)
(37)

Recall stands as the ratio of pertinent instances which have been recovered over the
total count of those relevant instances. It is an eminent performance parameter. Both
recall and PR are a gauge of relevance.

RECALL � TP

(TP + FN)
(38)
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Table 3 Comparison of
precision, recall and F-measure
of different classifiers

Classifiers Precision Recall F-measure

HBA–ANFIS 0.961538 1 0.980392

PSO–ANFIS 0.96 0.96 0.96

ANFIS 0.92 0.92 0.92

GRNN 0.88 0.86 0.88

KNN 0.846154 0.88 0.846154

Neural network 0.916667 0.714286 0.833333

F-measure regards both recall and PR to compute its value. The maximal value of
F-measure is 1, whereas its minimal value is 0. The mathematical representation of
F-measure is given as:

F-measure � 2 ∗ (PR ∗ RECALL)

(PR + RECALL)
(39)

Table 3 proffers the comparison of PR, recall and F-measure for disparate classi-
fiers like HBA–ANFIS, PSO–ANFIS, ANFIS, GRNN, KNN and NN. Compared to
all the other existing techniques, the proposed HBA–ANFIS shows higher results for
the metrics like recall, precision, along with F-measure. The precision for the pro-
posed HBA–ANFIS is 0.961538, which is 0.001538 values higher than the existing
PSO–ANFIS. The recall value is 1 for the proposed technique, which is the peak per-
formance. The proposed technique’s F-measure is 0.980392, which is larger than all
the other compared classifiers.

From Table 3, it is deduced that the recall and F-measure values are the lowest
when contrasted to other classifiers. The recall, PR and alsoF-measure of the proposed
system are ascertained to be superior when contrasted to the other existent methods.
This proves that the usage of HBA–ANFIS has an augmented performance. The above
values are graphically depicted for clear and better understanding.

Figure 5 compares the proposed HBA–ANFIS with the existing classifiers say
Optimized ANFIS, ANFIS, KNN, GRNN and NN in respect of metrics say precision,
recall and also F-measure. The precision, recall along with F-measure values of the
proposed HBA–ANFIS are 0.961538, 1 and 0.980392, respectively, whereas the exist-
ing optimized ANFIS includes 0.96, 0.96 and 0.96, respectively. Likewise, for all the
compared metrics, the proposed one has superior performance.

The performance analysis is made for disparate performance metrics that were
attained for diverse methodologies that were undertaken for the investigation. The
metrics employed for the comparison are TN (true negative), TP, FN (false negative)
and FP.

TP specifies the signals that are positive and are correctly recognized as positive
samples. FP signifies the signals which are negative but are classified as positive
signals. TN indicates the negative signals that are properly classified. FN stands for
the positive signals that are wrongly categorized as negative signals. In the proposed
system, the negative signal denotes the autism signal and the positive samples are the
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Fig. 5 Graphical representation of the precision, recall and F-measure values

normal EEG signals. The accuracy, sensitivity and specificity equations are mentioned
below.

Sensitivity � TP

(TP + FN)
(40)

Specificity � TN

(TN + FP)
(41)

Accuracy � TP + TN

(TP + TN + FP + FN)
(42)

Sensitivity is a statistic measure of performance. It is a classification parameter. It
is as well termed as TPR (true positive rate). It quantifies the proportion of factual
positives that are exactly recognized in each situation. The specificity is also named as
the TNR (true negative rate). It gauges the actual negatives which are exactly detected.
Accuracy determines how correctly the signals are classified.

From Table 4, it can well be perceived that the existing NN encompasses the most
reduced performance concerning metrics, say, specificity accuracy and also sensi-
tivity. Compared to all other existent techniques, the proposed HBA–ANFIS shows
higher results for the metrics say accuracy, sensitivity along with specificity. The accu-
racy of the proposed HBA–ANFIS is 0.989222, which is 0.00963 values higher than
the PSO–ANFIS. The sensitivity value is 0.97 for the proposed method, which is
0.01 values high than the PSO–ANFIS. The specificity for the proposed technique is
0.97, which is larger than all the other compared classifiers. Nevertheless, the ANFIS
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Table 4 Comparison of accuracy,
sensitivity and specificity of the
classifiers

Classifiers Accuracy Sensitivity Specificity

HBA–ANFIS 0.989222 0.97 0.97

PSO–ANFIS 0.979592 0.96 0.958333

ANFIS 0.959184 0.92 0.916667

GRNN 0.918367 0.88 0.875

KNN 0.938776 0.88 0.833333

Neural network 0.795918 0.714286 0.916667

encompasses the finest performance; the proposed HBA–ANFIS demonstrates the
finest performance contrasted with all other existing classifiers.

4.3 Comparative Analysis

A comparative analysis is put forward to analyze the proposed HBA–ANFIS with the
other methods like PSO–ANFIS, NN, KNN and GRNN along with ANFIS.

4.3.1 Signal Decomposition

The existing SDapproaches, like, EMD (empiricalmode decomposition) togetherwith
WT are contrasted with the proposed VMD procedure by concerning the performance
metrics say accuracy, sensitivity, F-measure, recall and also MCC.

Figure 6 compares and analyses the proposed VMD-SD strategywith the prevailing
procedures, for example, EMD [8] togetherwithWT. The evaluation ismade in light of
the metrics relations, for instance, F-measure, accuracy, recall, MCC and sensitivity.
The accuracy of the existing EMD and wavelet is 0.959183 and 0.87755, respectively,
which are lower than the proposed VMD. The measures, for example, F-measure,
accuracy is considerably higher for the proposed one. For that reason, performance
metrics aimed at proposedVMDproffermore noteworthy performance on considering
the prevailing strategies.

4.3.2 Classification Performance

The existing classifiers, for example, NN, KNN and GRNN, PSO–ANFIS along with
ANFIS [18], are contrasted with the proposed HBA–ANFIS by concerning the previ-
ously indicated performance metrics.

Figure 7 demonstrates the divergence of the proposed HBA–ANFIS with the pre-
vailing systems. The proposed one has the MCC and FRR of 0.97 and 0, whereas the
existing PSO–ANFIS has the MCC and FRR of 0.959935 and 1, respectively. Also,
when comparing each of thosemethods, NN has themost elevated FNR value and least
MCC value, though the proposed HBA–ANFIS has the least FNR value and highest
MCC value, which demonstrates the eminence of the HBA–ANFIS classifier.

Figure 8 contrasts the proposed HBA–ANFIS with the prevailing methods, say,
PSO–ANFIS, NN, KNN, ANFIS and GRNN in respect of the performance metrics
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Fig. 6 Comparison of performance metrics for signal decomposition

Fig. 7 Comparison of MCC and FNR for the proposed and the existing techniques

FPR and also FRR. The KNN evinces bad performance on contrasting every single
classifier since the FPR of KNN is larger. The ANFIS, the FRR rate was greatly
improved on considering the prevailing systems. In any case, the ANFIS that is
enhanced with HBA demonstrates an improvement over ANFIS, since the FRR of
HBA–ANFIS is the utmost minimal among the analyzed classifiers.

Figure 9 delineates the performance gauge of PPV (positive predictive value) with
NPV (negative predictive value) for the prevailing classifiers and also the proposed
HBA–ANFIS classifier. It can well be perceived that the prevailing KNN encompasses
the most minimal PPV, NPV values contrasted with every other classifier. The prevail-
ing ANFIS and also the proposed HBA–ANFIS have almost similar NPV, PPV values.
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Fig. 8 Comparison of proposed and existing classifiers in terms of false rejection rate

Fig. 9 Comparison of proposed and existing classifiers in terms of PPV and NPV

But, in view of the above methods, the proposed HBA–ANFIS shows the maximal
performance.
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5 Conclusion

ASD refers to the grouping of neurodevelopmental disabilities portrayed by pervasive
deficiencies in social intercommunication. In the given paper, an HBA–ANFIS classi-
fier aimed at classifying the EEG signal as normal and autistic. Utilizing KF, the signal
is preprocessed. Afterward, the signal is deteriorated by the VMD. Now, features are
elicited, trained and classified utilizingHBA–ANFIS, which characterizes whether the
particular signal is normal or else abnormal. The proposed HBA–ANFIS performance
is contrasted with the prevailing methods, say, PSO–ANFIS, ANFIS, GRNN, KNN
and neural system regarding accuracy, sensitivity, F-measure, recall, FNR and MCC.
The precision, recall, F-measure, accuracy, sensitivity and specificity of the proposed
HBA–ANFIS are 0.961538, 1, 0.980392, 0.989222, 0.97 and 0.97, respectively. All
these values of the proposed technique are greater than the other compared existing
techniques. The experiment comes to exhibit that when contrasted with that of the
existing, the proposed classifiers precisely characterize the abnormal and normal sig-
nal. The future scope may attempt to design a control system to diagnose autism, the
degree of autism and determine autism’s response to the learning process with their
neuropsychological and psychiatric reports.
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Abstract

Rapid developments in the field of wireless communication have created a
rising demand for Viterbi decoder with long battery life, low power dissipation,
and low weight. There is a necessity in high data bandwidth continuing to
drive communications systems in convolutional coding for error control. In this
paper, two techniques are incorporated to address the issues. The first is by
including the circuit level design of the architecture of the Viterbi decoder using
a sleepy keeper technique, which reduces the leakage power dissipation. The
second method is by proposing the modified register exchange algorithm, which
reduces the occurrence of error probability with low power in signal transmission
in the wireless domain. The simulation of the design at the transistor level
is carried out in T-SPICE with 45 nm TSMC. The results of the simulation
specify that the proposed method improves the overall performance in terms
of low power, high speed, and signal to noise ratio or BER which is used in
WLAN application.
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1. Introduction. Advancements in data transmission through wireless com-
munications has the chance to impress with various noises and interferences. The
carrier signals which carry the information bits experience modifications in their
original content [1]. This results in the corruption of the transmitted message.
To sustain the ability of high-error correction in the signal at the transmission
side convolution coder is commonly employed in digital communications. At the
receiver end to get the error-free signal, the maximum likelihood decoder that is
the Viterbi decoder is furnished to get the original data.

Initially, proposed in [2] as an error-correction method suitable for noisy digi-
tal communication, the Viterbi algorithm seems to be an efficient method for For-
ward Error Correction (FEC), which increases the channel reliability. At present,
convolution code is generally used in several digital communications systems, in
applications like satellite, deep-space communications, and 802.11 wireless LANs
(Local Area Networks). The technique is also commonly used in speech recogni-
tion, keyword spotting, and computational linguistics. A typical example of the
Viterbi decoder is in the wireless LAN – IEEE 802.11a. There are so many blocks
to be discussed in the block diagram representation, but in particular, the error
detection capability is with the Viterbi Decoder located on the receiver side, which
can restore and correct the original bitstream encoded from a noisy received mes-
sage by the convolution coder. In signal transmission Leakage current is currently
considered to be one of the key issues limiting the performance of the computer
processor. If the reduction of leakage is not considered, then the application of
Moore’s law in circuit design would require not only new material solutions but
also proper system design. With the aid of sleepy keeper methodology, this pa-
per discusses the problems of leakage current reduction. The next point to be
discussed is the use of a modified register exchange method to reduce the power
minimization with the occurrence of error reduction. Several authors have dis-
cussed Viterbi decoder architectures for the past two decades considering power
reduction techniques [1,9, 13]; still, there is a demand for low power and high data
rate when the communication is wireless. Design of the Viterbi decoder to ob-
tain limited errors in Add Compare and Select (ACS) using two supply voltages
is described in [17]. The low power VLSI architectures for the Viterbi decoder
using Self Reset logic, Gate Diffusion Input, Asynchronous Dual-Rail logic is pro-
posed in [10–12]. These architectures are designed to minimize the dynamic power
dissipation and are not discussed regarding wireless applications.

Precomputed structure with T-algorithm discussed in [9] used 3/4 Convolu-
tion codes with a compromise in clock speed. Improved modular implementation
of ACS and trace back units to obtain high speed is addressed in [5]. T-algorithm
described in [16] eliminates the unwanted trace back path to be followed and this
method reduces the power consumption. The register exchange method discussed
in [4] using RAM (Random Access Memory) instead of register banks to record the
output bits of the survivor path. Variants of recomputing for encoded operands
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and the modifications in the algorithm are used to identify the faults in the trans-
mission of signals. The survivor memory unit is eliminated in [6] with the help of
four-bit soft-decision decoding method. Also in the ACS unit, they used simple
shifting and selection operations to reduce the design complexity. The implemen-
tation of radix-2 Viterbi decoder in re-configurable FPGA (Field Programmable
Gate Array) technology is discussed in [15]; the architecture involves the adapta-
tion of parallel/pipeline features of the hardware resources. It concentrated on the
adaptive design of SMU. From the literature survey and methods, it is found that
the design of Viterbi decoders and its application towards WLAN is not sufficient
and there is need for further scope. Even though at the circuit level for leakage
power dissipation though there are various methods Sleepy Keeper technique finds
better in power minimization as per the survey.

This paper is organized as follows. Section 1 includes the introduction and a
literature survey of the proposed method. Section 2 addresses the Viterbi decoder
design and its schematic in T-SPICE. Section 3 discusses the simulation result
and performance analysis in wireless LAN application.

1.1. Sleepy keeper technique approach. Leakage Current reduction can
be minimized using various techniques; among them, Khandal and Roy [3] used
Sleepy keeper technique in the design of 6TSRAM, 4bit adders, and different
combinational circuits. This method is quite useful in the reduction of leakage
power consumption than the other methods like Sleep, Zigzag, Stack, and Sleepy-
Stack. Comparison of the parameters like power, current, the delay has been
carried out by [14,18] who show that sleepy keeper has better performance than
other methods. Leakage feedback is given in [7,8], where various digital circuits
are discussed like a full adder with sleepy and sleepy keeper methods. It is a
known fact that the transistors individually are inefficient in passing logic 0 (gnd)
or logic 1 (Vdd); in this regard, the NMOS transistors are not competent in giving
Vdd. During sleep mode, the only source of Vddto the pull-up network is from the
NMOS as the actual sleep transistor is in off mode. Like that of NMOS for logic 1
pull up, the PMOS transistor is to maintain the value of ‘0’ in sleep mode. As
shown in Fig. 1, an extra PMOS transistor is connected across to the pull-down
sleep transistor. Alternatively, during the sleep mode, the source of the NMOS
(pull-down) transistor is only from the Vdd. It is considered to be the dual case
of the PMOS (Pull up) transistor. These do not need sleepy keeper transistors to
change the output voltage, but they are required to maintain the previous output
value in terms of voltage, upholding of the actual logic state; the sleepy keeper
method offers yet another path in the VLSI design.

2. Viterbi decoder design. The Viterbi algorithm comprises an encoder
and a decoder. The encoder algorithm is generally straightforward and is usually
implemented by dedicated hardware. In contrast, the decoder is much more com-
plicated and consumes many more cycles. The Viterbi Algorithm, implemented in
hardware, is referred to as the Viterbi decoder. The block diagram of the Viterbi

C. R. Acad. Bulg. Sci., 73, No 8, 2020 1125

Page 660 of 3066Page 660 of 3066



Fig. 1. Viterbi Decoder Block diagram and Sleepy Keeper Approach Structure

decoder is shown in Fig. 1. It is composed of three functional units:

1. Branch Metric Unit (BMU).

2. Path Metric Unit (PMU) or Add Compare Select Unit (ACSU).

3. Survivor Memory Unit (SMU).

2.1. Components in BMU design and schematic of the ACS unit.
The BMU consists of the XOR gate and counter. The BM computation block
compares the received code symbol with the expected code symbol and counts
the number of differing bits.

In a hardware implementation, for a single state, there are two BMUs, i.e.
for the upper path (input 0) and lower path (input 1) of the algorithm. There
are two inputs for the upper path of the trellis. Likewise, there are two inputs for
the lower path. Among the two data, one of them is taken as the received inputs
and the other one as the expected input. The original encoded bit stream is the
expected input. The received inputs are obtained by randomly introducing errors
in the encoded bit stream.

Power hungry part of the decoder is the ACSU, which decides the performance
and minimum path value. The ACS operation for each new state in the trellis
performs the addition, comparison, and selection of the smallest PM. The decoder
has to calculate the path metrics of the total possible paths. The computation
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is based on the previous state (branch) metric of every node (2k − 1 nodes) and
all possible paths. The result of the calculation constitutes the add segment of
the ACS phase (also known as the path metric update). In an encoder having a
code rate of 1/2, there are two paths from each previous state characterized by
the branch metric. Each node in the new state is raised from two potential metric
paths. The path which has the higher parameter is selected while the other ones
are eliminated. Simultaneously, the decoder points to the survivor path with a
decision bit. The final survivor path is tracked with the help of decision bits. This
task comprises the compare/select from the ACS phase. There are two paths for
a single state: one path for the upper branch and the other path for the lower
branch. The ACSU, which adds the BM1 to the corresponding PMs, similarly
BM2 and PM2, compares the new PMs, then stores the selected PMs in the Path
Metric Memory (PMM) and at the same time, the ACSU stores the associated
survivor path decisions in the SMU. Figure 2 gives the schematic design of BMU,
ACS and SMU unit in SPICE.

2.2. Survivor memory unit and its implementation. The third step
in the Viterbi decoding is the SMU. Three approaches are often used to record
survivor branches as in [13]. They are the Register Exchange, Trace back and
Modified Register Exchange methods. In the Modified Register Exchange (MRE)
method, there is no need for checking all the paths. A pointer keeps track of
the minimum PM value. The current decoded bit is appended with the previous

Fig. 2. Schematic design of BMU, ACS and SMU unit in SPICE
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decoded values. In this research, the MRE method based SMU concept is used.
A pointer is used to monitor the minimum PM, and the minimum value is sent
to the shift registers directly, instead of appending the decoded values. Based on
the value of the pointer to the SMU, the corresponding minimum input is chosen.
In the minimum input values, if the branch is lower, the decoding bit is 1, and if
it is the upper branch, the value is taken as 0. The SMU was designed as a 4× 4
shift register using D FF. The length of the shift register depends on the length of
the convolution encoder. In the SMU for a constraint length of K = 3, there will
be 2k − 1 shift registers. The registers that store the minimum path value alone
are made active, and the remaining registers are kept in idle mode. So, minimum
power consumption is obtained in this SMU method.

3. Design of viterbi decoder using sleepy keeper technique at the
circuit level. In the proposed work, for a constraint-length of k = 5, there
are a total of 2k−1 = 16 states, and a code rate 1/2 is taken for the design of
Viterbi Decoder. Figure 3 shows the circuit schematic diagram of Viterbi decoder
simulated using T-spice at 45 nm TSMC (Taiwan Semiconductor Manufacturing
Company) Technology.

Fig. 3. Integrated design of Viterbi decoder and simulation result of 45 nm technology
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3.1. Simulation results. The circuit is designed using the TANNER tool
in S-edit, and the simulation result of the integrated decoder unit is given in
Fig. 3. In VLSI circuit performance is analyzed basically with speed, area and
power dissipation. Power dissipation takes place in either way like switching
and standby. Here the standby, i.e. the leakage power is considered. The power
analysis is compared with the CMOS design. The result of this method shows
that the power consumption is reduced by 31.5% as compared to CMOS design.
Leakage current or power gets decreased when compared to the CMOS method.
Data from the convolution encoder moves to the BM unit, then to the ACS unit,
and finally to the survivor path. Individual simulation results are obtained, and
the final result is given in Fig. 3, where the first row indicates the inputs and
second-row the decoded outputs. The straight line indicates the power dissipation.

3.2. Performance comparison. Table 1 shows the comparison of CMOS
and sleepy keeper Viterbi decoder design with the number of transistors and total
power consumed by each block. CMOS (Complementary Metal Oxide Semicon-
ductor) logic is chosen for comparison, as the basic design of the sleepy keeper
approach is similar to that of CMOS design.

T a b l e 1

Comparison of CMOS design and sleepy keeper
Viterbi decoder design

CMOS design Sleepy Keeper Design
Module
name

Transistor
count

Power
(uW) Transistor Power

(uW)
Viterbi Decoder 5046 104.98 6240 73.84
BMU 400 36.25 325 18.6
ACS 3656 56.3 4246 28.3
SMU 2056 75.68 3204 50.61
Frequency 2.5 MHz 2.5 MHz
Current 12.5 mA 0.034 mA

The BMU unit shows that the power consumed by the sleepy keeper is 56%
less, with the number of transistors count as 75. The frequency of the design is set
to be 2.5 MHz which is suitable for Wireless LAN communication. The ACS unit
of the design has the consistency of 57% of power consumption reduction. Also,
for the SMU design, the power reduction is found to be 25% with a transistor
count of 1148. The CMOS circuit has less transistor count with reasonable power
consumption. The sleepy keeper has less power consumption with high transistor
count; it is because of the sleeper transistors in the design. The simulation results
of the tried keeper Viterbi decoder showed an excellent reduction in the power
consumption compared to the synchronous design in 45 nm CMOS Technology.

Comparison of the proposed sleepy keeper technique architecture of Viterbi
decoder in wireless LAN with the traditional architecture and methods are dis-
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cussed in [19]. The proposed design achieves 42% average power reduction with
the traditional decoder method. When compared with [19] it has a reduction of
0.02% with QPSK and 0.13% reduction with QAM. Also, the SNR is found to
be improved at a rate of 0.5 db when compared with code based Viterbi decoder.
Convolutional codes are widely used in communication systems such as Satellite
communication, Relays and Local wireless channel network. Further, Viterbi algo-
rithm is used in automatic speech generation and also storage devices application.
Cryptography is a scheme used to hide and secure the information without any
loss. Nowadays in security systems the convolutional encoder and Viterbi decoder
find its application using DNA (Deoxyribonucleic acid) cryptography.

4. Conclusion. The Viterbi decoder used in digital mobile communications
is quite complex in its realization and dissipates considerable power. In the pro-
posed design, an application in a wireless standard for the Viterbi decoder is
designed, and its performance is analyzed. The Viterbi decoder designed with the
help of a sleepy keeper technique shows one of the best methods for power reduc-
tion. The simulation results for validating the truth table, transient analysis, and
power analysis are presented in this report. The simulation results show the sleepy
keeper design has a decrease in power consumption by 31.5% in relative to the
CMOS Viterbi decoder with a code rate of 1/2 and for various constraint lengths
in 45 nm TSMC technology. The Viterbi decoder placed in the wireless LAN
block and the bit error rate analysis was done for various modulation techniques
like QPSK, QAM, PER analysis and Packet size performance.
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1. Introduction25

Recently, during the span of three decades the26

development of high power converters has increased27

in industrial applications to meet power demands28

and to maintain its power quality at standard level.29

A multi-level stepped wave based circuitry is pro-30

posed as an effective replacement in high power31

and medium voltage applications and also to ensure32
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reduced distortions caused due to harmonics. Mul- 33

tilevel Inverters (MLIs) are power converters that 34

produce an AC voltage from different DC voltages 35

levels to form a staircase like waveform. Adding each 36

DC voltage source results in the addition of a new step 37

to the synthesized voltage output of AC power. The 38

staircase waveform thus produced from a multilevel 39

inverter, results in reducing the harmonics and syn- 40

thesize a near sinusoidal waveform that effectively 41

replace the conventional two level output inverter 42

which introduces a large amount of harmonics into 43

the supply lines. A three-phase series connected mul- 44

tilevel structure has employed two series connected 45
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inverter with power cells in [1]. The phase shifted46

multi-carrier modulation technique is employed to47

test the MLI. The proposed topology is differentiated48

from cascaded H-bridge inverter (CHB) in inverter49

legs connection. Both these converters comprises of50

the equal number of semiconductor switches on each51

power cell thus the output voltage levels produced in52

the terminals of MLI remains the same.53

A relatively new configuration of a multilevel54

inverter with a fewer count in power switches is55

proposed in [2] which use series/parallel DC volt-56

age sources which constitutes of an H-bridge with57

an inverter which synthesize a stepped level output58

by connecting the voltage sources as a combina-59

tion of series and parallel voltages. This topology60

of inverter can generate increased voltage levels by61

extending the same using the same methodology. This62

configuration of inverter is controlled by a hybrid63

modulation method. A 15-level inverter is proposed64

which requires 14 switching components and 3 dc65

voltage sources. Hybrid modulation technique is used66

for the MLI control has produced voltage THD of67

6.80%.68

In [3], a new structure of a multilevel converter69

circuitry utilizing minimal number of power semi-70

conductor switching components is proposed and71

analyzed the magnitudes of the different dc source72

voltages. The intended topology is designed to reduce73

the switches count, its associated gate drivers, clamp-74

ing diodes and blocking capacitors but still manage75

to produce maximum output levels. It can be found76

that the first recommended topology can produce 12577

levels output utilizing only 24 IGBTs and the sec-78

ond topology can produce161 levels output indulging79

28 IGBTs. The asymmetrical configuration with tri-80

nary voltage sources delivers the higher voltage levels81

with the available quantity of IGBTs. A multi-level82

inverter topology built on switched dc sources com-83

prising of a lower count of components, adopted for84

higher output levels is discussed [4]. It includes fluc-85

tuating input dc sources connected alternately with86

one another through power electronic switches. Each87

input dc comes in to the load independently or com-88

bined with other input levels for high voltage step-up.89

Similarly, [5] discussed about a new configuration90

of a series connected H-bridge multilevel converters91

with reduced circuitry for applications that demands92

high voltage magnitude. The topology proposed is93

based on connecting single-phase sub-multilevel con-94

verter in series with full-bridge converters. When95

comparing with the other conventional types of multi-96

level bridges, the count of dc sources, power switches,97

and the cost of power converter is considerably less 98

when the output voltage level increases. Three meth- 99

ods are projected for deriving the voltage magnitudes 100

of the input dc voltage sources required for the cir- 101

cuitry. 102

A generalized topology of a cascaded multi-level 103

inverter structure using series connected of sub- 104

multilevel inverters is discussed in [6–9]. A new 105

structure constituting sub-multilevel inverter is thus 106

proposed employing minimal number of switching 107

devices which can be operated equally in modes of 108

symmetric and asymmetric voltage source relation. 109

Obtaining optimal configurations regarding diverse 110

criteria such as the count of switches and dc voltage 111

sources are taken as the key issue. 112

A cascaded half-bridge along with a multileveled 113

dc link utilizing a fixed dc source voltage is connected 114

accordingly to provide outputs of the required voltage 115

levels in [10–12]. The staircase modulation scheme 116

employing fundamental frequency is adopted to sim- 117

ulate the corresponding switching gate signals and 118

extended for n-levels. A novel hybrid cascade-stack 119

(HCS) converter with a reduced switch count has for- 120

mulated in [13]. The basic unit employed essentially 121

comprises of two numbers of dc sources with con- 122

stant magnitude and four main power semiconductor 123

switches which are assisted with an auxiliary unit 124

that employs two IGBTs and a dc voltage source. 125

The circuitry is discussed for both symmetric and 126

asymmetric configurations and the same is verified 127

by simulating the outputs for 11-levels, 23-level sym- 128

metric types and 31-level asymmetric mode. In [14, 129

15], a fuzzy logic controller is more appropriate 130

for lower order harmonics rejection and also to get 131

the expected fundamental output voltage. Various 132

dynamics affect the choice of values for dc voltage 133

sources that are used in MLI. The time varying dc 134

sources as in case of renewable energy sources or bat- 135

tery sources with different charging states are taken 136

as 11- level MLI fed sources whose switching angles 137

has to be modified in tune with the Artificial neu- 138

ral networks (ANN) as explained in [16] which is 139

then applied to generate switching angles analogous 140

to instantaneous values of the varying dc sources. 141

1.1. Problem statement 142

It is simpler to synthesize a high power level and 143

a high level voltage inverter adopting the MLI topol- 144

ogy, where the voltage stress of the semiconductor 145

switches can be efficiently regulated. The voltage 146

level increment in the inverter does not require 147
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upgrading the individual devices to a higher rating of148

the system as mentioned in [17–20]. The exclusive149

structure of multilevel inverter allows the system to150

achieve high voltage levels with very low distortions151

without the use of transformer, by series connection152

of supply DC sources using appropriate switching153

devices. The MLI consumes input current with a154

lower distortion and could be effectively worked in155

the fundamental frequency ranges of switching and156

also can be extended to high switching frequency157

Pulse Width Modulation (PWM) in [21, 22]. Thus,158

MLI has become an effective replacement as a solu-159

tion to be operated with medium and high voltage160

levels with reduced harmonics.161

The power quality of the generated output can be162

substantially improved by increasing the number of163

output voltage levels. When the number of voltage164

levels in the output is raised, it results in the harmonic165

distortion found in the output voltage waveform to166

decrease significantly but it leads to the usage of167

large number of power switches and its gate drivers,168

increasing the complexity, the switching losses thus169

produced by the switches results in reduced efficiency170

and reliability171

1.2. Contribution and problems solution172

The main objective of this work is to reduce173

the complexity involved in the practical realization,174

reducing the number of switches even with higher175

levels, without perturbing the power quality. There-176

fore a novel MLI configuration is investigated to177

generate 27-voltage levels utilizing a three input DC178

sources and thirteen power electronic switches. The179

major contribution is prediction of optimal switching180

angles between different voltage levels to eliminate181

the value of output voltage THD. The fuzzy logic182

controller (FLC)is used to identify the exact posi-183

tions of switching angles to activate the MLI switches184

as mentioned in [23–28]. There are 10 sets of fuzzy185

switching sequences with 9*9 rule base for the pre-186

diction of optimum switching angles are developed187

and presented in this work.188

This overview of the paper is organized as follows.189

The modelling of a novel asymmetric MLI and its190

various switching level are presented in Section 2.191

The optimal selection of switching angles using FLC192

is discussed under Section 3. Results obtained from193

Simulation and hardware prototype are highlighted194

under Section 4. Conclusions about the findings are195

included under Section 5.196

Fig. 1. Proposed 27-level asymmetric MLI topology.

2. Modelling and operation of 27-level 197

asymmetric multi level inverters 198

In multi-level inverter, the output voltage level 199

reduces when DC source voltages of equal magnitude 200

termed as the symmetric configuration. An asym- 201

metric configuration with unequal voltage sources 202

magnitudes are selected to increase the number in 203

the voltage levels in the output. 204

The proposed circuitry is synthesized with three 205

input dc sources Vs1 , Vs2 and Vs3 . The Fig. 1 206

describes the proposed MLI structure which produces 207

a 27-level output to feed the connected resistive load. 208

The necessary dc voltage sources for the proposed
MLI configuration can be given by

Ns = n (1)

where “n” is the total number of dc sources required
by an asymmetrical configured MLI circuit. Simi-
larly, the number of power switches (NSwitch ) and
their drivers (NDriver ) can be determined as

NSwitch = NDriver = 4n + 1 (2)

For an asymmetrical MLI, the magnitude of input
DC voltage has a trinary relationship that is expressed
as

Vsn = 3(i - 1)Vs (3)

Where i = 1, 2, 3 . . . n, and the magnitude of the
dc sources varies by the ratio Vs , 3Vs , 9Vsetc.The
number of levels in the output voltage that can be syn-
thesized out of an asymmetrical binary configuration
is presented as

NStep = 3n (4)

Page 669 of 3066Page 669 of 3066



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

4 L.J. Varghese et al. / Fuzzy based optimal switching angle-PWM controller

The maximum value of the generated output volt-
age is estimated from Equation (5)

Vo(max) =

(
3n - 1

2

)
Vs (5)

In the proposed MLI, three voltage sources has209

been considered, they are Vs1 = 3 V, Vs2 = 9 V and210

Vs3 = 27 V respectively. The total number of power211

electronic switches required is estimated as 13 from212

Equation (2). The switches are connected in series213

with the voltage sources such as S1 , S2 , S3 and S4214

cannot be turned ON directly, the complementary215

switchesS5 , S6 , S7 , S8 and S9 are connected in par-216

allel to the voltage source so as to avert a possible217

short circuit.218

2.1. Switching modes of 27-level MLI219

The switching states of the power switches are220

utilized to synthesize an output Vo . These differ-221

ent switching patterns and all the possible output222

levels of voltage of an asymmetrical configuration223

supplied with three voltage sources are presented in224

Table 1. The switching arrangement are presented for225

the aforesaid multilevel inverter structure, which will226

be able to generate a zero state and 13 positive and227

negative states, producing a 27- level output voltage.228

The operation in detail of the proposed configuration229

is examined for its different switching states and dif-230

ferent states of the output voltage are presented in the231

Fig. 2 and Fig. 4. This details the different switching232

states and their various modes and of operation as233

stated by Table 1.234

In Fig. 2, the twelve switching states of MLI235

for positive voltage magnitudes are presented. The236

switching sequence for 0, + (Vs1 + Vs2 + Vs3 ) are237

presented in Table 1. Similarly, Fig. 6 illustrates238

remaining twelve switching states for negative volt-239

age and -(Vs1 + Vs2 + Vs3 ) is presented in Table 1240

Many researchers have proposed a H-bridge at the241

output to generate positive and negative sides of the242

MLI. In this work, the four switches of traditional243

H-bridge circuit is replaced by three switches namely244

S11 , S12 and S13 .on the basis of these voltage lev-245

els which are identical and appropriate modulation246

control of the switching angles, a voltage output247

waveform similar to a staircase can be generated.248

The switching losses reduction in an MLI has to249

be ensured to realize a more flexible and efficient250

structure and with structures operating upon lower251

switching frequencies, low-order frequency harmon-252

ics could be observed. Many approaches has been253

Fig. 2. Various switching states for positive output voltages(a) Vs3,

(b) Vs2 –Vs3, (c) Vs2, (d) Vs2 +Vs3, (e) Vs1- Vs2 - Vs3, (f) Vs1-
Vs2, (g) Vs1- Vs2+ Vs3, (h) Vs1- Vs3, (i) Vs1, (j) Vs1+ Vs3, (k) Vs1+
Vs2- Vs3, (l) Vs1+ Vs2.

adopted for excluding these low-order frequency har- 254

monics but the most conventional method in widely 255

preferred in MLI for achieving a better THD is the 256

SHEPWM technique which generally adopts solving 257

Page 670 of 3066Page 670 of 3066



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

L.J. Varghese et al. / Fuzzy based optimal switching angle-PWM controller 5

Table 1
Switching states of an asymmetrical trinary configuration

Mode S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 Output Voltage (V0)

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 1 1 1 1 0 0 0 0 0 0 0 + Vs3
3 0 1 0 0 1 0 1 0 1 0 1 0 0 + (Vs2 − Vs3)
4 0 1 0 1 1 0 1 0 0 0 0 0 0 + Vs2
5 0 1 1 1 1 0 0 0 0 0 0 0 0 + (Vs2 + Vs3)
6 1 0 0 0 0 1 1 1 0 1 0 0 0 + (Vs1 − Vs2 − Vs3)
7 1 0 0 0 0 1 0 1 0 1 1 0 0 + (Vs1 − Vs2, )
8 1 0 0 1 0 1 0 1 1 1 0 0 0 + (Vs1 − Vs2 + Vs3)
9 1 0 0 0 0 1 1 0 1 0 1 0 0 + (Vs1 − Vs3)
10 1 1 0 0 0 0 0 1 0 1 1 0 0 + Vs1
11 1 0 1 1 0 1 0 0 0 0 0 0 0 + (Vs1 + Vs3)
12 1 1 0 0 0 0 1 0 1 0 1 0 0 + (Vs1 + Vs2 − Vs3)
13 1 1 0 1 0 0 1 0 0 0 0 0 0 + (Vs1 + Vs2)
14 1 1 1 1 0 0 0 0 0 0 0 0 0 + (Vs1 + Vs2 + Vs3)
15 0 0 0 0 0 0 0 0 1 0 1 1 0 − Vs3
16 0 0 0 1 1 1 0 1 0 1 0 0 0 − (Vs2 − Vs3)
17 0 0 0 0 0 0 1 1 0 1 1 1 0 − Vs2
18 0 0 1 0 0 0 0 1 0 1 1 1 0 − (Vs2 + Vs3)
19 0 0 1 1 1 0 0 1 0 0 0 0 1 − (Vs1 − Vs2 − Vs3)
20 0 0 0 1 1 0 1 1 0 0 0 0 1 − (Vs1 − Vs2, )
21 0 0 1 0 1 0 1 1 1 0 1 0 1 − (Vs1 − Vs2 + Vs3)
22 0 0 0 1 1 0 0 0 1 1 0 0 1 − (Vs1 − Vs3)
23 0 0 0 1 1 0 0 0 0 1 1 0 1 − Vs1
24 1 0 1 0 0 1 0 0 0 1 1 1 0 − (Vs1 + Vs3)
25 0 1 0 1 1 1 0 0 1 1 0 0 1 − (Vs1 + Vs2 − Vs3)
26 0 1 0 0 1 1 0 0 0 1 1 0 1 − (Vs1 + Vs2)
27 0 1 1 0 0 0 0 0 0 1 1 1 1 − (Vs1 + Vs2 + Vs3)

nonlinear transcendental equations which charac-258

terizes its harmonic content for determining the259

switching angles. The circuitry can be simulated for260

asymmetrical configuration and the various switch-261

ing pulses for the circuit from S1 to S13 are generated262

with suitable angles. The switching angles are opti-263

mized using FLC controller. The results obtained264

through simulation are presented in Section 4.265

3. Prediction of Optimal Switching Angles266

using Fuzzy Logic Controllers267

A 27-level inverter structure as proposed in section268

2 is employed for implementation of voltage sources269

as per Table 1 with voltages ranging from 0, Vs , 2Vs ,270

3Vs . . . 13Vs could be employed for different output271

voltage levels. Figure 3 shows the different switch-272

ing angles to be calculated for adopting the switching273

states for quarter cycle of operation or a sinusoid.274

For operation between 90◦, switching angles varying275

from �1 to �13 are to be calculated which are to be276

determined to lower the harmonic content in the volt-277

age output resulting in the reduction of the THD and278

improve the power quality.279

3.1. Reference switching angle generation 280

The fundamental equation for sine waveform is
given in Equation (6). Initial generations of switching
angles are obtained from the reference signal phase
angle θi . The Coordinate Rotation Digital Computer
(CORDIC) approximation method which is other-
wise known as the Volder’s algorithm is used to
generate reference switching angle for fitness value
(fv ) generation and comparison.

y (t) = A ∗ sin(ωt + θi) (6)

The CORDIC approximation method uses Direct
Lookup (DLU) and Linear Interpolation (LI) strate-
gies for computing the results. Compared to the DLU,
the LI methods have the higher accuracy and reduce
the error in the approximation.

f (θi) =
900*N

s*255
(7)

Where, N varies between 0 to 255 and “s” denotes 281

the number of switching angles which is 13. Refer- 282

ence/ targeting switching angles are obtained from 283

the following CORDIC approximation Equation (7). 284

The main objective of switching angle prediction is 285
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Fig. 3. Output voltage waveform at various switching angles.

primarily to eliminate harmonics by reducing the con-286

tent of output voltage THD.287

Compared with the selective harmonics elimina-
tion (SHE) PWM proposed CORDIC approximated
signal with MLT adjusts the switching angle based in
THD level from the following equations

fv (θ1, θ2, θ3 . . . ..θ13) =

√∑
n = 3,5,7 . . . V2

n

V1
*M (8)

Compute fv as per Equation (8), when the THD
content of an MLI output voltage is not more than 5%
and single harmonic content from the fundamental
voltage is not more than 3%. The switching angles are
generated randomly to satisfy the following constrain
as per the Equation (9).

fv (θs) ∼= f (θs) (9)

Where, θs → θ1< θ2< θ3 . . . . < θ13 < 900 and θs288

is the switching angles and M is the modulation index289

that varies from 0 to 1.290

The normalized switching angle of the aforesaid291

MLI is presented in Table 2. The quantity of THD292

content in the output is sensibly reduced by adjusting293

the modulation index (M).294

The fuzzy logic controller is implemented for295

obtaining switching angles for the 27 level MLI, oper-296

ated in the trinary asymmetric mode with 3 voltage297

sources of magnitudes Vs1 = 216 V, Vs2 = 72 V and298

Vs2 = 24 V giving a peak magnitude of 312 V. The299

FLC has two inputs, one is modulation index and300

the other is the error taken between the switching301

angles of a sine wave which is taken as the ref-302

Table 2
Reference switching angle from CORDIAC method

Angle Values in degree

θ1 0
θ2 6.0
θ3 7.5
θ4 9.0
θ5 10.0
θ6 11.2
θ7 12.8
θ8 15.0
θ9 18.0
θ10 22.5
θ11 30.0
θ12 45.0
θ13 90.0

erence wave based on which the switching angles 303

are generated and the current output voltage. There 304

are ten outputs. The FLC employs a triangular 305

membership functions both for input and output 306

membership function. The Membership function 307

plots of the inputs and the outputs as shown in 308

Fig. 5. 309

The inputs fuzzy partition have nine terms varying 310

from NL to PL. (NL, negative large; NB, negative big; 311

NM, negative medium; NS, negative small; ZP, zero 312

point; PS, positive small; PM, positive medium; PB, 313

positive big; PL, positive large); The output has only 314

three membership functions NS, ZP and PS. Based 315

upon the input values the output changes from the 316

three state NS, ZP and PS in the fuzzy partition. When 317

the output is greater than ZP or ≤ PS then the cor- 318

responding switch of the MLI is turned ON or else 319
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Fig. 4. Different possible switching states for negative output volt-
ages (a) -Vs3, (b) -(Vs2 –Vs3), (c) -Vs2, (d) –(Vs2 +Vs3), (e) –(Vs1-
Vs2 - Vs3), (f) –(Vs1- Vs2), (g) –(Vs1- Vs2+ Vs3), (h) –(Vs1- Vs3),
(i) -Vs1, (j) –(Vs1+ Vs3), (k) –(Vs1+ Vs2- Vs3), (l)-(Vs1+ Vs2).

the switch is turned OFF. With the help of the two320

input membership functions ten outputs membership321

functions are taken for controlling 10 switches of the322

MLI.323

(a)

(b)

(c)

Fig. 5. Membership function plot of (a) Input 1 and (b) Input 2
and (c) the Outputs from1 to 10.

Fig. 6. Fuzzy inference system editor.

Fig. 7. Output voltage of FLC with carrier frequency of 500 Hz
and modulation index = 1.
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The Fuzzy Inference System Editor is as shown in324

Fig. 7. which shows the inputs and the outputs of the325

FIS as governed by the rule base.326

The fuzzy rules are formed using Mamdani rules327

set and a Matlab fuzzy logic tool box is used for328

the fuzzy logic control. This tool box aids the input329

and output variables for the formulation of rules for330

the fuzzy controller. Accordingly, a 9*9 rule base is331

derived for the ten output states and is tabulated as a332

lookup table. The modulation index is varied manu-333

ally with the input reference sine wave and the THD334

of the simulated output voltage is observed using the335

MATLAB simulation model. By doing so the switch-336

ing angles of these operating switching states gets337

varied to generate the output with reduced harmon-338

ics by performing the above operation based on the339

lookup table to obtain the desired crisp set of the340

output. The rule base relating the input membership341

functions with the outputs while each output repre-342

sents the state of the 10 corresponding switches can343

be tabulated and can be represented as tables shown344

in Table 3. The switching states cannot be expanded345

beyond these limits. If it is expanded then the MLI has346

severe short circuit between the switches that leads 347

to switch/circuit failure or caused poor output voltage 348

and THD. 349

4. Results and discussion 350

The projected structure can be realized for all 351

these three relationship of symmetrical and both 352

asymmetrical modes pertaining to the dc sources 353

magnitude. It is observed that asymmetric mode 354

of source produces the highest number of voltage 355

levels of the output operating in the trinary relation- 356

ship of dc voltages and the THD obtained is lesser 357

compared to the other symmetric and asymmetric 358

modes. It can also be noted that, as the number of 359

dc sources increases, adding a few power switches 360

can produce outputs of larger levels. Increasing the 361

number of output levels for increased dc voltage 362

sources requires a complex control but the result- 363

ing power quality of the output can be sufficiently 364

enhanced. 365

Table 3
Fuzzy rule base for an asymmetrical trinary configuration

(Continued)
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Table 3
(Continued)

Fig. 8. FFT spectrum of FLC output with carrier frequency of
500 Hz and modulation index = 1 for the overall 20 cycles.

4.1. Simulation results366

The proposed structure of circuitry is synthesized367

with simulation tools of MATLAB/ Simulink with its368

timing sequences.369

Fig. 9. Output voltage of FLC with carrier frequency of 1000 Hz
and modulation index = 1.

The modulation index is varied manually with 370

the input reference sine wave and the THD of the 371
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Fig. 10. FFT spectrum of FLC output with carrier frequency of
500 Hz and modulation index = 1 for the overall 20 cycles.

Fig. 11. Experimental setup of proposed 27-level MLI.

simulated voltage output is obtained from the MAT-372

LAB simulation model. By doing so the switching373

angles of these operating switching states gets var-374

ied to generate the output with reduced harmonics375

by performing the above operation on the basis of376

the lookup table to obtain the desired crisp set of the377

output.378

The FFT spectrum of the output voltage with379

carrier frequency of 1000 Hz and 500 Hz are ana-380

lyzed with modulation index 1. Overall 20 cycles are381

observed for THD and corresponding voltage mag-382

nitudes and THD spectrum are presented in Fig. 7383

to Fig. 10. It is found that the THD obtained for the384

synthesized output voltage waveform is 5.93% for the385

first 10 cycles, 5.89% for the next 10 cycles and 5.89%386

for the overall 20 cycles. The results are taken for this387

carrier frequency for various modulation indices like388

0.7, 0.75, 0.8, 0.85 and 0.9.389

4.2. Hardware results390

To validate the correctness and to verify the pro-391

jected topology, a hardware prototype for 27 output392

level multilevel inverter is developed. The hardware393

setup of the proposed MLI structure that constitutes394

of 10 power IGBT (GN2470) switches which has a395

voltage and current rating of 40 V and 3.5A respec-396

tively is shown under Fig. 11. The proposed hardware 397

structure utilizes an asymmetrical mode of voltage 398

sources with a trinary relationship having three dc 399

voltage sources. 400

In the hardware prototype employing a trinary 401

asymmetrical mode of voltage source relation, three 402

voltage sources with magnitudes of 3 V, 9 V and 27 V 403

are taken as voltage inputs. The dsPIC30F4011 con- 404

troller is used for gate switching pulses generation. 405

The pulses for the various switches ranging from 406

S1 to S13 are shown in figures from Fig. 12(a) to 407

Fig. 12(f) for synthesizing a 27 level output voltage 408

waveform. 409

The output voltage waveform obtained after the 410

implementation of the gate pulses shown in Fig. 13. 411

This is obtained when an asymmetrical trinary input 412

dc voltage relationship is employed with three dc 413

sourced used yields a 27 level voltage output. 414

It can be found from Fig. 14 and Fig. 15, the 415

comparison of the THD obtained for different mod- 416

ulation indices, at 500 Hz and 1000 Hz respectively 417

by the FLC and FLC controller. FLC controller has 418

obtained better power quality confirming that it has 419

yielded optimized switching angles that has resulted 420

in bringing down the harmonic content in the output 421

voltage. 422

5. Conclusions 423

The proposed multilevel inverter structure can be 424

extended to any output level of voltages with positive 425

and negative levels at the output terminal. In the pro- 426

posed work, a new 27-Level MLI without H-bridge is 427

introduced and it uses 13 switches to generate positive 428

and negative cycles of output voltage. The projected 429

converter is analysed by MATLAB Simulink and val- 430

idated using hardware prototype. The ten switching 431

states developed in FLC for switching angles predic- 432

tion of the converter reduced the THD content with 433

in 5%. The hardware setup is developed for 40 V, 3.5 434

A output using dsPIC30F4011 controller. The sim- 435

ulation results along with the experimental results 436

are clearly presented. In future work, the number of 437

switches used in the proposed MLI topology can be 438

less than 13. This may provide a chance for increasing 439

more switching states in FLC which results in higher 440

voltage levels in the output. The improved MLI can 441

be used for the shunt active filtering application to 442

maintain the power quality of single-phase distribu- 443

tion line. It can also be used as a dynamic voltage 444

restorer or variable AC voltage regulator for single 445
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(a) (b)

(c) (d)

(e) (f)

Fig. 12. PWM pulses of a 27-Level MLI switches(a) S9 (b) S1 , S5 (c) S8 , S11 , (d) S2 , S6 , S12 (e) S4 , S10 , (f) S3 , S7 , S13 .
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Fig. 13. Output voltage and current of 27-Level MLI.

Fig. 14. Modulation index (M) vs FLC and FLC at 500 Hz.

Fig. 15. Modulation index (M) vs FLC and FLC at 1000 Hz.

phase induction motor drive application. Based on446

the results, it is observed that the proposed structure447

of MLI will provide a better performance for getting448

higher voltages with less number of power switches449

in the circuitry.450
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Abstract—The electricity demand is increasing day by day. On
the other side, fossil fuels are depleting at a higher rate. The
abundantly available renewable energy sources like solar, wind,
and fuel cells are becoming popular sources of energy. But due to
the intermittent availability of these renewable energy sources, two
or more energy sources are integrated together. Power electronic
converters are used for integrating different energy sources.
Various power electronic converter (PEC) topologies have been
proposed and analyzed in detail to control maximum power point,
voltage, frequency, and harmonic distortions. Each of these
configurations will differ in its topology and operating principle.
The objective of this paper is to present a comprehensive review
of various aspects of PEC configurations available for integration
of renewable energy sources by systematization into three groups
(AC shunt coupled, DC shunt coupled, and hybrid coupled
systems). Emphasis is also given to coordination power control,
maximum power point, and grid integration challenges related to
the hybrid energy system. Furthermore, a general, system
modeling of solar, wind, and grid integration is presented here to
give an overall picture of a hybrid renewable energy system.

1. INTRODUCTION

Our civilization depends much on electricity and the util-
ization of electricity will increase the standard of living of
human beings. In order to meet the load demand, fossil
fuels are the major sources used for power generation in
the world today [1]. But present exploited fossil fuels leads
to serious environmental pollution and utilization of it also
crossed its limits to meet load demand. They may get

Keywords: AC coupled system, biomass, DC coupled system, geothermal
energy, grid integration, hybrid energy system, solar energy, tidal energy,
wave energy, wind energy, power conversion stages, power
electronics converter
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exhausted gradually in the next few years since they are
non-renewable. Renewable energy sources are considered
as the alternative energy sources as they are environmen-
tally friendly and enormously available in nature [2, 3].

The drawback of renewable energy sources is that, it is
difficult to generate required quantity of electric power
within a short duration of time to meet the load demand.
Understanding the problem of renewable energy sources
has random behavior during the day. Therefore, the con-
tinuous and reliable power generation is not possible using
renewable energy sources. It can be achieved by integrating
two or more uncontrolled sources and storage system to
form a hybrid energy system [4].

In hybrid power generation system, different types of
power electronic converters (PEC) are used for integration
of diverse energy sources. The possible configurations of
hybrid systems are mainly AC shunt coupled [5–20], DC
shunt coupled [21–54], and hybrid coupled systems
[55–74]. The basic rectifier, inverter, and DC–DC (buck,
boost, and buck-boost) are most commonly used in AC-
and DC-coupled systems. For hybrid-coupled system,
multi-input DC–DC converters have been used for integra-
tion of energy sources. Based on applications, these multi-
input converters (MIC) are further classified into three
types, namely non-isolated, isolated, and semi-isolated
multi-input PEC.

From the literature solar and the wind energy sources
are the most promising renewable energy sources and its
grid-tied cumulative installed capacity in India has reached
71,187.12MW, in which photovoltaic (PV) contribution is
23,022.83MW, which is 33% and wind contribution is
34,293.48MW which is 48% along with hydro power and
biomass as of 30th June 2018. Figure 1 shows the graph-
ical development of cumulatively installed grid-tied renew-
able energy capacity in India for last four years [75].

Having understood the necessity of hybridization of
wind and PV system and the capacity of renewable energy
sources available in India, in this study, we have surveyed
the literature extensively to find the integration method that
would bring energy efficiency. The review attempts to
understand the existing available methods, the deficiency in
the methods and improvement required for these to make it
energy efficient.

This paper is organized as follows. In Section 2, modeling
of the PV system is discussed. In Section 3, modeling of
wind energy system is discussed. In Section 4, various PEC
configurations for hybrid energy system from the literature
survey are reviewed. In Section 5, various grid integration
challenges are reviewed for the hybrid energy system.

2. MODELING OF PV SYSTEM

Solar energy (heat) is produced in the core of the sun
through the nuclear fusion reaction, due to this enormous
heat the hydrogen atoms will break apart and fuse together
to form helium atoms. During this process, a very small
amount of pile is emitted into the space as solar radiation
energy. In that solar radiation, less than one percentage of
radiation reaches the earth. It is sufficient to meet all the
earth’s energy needs.

Solar energy becomes most attractive among all renew-
able energy sources, as it is noiseless, contamination free,
flexible, and less maintenance. The amount of energy pro-
duction will depend on solar irradiation level, ambient hot-
ness, and variable shadows [76].

Governments, industry, and researchers exhibit lot of
interest in this solar energy, due to its free availability in
nature and its zero discharge of greenhouse gas. The
amount of solar radiation energy conversion into electrical
energy depends upon the efficiency of PV cell and PV
module. PV cell is an electrical device which converts
solar energy directly into the electrical energy. It contains
p-n junction formed by the semiconductor materials. When
solar light falls on the p-n junction PV cell, it produces
current by the photovoltaic effect. The numbers of solar
cells are connected in series and parallel to form a PV
module to generate the required amount of current and
voltage [14].

The equivalent circuit and symbol of the PV cell is
shown in Figure 2 [39, 77]. The model consists of a cur-
rent source (IL), a diode, a series, and shunt resistance.

The modeling of the PV cell is defined by the
voltage–current relationship of the PV system and cur-
rent of a PV panel is a function of the sun rays and heat
and it is determined [39] using Eq. (1)

IPV ¼ IL � IP e
q VPVþiPVRSð Þ�

˛KT

h i
� VPV þ iPVRS

RSh
(1)

FIGURE 1. Cumulative installed grid-tied renewable
energy capacity.
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where IPV is the current at the output terminals of the PV
cells (A), VPV is the voltage at the output terminals of the PV
cells (V), Ip is the output current of series resister (A), K is
the Boltzmann constant (1.38� 10�23 J/K), T is the ambient
temperature (K), Rs and Rsh are the series and shunt resistance
(X), q is the electron charge (1.60217� 10�19 C), and ˛ is
the n-p junction quality factor.

The following equations are best approximations for
measuring the maximum power point conditions.

For a PV module the short-circuit current (Isc) [14] is
given in Eq. (2)

ISC ¼ IscO
G

GO

� �a

(2)

The open-circuit voltage at any given conditions can be
expressed [14] by Eq. (3)

Voc ¼ VocO

1þ bLn GO
G

� � : TO
T

� �Ɣ

(3)

Maximum output power of a PV module, Pmax [14], is
given in Eq. (4)

Pmax ¼
Voc
nKTq

�Ln Voc
nKTq

þ 0:72
� �

1þ Voc
˛KTq

: 1� Rs
Voc=Isc

 !

:
VocO

1þ bLn Go
G

� �0
@

1
A:

To
T

� �Ɣ

:IscO
G

GO

� �a
(4)

where G0 and G are the solar irradiance under standard
and normal conditions (W/m2), Isc0 and Isc are the short-
circuit current of PV module under G0 and G (A), Voc0 and
Voc are the open-circuit voltage of PV module under G0

and G (V), a, b, and Ɣ are the PV module specifications-
related dimensionless coefficient, n is the ideality factor
(1˂ n ˂2).

Every PV cell will have a life expectancy. After some
period of usage we have to check the fill factor is given in
Eq. (5), which gives the quality of PV cell. The ratio of
peak power to input solar power gives the PV cell
Efficiency is given in Eq. (6) [78].

Fill Factor ¼ Vmp � Imp

Voc � Isc (5)

PV cell efficiency, g ¼ Vmp � Imp

ISR KW
m2

� � � Areaðm2Þ (6)

where Vmp, Imp are the maximum power point voltage and
current, Voc, Isc are the open-circuit voltage and short-cir-
cuit current, ISR is the incident solar radiation.

Usually the PV cell manufacturer supplies their products
with a data sheet that contains the values, voltage, and cur-
rent for three different conditions namely, short circuit,
open circuit, and maximum power for a given set of refer-
ence conditions as listed in Table 1. The reference solar
irradiation is 1000W/m2 and temperature is 25 �C at stand-
ard test conditions [79, 80].

The variation in P-V and I-V characteristics of PV cell at a
constant temperature of 25 �C and different irradiation condi-
tions from 500 to 1000W/m2 is shown in Figure 3 [81]. In
contrast, the variation in P-V and I-V characteristics of PV cell
at a constant irradiation level of 1000W/m2 and different tem-
perature conditions from 30 �C to 80 �C is shown in Figure 4.

The generated PV cell DC power is transferred to the
grid/stand-alone system by using PECs (DC–DC converters
and inverter) to meet the load requirement. The DC–DC
converter consists of an electronic switch, an inductor to

FIGURE 2. PV cell: (a) equivalent circuit and (b) symbol.

Specification Rating

Nominal power, P (W) 240
Short-circuit current ISC (A) 8.45
Open-circuit voltage VOC (V) 37.20
Current at maximum power point Imp (A) 7.96
Voltage at maximum power point Vmp (V) 30.20
Current-temperature coefficient Z (A/�C) 0.0034
Voltage-temperature coefficient W(V/�C) �0.11
Current-temperature coefficient z (1/�C) 4� 10�4

Voltage-temperature coefficient w (1/�C) �0.0030
Series connected PV cells 60

TABLE 1. Specifications of the PV module.

Krishnamurthy et al.: Power Electronic Converter Configurations Integration 3
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store energy and a freewheeling diode for providing a current
path when the switch is in off position. It will operate in three
different modes, such as a buck, boost, and buck–boost
modes for controlling the charge current in such a way
that the battery voltage maintained at a specified range.
The battery voltage is further converted into AC by
applying sinusoidal pulse width modulation switching
scheme to inverter.

3. MODELING OF WIND SYSTEM

Wind energy is formed due to the uneven heating of
earth’s outer surface by the sun [79]. The available wind’s
kinetic energy is converted into mechanical and then to
electrical energy through an electromechanical energy con-
version by using wind turbines and electrical generators.
According to Betz criteria, the maximum theoretical effi-
ciency is 59.2% [39].

The total power developed by the wind turbine is
strongly related to wind speed. The quadratic model [14,
31, 32, 82] to calculate energy produce as given in Eq. (7),

PW Vvð Þ ¼
Pn:

V2
v�V 2

d

V 2
n � V 2

d
; Vd<Vv<Vn

Pn; Vn � Vv<Vc

0; Vv � Vd and Vv � Vc

8>>><
>>>:

(7)

where PW is the power produced by wind turbine (kW), Pn

is the nominal power (kW), Vd is the cut-in wind speed
(m/s), Vn is the rated wind speed (m/s), Vc : is the cutoff
wind speed (m/s), Vv is the wind speed (m/s).

In wind turbine, if the wind speed exceeds the cut-in
speed, it starts generating power and if reaches rated speed
of wind turbine, it generates stable output power, and if
exceeded the cutout speeds, then it will stop the generating
power and penetrate into protecting mode.

A wind turbine has been modeled by an aerodynamic
input torque, which drives a wind generator. The mechan-
ical power Pmð Þ captured by the blades of a wind turbine
is given as Eq. (8) [67, 83]

Pm ¼ 1
2
Cp b, kð ÞqpR2V3

v (8)

FIGURE 3. PV characteristics at different irradiation con-
ditions: (a) P-V characteristic and (b) I-V characteristics. FIGURE 4. PV characteristics at different temperature condi-

tions: (a) P-V characteristics and (b) I-V characteristics.
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where Cp is the rotor power coefficient, b is the blade pitch
angle (degree), k is the tip speed ratio, q is the air density
(kg/m3), R is the radius of wind turbine blade (m).

The rotor power coefficient (Cp) is defined by the frac-
tion of available wind power that can be transformed to the
mechanical power rotor. It depends on the blade aero-
dynamics, which is the function of b and k: The type of a
wind turbine rotor may also be another factor affecting the
Cp as given in Eq. (9). [67]

Cp ¼ 0:44�0:0167bð Þsin p k�2ð Þ
13� 0:3b

� 0:00184 k�2ð Þb (9)

The tip speed ratio, k [67] for a wind turbine is the ratio
of tip speed of the blade to the actual wind speed as given
in Eq. (10) [11, 21, 64]

k ¼ xmR

Vv
(10)

where xm is the rotor speed of a wind turbine (rad/s).
The aerodynamic input torque Tm [67] for gearless wind

energy system is given in Eq. (11)

Tm ¼ Pm
�
xm

(11)

The wind turbine power characteristics shown in Figure
5 describes the amount of power produced by the turbine
as function of various wind speed from 4 to 12m/s,
respectively. When the wind speed changes, the generator
rotor speed should track these changes in speed in order to
extract maximum power from the wind.

The wind energy system generates variable voltage and
variable frequency power, which is not suitable for grid
integration. This generated power is transferred to the grid/
standalone system by placing bidirectional back–back
power converters between the wind generation system and
grid/standalone system. With this first converter, act as a
rectifier for obtaining the regulated DC output power and

then converted into AC by operating the second converter
as inverter to meet the specifications of the grid/stand-
alone system.

From Sections 2 and 3, a detailed study on PV system
and wind system modeling is presented along with the P-V
and I-V characteristics of PV system at different values of
solar irradiation and temperatures. Similarly wind turbine
characteristics are presented for different wind speeds.
From literature, solar and wind energy sources are alterna-
tive to each other due to its existence in nature. The inte-
gration of both the alternative nature energy sources
together by using PECs, then it is quite possible to meet
the load demand without depending much on the conven-
tional energy sources.

4. POWER CONVERTER CONFIGURATIONS FOR
HYBRID ENERGY SYSTEM

Renewable energy sources are having discontinuous nature,
outage, and more fluctuations in the generated power, so
different renewable energy sources and storage devices
should be integrated together to eliminate the above prob-
lems, and to deliver more reliable, stable power to the grid
or load [84]. The PECs are mainly used for integration of
different energy sources. The main purpose of PEC in
hybrid power system is to integrate different energy sources
by converting into required form of integration and extracting
maximum power from the source and maintain power quality
at load side [85,86]. For wind generation system, back-to-
back AC/DC/AC converter is used for grid integration and
for PV system DC/DC boost along with DC–AC inverter is
utilized for grid integration. If both wind and PV sources are
integrated together, then it reduces the independent power
converters by integrating some parts of converters to save
25% of power semiconductor switches [56].

Generally, two separated inverters are used for the grid
integration of hybrid energy sources by the common AC

FIGURE 5. Wind turbine power characteristics.

FIGURE 6. AC shunt-coupled hybrid power system.
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shunted method as explained in Section 4.1, this can be
modified by single common inverter by integrating hybrid
energy sources by the common DC shunted method as
explained in Section 4.2 and this can be further modified
by introducing MIC for integration of hybrid energy sour-
ces and an inverter for grid integration as explained in
Section 4.3 [60].

4.1. AC Shunt-Coupled Hybrid Energy System

The AC shunted coupled grid-connected hybrid power sys-
tem as shown in Figure 6. In this, available PV and wind
power is converted into AC by using PEC. It includes DC/
DC converter for PV systems and AC/DC converter for a
wind system. This converted DC is further converted into
AC by using individual DC/AC inverters and integrated
together at AC bus and fed to the utility grid or individ-
ual load.

Bayrak and Cebeci [5] designed a basic module of grid-
connected hybrid power system which comprises PV and
solid oxide fuel cell (SOFC). A 160 Wp PV panel was
developed by considering the real data sheet of DPS-160
PV module parameters, as shown in Table 2. By using
these panels 800 Wp, PV generator is connected to the
grid. To support the DC bus in hybrid system, a 5KW
SOFC was designed. The entire hybrid system has been
designed and analyzed using Matlab/Simulink software.

A capacity optimization of renewable energy sources
(RES) in hybrid system is proposed in [6], for selection of
RES rating in hybrid system and an optimization problem
is formulated by considering the objective functions as
minimization of cost, improvement of reliability, and emis-
sion of greenhouse gases. For effective computational time
and less complexity, a piecewise fashion is involved in the
optimization problem.

An intelligent controller has been implemented in [7] to
achieve fast and stable response of real power in hybrid
power system. It consists of a static VAR compensator for
supplying reactive power and general regression neural net-
work (GRNN) with an improved particle swarm optimiza-
tion (PSO) algorithm for PV systems and on-line tracing
radial basis function network sliding mode (RBFNSM)

algorithm for extract maximum power from wind. The
result shows the efficient power sharing and it had great
efficiency and better transient response under different load
conditions to disturbances. A similar type of work is car-
ried out in [8] to test the performance of hybrid system
under different load conditions and disturbances. In this,
Wilcoxon radial basis function network (RBFN) control algo-
rithm is used to extract maximum power from a PV system
and improved Elman Neural Network (ENN) controller is
used for extracting maximum power from wind. The results
show that the developed controller is more efficient and stable
under different load conditions and disturbances.

In [9], advanced power controller has been developed to
control the active, reactive, and dump power in a stand-
alone hybrid system. The developed controller will monitor
the power status of individual sources through communica-
tion line and send ON/OFF operation commands to indi-
vidual power sources. After receiving the ON command
individual sources will operate with their dedicated inverter
to supply the load.

Ye et al. [10] proposed a dynamic modeling of hybrid
system, which includes PV, Wind, and hydro turbine. The
proposed model is simulated in the electromagnetic transient
program (EMTP)/alternative transient program (ATP) soft-
ware package. A droop control has been developed to reduce
the effect on grid and control strategies for power control of
inverter has been studied under different conditions.

A neural network-based standalone hybrid system has
been developed in [11]. An intelligent controller consists
of a RBFN has been developed to achieve fast and stable
response for the real power control and to extract max-
imum power from the PV system. To obtain maximum
power from wind system, an improved ENN has been
developed. ENN controls the pitch angle of wind turbine to
achieve the maximum power point.

In [12], a stochastic coordinated control scheme has
been implemented for the hybrid system. It has a two layer
arrangement in which the upper layer coordinates the oper-
ation of wind and battery systems based on non-Gaussian
distributional wind power forecasting. The computed power
reference is passed to the lower layer wind and battery sys-
tem for execution to achieve desired dispatch level.

Pmax Vmpp Impp Voc Isc Nsc Npc A b

160 W 35.2 V 4.44 A 43.3 V 4.98 A 12 5 0.038 �0.35

TABLE 2. DPS-160 PV module parameters – mono crystalline silicon.
Note: Pmax: PV maximum power (W), Vmpp: Maximum power point voltage (V), Impp: Maximum power point current (A), Isc: short-circuit current of PV

module, Voc: The open-circuit voltage of PV module, Nsc: No. of series connections, Npc: No. of parallel connections, a and b: The PV module
specifications-related dimensionless coefficient.
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Dufo-L�opez et al. [13] propose a control optimum strat-
egy to maximize the net present value (NPV) of the hybrid
system. In this, electrolyzer is used to generate hydrogen
from the surplus power generated from the hybrid. The
generated hydrogen is used for commercial purpose or to
generate power by means of a fuel cell.

A genetic algorithm-based supervisory control has been
developed in [14], to manage the energy between gener-
ation and consumption in hybrid system consisting of a
wind turbine (195KW), PV array (85KW), micro turbine
(230KW), and lead acid battery (2.14KAh). The maximum
power from the wind is extracted based on indirect space

Ref./year
Energy

sources/capacity
PE

converters

Power
conversion
stages

Modulation
techniques and
controllers

Software/
validation tool Highlights/features

[5]/2014 PV ¼ 800 Wp,
SOFC ¼ 5KW

DC–DC
converter/
inverter

3 … . MATLAB/
Simulink

Modeled a micro grid
consists of SOFC and
PV system; SOFC is
used to support the DC
bus in hybrid system.

[7]/2014 PV/wind/FC Rectifier/
Inverter/
DC–DC
Converter

5 GRNN,
RBFNSM

MATLAB/
Simulink

Quick and accurate
extraction of maximum
power from hybrid
system;
Greater efficiency; Better
transient response; More
stability; Efficiency:84%

[8]/2013 PV ¼ 3.2KW,
Wind ¼ 2KW,
Diesel
engine ¼ 12KW

Rectifier/
inverter/
DC–DC
converter

4 RBFN,
improved ENN

MATLAB/
Simulink

Quick and accurate
tracking of maximum
power point in hybrid
system; Efficient power
sharing; Better transient
response; More stability.

[12]/2015 Wind (doubly-fed
induction generator
[DFIG]) ¼ 660KW

Rectifier/
inverter

3 Coordinative
predictive
controller

MATLAB/
Simulink

A stochastic coordinated
control scheme has been
developed for hybrid
wind and
battery system.

[13]/2009 PV ¼ 10MW,
Wind ¼ 2500KW,
Electrolyzer
¼ 100MW,
FC ¼ 250KW

Rectifier/
inverter

3 Optimization-
based control
strategy for
different
scenarios

GRHYSO (Grid-
connected
Renewable
Hybrid
systems
optimization)

Economical analysis of
hybrid PV-wind energy
system; To maximize
the NPV of the hybrid
system; Electrolyzer is
used to generate
hydrogen from the
surplus power generated
from the hybrid.

[19]/2013 PV ¼ 1.26MW,
Wind ¼ 3MW,
Battery
¼ 100KWh

… . … . State of charge
(SOC)-based
smoothing
control
strategy

MATLAB/
Simulink

Optimal capacity selection
of BESS;
Battery SOC control

[20]/2013 PV ¼ 24MW,
Wind
¼ 27MW(each)

Rectifier/
inverter/
DC–DC
converter

6 P&O, sinusoidal
pulse width
modulation
(SPWM)

PSCAD/EMTDC The DG system with
SMES has been
developed for the hybrid
system to protect the
system and critical loads
under abnormal
circumstances.

TABLE 3. Types of PEC configurations implemented in AC shunt coupled grid-connected hybrid energy system – a critical review.
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Ref./year Energy sources/capacity
PE

converters

Power
conversion
stages

Modulation
techniques and
controllers

Software/
validation tool Highlights/features

[9]/2012 PV ¼ 3.1KW,
Wind ¼ 3.5KW,
Diesel engine
¼ 10KVA,
Battery
capacity ¼ 24Ah

Rectifier/
inverters

4 Power phased
lockedloop
(PPL),
dumped
power control

Laboratory
prototype

Control of active, reactive,
and dump power in
standalone system;
Regulation of output is
done without battery
overcharging; Effective
use of surplus power;
Low-cost system;
Flexible
system expansion

[10]/2012 PV ¼ 10KW,
Wind ¼ 15KW,
Hydro turbine
¼ 15KW

Inverter/
AC–AC
converter

4 PI, Droop
control

EMTP/ATP Dynamic behavior of micro
source in steady and
faulty states.

[11]/2011 PV ¼ 3.2KW,
Wind ¼ 2KW,
Diesel engine
¼ 12KW

Rectifier/
inverter/
DC–DC
converter

4 RBFN, ENN MATLAB/
Simulink

A Neural network-based
standalone hybrid system
has been developed for
real power control and to
extract maximum power
point tracking (MPPT);
Efficiency:85%

[14]/2010 Wind ¼ 195KW;
PV ¼ 85KW;
Micro Turbine
¼ 230KW and
lead acid battery
¼ 2.14 kAh

Rectifier/
DC–DC
converters/
inverter

5 SPWM,
GA-based
supervisory
control

MATLAB/
Simulink

Optimal sizing; Economical
analysis;
A genetic algorithm-
based supervisory
controller has been
designed for the
management of energy
between generation and
consumption.

[15]/2014 Wind ¼ 4KW,
PV ¼ 2.4KW,
FC ¼ 1.9KW,
Electrolyzer
¼ 2.8KW,
Load ¼ 1-2KW

… . … . Decentralized
adaptive
MPC,
Supervisory
control

MATLAB/
Simulink

The power management
control strategy has been
implemented for
optimization of hybrid
energy sources.

[16]/2015 Wind/PV/battery Inverter/
AC–AC
converter

3 SSDC Real-time
HiL
simulation

Coordinate operation of AC
micro grid;
Energy management

[17]/2011 PV ¼ 2.85KW,
Diesel
engine ¼ 9.2KW

Inverter 1 … . Experimental
prototype

PV, Diesel hybrid system
without battery;
Reliability of hybrid
system;
Efficiency:70–80%

[18]/2013 PV ¼ 2.85KW,
Diesel
engine ¼ 9.2KW

Inverter 1 … . Experimental
prototype

Dynamic behavior of hybrid
system without battery
energy storage; Issues
related to voltage
regulation, current supply
and harmonic distortion
in hybrid system;
Efficiency:70–90%

TABLE 4. Types of PEC configurations implemented in AC shunt coupled standalone hybrid energy system – a critical review.
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vector control and the controlling of load voltage and frequency
is done by using voltage source inverter (VSI). A comparative
study has been done in the developed controller with fuzzy
logic and proportional integral derivative (PID) controller.

Trifkovic et al. [15] proposed a power management con-
trol strategy for hybrid system which consists of PV, wind,
electrolyzer, fuel cell, and hydrogen storage tank. It utilizes
decentralized adaptive model predictive control (MPC) of
the local control level and decision-based control at the
supervisory level for power balance between the gener-
ation, hydrogen storage, and dynamically changing
load demand.

A coordinated smooth switching drop control (SSDC)
has been derived in [16], for flexible power control of
energy storage system and decentralized power manage-
ment is achieved by executing frequency bus-signaling.

An experimental study has been done in [17] for hybrid
system consisting of PV (2.85KWp) coupled with diesel
generator (9.2KW) system without any battery energy stor-
age. The experimental result shows that the involvement of
PV for a given load affects the performance of diesel gen-
erator. For small loads, fuel consumption ranging from
0.35 to 0.51 l/kWh is obtained from diesel system and in
case of higher load fuel consumption ranging from 0.33 to
0.36 l/kWh is obtained. From the above results, hybrid sys-
tem operates optimally in higher loads. So in order to
increase the system efficiency dummy loads are used to
observe the excessive power.

An experimental study has been done in [18] for hybrid
system, including PV and diesel generator without battery
energy storage and observed that PV generation leads to
increase in current and voltage harmonic. This can be sup-
pressed by using high-quality sine wave inverter.

In reference [19], a battery energy storage system
(BESS)-based adaptive smoothing control algorithm has
been implemented for hybrid PV and wind system to elim-
inate the renewable source power generation fluctuations.
The developed control strategy effectively regulates the
power level and state of charge.

The distributed generation system with superconducting
magnetic energy storage (SMES) has been developed for
the hybrid system [20]. When the grid operates under the
surge or outage conditions, it may affect the entire system
and hence distributed generation system is connected for a
certain period of time to protect the system and critical
loads under abnormal circumstances. The dynamic per-
formance of SMES has been analyzed by PSCAD/EMTDC
software packages.

Table 3 provides an extensive summary of AC shunt
coupled grid-connected hybrid system whereas the stand-
alone AC shunt coupled hybrid system is compiled in
Table 4. An extensive review has been done in AC shunt
coupled hybrid system mainly focusing on the design on
power converters, storage battery, control of active and
reactive power, maintaining power quality, control strat-
egies are developed for power management, extracting
maximum power and optimal utilization of energy sources,
and protection of hybrid system.

4.2. DC Shunt Coupled Hybrid Energy System

Generally, two separated inverters for the PV array and the
wind turbine are used for the grid integration of hybrid
PV/wind power system as explained in Section 4.1. This
can be replaced by single common inverter by integrating
hybrid PV and wind energy sources by the common DC
shunt coupled method.

The schematic diagram of DC shunt coupled grid-con-
nected hybrid power system as shown in Figure 7. In this
system, power from PV and wind is converted into DC by
using PECs and the converted DC is integrated with a
common DC link capacitor. By using a single common DC
to AC inverter, available AC power is integrated into the

FIGURE 7. DC shunt-coupled hybrid power system.

FIGURE 8. Modular boost-multilevel buck converter.
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Ref./year
Energy sources
and capacity PE converters

Power
conversion
stages

Modulation
techniques and
controllers

Software/
validation tool Highlights/features

[27]/2008 PV/fuel cell DC–DC
converter/
inverter

2 Hysteresis
control, SPWM

Experimental
prototype

Reduced number of
devices, components
and sensors; Low-cost;
Compact structure; High
reliability;
Efficiency: 85–90%

[28]/2015 Battery1¼ 12V,
10Ah,
Battery2¼ 24V,
60Ah,
Battery3¼ 7.2V,
6.5Ah,
Battery4¼ 24V,
16Ah

Modular boost
multilevel
buck
converter/
inverter

5 Pulse width
modulation
(PWM), Duty
Ratio Control,
Module-based
Distributed
control
architecture

Experimental
prototype

Second-life hybrid BESS
control; Power sharing
strategy for different
battery modules;
Efficiency: 96%

[30]/2015 PV ¼ 380KW/
Wind-DFIG
¼ 1MW

VSC1/VSC2 2 SPWM, PI Experimental
prototype

Cost effective solution for
integration; Optimal
utilization of power
converters; Reduction of
circulating power flow.

[37]/2015 DC Source
¼ 2KW

High step-up
DC–DC
converter

1 Duty ratio control Experimental
prototype

High step-up conversion
with high efficiency;
Recycling of leakage
energy; Low-voltage
stress on semiconductor
components;
Efficiency: 92.6%

[39]/2013 PV ¼ 170KW,
Wind-permanent
magnet synchronous
generator (PMSG)
¼ 2KW

Buck
converter/
rectifier/
inverter

4 SPWM, PI, P&O
for MPPT

MATLAB/
Simulink

In this each separate
energy conversion
(Buck Converter) is
controlled by extending
PI controllers with an
auxiliary controller
containing the P&O
algorithm to extract
MPPT; The efficient
energy conversion with
THD of voltage
at 0.69%.

[41]/2011 PV ¼ 3KW First stage
power
conversion/
VSI

2 Integral controller MATLAB/
Simulink

Systematic treatment of
the problem; Global
linear loop control;
Systematic design
procedure; Robustness
against grid
uncertainties.

[48]/2008 Wind ¼ 20KW,
PV ¼ 9.5KW,
Battery ¼ 200 Ah

Rectifier/
DC–DC
converter/
inverter

4 Wind-variable
speed control,
PV-MPPT,
Battery-modified
hysteresis
control

PSCAD/
EMTDC

Power control strategy;
Versatile power transfer;
Smoothing power
fluctuations; Mitigation
of current and voltage
harmonics at power
control center (PCC).

(Continued)
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AC grid. In this DC to AC inverter will acts as an interface
between source and grid.

In reference [21], a standalone hybrid system consisting
of doubly excited permanent magnet brushless machine in
wind system and PV system has been developed for
inaccessible and remote area applications. The on-line flux
control method is used to extract maximum power from
the wind system and a SEPIC converter is used to harness

the maximum power from solar by on-line tuning the duty
cycle of SEPIC converter.

Shanthi et al. [22] provide an effective power transfer
scheme with minimum number of PECs for grid integration
of renewable energy sources. In this scheme, wind energy
conversion system (WECS) is connected to the grid through
source side converter and grid side converter with the DC
link capacitor. PV source is directly connected to the DC
link. The performance analysis is carried out by considering
the linear and non-linear loads in different conditions.

Wang et al. [23], a stability improvement of a large-
scale hybrid renewable energy system has been done by
considering the super capacitor (SC). PID supplementary
damping controller is designed for the bidirectional
DC–DC converter of SC to enhance the damping character-
istics of low-frequency oscillations and a root loci analysis
is performed for wide ranges of PV irradiations and wind
speed under different disturbance conditions.

In [24], a DC shunt coupled hybrid system has been pro-
posed and analyzed experimentally with laboratory scalable
prototype model. An efficient energy management and control
algorithm has been developed to provide power compatibility

TABLE 5. (Continued).

Ref./year
Energy sources
and capacity PE converters

Power
conversion
stages

Modulation
techniques and
controllers

Software/
validation tool Highlights/features

[49]/2006 PV ¼ 9.53KW,
Wind ¼ 20KW

Rectifier/
DC–DC
converter/
inverter

3 SPWM, PI PSCAD/
EMTDC

Power control in hybrid
system; Dynamic
performance.

[50]/2010 PV/FC DC–DC
converter/
inverter

3 PWM MATLAB/
Simulink

Simplified and flexible
operating method of
hybrid sources; Unit-
power control mode;
Feeder-flow
control mode.

[53]/2014 PV/wind Rectifier/
inverter

3 SPWM, third
harmonic
injected pulse
width
modulation
(THPWM),
speed discrete
pulse width
modulation
(SDPWM),
trapezoidal pulse
width
modulation
(TRPWM)

Experimental
prototype

Direct grid integration;
High-frequency link
multilevel cascaded
medium-voltage
converter.
Efficiency: 95%

TABLE 5. Types of PEC configurations implemented in DC shunt-coupled grid-connected hybrid energy system – a critical review.

FIGURE 9. Dual switch DC–DC converter.
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Ref./Year
Energy

sources/capacity PE converters

Power
conversion
stages

Modulation
techniques and
controllers

Software/
validation tool Highlights/features

[21]/2013 PV/Wind Rectifier/
inverter/
DC–DC
converter/
SEPIC
converter/H-
bridge for
field
excitation

4 SPWM, The
on-line flux
control
method

Experimental
prototype

Remote and isolated area
applications;
MPPT of wind
system is achieved by
the on-line flux control
method; MPPT of PV
system is achieved by
on-line tuning of duty
cycle of the SEPIC
converter;
Efficiency: 70%

[31]/2014 PV ¼ 120 W,
Wind ¼ 1KW,
FC ¼ 3KW,
Battery
¼ 1.35KWh

Rectifier/
DC–DC
converter/
inverter

4 PSO, tabu
search,
simulated
annealing,
and
harmony
search

MATLAB/
Simulink

Performance comparison
of different heuristic
optimization
techniques; Hybrid
system with PV/wind/
FC and PV/wind/
battery combinations;
Hybrid system with
battery is economical
compared to the other
combinations; PSO
yields more
promising results.

[34]/2011 PV/wind/battery Rectifier/
inverter/
DC–DC
converter

4 MPC MATLAB/
Simulink

Optimal operation and
management of hybrid
system; Minimization
of cost function.

[35]/2007 PV ¼ 125 W,
Wind ¼ 600 W,
Battery ¼ 253 Ah

Rectifier/
DC–DC
converter/
inverter

3 Developed
algorithm for
optimization

MATLAB/
Simulink

Optimal sizing of
standalone hybrid
system; LPSP; LCE

[36]/2016 DC Source ¼ 500 W DC–DC
converters

1 Duty ratio
control

Experimental
prototype

High step-up voltage
gain;
High-voltage
conversion ratio with a
high efficiency;
Reduced stress on the
switches;
Efficiency: 95%

[38]/2014 PV ¼ 15KW,
Wind-PMSG
¼ 6.81KW,
Fuel Cell
¼ 10KW,
Electrolyzer
¼ 17.73KW,
Battery ¼ 88.88 Ah

Rectifier/
DC–DC
converter/
inverter

5 SPWM, PI RTDS Intelligent coordinate
control among all
energy sources;
Regulation of voltage
at load bus;
Maintain constant and
balanced three phase
supply at load bus.

[39]/2013 PV ¼ 200 W Three-port
DC–DC
converter

3 Duty ratio
control

Experimental
prototype

Simple control strategy;
High boosting level;
Reduced number of
switches;
Efficiency: 90.1%

(Continued)
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and energy management system (EMS) between the different
energy sources in a developed hybrid system.

Ma et al. [25] propose an optimal configuration for integra-
tion of different energy sources to make a hybrid renewable
energy system. A multi objective particle swarm optimization
algorithm is used to select the optimal configuration by con-
sidering the random variations in load conditions, fluctuations
in renewable energy sources and components required for bet-
ter system performance compared to the conventional hybrid
RES integration methods and the developed hybrid method is
more economical and effective.

An autonomous hybrid PV and DFIG fed wind energy
system is designed and analyzed experimentally in [26], this
system is able to deliver rated voltage with the rated fre-
quency in all operating scenarios and the total harmonic dis-
tortion (THD) of load voltage is within the IEEE standards
519 for all types of loads in different operating scenarios.

In [27], topology for integration of renewable sources
has been proposed for providing uninterrupted power to the
utility grid. PV sources were used as a primary source for
providing power to the grid and fuel cell was used as a
current source for feeding scarcity power to the grid.

A prototype of a hybrid battery system has been devel-
oped in [28], the detailed architecture of the proposed

model presented in Figure 8, for full utilization of second
hand batteries optimally. In order to integrate different bat-
teries a modular boost-multilevel buck converter is
designed and for optimal utilization control architecture is
introduced with weighting functions.

The configuration of hybrid energy system (HES) pro-
posed in [30] is shown in Table 5. The authors proposed a
cost effective solution for integration of the hybrid system to
the grid. Instead of designing individual dedicated converters
for both PV and wind system, both the sources connect to
the grid by using common VSC2. It will eliminate the circu-
lating currents during sub synchronous operating conditions.

Xu et al. [32] proposed an improved optimal sizing
method for hybrid system by considering a standalone and
grid-connected modes of operation. The proposed method
works based on the principle of high-power supply reliabil-
ity, full utilization of complementary nature of solar and
wind, small fluctuations of injected power into the grid,
optimization of charging and discharging state of the bat-
tery and minimization of total cost of the system.

In [33], a control strategy has been proposed for integra-
tion of PV and BESS and it enables the utmost utilization
of renewable energy sources during different operat-
ing conditions.

TABLE 6. (Continued).

Ref./Year
Energy

sources/capacity PE converters

Power
conversion
stages

Modulation
techniques and
controllers

Software/
validation tool Highlights/features

[42]/2015 PV ¼ 2KW,
Battery
¼ 260 Ah,
Diesel ¼ 3KW

DC–DC
converter/
inverter

4 Amplitude
modulation

MATLAB/
Simulink

A demand side
management control;
Minimize the LPSP;
Extended life span of
battery; Reduced CO2

emission and fuel
consumption.

[43]/2015 PV ¼ 800 W,
FC ¼ 1200 W,
Battery ¼ 11.6 Ah

DC–DC
converter

3 PI Experimental
prototype

To maintain DC bus
voltage stability.

[45]/2014 PV/wind/fuel cell/
electrolyzer/diesel
generator/battery

Rectifier/
inverter/
DC–DC
converter

5 Voltage and
current
sensors

LabVIEW Reduced number of
components; Accurate
due to its exact
electronic circuit.

[51]/2008 PV ¼ 1KW,
Wind ¼ 1KW,
FC ¼ 1.25KW

Rectifier/
DC–DC
converter

3 Duty
ratio control

PSIM Power flow control
management;
Reliability.

[52]/2015 Multi turbine
Wind ¼ 400W
(8� 50W),
PV ¼ 280W

Rectifier/
DC–DC
converter/
inverter

… . Digital
controller

TRNSYS A new type of multi
turbine wind-PV
hybrid system.

TABLE 6. Types of PEC configurations implemented in DC shunt coupled standalone hybrid energy system –A critical review.
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In [34], a supervisory predictive control has been imple-
mented for the optimal operation and management of
hybrid system. The proposed controller computes reference
power for each source at each sampling time while mini-
mizing the cost function.

In [35], the optimal sizing method has been presented
for autonomous hybrid system. Loss of power supply prob-
ability (LPSP) and the Levelized Cost of Energy (LCE) are
considered for obtaining power supply reliability
configuration.

Authors/Year
Energy sources/

capacity
PE

converters
Conversion

stages

Modulation
techniques and
controllers

Software/
validation tool Highlights/features

[29]/2012 PV, Battery
¼ 300V, 10Ah

DC–DC
converter

3 Modified DC
bus Signaling

MATLAB/
Simulink

Control strategy for
integration of PV and
BESS; Constant DC
link voltage;
Maximum utilization
of PV source.

[32]/2013 Wind ¼ 35KW,
PV ¼ 200 W,
Battery ¼ 600 Ah

Rectifier/
DC–DC
converter/
inverter

4 Proposed flow
chart for
optimization

MATLAB/
Simulink

High power supply
reliability; Utilization
of complementary
characteristics of
sources; Small
fluctuations of power
injected into the grid;
Optimization of the
battery charge and
discharge states.

[33]/2012 PV ¼ 1MW,
Wind ¼ 1.6MW,
Battery ¼ 1.2KV

Rectifier/
DC–DC
converter/
inverter

3 PWM, Duty ratio
control, Pitch
angle control

PSCAD/
EMTDC

Reduced number of
PECs for hybrid
system; Rapid control
on wind and PV
output powers; Safe
transitions from grid-
connected mode to the
off-grid mode; Low-
cost and high-
efficiency; Standalone
and grid-connected
applications.

[44]/2014 PV ¼ 1300 W,
FC ¼ 1300 W,
Battery ¼ 180 Ah

DC–DC
converter/
inverter

5 Digital signal
processor

Experimental
prototype

Simple controller design;
By using few sensors
and small
microcontrollers, the
system is able to
deliver consistent
power to the load.

[46]/2014 PV ¼ 110 W DC–DC
converter/
inverter

3 Direct torque
control

MATLAB/
Simulink

Power management;
Cheaper and less
polluting
electric vehicle.

[47]/2010 PV ¼ 400 W,
Wind ¼ 600 W

Rectifier/
DC–DC
converter/
inverter

4 PI, Supervisor
control

Experimental
prototype

Control and management
of the
generated power.

TABLE 7. Types of PEC configurations implemented in DC-shunt coupled grid/standalone/special application hybrid energy system – a
critical review.
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In [36], dual switch DC–DC converter with three-wind-
ing-coupled inductor and charge pump has been developed
as shown in Figure 9, for obtaining relatively high-voltage
conversion ratio. A high step-up interleaved DC–DC con-
verter has been designed in [37], for high-power and high-
voltage applications. By using three-winding-coupled
inductors, a high step-up DC–DC conversion is achieved.
The proposed converter reduces the current stress, input
current ripples and conduction losses. Due to the lossless
passive clamp performance, leakage energy is recycled to
the output terminal. A large voltage spikes across the main
switches are alleviated and the efficiency is improved.

Reference [38] presents a control algorithm for voltage
control of standalone hybrid solar and wind system, a
DC–DC converter has been proposed for maintaining the
DC link voltage at its reference value irrespective of the
variations in wind velocity, solar irradiations and load.
Along with regulation of DC link voltage constant,
DC–DC converter will act as maximum power point
tracker for a PV system. In [39], the authors designed and
analyzed a grid-connected hybrid Wind and PV system.
Each energy conversion (Buck Converter) system is con-
trolled by extending PI controllers separately along with an
auxiliary controller containing the P&O algorithm to
extract MPPT. The obtained THD of the hybrid system has
been compared with the international standard values such
as IEC61000 and IEEE 519-1992.

In [40], a three-port DC–DC converter has been imple-
mented for high step-up applications. It consists of only
five power switches and for achieving high step-up voltage
gain two coupled inductors are used and for recycling the
stored energy in leakage inductor, two sets of active clamp
circuits are used.

In [45], the mathematical model for different renewable
energy sources solar, wind, fuel sources, and battery sys-
tem has been developed and simulated in Matlab/Simulink
environment and an experimental setup has been devel-
oped. The practical results are compared with the analyzed
results in LabVIEW software.

In [46], management of power and control of hybrid
system has been implemented in electric vehicle

application. The direct torque control method is used for
control of induction machine in hybrid electrical system.
The proposed system is simulated and analyzed the per-
formance using Matlab/Simulink software.

Supervisory control for versatile power transfer of a
grid-connected hybrid system has been developed in [48].
This versatile power transfer model operates in different
modes of operation, including normal operation mode with-
out battery, power dispatching mode, and power averaging
mode. A low-pass filter was used for power averaging and
modified hysteresis control is used for battery control.

In [49], a power control strategy has been proposed to
extract maximum power from the varying conditions of
solar irradiance and wind speed and maintained power
quality by keeping the DC link voltage constant.

Tables 5 and 6 provide a comprehensive review on
Hybrid DC shunt coupled system connected with grid and
standalone, respectively. Table 7 gives a summary on the
special applications of DC shunt coupled hybrid system
which is discussed in literature. An extensive research has
been done in DC shunt coupled system mainly focused on
the design of PEC with less number of switches. Many
researchers are focused on the development of control
strategies for maintaining DC link voltage constant, power
management, and optimum utilization of energy sources
and to extract maximum energy power.

4.3. Multi-Input-Coupled Hybrid Energy System

The hybrid energy systems explained in Sections 4.1 and
4.2 are inherently complex and require numerous convert-
ers and communication strategies between individual con-
verters. It will in turn increase the cost of the entire hybrid
power system. Hence there is a need of integrating power
converters to form a MIC that are capable of interfacing
more number of renewable energy sources with a reduced
number of semiconductor devices [77].

FIGURE 10. N-MIC coupled hybrid power system.

FIGURE 11. N-MIC for electric vehicle application.
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The MIC’s are used to integrate different renewable
energy sources and battery to achieve individual and simul-
taneous power transfer to the load or grid. It has several
advantages such as simple circuit topology with less num-
ber of semiconductor switches, centralized control, and
low-manufacturing cost and size [78].

The MIC can be further classified into three categories:
i. Non-isolated MIC (N-MIC)
ii. Isolated MIC (I-MIC) and
iii. Semi-isolated MIC (S-MIC).

4.3.1. Non-isolated MIC (N-MIC). The schematic diagram
of N-MIC is shown in Figure 10, which consists of a buck
and buck-boost fused multi-input DC–DC converter and an
inverter. The DC power obtained from the PV array and
the rectified wind turbine output is fed as inputs to the
MIC. By applying PWM switching scheme with a suitable
MPPT algorithm to the power switches S1 and S2, we can
extract maximum power from the PV array and wind tur-
bine individually and simultaneously. The regulated DC
power is converted into AC by providing sinusoidal pulse
width modulation switching scheme to the inverter to meet
the specifications of the grid.

Deihimi et al. [54] proposed a new extendable multi-
input DC–DC converter for integration of different energy
sources to make a hybrid energy system. It provides the
higher voltage transfer gain to meet the load demand from
the low and different output characteristics renewable
energy sources. The developed hybrid system has been
analyzed by considering the different criteria’s and the sys-
tem is able to achieve the low-voltage ripple.

Daming and Tseng [55] designed a universal DC–DC
boost converter for grid integration of PV panel-based solar
energy system and PMSG-based wind energy system. The
proposed converter can be used for both PV and wind
energy systems to harness the power. It will fulfill the grid

synchronization, starting of the system, set the target point
and to track maximum power, when the input parameter
changes like solar irradiations to PV system and wind speed
to the wind energy system. Inductor capacitor inductor
(LCL) filter is used to reduce the current THD in the grid by
zero-poles cancelation and differential evolution methods.

Grid-tied VSI with LCL filter has been modeled based
on the transfer function approach, the open loop (Gol) and
closed loop (Gcl) transfer function for grid-tied inverter are
given by Eqs. (12) and (13).

GolðSÞ

¼ GcðSÞ:K
ðL1S þ R1Þ:ðL2S þ R2Þ:C1S þ K:C1S:ðL2S þ R2Þ þ ðL1S þ R1ÞðL2S þ R2Þ

(12)

GclðSÞ ¼ GolðSÞ
1þ GolðSÞ (13)

where Gc(S) is the adaptive proportional resonant control-
ler, L1, L2, and C1 are the LCL filter parameters.

A multi-input versatile matrix converter (VMC) has
been designed in [56], for grid integration of hybrid AC/
DC energy sources. The proposed VMC uses an alternative
nine switch matrix converter, rather than the traditional six
switch voltage source converter. It provides six input termi-
nals for connecting different renewable energy sources, one
three phase AC source and three different DC sources.
Power flows from these sources to VMC and to the current
source inverter (CSI). VMC will act as three phase rectifier
for three phase AC source and it will act as a DC–DC con-
verter for three different DC sources and it is modulated
by using Ex-OR gate logic and CSI by space vec-
tor modulation.

A different multi-input rectifier arrangement has been
implemented in [57] for integration of hybrid PV and wind
energy system by the synthesis of Cuk and SEPIC convert-
ers. It eliminates the requirement of input filters for power
factor correction and sustains step-up/down operation for

FIGURE 12. Non-isolated three-port converter. FIGURE 13. Three-input DC–DC converter.
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each source. An adaptive algorithm has been used for
extracting maximum power from wind and P&O method
for a PV system.

In [58], a mathematical model for a new reliable hybrid
DG system with only boost converter followed by an
inverter has been designed. A digital MPPT controller and
hysteresis current controller are specifically to extract max-
imum powers from both the sources. The experimental
results closely match the simulation results and the gener-
ated power injected into the grid with unity power factor
and voltage THD and current THD of the generator are in
the IEEE standards.

Kumaravel and Ashok [59] have designed and analyzed a
multi-input power conditioner for hybrid renewable energy
sources. The developed control structure integrates intermit-
tent nature of solar and wind energy systems to obtain well-
regulated output voltage and achieve maximum power for
PV and wind energy sources. The regulated output voltage
can be transferred into the load through a PWM inverter.

In [60], a multi-input inverter has been implemented for
grid integration of hybrid PV/wind energy sources. It con-
sists of a buck and buck-boost fused multi-input DC–DC
converter and a full bridge inverter. It is capable of deliver-
ing power to the grid individually or simultaneously. The
developed inverter will extract maximum power from both
the sources and accept a large amount of input variance
from the renewable energy sources.

An N-MIC has been developed for hybrid fuel cell,
ultra-capacitor, and battery-based electric vehicle applica-
tion [61]. The developed converter shown in Figure 11 is
feasible to interface more than two DC sources at different
voltage levels and it can be extended to any number of
sources by inserting switching leg and an inductor for each
source. It has the ability to transfer power in both direc-
tions and it is a simple to design, execute, and manage.
The converter can be used to operate in both the buck and
boost modes and it can autonomously control power flow
between any two DC sources.

In [62], an innovative bidirectional conversion device
has been designed for integration of low-voltage PV and
lithium-ion (LiFePO4) batteries operated either in stand-
alone or grid-connected modes. The developed converter
has been tested under the CEI 0-21 standards conditions
and concluded that it is capable to limit the DC injected
voltage on the grid, regulate and limit the active power
generation and at the instant of voltage and frequency devi-
ations it disconnects the source from the sensitive loads.

Chien et al. [63] developed anon isolated three-port con-
verter (TPC) with high-voltage gain is shown in Figure 12,
for integration of renewable energy sources. High-conver-
sion ratio is able to be achieved by adjusting the turn ratio
of the coupled inductor for both low-input voltage ports
under a rational duty ratio. A prototype is developed with
the ratings of input PV (24V), battery (48V), and an out-
put voltage of 400V and a comparison is made between
the theoretical and practical values with overall efficiency
of 94%.

A new three-input DC–DC converter has been designed
in [64], the developed converter consists of two unidirec-
tional input ports for connecting PV and fuel cell sources
and a single bidirectional port for a storage element battery
as shown in Figure 13. It consists of four power switches
that are controlled with four different duty ratios to extract
maximum power from PV, setting of fuel cell source,
charging and discharging of battery power and regulating
the output voltage.

Jiang and Fahimi [65] developed a five-port power elec-
tronic interface for renewable energy sources and storages.
It interfaces Fuel Cell, Wind turbine, Solar panel, Battery,
and utility grid. The developed converter design adopts
six-legged topology with common ground, which forms
three unidirectional Boost converters, one Buck-Boost
bidirectional converter and one bidirectional Inverter/
Rectifier. It is integrated with digital control system with a
PWM technique to mitigate ripple power injected in the
presence of an inverter load and achieves controlled quasi-

FIGURE 14. Multi-input DC–DC converter.

FIGURE 15. ZVS multi-input converter.
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current sources for each input port. The developed con-
verter can share steady-state and transient power among
different sources and energy sources.

Jiang and Fahimi [66] implemented a five-port multi-
input DC–DC converter for incorporation of renewable
energy sources like PV, wind, fuel cell, and battery. It con-
sists of three-input ports, one bidirectional battery port and
one isolated output port. Integrated digital control coordin-
ation has been developed to attain finest controlled DC
power flow, renewable energy source habituation, and
adequate system response.

An operating strategy for hybrid solar/wind energy sys-
tems has been developed in [67], with multi-input DC–DC
converter as presented in Figure 14. In which wind speed
and solar irradiations changes, wind power generator, power
variations in the local AC load, and dispatch power to the
distribution grid are considered. The developed system not
only produced power from the energy sources, but may also
inject excess power to the grid in normal operation.

A new converter was designed in [68], with a zero volt-
age switching (ZVS) MIC for boosting the different vol-
tages of low-power sources to stable output voltage as
shown in Figure 15. An auxiliary circuit with small
inductor is employed for turn-on ZVS of all switches to
operate in two states, including a single power supply and
a dual power supply states. In the dual power supply state,
the input circuit linked in a series collectively with the pre-
meditated pulse width modulation to reduce the switching
conduction losses.

Table 8 gives the most recent summary of PEC configur-
ation implemented in multi-input non-isolated hybrid systems.

4.3.2. Isolated MIC (I-MIC). The schematic diagram of I-
MIC as shown in Figure 16. It consists of multi-input iso-
lated DC–DC converter and an inverter. In some electrical
applications, an electrical isolation is required for the load.
So, in order to provide the electrical isolation between the
source and load a high-frequency transformer is used in I-
MIC. It regulates the low-level DC voltage and also
extracts the maximum power from the both the sources
individually and simultaneously. By providing the SPWM
switching scheme to the inverter, required sinusoidal AC
power is obtained and fed to the grid.

Zeng et al. [69] developed an isolated multi-input
DC–DC converter as laid out in Figure 17, for simultan-
eous power management between different voltage level
renewable energy sources and extraction of maximum
power is done by using the perturbation and observation
(P&O) method. The proposed converter uses one individual
control switch for connecting each source and the advan-
tages are simple topology and less number of semicon-
ductor switches was used. I-MIC consists of an inverter,
high-frequency transformer and full bridge diode rectifier
and a low-frequency LC filter.

A full bridge three-port converter (FB-TPC) has been
implemented in [70], for single stage renewable energy
sources conversion. In out of these three ports, two bidirec-
tional input ports are used for connecting different renew-
able energy sources and other one isolated port as an
output port. The energy stored in the leakage inductor in

FIGURE 16. I-MIC coupled hybrid energy system.

FIGURE 17. Isolated multi-input DC–DC converter.

FIGURE 18. Four-port DC–DC converter.

FIGURE 19. Four-port buck/boost converter.
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the transformer achieved ZVS in the converter. The devel-
oped converter has the advantages of simple converter top-
ology and control, less number of power semiconductor
switches and single stage power transfer between any two
ports and other port is used for the system balancing. The
experimental setup is carried out to analyze the perform-
ance system.

Qian et al. [71] designed a four-port DC–DC converter
for renewable energy applications and it consists of two
input ports, one bidirectional storage port and one isolated
output port as presented in Figure 18. The four-port con-
verter (FPC) is a reconfiguration of traditional half bridge
converter topology by adding two main switches and two
diodes. Three ports are tightly regulated and fourth port is
for power balancing for the system. The experimental

result shows that the developed converter achieves tight
self-governing control over the power processing and con-
siderably reduces the power switches and losses in the con-
version system.

Wu et al. [72] developed a buck/boost four-port con-
verter (BB-FPC) for integration of renewable energy

Ref./year
Energy sources
and capacity

PE
converters

Power
conversion
stages

Modulation
techniques and
controllers

Connection/
application

Software/
validation tool Highlights/features

[69]/2014 Wind ¼ 160 W,
PV1¼ 175 W,
PV2¼ 110 W

Rectifier/
multi-input
DC–DC
converter/
inverter

2 Duty ratio
controller

Grid Experimental
prototype

Simple topology;
Power
management;
Minimum number
of power switches;
Efficiency: 91.7%

[70]/2012 PV ¼ 300 W,
Battery ¼ 38 V

FB-TPC 2 PWM Standalone Experimental
prototype

Single stage power
conversion; High
conversion
efficiency;
Simple topology;
Reduced switches.

[71]/2010 PV ¼ 30–40 V,
Wind
¼ 20–30 V,
Battery
¼ 12–18 V

Four-port
DC–DC
converter

2 PWM, Digital
control
system

Standalone Experimental
prototype

Low-converter
component count;
A decoupling
method;
Dynamic modeling;
Efficiency: 93.9%

[72]/2014 PV1¼ 500 W,
PV2¼ 500 W,
Battery
¼ 72 V

BB-FPC 2 PWM, Phase
angle shift
control
scheme

Standalone Experimental
prototype

Single stage power
conversion; Simple
topology; Reduced
switches;
Efficiency: 92.3%

TABLE 9. Types of PEC configurations implemented in multi-input isolated hybrid energy system –a critical review.

FIGURE 20. S-MIC coupled hybrid power system.

FIGURE 21. Semi-isolated multi-input bidirectional
DC–DC converter.
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applications. It is developed from the traditional full bridge
and bidirectional DC–DC converter by sharing the switch-
ing legs as presented in Figure 19. By employing PWM
and phase angle shift control schemes voltage regulation
between any two ports can be achieved. Experimental setup
has been carried out for 500W prototype models to ana-
lyze the performance of the developed model.

Table 9 discusses about the PEC configuration which
was implemented literature which encompasses multi-input
isolated hybrid systems.

4.3.3. Semi-isolated MIC (S-MIC). The schematic diagram
of S-MIC is shown in Figure 20, it consists of both iso-
lated converters for electrical isolated and non-isolated con-
verters for obtaining maximum power point.

A semi-isolated multi-input bidirectional DC–DC con-
verter has been developed in [73] for connecting different
types of distributed generators in input side and it is laid

out in Figure 21. The boost converter is used for increasing
the DC voltage at the input level. It will in turn decrease
the turn’s ratio of high-frequency isolating link transformer
and the inductor present in the boost converter will reduce
the input ripple currents. The main advantage of the semi-
isolated converter is that the usage of semiconductor
switches are less, hence it reduces the cost, size, and vol-
ume of the converter and for integrating renewable energy
sources less number of conversion steps are taking place
compared to the other integration technique, hence it
increases the converter efficiency. The developed converter
has been tested for supervision of power flow under differ-
ent operation situations.

Chen et al. [74] proposed a semi-isolated multi-input
DC–DC converter for battery charging applications. The
developed semi-isolated multi-input converter (S-MIC) for
hybrid PV/wind power charger system which can simplify
the power system, reduce the cost, deliver continuous
power, and overcome high-voltage-transfer-ratio problems.
The multi-input semi-isolated-based PEC configuration for
hybrid system which is implemented in past literature is
summarized in Table 10.

An extensive research has been done in multi-input
coupled hybrid system mainly focused on simplification of
PEC configuration with less number of switches, develop-
ment of multi-input power converters and different control
strategies has been developed for obtaining a high-voltage
transformation ratio, power management and to extract
maximum power from the source individually and
simultaneously.

Ref./year
Energy sources
and capacity

PE
converters

Power
conversion
stages

Modulation
techniques and
controllers

Connection/
application

Software/
validation

tool Highlights/features

[73]/2011 FC ¼ 42 V,
Battery
¼ 30 V

Boost
converter/
isolation
transformer/
cyclo
converter

2 Duty ratio
controller,
Phase shift
control scheme

Standalone Experimental
prototype

Provides electrical
isolation between
input and output
ports; Step-up the
voltage; Reduced
cost, size, and
volume of
the converter.

[74]/2015 PV/wind Rectifier/multi-
input
DC–DC
converter

1 Masons
gain formula

Battery
charging

Experimental
prototype

Simplified power
system; Reduce
the cost; deliver
continuous power;
Overcome high-
voltage-transfer-
ratio problems.

TABLE 10. Types of PEC configurations implemented in multi-input semi-isolated hybrid energy system – a critical review.

FIGURE 22. Bidirectional isolated DC–DC converter.
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5. GRID INTEGRATION CHALLENGES IN
HYBRID ENERGY SYSTEM

Integration of renewable energy sources to grid becomes chal-
lenging task, due to the intermittent nature of energy sources.
Grid integration challenging issues are related to power qual-
ity problems like voltage fluctuations, frequency fluctuations
and harmonics, protection of the grid, optimal placement of
energy sources and islanding of the system under abnormal
condition. The renewable energy sources must be controlled
by using PECs to meet the requirement of load in standalone
system application and to meet the specifications of grid in
case of grid-connected mode of operation. The power quality
and system stability can be achieved by an appropriate control
technique embedded into the power converter control circuit.

Ray et al. [87] considered a wavelet transform and S-trans-
form for detecting the islanding and power quality disturbances
in hybrid system. The system can be protected by extracting the
statistical standard deviation and appropriate threshold values.
Thus, by comparing the values of standard deviation and thresh-
old values power quality (PQ) disturbances are detected. A
prototype model experiment has been done for three phase fault
condition to check the performance of the developed model.

Zhang et al. [88] presented an experimental investigated
on bidirectional isolated DC–DC converter with current fed

and voltage fed input ports is laid out in Figure 22. The quasi
optimal control has been implemented for obtaining duty
cycle control, the results proved that it can efficiently eradi-
cate the reactive power necessity and increases the efficiency
when the input voltage is various in a large range.

Garcia et al. [89] have developed an energy manage-
ment system using adaptive Neuro fuzzy interfacing system
(ANFIS). A supervisory control has been developed to
determine the total generated power in the hybrid system
and the battery state of charge. ANFIS-based control
scheme for three phase inverter has been developed to
deliver the active and reactive powers to the grid.

The coordination control algorithms have been developed
in [90], for smooth power transfer between AC and DC
micro grids. The two micro grids are integrated together by
using bidirectional AC/DC Converters and smooth power
transfer between two micro grids are achieved.

As per the solar PV and wind sources considered in
renewable energy sources, several challenges are to
be considered for the design of hybrid renewable
energy system.

� Due to wind speed variations and irregular solar irradi-
ation data, there will be voltage fluctuations in the system.

� For sudden changes in the load active power demand,
it causes the fluctuations in the frequency.

S.No Type of connection Merits Demerits

1 AC shunt coupled � A traditional method;
� For rural and urban

applications;
� If one converter fails,

other source will
provide the power.

� It requires
synchronization of
energy sources;

� Individual converters
are required for each
energy sources.

2 DC shunt coupled � Simple configuration;
� No

synchronization
requires.

� Common inverter fails,
and then whole system
is not able to supply
power to the load.

3 Multi-input coupled � High-system efficiency;
� Low-cost.

� Complex system control
and
energy management.

3.1 Non-isolated � Simple in configuration;
� No need of transformer

� Electrical isolation is
not possible between
source and load.

3.2 Isolated � Electrical isolation
is possible.

� It requires high-
frequency transformer.

3.3 Semi-isolated � It combines the features
of both isolated and
non-isolated converters.

� It provides one port for
isolation mode of
operation and other for
non-isolated mode
of operation.

TABLE 11. Summary of the PEC configurations.
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� As we are using different power converters for integra-
tion of renewable energy sources, it creates harmonics
in the hybrid system.

� In case of grid integrated hybrid system, a special care
should be taken for synchronization of different renew-
able energy sources.

� A special forecasting technique should be arranged for
identifying the input weather conditions and corre-
sponding power generation for load scheduling and to
meet the load demand.

� In case of standalone system, it requires a high-storage
capacity battery, which in turn increases the system
size and cost of hybrid system.

� In standalone system, due to its intermittent availability
in nature, a regular power generation unit (fuel cell, die-
sel, etc.,) should be incorporate in the hybrid system.

6. DISCUSSION

Wind and solar are the most promising alternative energy
sources. They are alternative to each other to overcome the
energy load demand and contribute to the ecofriendly sys-
tem. However, a suitable PEC is required to integrate dif-
ferent renewable energy sources with an energy storage
system and a controller for the maximum power extraction
and power management.

It is quite difficult to conclude a particular converter
configuration is the better one. The selection of converter
configuration can be made based on circuit complexity,
application, and hardware availability and control techni-
ques as described in Tables 3–10.

From the detailed discussion made in PEC configuration
in previous sections, MIC’s are most commonly used for
the integration of different level renewable energy sources
with less number of power semiconductor switches and
control techniques, due to its high-conversion efficiency
and low-cost.

Among the MIC’s, we have non-isolated, isolated, and
semi-isolated converter configuration, each configuration has
its own advantages and disadvantages as described in Table
11. The future research on hybrid system is mainly on MIC’s
aiming to increase the voltage gain, conversion efficiency,
reduce the cost, switch count, conversion stages, novel top-
ology, and to develop a single controller for obtaining max-
imum power from the different renewable energy sources.

7. CONCLUSION

The concept of hybridization of different renewable energy
sources is popular in the recent years to overcome the

intermittent nature of the renewable sources. However, for
full utilization of renewable sources and integration, power
converter configurations and control techniques play a vital
role. In this paper, a comprehensive review is presented on
different PEC configurations and control techniques for
integration of hybrid energy sources. The basic mathemat-
ical modeling of PV cell and wind turbine is reported.
Adding to it, integration of hybrid energy sources is cate-
gorized as follows (i) AC shunt coupled, (ii) DC shunt
coupled, and (iii) multi-input coupled hybrid systems. In
each category, the various PEC configurations proposed are
analyzed and presented as a detailed review. The review
suggested that the research on MIC’s gained an increasing
attention for hybridization due to its aiming to increase the
voltage gain, conversion efficiency, reduce the cost, and
switch count, conversion stages, and novel topology and to
develop a single controller for obtaining maximum power
from the different renewable energy sources. In the end,
discussion, advantages, and disadvantages of different
energy source integration methods are listed and future
research work on hybridization of energy sources
are presented.
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Abstract

Reversible logic is emerging as a hot research topic, where there is a unique
mapping between the input and the output vectors, finding its applications in
various fields, such as low-power design, optical information processing, and
quantum computation. Research is gaining importance towards optical imple-
mentation of reversible logic gates using Mach–Zehnder Interferometer (MZI)
for its fast switching capability, low power, high degree of parallelism, etc. In
this paper, we have proposed and evaluated the performance of an all opti-
cal design of reversible Thapliyal Srinivasan Gate (TSG) and Haghparast Navi
Gate (HNG) gates using MZI which shows better performance in terms of Opti-
cal cost and delay than the existing counterpart. To the best of our knowledge
MZI based optical design is not available for TSG and HNG gates.

Key words: Very Large Scale Integration (VLSI), reversible circuits,
quantum computing, Mach–Zehnder Interferometer (MZI)

Introduction. Moore’s law cannot hold good after some years as the chip
size reaches sub nanometer range. This paves the path to ‘Reversible logic’ and
‘Quantum dot Cellular Automata’ (QCA). Landauer [1] stated that during logi-
cal calculation one bit of information is lost which will be dissipated as 2 ln(kT ) of
energy, where k is the Boltzmann constant and T is the temperature. In present
day scenario, computers are made of irreversible digital logic circuits, where large
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amount of information is lost during computation. To solve the problem, Ben-
nett [2] set equal number of inputs and outputs (known as reversible logic), which
will dissipate less power as bits are conserved. The quantum computer works on
the principle of superposition and entanglement. Reversible logic plays a key role
in converting classical computation to quantum computation. The basic proper-
ties of Reversible logic are discussed in [3]. The basic benchmark parameters for
reversible logic are quantum cost, number of gates, number of garbage output,
number of constant input lines and total logical calculations [4,5].

Reversible logic is gaining research momentum today. Some of the authors
focused on developing synthesis tool [6]. TSG gate was proposed by Thapliyal
and Srinivas [7] who discussed reversible arithmetic architectures. The paper
discusses various other possible applications using TSG gate. Haghparast et
al. [8] presented reversible multiplier designs using HNG gates. Research is mov-
ing in a direction to derive new applications from reversible gates for its low power
operation. Since optical signal offers high bandwidth, these signals are used for
data processing. In a hybrid system optical and electronic components are used,
where optoelectronic conversion happens. There will be some power loss. To min-
imize the power loss the entire system can be made optical using MZI. Kotiyal
et al. [9] proposed all optical implementation of an n bit reversible ripple carry
adder using ORG I and ORG II gates which shows better performance in terms of
optical cost. Renjan and Gokul [10] designed all optical Toffoli gate and Peres
gate using MZI. Singh and Dhawan [11] proposed an all optical Mach–Zehnder
Interferometer based reversible multiplexer which showed improved efficiency in
terms of optical cost and delay. Kumar et al. [12] proposed reversible Carry Look
Ahead logic in optical domain. Pundir and Gupta [13] reviewed various basic
reversible gates in optical domain using Mach–Zehnder interferometer. Ahmed
et al. [14] presented an all-optical implementation of a digital multiplexer using
MZI switches. Both non-reversible and reversible versions of multiplexer design
are proposed, along with analytical evaluation of the design complexities both in
terms of delay and resource requirements. Bommi and Selvakumar Raja [15]
studied a reversible Full adder using combination of all optical Toffoli and all
optical TNOR and compared it with the Full adder designed sing all optical Tof-
foli gate in terms of optical cost. Azeez and Venkata Reddy [16] presented
an all-optical implementation of a digital multiplexer using MZI switches and
explored this project with MZI based Carry look ahead Adder. Theresal et
al. [17] proposed a new reversible logic gate named NR (Naveen Raymond) which
is designed to implement Half adder and Half subtractor, similarly a couple of
NR Gates are used to realize Full adder and Full subtractor. The following tech-
nology that is going to control the world sooner rather than later is Photonics
in which photons supplant electrons to offer light-speed super-vitality productive
information handling and heap new gadgets that advantage society [18]. Photonic
Integrated Circuit makes the entire framework increasingly discrete, minimal, and
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Fig. 1. Mach–Zehnder Interferometer

furthermore improves execution, perfect for combination with essential electronic
circuits which makes it appropriate for additional capacities and furthermore lib-
erated from impacts of electromagnetic interference [19]. Hence we took up this
research in this technology.

Optical principle. An all optical Mach–Zehnder interferometer consists
of two Semiconductor Optical Amplifiers (SOA’s), where the inputs are coming
through couplers. The output of SOA’s are combined by another coupler which
provides two signals: one is bar port signal and the other is cross port signal. The
logical operation of bar port is A.B and the logical operation of cross port is A.B′.
The Mach–Zehnder interferometer is shown in Fig. 1.

Proposed MZI model of TSG gate. All optical TSG gate has A, B, C
and D inputs and P, Q, R and S as outputs. The MZI model of TSG gate is shown
in Fig. 2(a). It consists of 14 MZI and 4 beam couplers. The MZI are cascaded
to get the desired output. The first output P requires one MZI with one input as
constant 1 and the other is A which is split by beam splitter. The second output
Q requires seven MZI and one beam coupler. The third output R requires two
MZI and one beam coupler. The fourth output requires five MZI and two beam
couplers. The optical cost is 14. The delay is calculated as follows: MZI 1, 2, 3
and 10 act in parallel. So they have 1 delay. MZI 1, 4, 5, 7, 8, 11, 14 act in series,
so the total delay is 7.

Proposed MZI model of HNG gate. All optical HNG gate has A, B,
C and D inputs and P, Q, R and S as outputs. The MZI model of HNG gate
is shown in Fig 2 (b). It consists of 8 MZI and 4 beam couplers. The MZI are
cascaded to get the desired output. The first output P requires beam splitter
to reflect input signal A. The second output Q requires beam splitter to reflect
input signal B. The third output R requires four MZI and two beam couplers.
The fourth output requires four MZI and two beam couplers. The optical cost is
8. The delay is calculated as follows: MZI (1,2), (3,4),(5,6),(7,8) act in parallel
but MZI 1, 3, 5, 7 act in series, so the total delay is 4. Since the TSG gate uses
Inversion function, the number of MZI required increases, whereas HNG does not
use Inversion function. So HNG Gate requires less MZI. Hence optical cost is less
for HNG. TSG and HNG gate are singly used as full adder. So its total optical
cost of TSG and HNG gates are given as 14 and 8, respectively.
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Fig. 2. (a) All optical TSG gate; (b) All optical HNG gate

T a b l e 1

Optical cost and delay of all optical
implementation of TSG gate

Optical cost Delay
TSG Gate 14 7
HNG Gate 8 4
% Improvement 42.85% 42.85%

C. R. Acad. Bulg. Sci., 73, No 8, 2020 1135

Page 712 of 3066Page 712 of 3066



T a b l e 2

Comparison of optical cost and delay of all opti-
cal implementation of TSG gate and HNG gate
based full adders with existing reversible optical

architectures

Optical full adders Optical cost Delay

Toffoli + Feynman [15] 54 13

TNOR + Feynman [15] 38 8

TNOR + Toffoli [15] 34 13

ORG Gate [9] 7 4

TSG Gate 14 7

HNG Gate 6 3

% Improvement 14.28% 25%

Evaluation of optical parameters. The optical cost and delay of all optical
implementation of TSG gate and HNG gate is shown in Table 1. The optical cost
is high for TSG gate since the implementation requires complement function in
design from Fig. 1. When HNG gate is operated as full adder, D input is made
‘0’. This needs no MZI at the last stage. By the property of XOR logic, any
digital data XORed with 0 yields the same data. This reduces the number of MZI
to 6. Thus optical cost is reduced. The Comparison of Optical Cost and Delay
of All Optical Implementation of TSG Gate & HNG gate based full adder with
Existing Reversible optical architectures is shown in Table 2. When the proposed
all optical HNG gate full adder is compared with existing TNOR gate and Toffoli
gate full adder, the existing full adder architecture requires 8 TNOR gate and 6
Toffoli gate. The number of reversible gates is also more, hence the optical cost is
also more. The proposed HNG gate shows improvement in terms of optical cost at
the expense of optical delay when compared with [20]. The optical implementation
shows an improvement of 82.35% in terms of optical cost and 62.5% in terms of
delay when compared to the existing Reversible optical architectures.

Conclusion. In this paper, we presented an efficient all optical reversible
logic TSG gate and HNG gate. Both gates are evaluated for optical cost and
delay. HNG gate offers better performance in terms of optical cost and delay. All
optical HNG gate offers better performance as full adder than the existing optical
reversible logic gate based full adders. Furthermore for full adder implementation
HNG gate is used singly as full adder so the number of gates is also reduced.
Further evaluation is done for all optical arithmetic architecture ripple carry adder
using TSG gates and HNG gates for various bit positions. It is obvious that all
optical HNG gate requires optical cost.
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Abstract: The proposed system mainly involves the 
preparation of IoT based sensor control in order to 
maintain the industrial safety whenever there is a 
fluctuation in the heat, water and radiation etc. By doing 
so using that technology along with the interface ESP8266 
which manipulates all the values in cut off and if there 
is any increase of value it is indicated in the display and 
also the alert is given to them. Thus the module is being 
designed in such a way that it has all types of sensors like 
gas sensors, proximity sensor and heatsensor incorporated 
into them in proper way to support the safety. The WiFi 
module is connected with the system so as to achieve the 
guidelines to manage the sensitive alert to the end user to 
maintain the results at valid condition. The results and 
every guidelines show that test cases observed to be good 
in calculating the risk and alert the end user to get rid of 
industrial accidents.

Keywords: ESP8266, Proximity sensor, WiFi module. 

I. Introduction

Many global industries demand the proper protection of their 
equipment and people. They usually require a unit of operation 
designed for the old model. But the largest industries to provide 
SCADA-based regulation that allows for advanced industries. 
SCADA is complex in visual cues so in order to make a standard 
and simple module in size and cost.

This leads to the creation of an intelligent module control of the 
IoT platform that will have a quick response when the sensor 
detects a value dependent on the configuration system that 
will zoom the buzzer alarm if one of the observed parameters 
exceeds the limit. Also the display unit made of LCD will 
clearly show the amount of currently recorded sensors [2]. 
Hence user obviously has better control and as a result will be 
able to periodically monitor all types of hazards.

The controller must be properly configured not only to provide 
sensory values   and hearing time but also the most important 

Article can be accessed online at http://www.publishingindia.com

function was to monitor the distance passing consistently. 
Various security equipment operating in the industry. New 
technologies that include social, environmental sustainability 
and the development of new technologies reduce the risk to the 
industrial operating device.

A customized program can help protect filter design circuits. 
It can also be managed to improve power stability in the 
program process. Therefore the energy sector where protection 
is important is compelled to have a similar system in the energy 
sector as well.

II. Existing System

The existing system exists due to the systematic inconsistencies 
they send and receive data have not been properly shared. 
Especially in the case of micro controllers and ARM processors 
or relying on system with C language. Sometimes this will 
create some unequal barriers to warning the region that controls 
the district. Another major problem exists in design without 
interruption in the provision of the control unit [4]. System 
parameters are analyzed in the technical viewing area. The 
most important control over the operation of the device is 
very important because of the many parameters. Temperature 
on devices varies based on atmospheric templates and device 
performance causing a major route problem of this problem. 
The system is embedded with sensors. Most industrial safety 
is guaranteed by security engineers. The web server is also a 
major role in the system. The function of the controller during 
operation is also an important tool.

III. Proposed System

The complete system module is shown in the block  
diagram. The Wifi module is very important to make clear 
connections to all parts of the system according to the system 
embedded in the controller ESP8266. So a clear idea is to use 
all the sensors the proper way to notify the robust operating 
system.
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Fig. 1 clearly shows that the system is important in monitoring 
accessories for any type of industry that needs security as 
their main purpose. In this framework, the user can use the 
types of hazards that may arise in their workplaces that will 
be minimized and notify them of all types of hazards such as 
rising temperatures, gas discharge and water level indicators 
and disturbances in a given area. IR sensors provide directional 
lines for radiation interference in the area. By sending a 
character from our mobile phone we can monitor the appliances 
in industry [5].

 • Temperaturesensor
 • Gassensor
 • IRsensor
 • WiFi module
 • Water level sensor
 • GPRS
 • LDR
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Fig. 2 indicates the system model IoT that is Arduino Uno 
board which is very useful for the design of the manufacturer 
to make easy for the consumer to make it so easy to control and 
program it in proper way such that possibility of the system to 
make clarity of the results.
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Fig. 3: Humidity and Temperature Measurement 

 

Fig. 3 gives a clear clarity on sensor monitoring the humidity and temperature measurement 

at nominal level. 

 WiFi Module: Is well designed with ESP-12F ESP8266 WiFi Wireless IoT Board Module, 

proposed for clear remote serial affiliation setup. 

 Water Level Sensor: The sensing probe is attached with the system where the indication 

water level was clearly judge. 

OLED:  An organic light emitting diode (OLED) is a light emitting diode (LED) in which the 

electric illumination of light is emitted by means of component which is specially portrayed. 

DHT: A distributed hash table (DHT) it provides decentralized approach towards the working 

of look up table to get the information. 

Components Rating: The below table illustrates the specification details of the system that 

can very useful in modeling of the system without any fault. Thus each and every part with 

the supply is mentioned [3]. So it is possible to achieve proper result. 

TABLE I: SPECIFICATION OF EQUIPMENT’S 

Component Name Ratings 
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system where the indication water level was clearly judge.
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emitting diode (LED) in which the electric illumination of light 
is emitted by means of component which is specially portrayed.

DHT: A distributed hash table (DHT) it provides decentralized 
approach towards the working of look up table to get the 
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Components Rating: The below table (Table I) illustrates  
the specification details of the system that can very useful 
in modeling of the system without any fault. Thus each and 
every part with the supply is mentioned [3]. So it is possible to 
achieve proper result.

Table I: Specification of Equipment’s

Component Name Ratings
Temperature and humidity sensor 5 V
Gas level sensor 5 V
Water level sensor 5 V
IR sensor 5 V
ESP8266 12 E module
Transformer 9 V
Relay 12 V, 7 A

V. Proposed System Setup

The mobile application was developed in order to show the 
proper display of the parameters in such a way that temperature, 
gas discharge and water level in the particular place is detected. 
Fig. 4 shows the mobile application to alert the end user.
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comes into the proper discussion of the mode. 
 

A clear definition of humidity sensor and temperature measurement at the lowest level. The 

proposed system measures the temperature up to an average of 25 degrees and then when the 
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Fig. 5. 
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Fig. 5: Proposed System Setup 

VI. CONCLUSION 

The important purpose of this design is to ensure the safety of the system at maximum level. 

From the prototype it is very clear that any type of discharge like the gas, water and heat can 

be regulated once it reached the maximum value. Though it is tough to monitor all the 

parameters it is very much important that the safety of the people is very much important. 

REFERENCES 

[1] R. A. Ramlee, and M. H. Leong, “Bluetooth remote home automation system using 

android application,” The International Journal of Engineering and Science (IJES), vol. 2, 

no. 1, 2017. 

[2] A. Saranya, and S. Dineshkumar, “Improving voltage stability of power system using 

facts device,” 2017 IEEE International Conference on Electrical, Instrumentation and 

Communication Engineering (ICEICE), 2017, pp. 1-5. 

[3] A. H. Shajahan, and A. Anand, “Data acquisition and control using arduino-android 

platform: Smart plug,” International Conference on Energy Efficient Technologies for 

Sustainability (ICEETS), Apr. 2013, pp. 241-244. 

[4] N. Suresh, E. Balaji, K. Jeffry Anto, and J. Jenith, “Raspberry Pi based liquid flow 

monitoring and control,” International Journal of Research in Engineering and Technology, 

vol. 3, no. 7, Jul. 2014. 

[5] G. N. Sachin Amreiss, B. Karthikeyan, and K. Premkumar, IOP Conference Series: 
Materials Science and Engineering, vol. 937, no. 1, 2017. 
 

Fig. 5: Proposed System Setup
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The important purpose of this design is to ensure the safety of 
the system at maximum level. From the prototype it is very 
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be regulated once it reached the maximum value. Though it is 
tough to monitor all the parameters it is very much important 
that the safety of the people is very much important.
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Abstract: In this article, displays the capacity of decrease the 

Power, Area in CMOS VLSI blocks. Power in CMOS circuits is 

mostly consumed for the duration of the transitions of the gates. 

Thusly, control estimation of CMOS circuits is changed over into 

progress action estimation. A few methods are utilized to mimic 

progress exercises of CMOS circuits. The proposed Vedic 

multiplier is planned by utilizing various strategies of full adder 

cells. The structure of full adders for low power is gotten and low 

power blocks are actualized on the arranged multiplier with the 

outcomes be broke down used for improved execution. The 

structures are finished by utilizing TANNER S-EDIT tool and 

recreated utilizing T-SPICE. 

 
Keywords : CMOS, Full Adder, Vedic multiplier, Low power,  

XOR, XNOR, MUX. 

I. INTRODUCTION 

  The VLSI means "Very Large Scale Integration". 

Extremely enormous scale-coordination (VLSI) is 

characterized as an innovation that permits the development 

and interconnection of huge numbers (millions) of transistors 

on a solitary incorporated circuit. Coordinated circuit is an 

accumulation of at least one entryways created on a solitary 

silicon chip. The intricacy of VLSI being structured and 

utilized today makes the manual way to deal with plan 

unfeasible. Structure robotization is the request of the day 

with the quick mechanical improvements [5].The VLSI low 

power structure issue realizes that how will generally be 

broadly requested into two examinations with improvement.  

Analysis issue is troubled concerning the accurate 

assumption of the power or vitality scattering on a range of 

period of the plan process. The investigation procedures 

contrast in their exactness and effectiveness. Examination 

strategy additionally fills within the same as the beginning for 

plan streamlining. [3] A requirement for low power VLSI 

chips emerges from such advancement powers of 

incorporated circuits. Some different variables that fuel the 

requirement for low power chips are the expanded market 

interest for convenient customer hardware controlled by the 

batteries. Another real interest for low power chip and 

framework originates from natural concerns. The examination 

methods contrast in their exactness and productivity.  
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II.  DESIGN OF FULL ADDERS 

A binary full adder is the adder basic to almost all 

mathematics operation. It is the center module utilized for 

some, fundamental tasks like multiplication, division and 

addresses calculation for every memory gets to and it is 

typically present in the math rationale unit and gliding point 

units. Henceforth, their speed improvement conveys critical 

potential for superior applications. Various adder designs can 

be used depending on the application and low power 

consumption [3]. In this project, power reductions for signed 

multipliers are explained and power comparisons of different 

multipliers are obtained. For power decrease the 10T full 

adder adjusted with 8T full adder. Be that as it may, the 

circuits dependent on PTL are surely helpful in structure up 

greater circuit, used for instance, dissimilar section input 

adder and multiplier. In this paper, an extraordinary failure 

power and fast full adder cell utilizing just 8 transistors is 

exhibited, in particular new 8T full adder. So as to show the 

proficiency of the new structure, some broad qualities of the 

new plan, for example, control utilization and deferral, 

against other various kinds of five full adder cells are 

performed. 

A. XOR Full Adder Design 

The Full Adder is an essential unit in every single advanced 

circuit. A little modify in transistor check, power and 

postpone will cause a radical change in the presentation of a 

huge VLSI circuit [6]. The presentation of multipliers relies 

upon the full adder utilized. The distinctive full adders are 

utilized to examination. The first is 10T XOR full adder, the 

planned ten transistor full adder appeared within picture (1) 

utilizes four transistor XOR appeared within picture (1) gates 

in their structure. This plan of proposed XOR eight transistor 

full adders appeared in figure 5.1 depends on three transistor 

XOR gates, it obtains least silicon territory. The plan of 3T 

XOR gate is appeared within Figure (2). 

 
Fig. 1. 10T XOR adder 
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Fig. 2. 8T XOR adder 

B.  XOR Full Adder Design 

The second full adder is the 10T full adder which is having 

XNOR kind of full adder, this sort of full adder utilizing pass 

transistor logic (PTL) [9]. This kind of full adder is called 

static vitality recuperation full adder it having 4T XNOR 

appeared in figure plan [9]. The disposal of the way in the 

direction of the position lessens the absolute power utilization 

through decreasing the small out power utilization.  

 

 
Fig 3. 10T XNOR adder 

The static energy recovery full adder appeared in figure 

comprises of two XNOR with single MUX circuit. The 

XNOR planned with utilizing four transistors appeared in 

picture (3). The second proposed plan is XNOR 8T full adder 

appeared in figure (4) depends on top of 3 transistor XOR 

gate, it gains smallest amount silicon territory. The plan of 3T 

XOR gate is appeared within Figure (4). 

 
Fig. 4. 8T XOR adder 

C. Design of Full Adder using 2:1 MUX 

The third kind of full adder is comprises of 2:1 Multiplexer 

circuit and 2 inverters. The system is to stay away from 

numerous limit voltage misfortunes in convey chain by 

legitimate dimension reestablishing. DC and transient 

examination delineates that the CLRL adder experiences just 

a single edge voltage misfortune issue with require the base 

voltage.  

 
Fig. 5. 10 Transistor adder using 2:1 MUX 

The third kind of proposed configuration is 

Complementary and Level Restoring Carry Logic adder 

comprises of 2:1 multiplexer circuit and inverter appeared in 

figure (6). It is having just 8T. The methodology is to 

maintain a strategic distance from numerous edge voltage 

misfortunes in convey chain by appropriate dimension 

reestablishing. 

 

Fig  6. 8T Full adder using 2:1 MUX 

D. Shannon Full Adder Design 

The control input terminals are associated with the capacity 

inputs. In the proposed adder 2, from Table I as opposed to 

giving every one of the contributions from outer information 

the inner yield from the SUM circuitry acts as input to the 

carry logic [8]. The full adder is 8T Transistor full adder 

utilizing pass transistor logic. The arranged structure of 

Shannon full adder circuit as appeared within picture (8). The 

total and convey activity are multiplexing in a signal circuit 

[11]. 
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Fig. 7. 12T Shannon full adder   

        
Fig. 8: 8T Shannon full adder 

III. FULL ADDER RESULT AND DISCUSSION 

The new 8T full adders have best execution contrast with 

existing sort of full adders. The transistor check and power 

utilization are diminished look at 10T full adder. The majority 

of the adders having same sources of input and furthermore 

gives same out puts. For the full adders Inputs:  

 

A=1001, B=1011, C=0111 

Outputs: SUM=0101, CARRY=1011 

 

 

Fig. 9. 12T Full adder output waveform 

 

Fig. 10. 10T Full adder output waveform 

 

 
Fig. 11. 8T Full adder output waveform 
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Table I: Comparisons of Full Adders 

 

 
Fig. 12. Power comparison of Full Adders 

IV. DESIGN OF VEDIC MULTIPLIER 

The regular plan of 4x4 bit Vedic multiplier module is 

executed utilizing four 2x2 bit Vedic multiplier modules and 

10T and 12T full adder module as talked about in figure 13 

[2]. The proposed design of 4x4 piece Vedic multiplier 

module is executed utilizing four 2x2 bit Vedic multiplier 

modules [1] and 10T and 12T full adder module as discussed 

about in figure 13. 

 

 
 

Fig. 13. Conventional Vedic Multiplier (2x2)  

 
Fig. 14. Conventional Vedic Multiplier (4x4) 

    The power of different multipliers is analyzed with 

different adder units. The power comparison of different full 

adders is done and it is shown in figure. And the power 

outputs demonstrate to the Shannon full adder is having a 

smaller amount power utilization than every single other 

adders [3].  
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Fig. 15. Proposed Vedic Multiplier (4x4) 

The existing and proposed multipliers are designed with 

different full adders and the power results are obtained and 

the comparison graph is shown in figure (18). The transistor 

counts of various unsigned and signed multipliers are 

different due to the different elements in that. The transistor 

count results of multipliers are given in table (2) 

 
 

 

Fig. 16: Conventional Multiplier output waveform 

 

            

Fig. 17. Proposed Multiplier output waveform 

From the above result it is seen that the proposed 

multiplier with Shannon full adder be observed in the 

direction of more power productive with furthermore this 

multiplier is having extremely less transistor count. 

Table II: Comparisons of Different Types of Multipliers 
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Fig. 18. Power comparison of Multipliers 

V.  CONCLUSION 

The new eight transistor full adder has 30 % power 

investments as compare with old twelve Transistor Full 

adders and 36 % control reserve funds when contrasted with 

10 TCLRCL adders. The future 8T full have the smallest 

deferred while contrasted and its companions. Four 

multipliers have been structured utilizing four distinctive full 

adders and their exhibition has been analyzed. The multipliers 

actualized utilizing Proposed8T full viper has least power 

defer item in every one of the cases Proposed multipliers with 

the CMOS full adder have 8.6% power reduction in transistor 

count and about 10.4% power reduction than the existing 

multipliers with CMOS   full adder. Multipliers with 10T full 

adder have 13.12% transistor count 17.4% power reduction in 

the proposed than the existing. Finally the proposed 

multipliers with 8T have 17.9% reduction in transistor count 

and 8.6% power reduction than the existing multipliers.  
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Abstract:- For quite a long time, the law requirement 

associations have progressively used sound location framework 

to recognize the potential gunfire in the open spots and in the 

woods. The killing of creature or natural life in timberland 

utilizing the weapon is expanding step by step; to identify the 

gunfire in the woods the sound identification framework has 

been proposed. The proposed frameworks have developed from 

straightforward receiver arrangements used to appraise area of 

gunfire inside insignificant feet of its genuine event. Moreover, 

however fundamental structures require little as far as 

programming or designing knowledge. At long last, the 

framework will be helpful to defeat the few issues like 

recognizing from which bearing the shot occurred and at what 

separation the discharge sound has happened. This examination 

work will assume a functioning job in the public arena now and 

later on, in extra applications also. 

 

Keywords: LabVIEW, Gun shot, Microphone, Arduino, VISA 

I. INTRODUCTION 

Till now, there is no known measure that can effectively 

anticipate and avoid wrongdoing before it happens. In this 

way, law authorization offices ought to expand the 

effectiveness and exactness to identify the crime. The sooner 

law requirement faculty can have a nearness at the scene 

where a wrongdoing occurred, the sooner the territory may 

come back to a precise condition of wellbeing. Specialists 

can defuse hazardous circumstances, assemble proof, and 

manufacture a case used to catch those in charge of the 

wrongdoing.  

Numerous variables limit the measure of impact law 

implementation organizations have on the overall 

population, and a portion of these elements present 

deterrents when taking a stab at auspicious and successful 

wrongdoing reaction. Spending plans and accessible 

subsidizing manage the measure of staff and hardware an 

organization can utilize, and enactment directs office 

control. Law authorization gatherings may mediate in a 

given circumstance, however just when strategically fit and 

legitimately allowed.  
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While positive expected consequences of this control 

incorporate safe and practical law authorization, tragically 

negative reactions additionally may emerge. Organizations 

might be understaffed or not well prepared, and might be 

limited from reacting as fast or as soundly as wanted. In 

light of that bargain, law authorization gatherings have 

started using the shot location and restriction framework. 

II. BASIC DESIGN  

Before amassing and testing an essential sound discovery 

framework, a general system must be plot. The framework 

to be planned in the accompanying advances will recognize 

sound of a specific arrangement of qualities, will infer a 

heading of starting point of the sound source, and will point 

the determined way.  

In a genuine setting, such a framework would "initiate" 

when activated and would consequently point a hand-held 

gadget towards the decided sound source, with expectations 

of catching conceivably important proof to help examiners.  

Remembering this desire, the framework will incorporate 

mouthpieces to catch sound, a PC to process the 

approaching sound and send directions, a microcontroller to 

get the directions and send relating voltages to the 

framework that is inserted with LABVIEW.  

Alongside the hardware arranging, a methodology ought 

to be made for the framework programming. The two 

primary inquiries to answer are: by what means will the 

framework segregate discharge like sounds from different 

sounds? What's more, in what capacity will the framework 

decide the course of the sound source?  

To separate shot like sounds from others, the hints of 

intrigue must be portrayed as far as quantifiable qualities. 

To the human ear, the most evident of these characteristics 

are the apparent commotion and brief length of the occasion. 

As per Michael and Lucien Haag, a shot sound estimated 1 

meter away will regularly reports more intense in dB than 

cutting tools, jackhammers, and even a fly taking off 100 

feet away.  

Moreover, the "ascent time," or time from the beginning 

of the occasion to the primary pinnacle, is about momentary. 

One examination specifically discovered that the "gag 

impact," or unstable stun wave and sound vitality exuding 

from the weapon's barrel, frequently goes on for under 3 

milliseconds.  
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Fig-1. Waveform of 0.22 Caliber Rifle Gunshots with 

Reflection 

This implies the shape and relative power of a discharge's 

"waveform," or visual portrayal of a sound sign or recording 

(used to show changes in adequacy after some time), can 

isolate a gunfire sound from others. Despite the fact that 

expenses and time allotments limit the materials utilized in 

this venture, these sound qualities can even now be saddled 

utilizing promptly accessible segments and natural 

programming. The waveform in Figure. 1 exhibits the 

essential qualities of a discharge sound, the high sign power 

and the close quick first crest from relative quietness. This 

account specifically was implied to have occurred at an 

outside terminating range. Notice an articulated reflection 

recorded in all respects rapidly after the starting occasion 

happens, in all probability the "reaction" of the first solid 

occasion ricocheting off the rearward holding divider or 

boundary used to quit approaching shots. 

2.2. Equipment And Configuration 

The framework starts with four mouthpieces. Amplifiers 

with high resistance to noisy driving forces would be perfect 

for a completely working framework utilized in a genuine 

task, however a reasonable pair of littler receivers is 

appropriate for this structure. The mouthpieces utilized in 

this test are electret condenser receivers. These are viewed 

as a stereo pair and all the four-catch sound all the while. 

Next, the mouthpieces are associated with a workstation 

phone an Arduino UNO link. This PC is outfitted with 

LABVIEW, which is an adaptable calculation and 

programming. LABVIEW handles both the sound info and 

the direction yield to the microcontroller. The real 

programming contents utilized in LABVIEW and with the 

microcontroller will be talked about later. 

A microcontroller is then connected to the PC by means 

of sequential interface. For this situation, the association is 

by means of USB link. The microcontroller of decision is 

the Arduino Uno, because of its adaptability and broad 

open-source support. The Arduino acknowledges directions 

from the mouthpieces and sends a relating voltage to the 

framework. 

 
Figure-2 Basic Design of Gunshot Detection and 

Localization System. 

Figure 2 is a photograph of the general perspective on the 

framework planned, gathered, and used for the testing 

sketched out in this venture. The amplifiers procure 

approaching sound and send to LABVIEW for handling. 

Should the approaching sign meet the limit prerequisites, 

LABVIEW would process the sign deferral and figure the 

heading. The Arduino gets the heading direction by means 

of sequential association. 

 
Figure-3 Arduino and Power Supply Set-up 

A transformer alongside scaffold rectifier is utilized to 

change over air conditioning supply into dc. The scaffold 

rectifier is given voltage controller to balance out the dc 

voltage.  

The Microphone setting is subject to different variables, 

including amplifier gain settings, anticipated that separation 

from sound source should receivers, and expected 

foundation clamor. Because of these numerous components, 

the setting requires cautious alignment for every sending. 

Accepting the speed of sound is roughly 350 meters for 

every second, a sound wave would travel 6 feet (or around 

1.829 meters) in around .0053 seconds. 6 feet is the 

recommended separation between receivers utilized in the 

framework, .0053 seconds is the greatest deferral between 

channels. Since the examining recurrence characterized 

above is 48 kHz, or 48000 

examples for each second, the  
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most extreme deferral between channels can likewise be 

estimated as around 255 examples. 

2.3. Programming  

With the framework arranged appropriately, the Arduino 

and LabVIEW should be modified appropriately. The 

Arduino stage works fluidly with LabVIEW, enough so that 

the microcontroller can be modified to work persistently, 

hanging tight for LabView sequential directions, executing 

the directions, and returning outcomes whenever inquired. 

To set up the Arduino for this setup, the LabVIEW Support 

Package for Arduino (NI LabVIEW Interface for Arduino 

Toolkit) must be downloaded to the PC. Next a content must 

be composed for LabVIEW to consequently process the 

approaching sound and send directions likewise. 

 
Figure-4. Overall Block Diagram of the System 

Figure-4 speaks to the starting association of the Arduino 

UNO. The examining deferral is set by the required 

planning that one need the chart to be executed. Case 

structure is utilized for the general programming. Yield of 

the Com port is given to the VISA arrangement that has five 

bits designed in it. If there should be an occurrence of 

blunder yield will be seen in the exchange box close to the 

front board. At the point when the associations are precise 

another case structure is opened through a string subset. The 

string subset thusly circles to another to wipe out the 

primary byte and sending the staying four bytes for the 

procedure. Second subset string prompts pigeonhole so as to 

change over hexadecimal qualities into decimal. At that 

point the sort threw bytes are part and sent in two different 

ways. One to straightforwardly figure the separation by 

subtracting from 255 (Since 256 is the most extreme fs 

recurrence). Other one is wired to most extreme and least 

cluster. Pack idea is utilized so as to get synchronous charts 

of four unique headings. Chart portrayal is Waveform Data 

Type. Greatest Sound side is given four info strings to be 

specific North, East, South, West. Along these lines the 

general square chart part is run and the Front board 

presentations demonstrate the consequences of comparing 

bearings. 

III. TESTING AND RESULTS  

To assess the framework's usefulness, a straight forward 

test was detailed and executed. The framework was 

collected as portrayed above, in a progression of open, 

outside tennis court. This spot was picked with the goal of 

limiting potential meddling resonations, just as different 

factors presented in increasingly jam-packed zones. The test 

was executed during the evening, to diminish the 

opportunity of outer clamor impedance from wind or 

bystander. The air temperature was around 37 degrees 

Fahrenheit. This is huge in light of the fact that, albeit 

generally little changes in temperature would not influence 

the speed of sound in an extraordinary manner, it is 

outstanding that bigger temperature varieties could present 

complexities in computing the speed of sound.  

As referenced before, the mouthpieces utilized were 

raised and divided at roughly 5 inches separated, with the 

idea that dispersing ought to be towards the more extensive 

end of the range to underline the postponement between 

approaching sound channels. Markers were set at 5, 10, and 

15-foot separations from the middle point between 

amplifiers. Altogether, 3 markers were made. These markers 

showed the proposed positions from where the test sound 

would start.  

At the season of the test, a genuine gun was not an 

accessible sound source. Rather, a noisy, sharp applaud of 

the hands was used at every marker. The general waveform 

state of a hand applaud could appropriately reproduce a 

discharge on the grounds that the two occasions can be 

described with high power and brief length. Despite the fact 

that the applauds were kept at predictable volume, some 

variety in sign force must be recognized. Notwithstanding, 

the varieties were viewed as satisfactory on account of the 

different components that present varieties in sound in a 

genuine circumstance. The test itself was intended to be 

controlled in most sensible viewpoints, yet took into account 

some similarity of a practical domain.  

After the framework was amassed and started, the testing 

started. After each case of a hand applaud at every marker, 

the framework was assessed for a reaction and conceivable 

chart. The reactions were resolved after pinnacle signal in 

light of the applauds, or after a most extreme 5 applaud 

endeavors at the marker. Every marker was tried in a 

preliminary, with ten complete preliminaries making up the 

test. 

 
Figure-7. Graph Displaying All the Discriminating 

signals 
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Figure-8. Graph representing North (White), East 

(Green) and South(Red) Direction as a Sharp Peak 

Above fig 3.7 demonstrates the yield of the sound source 

as blended shading diagram where each chart speaks to 

every bearing. For example red shading speaks to south, 

white is for north, green and blue speaks to east and west 

individually. At the point when sound is from the specific 

bearing the expanding pinnacle shading demonstrates a 

similar course and shows in the most extreme sound side 

bed. 

3.5. Discussion  

At first look, the outcomes from the test overall appear to 

be blended and conflicting. To make the outcomes 

progressively applicable and really assess the test results for 

conflicting framework reactions, every preliminary was 

assessed as far as what number of "Possibly Useful 

Evidences" (or "PUEs") were made. These are characterized 

inside the domain of the test as chart reactions that end with 

the area of the sound source some place in edge, either 

focused or not focused. This is to reenact a certifiable 

situation, where a video recording of an episode would be 

submitted for proof. Conceivably valuable proof in such a 

situation would require the occasion itself or the prompt 

fallout to be caught some place in casing, either focused or 

not. Inside those parameters, the test came about with Table 

3.1. 

Table-1 Table Representing More Frequency of Sound 

in North Direction(Trial 1) 

 

Table-2 Table Representing Max Frequency of Sound 

in West Direction(Trial 2) 

Above readings are legitimately traded from the sound 

chart of the LabVIEW front panel. The most extreme 

recurrence speaks to the bearing wherein sound is made. 

From this outcome it is clarified that sound inclined 

microphone gets most extreme power than the other three 

receivers. 

Table-3 Table Representing Maximum Frequency of 

Sound in East Direction (Trial 3) 

Presently by performing back to back trails a table is 

gotten that demonstrates the PUE results. Table.3 Test Trial 

Potentially Useful For Evidence Results. This is an illogical 

outcome, since one would accept that occasions at further 

separations are bound to occur inside the casing of view.  
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The general irregularity in the framework can be credited to 

various variables. As a matter of first importance, the 

amplifiers utilized may not be most reasonable for the 

errand of separation. Because of the brief span of most shot 

sounds, receivers utilized should be touchy enough to 

precisely characterize the approaching sound data, to the 

point wherein a progression of noisy driving forces divided 

firmly together in quick progression would be recorded 

thusly, rather than one long, boisterous motivation. The 

microphones utilized in this test were not explicitly planned 

in light of that task.  

Second, the encompassing condition assumes an 

enormous job in the viability of these frameworks. Despite 

the fact that the testing area and time of day were picked 

with the plan that wild factors would be limited, not all 

things potentially be represented, and minor changes in the 

test conditions will make variances in information.  

At long last, the programming language utilized in 

LABVIEW itself could utilize some survey and potential 

overhauling. So as to infer the right edges at a specific 

setting, testing must be done to decide a mix that works best. 

A dimension of computerization for limits may be deserving 

of some consideration, where the framework could be 

intended to consequently alter for changes in the commotion 

floor, and so forth.  

Continuous versatile channels may likewise work as far 

as constraining the measure of incidental and futile sound 

data that would just block advance, particularly hints of 

frequencies underneath around 400Hz and more prominent 

than 2.5kHz, which are the frequencies shown by gunfire.  

These guidelines, tests, and results are helpful in 

depicting the procedure for fundamental discovery and 

reaction, yet the plan carries a hidden defect. This is on the 

grounds that further separation of discharge sounds from 

different clamors of a similar shape includes more elevated 

amount sifting and investigation of the sounds, by means of 

the programming. Shockingly, shot sound as a rule shows 

tops around 630Hz.  

These reaches are basic for a wide assortment of different 

sounds, making segregation considerably more convoluted.  

In Figure-1. The frequencies of most astounding force go 

from the least up to 2 kHz, with greatest qualities 

underneath 500Hz. These outcomes do consolidate some 

"ecological acoustics" because of the appearance in the 

chronicle, however that would be normal for most sound 

occasions in reasonable situations.  

To appropriately separate from different sounds, the best 

methodology now is an algorithmic learning procedure, for 

example, those proposed by Morton and Collins or 

Valenzise et al. To appropriately mimic the items utilized in 

the field and endeavor to recreate their usefulness, 

merchants, for example, Shot Spotter ought to furnish 

researchers with certain information identified with their 

item determinations and schematics and for research 

purposes.  

This contentions with the merchants' rights to retain 

restrictive data, yet more critically energizes fair audit and 

testing in a logical and friend surveyed discussion. Those 

sorts of methods would help lighten questions about these 

frameworks' capacities, and may improve their overall 

population picture, as saw beneath. At the season of this test, 

delegates from both Shot Spotter and Boomerang chose not 

for field inquiries regarding explicit components of their 

particular frameworks' plans, functionalities, and test 

information. 
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Abstract: The Consistent Mixed Tank Reactor is widely used in 

chemical processing plants, food processing industries and in 

pharmaceutical industries. The Consistent Mixed Tank Reactor is 

a nonlinear process. If any of inputs to the process or any 

parameters in the process gets changed means the entire working 

of the plant gets changed. And also it leads to decrease the 

accuracy of the final or end product. So, to get required end result 

the accuracy developed in the Consistent Mixed Tank Reactor 

process where the tank is in running condition need to be 

identified and necessary steps should be taken to avoid those fault. 

There are several fault diagnosis methods available. Among those 

techniques, the Neural System Prescient Controller can be utilized 

to identify and diagnose the error present inside Consistent Mixed 

Tank Reactor tank. From the Neural System Prescient Controller, 

the servo response is obtained to understand clearly about the 

behavior of the Consistent Mixed Tank Reactor tank process. 

Thus, by selecting suitable controlling techniques the accuracy of 

the desired product can be obtained in Consistent Mixed Tank 

Reactor tank.  

Keywords: CSTR, Neural System Prescient Controller, fault 

identification 

I. INTRODUCTION 

The fundamental data about Consistent Mixed Tank Reactor 

procedure is that, it is very nonlinear procedure, irreversible 

first request framework and furthermore it is exothermic 

strategy. Consistent Mixed Tank Reactor tank will work at 

unfaltering state condition and furthermore utilized for well 

blending reason. In this way, once Consistent Mixed Tank 

Reactor tank begins, the reactants are included into the 

procedure tank, the stirrer will mix the reactants to give the 

ideal item. A Consistent Mixed Tank Reactor which is an 

ideal model which can be utilized for blending reason in 

pharmaceutical enterprises. When the Consistent Mixed Tank 

Reactor tank begins, the end result items are included into the 

procedure tank, the stirrer is utilized to blend the reactants to 

give the ideal last item. A Consistent Mixed Tank Reactor 

tank is an ideal model is utilized to comprehend and gauge the 

individual procedure factors by using nonstop disturbance of 

reactor. In this manner, the ideal yield can be accomplished. 

For low and for high scale creation the Consistent Mixed 

Tank Reactor tank tumult procedure will be used. The 
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Consistent Mixed Tank Reactor tank utilizes three control 

circles which is utilized to direct the output temperature and 

straight stream rate of the element of the input that we given 

inside the tank. While blending, the warmth will be produced 

during the procedure inside the Consistent Mixed Tank 

Reactor tank. Along these lines, the coolant will be made to 

course through the outlet coat around the reactor. Indeed, 

subsequent to avoiding potential risk steps the issue will 

happen in the Consistent Mixed Tank Reactor tank which may 

prompts off base outcome. The shortcoming is said to be a 

startling change in the framework which may prompt a 

deficiency in the physical segments, for example, sensors and 

in actuator. Along these lines, the Neural System Prescient 

Controller can be utilized to distinguish and conclusion 

different sorts of flaws which may happen in the Consistent 

Mixed Tank Reactor tank. 

 
Fig.1: Basic CSTR tank 
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II. MODELING OF CONSISTENT MIXED TANK 

REACTOR TANK 

The scientific model for the procedure is give the conduct of 

the procedure. From the numerical model of a specific 

procedure the attributes of different parameters can be 

comprehend in an unmistakable way. When the reactants are 

included into the tank which will mix the reactants well and it 

will create wanted precise item as yield. During this 

procedure, the warmth will be created which can be utilized to 

continue the procedure. In the event that the warmth delivered 

in the tank which builds implies the coolant water will be 

permitted to stream in the external coolant coat which is put 

around the tank. So some measure of hotness inside the tank 

can be decreased. In this paper the Consistent Mixed Tank 

Reactor tank taken will have the two sources of info reactants 

utilized are W1 which go about as information stream rate of 

concentrated feed and W2 will go about as the channel stream 

rate of weakened feed. Along these lines, both W1 and W2 are 

reactants to the CSTR tank.  

By utilizing the mass equalization condition   

The flow of progress of mass in the Consistent Mixed Tank 

Reactor system=The flow of mass stream inlet – flow of mass 

stream outlet 

Where W0 will act as outlet flow rate 

dh/dt=M1+M2-W0 

W0=CV*(h)^1/2 

dh/dt=M1+M2- CV*(h)^1/2 

When  CV =0.2 

By substituting CV=0.2 in the equation 4.We get, 

dh/dt=M1+M2- (0.2)*(h)^1/2 

Where  

h =Liquid level 
(cm)

 

M1=Inlet flow rate of the concentrated feed 
/s)(cm 3

 

M2=Inlet flow rate of the diluted feed 
/s)(cm 3

 

0
W

=Outlet flow rate 
/s)(cm 3

  

Along these lines of the centralization in the constant mixed 

tank inlet is given in the accompanying condition  

III. FAULT DIAGNOSIS TECHNIQUES 

The flight of a watched estimation of a variable from the 

genuine worth is by and large alluded as issue. Fig.2 shows 

the plant finding by utilizing the sensor. Here the sensor worth 

made to contrasted and the set point which is predefined in the 

spot of comparator. In the event that any shortcoming happens 

in the sensor that sign from the sensor will prompts give sign 

to the actuator by the criticism controller. The acquired 

actuator sign will be given to the deficiency analysis 

framework. In the event that any peril or flaw happen in the 

actuator of the analysis framework. The finding framework 

will deliver alert alarm. This flaw recognition and finding 

framework likewise have the ability of giving data about the 

beginning planning, area and seriousness of deficiency in the 

plant. Those extra  highlights which is available in issue 

finding framework are called as supervision framework. The 

data got from the flaw finding framework can be utilized for 

settling on choice for diminishing issue in earlier by rolling 

out certain improvements to the info and yield of the 

procedure to get wanted item with no debasement in the 

nature of the item. 

 
Fig.2 Fault Diagnosis general block diagram 

IV. NEURAL SYSTEM PRESCIENT CONTROLLER 

In Consistent Mixed Tank Reactor because of changes in the 

temperature of the tank can be limited by modifying the 

coolant stream rate which streams in the external coolant coat. 

In MATLAB, the Neural System Prescient Controller square 

is accessible. In that obstruct, the Consistent Mixed Tank 

Reactor plant model will be stacked. The yield signal from the 

plant model is given again as sign to the NN plant model. The 

plant model which additionally use the arbitrary reference 

signal. By utilizing this reference signal, the square can 

contrast the plant yield signal and the predefined reference 

signal so that if any deviation, happen implies the controller 

will make essential strides. In the wake of associating the 

plant model with the neural system model, it will give 

reaction. From the reaction, the attributes of the centralization 

of the item in the Consistent Mixed Tank Reactor tank can be 

gotten. By utilizing this Neural System Prescient Controller 

strategies, the future plant outlet can likewise be anticipated. 

In the Neural System Prescient Controller the preparation 

information's can be acquired in a manner like the sequential 

arbitrary reference step inputs. In the wake of preparing every 

one of the information's which is created in the process is 

helpful for acquiring the servo reaction of the grouping of 

Consistent Mixed Tank Reactor tank 

item.
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Fig.3: Neural Network model 

V. NEURAL SYSTEM PRESCIENT CONTROLLER 

The artificial networks is one of the approach for MPC. In 

general, the MPC uses the neural system based on artificial 

which is used as the plan system model is used to get the 

desired prediction outlet. Most commonly utilised technique 

is the MPC technique. The main reason for using MPC 

algorithm approach is to utilise system model to understand in 

prior about the forthcoming control action for production for 

the process output. Neural System Prescient Controller is 

mainly based on recent control horizon structure. The 

mathematical optimization is useful to identify the effect of 

future control signal.The skyline over the following of 

mistake and it likewise helpful to assess the augmentations in 

the control. The variable for the dubious control system 

signal, is the required output and is the NN type response of 

this framework. This worth is utilized to decide the exhibition 

list by the expansion of the square of control increases. In the 

wake of figuring the ideal control succession by actualizing it 

in the beginning control activity. At that point the skyline will 

be moved to the forward movement by one inspecting time 

moment and the data is enhanced. Again began with new 

subtleties and the procedure will be rehashed. This is like the 

adjustment in the control. The MPC depends on the neural 

system plant model and it likewise utilizes improvement 

framework square. By utilizing MATLAB programming, the 

Neural System Prescient Controller unit which will give the 

attributes of the parameters present in the Consistent Mixed 

Tank Reactor tank. Fig.4 gives the Neural System Prescient 

Controller square which incorporates plant framework ID for 

finding the consistency of definite item inside the Consistent 

Mixed Tank Reactor tank. Here, the Neural System Prescient 

Controller square is again connected to the Consistent Mixed 

Tank Reactor model which likewise incorporates the 

scientific demonstrating for the Consistent Mixed Tank 

Reactor tank. The information sign, for example, irregular 

reference sign is given to the Neural System Prescient 

Controller. The Neural System Prescient Controller is the 

graphical client based interfacing instrument. By utilizing 

Neural System Prescient Controller obstruct, the future plant 

yields can be anticipated utilizing plant model. 

 
Fig.4: Basic Neural System Prescient Controller block 

The NN plant model, comprise of one concealed layer. By 

giving arrangement of reference sign of the plant info and 

yield information, the information's can be prepared by using 

trainlm which is appeared in the fig.5. In fig.6 the approval 

information of Neural System Prescient Controller is 

appeared. The servo reaction of Consistent Mixed Tank 

Reactor parameters is appeared in fig.7. In light of the ideal 

grouping of Consistent Mixed Tank Reactor yield item, the 

information's will be prepared utilizing trainlm for Neural 

System Prescient Controller which is appeared in fig.8 and 

fig.9. Fig.10 demonstrates the servo reaction of defective 

focus information of Consistent Mixed Tank Reactor tank. 
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Fig.5: NNPC training data 

Page 732 of 3066Page 732 of 3066



 

Identification and Diagnosis of Fault in Consistent Mixed Tank Reactor using Neural System 
 

2448 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number F8540088619/2019©BEIESP 

DOI: 10.35940/ijeat.F8540.088619 

 

0 100 200 300
0

1

2

3

4
Input

0 100 200 300
20

21

22

23
Plant Output

0 100 200 300
-0.02

0

0.02

0.04
Error

time (s)

0 100 200 300
20

21

22

23
NN Output

time (s)

 
Fig.6 NNPC validation data 
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Fig.7: Without fault Servo response of Consistent Mixed 

Tank Reactor tank 

0 1 2 3
0

0.5

1

1.5

2
Input

0 1 2 3
0

0.5

1

1.5

2
Plant Output

0 1 2 3
-1

-0.5

0

0.5
Error

time (s)

0 1 2 3
0

0.5

1

1.5

2
NN Output

time (s)

 
Fig.8: In Neural System Prescient Controller training 

data 
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Fig.9: In Neural System Prescient Controller validation 

data 
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Fig.10: Faulty Servo response for data of Consistent 

Mixed Tank Reactor tank 

 Parameters 

VI. CONCLUSION 

In this way the Consistent Mixed Tank Reactor is a helpful 

application that is all around usually utilized in different 

applications. The Consistent Mixed Tank Reactor parameters 

are adequately displayed utilizing mass parity condition 

which give a reasonable comprehension of reaction and 

attributes of every parameter engaged with the Consistent 

Mixed Tank Reactor process. Different flaws were 

distinguished and the rate were evaluated by utilizing Neural 

System Prescient Controller. This deficiency ID and 

estimation can be additionally broadened utilizing ANFIS 

system moreover. 
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ABSTRACT--- In a thermal power plant combustion process 

in the boilers plays a vital role and it has to be controlled 

effectively. At present, this is controlled using draft fans 

employed with DCS. This paper deals with the controlling process 

using Fuzzy logic. The goal of this task is to manage the Forced 

draft fan, Secondary air fan, Grid refining fan and induced draft 

fan in the boiler. Every one of these fans assume a significant job 

in controlling the temperature of the boiler during the burning 

(combustion) procedure. Utilizing DCS to control the 

temperature is mind-boggling expense and furthermore it needs a 

different server, a processor and a workstation to complete the 

procedure. In the case of software based Fuzzy logic controller, 

the controlling process is  the cheapest and the easiest method to 

maintain and control. 

 

Keywords: Boiler Furnace, SA Fan, ID Fan,FD Fan,SA Fan, 

FLC 

I .INTRODUCTION 

The forced draft fan[4] is utilized to keep up the climatic 

air inside the boiler for doing the combustion procedure.  An 

induced draft fan is used to suck the flue gases generated  in 

the boiler. It helps to maintain the required pressure. Thus 

the temperature inside the furnace is maintained by an 

induced draft fan[4] and a forced draft fan [4]. At the point 

when the humidity of the fuel is expanded, the temperature 

gets diminished [1]. In the mean-time it is necesary to 

increase the speed of rotation of the fan. A secondary air fan 

(SA fan) is used in the boiler to increase the speed. To 

reduce the unburned fuel in the boiler the Grid refining fan 

is used (GR Fan) [7].This paper clearly explains about the 

controlling of the speed of the draft fans used in the boiler in 

accordance with the presence of humidity level in the fuel 

and also the oxygen content in the boiler. 

II . FURNACE IN THERMAL POWER PLANT 

Furnace is the important part in the boiler. It produces 

required heat in order to produce steam inside the boiler. The 

fans involved in furnace operation is forced draft fan, 

induced draft fan, grid refining fan and secondary air fan. 

Heater temperature inside the boiler is kept up with 

assistance of a Forced Draft fan [FD] and an induced Draft 

fan [ID].In furnace a travelling grate is present which is used 

to move the fuel inside the furnace. In furnace, a Grid 

Refining fan [GR] is used to recycle the unburned coal inside 
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the boiler.The Secondary Air fan [SA] is used to provide 

additional air to the furnace for the combustion process. Ash 

is collected in the ash hopper and it is carried along with the 

fuel used in the furnace. Coal is used in order to produce 

required heat for the production of steam inside the boiler in 

the thermal power plant [2]. In the ash conveyor water is 

used to carry the ash. 

 
 

Fig 1 Furnace Operation 

 

III. FORCED DRAFT FAN[4] 

A FD fan is utilized to supply ignition air into the 

framework.The working range of this fan is usually above 

atmospheric pressure. The Forced draft fan is utilized to 

give important oxygen to the burning procedure.Control is 

accomplished by regulating the fan speed or damper 

operation [3]. The Fig 2 shows that the location of the FD 

fan in the boiler. Care should be taken that the Forced draft 

furnace must be airtight in order to avoid the outflow of flue 

gases around the neighbouring  area. 

The FD fan is associated with the base of the heater.It 

makes the fuel combustion in an efficient manner. Either 

steam turbine or electric motor is used to drive the Forced 

Draft fan.  

Draft Fan Control using Fuzzy Logic in Thermal 

Power Plant 
P. Sakthi, P. Yuvarani, S. Kiruthika 
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Fig 2 Forced Draft Fan[4] 

IV. INDUCED DRAFT FAN[4] 

An ID fan goes about as a vacuum pump which is 

introduced among boiler and stack [4].The flue gases from 

the boiler are sent to the atmosphere through this fan. The 

system is controlled by regulating the speed of a fan. It is 

connected at the top of the boiler. The pressure present in 

the furnace is somewhat lower than the pressure in the 

atmosphere [5].In this type of fan a negative air pressure is 

maintained to avoid backfire. In order to prevent the air 

leakage in the boiler, the casing and the opening of the 

Boiler are sealed properly. The unlocked packaging may 

bring down the limit and proficiency of the fans.The Fig 3 

shows that the location of ID fan in the boiler. 

 
 

Fig 3 Induced Draft Fan 

 

The boiler[4] packaging is basic to be manufacture 

sufficiently able to withstand the outside weight of the air. 

V. SECONDARY AIR FAN AND GRID REFINING 

FAN 

It is placed in the middle of the boiler. The grid refining 

fan is mainly used for the re-combustion of unburned fuel to 

the boiler which makes to reduce the wastage of coal from 

the boiler. Due to this there is less scarcity of coal and also it 

reduces the cost of  coal. The GR fan gets its input air from 

the secondary air fan. So the outlet pressure from GR Fan is  

low when compared to Secondary Air Fan [6].  

 
 

Fig 4 Grid Refining Fan 

 

The Fig 4 demonstrates the area of GR fan in the 

evaporator. It is put at the base of the heater. The optional 

air fan is chiefly utilized for sending the additional air 

supply to the kettle. So the burning in the evaporator 

happens consistently without the loss of heater temperature. 

The wellspring of the SA Fan is from the yield of FD draft 

fan [6].So the outlet weight from the SA Fan is similarly 

low contrasted with the FD Fan. 

VI. FUNDAMENTAL BLOCK DIAGRAM OF 

FURNACE 

 

 
 

Fig 5 Furnace Block Diagram 

 

The fig.5 demonstrates the interfacing of equipment with 

Mat lab programming.The communication cable is used as a 

interfacing cable between the hardware devices and the 

software. The humidity sensor output is as the input to the 

software and thus the fans will be controlled. 

VII. PID CONTROLLER 

In the industries, for controlling the process variables PID 

control is most widely used [7]. The change in the actual 

value and the measured value of the controlling variable is 

calculated as error value.The utilization of the controlled 

variable is to modify the procedure to limit the mistake. The 

PID controller calculation includes three separate consistent 

parameters, the corresponding, the basic and the subordinate  
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qualities, meant as P,I and D [8].In PID control the relative 

control relies upon the present blunder, Integral control 

relies upon the amassing of past mistakes and Derivative 

control relies upon the expectation of future blunders, in 

view of current rate of progress. 

VIII. FUZZY LOGIC CONTROLLER[12] 

The Fuzzy Logic Controller[12] Algorithm can be well 

explained by the term Fuzzification, Defuzzification, 

Inference Engine, etc.The fuzzy logic system chosen for the 

draft fan controlling process has multiple input and single 

output. This system has n variables A1,A 2,…An. The control 

action can be well explained by the “if-then” rules and the 

input variables are first transformed into their linguistic 

variables [9]. The process of converting the input variables 

into their respective linguistic variables through different 

membership functions is called fuzzification. It is the first 

process in the inference engine. 

In the inference process, the output is determined by the 

linguistic values (fuzzified output).The process of 

converting the fuzzified output into a crisp value is called 

Defuzzification [10]. In this architecture all the rules are 

evaluated to produce the final fuzzy value which is 

converted into a crisp set by defuzzification process. The 

combination of fuzzy inputs and the generated outputs are 

done with product operation or sum operation respectively. 

In the Fuzzy Logic Controller the defuzzified value is used 

to control the required process. Some of the Defuzzification 

methods used are [12]: 

 Centre of Sums Method(COS) 

 Centre of Gravity(COG) 

 Centre of Area (COA) 

 Maxima Methods 

In this paper we have used Centre of area method (COA). 

The triangular fuzzy sets are utilized for information 

sources(inputs) and yields (outputs). The entire fuzzy logic 

controller is dependent on the fuzzification, Defuzzifictaion 

and the knowledge base. The FLC is based on the following 

constraints.  

Constraint 1:  The triangular fuzzy sets are used in the 

fuzzification process. 

Constraint 2:  For each adjacent fuzzy set the width is 

extended to its peak value. The addition of the membership 

values over the gap between two adjacent sets will be one. 

Over the universe, the sum of all the membership functions 

at any time for a control variable will be one and it is called 

as fuzzy partition [11]. 

Constraint 3: The Centre of area method is used as the 

defuzzification method which is same as that of the method 

used to obtain the weighted average of all output values 

[12]. 

IX. SIMULATION RESULTS 

This paper clearly explains about the operation of  

Induced draft fan [4], Forced draft fan [4], Secondary air fan 

and Grid refining fan.  

 
 

Fig 7.FIS Editor Window 

 

 

 
 

Fig 8 Input Humidity 

 

 As indicated by the stickiness of fuel and oxygen 

content in the boiler the progression of air will be controlled. 

Here the information parameters are humidity, speed of the 

transport line and the oxygen content in the boiler. The yield 

parameters are speed of the incited draft fan, speed of the 

constrained draft fan and the speed of the auxiliary air fan. 

The fig 7 is a FIS manager, fig 8 is a contribution to the 

framework (Humidity input),fig 9 is the FD fan yield and 

Fig 10 is an ID fan yield in the Fuzzy rationale controller. 

 

 
 

Fig 9.FD fan output 
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Fig 10 D fan output 

 

Fig 11 If then Rule 

 

As indicated by the humidity and speed of the transport 

line, the speed of the draft fans will be controlled. On the off 

chance that the humidity gets expanded the speed of the FD 

fan will be expanded. On the off chance that the speed of the 

FD fan gets expanded the weight in the heater will 

increments. So for lessening the pressure in the boiler the 

speed of the ID fan ought to be expanded. 

.

 
Fig 12 Rule viewer output 

 

 

 
Fig 13 Surface viewer output 

 

The fig 11 demonstrates the guidelines given to the FLC 

and the fig 12 demonstrates the Rule viewer output and the 

fig 13 demonstrates the Surface viewer output. 

X. CONCLUSION 

It is clear that the FLC can be utilized to control the 

combustion  procedure in thermal power plant.Thus the  

proposed method is proved to be efficient and cost effective. 

It is implemented in the Coal and Bagasse based Thermal 

power plant at EID Parry Sugar India Limited, Karur with 

the existing method of controlling the boiler using DCS 

system.   

XI. FUTURE SCOPES 

Fuzzy logic control is an efficient intelligent controlling 

method used for linear and non linear systems. So far the 

traditional controllers are used for controlling temperature in 

the boiler. The disadvantage is that it produce errors when 

there is a variation of load and nonlinearity in the system. 

But an intelligent control system can be easily implemented 

in boiler and other steam temperature control and water 

level control applications. 
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Abstract: The microprocessor system’s Caches consume 
much of a power and energy consumption. In this paper, a 
set associative cache system and way tagged L2 cache and 
way tagged L2 cache with counting bloom filter caches are 
compared. The tagged cache beyond continue the method 
tag of level two cache in the level one cache for the duration 
of understand writing process, this process prepare level 
two cache towards operate within a corresponding map 
in absolute process in the time of write hits that results in 
mainstream of the level two cache access. Here CBFs are 
proposed in the way tagged L2 cache to recover the energy 
and swiftness of membership tests by maintain a vague 
and compact demonstration of a large set to be searched. 
Designs were developed using behavioural VHDL and 
synthesized in Xilinx 8.1 Spartan 2E device. Experimental 
results were showing that the future way tagged L2 cache 
with CBF consumes lesser 50% of power than the set 
associative cache systems.

Keywords: CBF, Energy and power, Set associative cache, 
Way tagged L2 cache. 

I. IntroductIon

The level of more on-chip system cache has been extensively 
processed in more microprocessor system. The memory cache is 
a hugely quick memory that is insert into the CPU and processed 
independent chip. The usage of central processing unit in 
the cache memory to combine the instruction this are jointly 
enforced to execute the programs, developing global system 
speed and compressing power dissipation. The structure level 
of the on-chip cache get maximized, the energy consumption 
per unit area also get rising regularly [2]. To maintain the data 
width all over the memory hierarchy write-after and write-over 
line of action were usually managed. Below the mark reverse 
rule, an altered cache slab was modified reverse to this pertinent 
under level cache at most period of the block was regard to be 
exchanged. 

The period of mark from side to side rule, each samples of a 
cache slab were moderated instantly following the cache block 

Article can be accessed online at http://www.publishingindia.com

was updated at the present cache, for all that the block great 
and impressive power of strength was not be removed. So, 
the policy write-through continues same data levels sample at 
all in the cache hierarchy all over more the time of running 
the process [1]. This feature was significant as complemented 
metal oxide semiconductor expertise be scale keen on top of 
the nanometre array; the yielding error has established because 
a substantial consistency question within on chip store memory 
system. It has be finished to sole occasion more bit upset is 
attainment inferior inside on chip recollections [4]. 

These difficulties have be address next to unlike level of the 
plan. At the structural design stature an efficient explanations 
are to remain information reliable in the middle of a variety of 
memory levels pecking order to shield the scheme from give 
way due to flexible error. Usually, store mark from side to side 
rule is intrinsically too learnt in the direction of spongy error 
for the cause that the information next to everyone connected 
level of the store pecking order to be reserved constant [8]. This 
is designed for the reason that below the mark from side to 
side rule, caches at the lesser height practice additional access 
throughout write operations [9]. There is a fundamental cache 
design trade-off between a set-associative cache and direct-
mapped cache. 

II. two-LeveL cache

This is a level of one and two cache system in Fig. 1. But the level 
one information cache apparatus the mark reverse regulation, a 
mark thump within the Level one store don’t require to right 
of right of entry the Level 2 store. Stipulation of the Level one 
store is writing from side to side, after that together Level one 
and Level two caches require to be accepted for each write 
process [10]. The write through rule incur additional mark 
access inside the Level two store, which within revolve add 
in the direction of the power utilization of the store scheme. 
Energy rakishness was at the present measured because the 
significant problems inside store plan. Usually On-chip caches 
know how to get through regarding 50% of the whole energy in 
high-presentation microprocessors. 
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reverse regulation, a mark thump within the Level 
one store don’t require to right of right of entry the 
Level 2 store. Stipulation of the Level one store is 
writing from side to side, after that together Level 
one and Level two caches require to be accepted 
for each write process. The write through rule incur 
additional mark access inside the Level two store, 
which within revolve add in the direction of the 
power utilization of the store scheme. Energy 
rakishness was at the present measured because the 
significant problems inside store plan. Usually On-
chip caches know how to get through regarding 
50% of the whole energy in high-presentation 
microprocessors.  

 

Fig. 1:  Two-Level Cache Architecture 

III. WAY TAGGED CACHE 

The most important task of this way-tagged cache 
that exploits the technique in sequence in Level 
two cache intended for getting better the energy 
effectiveness. This exploits that the fact that 
decrease figure of conduct accessed throughout 
Level two cache accesses. This method tag as long 
as the input in order intended for the following 
mark access to the Level two store. Inside usual, 
together the understand writing and position 
fountain pen to paper accesses in the Level one 
cache might require in the direction of admission 
the Level two store.  

TABLE I: EQUAL L2 RIGHT OF ENTRY MODE IN 
DISSIMILAR OPERATION IN THE L1 CACHE 

Operations in the L1 Cache 
 Read Slap Read Write Write 

Overlook Slap Overlook 
L
2 

Negative 
access 

Position 
associativ
e   

Straight 
mappin
g   

Position 
associativ
e 

 

This access guide towards dissimilar operation 
within the method tag store, because abridged in 
board one. This way-tagged cache architecture 
consists of a number of novel mechanisms mode 
label buffer, way register, way-tag arrays, way 
decoder.  

A. Arrays Way-Tag 
During this way-tagged cache, every cache row 
within the Level one cache keeps its Level two 
method tag in sequence within the applicable 
opening of the method label array, everywhere just 
single Level one information collection in addition 
to the matching way label collection were worn in 
favour of effortlessness. 
 

TABLE II: PROCESS OF ARRAY WAY TAG 

Write Fill in Process 

One One 
Put in writing arrays 
of way-tag 

One Zero 
Understand writing 
arrays of way-tag 

Zero Zero Not right of entry 

Zero One Not right of entry 

 

B. Buffer of Way Tag 

The buffer of Way-tag supplies the way-tags 
temporarily understands writing beginning the 
arrays of method label. The number of entries in 
the buffer of method label was alike because the 
mark down buffers of the Level one store and also 
shares the charge of indication through it. The 
shock absorber way tag have divide put in writing 
and understand writing logic in order to maintain 
equivalent understand writing and inscribe press 
like to the put in writing buffer of the Level two 
cache.  

C. Decoder Approach 
The position of the decoder approach was to 
translate technique tags and trigger barely the 
determined habits in the Level two cache. While 

Fig. 1:  Two-Level Cache Architecture

III. way tagged cache

The most important task of this way-tagged cache that exploits 
the technique in sequence in Level two cache intended for 
getting better the energy effectiveness. This exploits that the 
fact that decrease figure of conduct accessed throughout Level 
two cache accesses [5]. This method tag as long as the input in 
order intended for the following mark access to the Level two 
store. Inside usual, together the understand writing and position 
fountain pen to paper accesses in the Level one cache might 
require in the direction of admission the Level two in Fig. 1 
store. 

tabLe I: equaL L2 rIght of entry Mode In dIssIMILar 
operatIon In the L1 cache

Operations in the L1 Cache
Read 
Slap

Read 
Overlook

Write Slap Write 
Overlook

L2 Negative 
access

Position 
associa-
tive  

Straight 
mapping  

Position 
associative

This access guide towards dissimilar operation within the 
method tag store, because abridged in board one. This way-
tagged cache architecture consists of a number of novel 

mechanisms mode label buffer, way register, way-tag arrays, 
way decoder in Table I. 

A. Arrays Way-Tag

During this way-tagged cache, every cache row within 
the Level one cache keeps its Level two method [11] tag in 
sequence within the applicable opening of the method label 
array, everywhere just single Level one information collection 
in addition to the matching way label collection were worn in 
favour of effortlessness in Table II.

tabLe II: process of array way tag

Write Fill in Process
One One Put in writing arrays of way-tag
One Zero Understand writing arrays of 

way-tag
Zero Zero Not right of entry
Zero One Not right of entry

B. Buffer of Way Tag

The buffer of Way-tag supplies the way-tags temporarily 
understands writing beginning the arrays of method label. 
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The number of entries in the buffer of method label was alike 
because the mark down buffers of the Level one store and also 
shares the charge of indication through it. The shock absorber 
way tag have divide put in writing and understand writing logic 
in order to maintain equivalent understand writing and inscribe 
press like to the put in writing buffer of the Level two cache in 
Fig. 1. 

C. Decoder Approach

The position of the decoder approach was to translate technique 
tags and trigger barely the determined habits in the Level two 
cache. While the dual signs are worn, the row dimension of 
method label array was designed because bits of n = log2N, 
where n is the figure of approach in the Level two cache in 
Fig. 1. This minimized the power transparency as of the extra 
supports and the bang on chip region was insignificant. 

D. Register Approach

This register approach was provided the tag technique in favour 
of the arrays approach. Designed for a technique Level two 
cache, labelled 11, 00, 01 and 10 be located within the method 
list in Table II. Every category single method inside the Level 
two cache. The information preserve be encumbered as of the 
Level two caches during the Level one cache, the matching 
approach tag in the method record was transmitting to the mode 
label arrays [10]. 

For the reason with the purpose of these innovative workings, 
the tagged approach store operates by means of diverse methods 
through understand writing and mark process in the table one. 
Into this tagged approach cache lone the method containing 
the needed information was processed within the Level two 
collection for a put in writing hit in the Level one store amateur 
dramatics the Level two store consistently a straight following 
accumulation to reduce power utilization lacking introduce 
presentation visual projection [9].

Iv. tagged Method of cache wIth countIng 
bLooM fILter

A. Bloom Filter Process of Counting

For the most part of the structure methods provides on system 
including bloom filters to advance in the lead of power, 
difficulty, and wait of a range of processor design. Used for 
case of counting bloom filters be able to processed to recover 
the energy and presentation in snoop-coherent multiprocessor 
or multi-core systems. 

It also know how to be applied to get better the measurability 
of cache weight preparation queues and to decrease teaching 
outputs by maintain in near the beginning fail to stop resolve 
at the Level one information accumulation. In the top of uses 

in counting bloom filters applied to cancelled broadcasts top of 
the interconnection system in multiprocessor systems and also 
decrease process to a great deal larger and thus a large amount 
slower and energy tag cache arrays or pleased addressable 
recollections in Fig. 2. 

As shown in Fig. 3, a counting bloom filters was theoretically 
an array of counts indexed from first to last a disorder role of 
the element below devotion tests. It process three operations: 1) 
increase count 2) decrease count and 3) examination condition 
the count is nothing. The operations of two process are 
corresponds to calculate by one, and the operation of addition 
to proceeds factual or fake (bit output = single). The operations 
of two process are corresponds it as promoted and to the third 
one as a probe. It is considered by it is figure of entries and also 
the width of calculate per entry. 
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Fig. 2:  CBF as a Black Box 

 
B. Bloom Filter of Partial Tag Enhanced  

In-case of a single on access, the unique Bloom 
filter cannot inform whether the receiving talk to is 
applying within the store method. So the verifying 
of the attendance of receiving address in-case of 
single ton access, this unfair method is processed.  
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Fig. 3:  Bloom Filter With Partial Tag 

 
Sometimes we need to perform the concurrent 
statements also so for that partial tag is used to 
check the concurrent statements. Here tag has first 
four MSB bits. Here checking of value can be 
performed in the hash table, if any value present in 
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Sometimes we need to perform the concurrent statements also 
so for that partial tag is used to check the concurrent statements. 
Here tag has first four MSB bits. Here checking of value can be 
performed in the hash table, if any value present in tat hash table 
means data out value is 1 otherwise it will not go to inside of the 
operation so the overall power, energy, delay can be reduced. 
The proposed method tagged cache with the counting bloom 
filter.

v. resuLts and dIscussIons

The designs are analysed in this paper have been developed 
using VHDL and synthesized in Spartan 2E device of 
2s600efg676-6. Here the analysis can be made in terms of 
power, delay, and energy in Fig. 4, 5 and 6. From the comparison 
results of Table III 49.80% of the power can be reduced in the 
proposed way tagged cache with the counting bloom filter.

tat hash table means data out value is 1 otherwise it 
will not go to inside of the operation so the overall 
power, energy, delay can be reduced. The 
proposed method tagged cache with the counting 
bloom filter. 
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Fig. 4: Simulation Output for Two-Level Cache 

System 
 

 
Fig. 6: Simulation Output for Way Tagged Cache 
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TABLE III: COMPARISON RESULTS  
 

  
VI. CONCLUSION 

Parameters 
Two 
Way 

Cache 

Way 
Tagged 
Cache 

Way 
Tagged 

Cache With 
CBF 

(Proposed) 
Power 
(mW) 

227.80 
 

155.88 
 

114.34 
 

Delay (ns) 16.225 15.930 7.34 

Frequency(MHz) 61.633 
 

62.77 
 

132.184 
 

Power*Delay 3696.05 2483.168 839.2256 

LUT RAM 5 6 4 

ROM 2 2 1 

Counters 1 2 1 

Registers 54 77 21 

Comparators 5 6 2 

MUX - 1 8 

Add/Sub 1 1 - 

XORs - - 1 

Fig. 4: Simulation Output for Two-Level Cache System

tat hash table means data out value is 1 otherwise it 
will not go to inside of the operation so the overall 
power, energy, delay can be reduced. The 
proposed method tagged cache with the counting 
bloom filter. 
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Fig. 5: Simulation Output for Way Tagged Cache With CBF
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tat hash table means data out value is 1 otherwise it 
will not go to inside of the operation so the overall 
power, energy, delay can be reduced. The 
proposed method tagged cache with the counting 
bloom filter. 
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tabLe III: coMparIson resuLts 

Parameters Two Way Cache Way Tagged Cache Way Tagged Cache With CBF (Proposed)
Power (mW) 227.80 155.88 114.34
Delay (ns) 16.225 15.930 7.34
Frequency (MHz) 61.633 62.77 132.184
Power*Delay 3696.05 2483.168 839.2256
LUT RAM 5 6 4
ROM 2 2 1
Counters 1 2 1
Registers 54 77 21
Comparators 5 6 2
MUX - 1 8
Add/Sub 1 1 -

XORs - - 1

vI. concLusIon

In this paper three kinds of cache architectures are compared 
such as Two-level cache, Way tagged cache, and proposed Way 
tagged cache with Counting Bloom Filter. From the Table III 
results we have concluded that the proposed Way tagged cache 
with CBFs has 49.80% of power lesser than the existing two-
level cache system.
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ABSTRACT
The aim of the research work proposes the design of low power digital filter for biomedical signal processing and 
decreased the Power, Area in the Finite Impulse Response (FIR) circuits. The proposed folded linear direct form low 
power finite impulse response filter is planned by using 2:1 Multiplexer Data flip flop. The plan of data flip flop 
for low power is consumed in addition to low power blocks are designed on the planned Finite Impulse Response 
Filter method and the power results are compared for enhanced performance. The FIR filters are planned in direct 
form non folded and folded method to filter biomedical signal. A novel method called folded low power filters is 
also planned in linear phase. The low power finite impulse response filter constructed by using low power adder 
cells, multiplier cells and 2:1 multiplexer data flip flop. The simulation of circuits is completed by using TANNER 
S-EDIT tool. The performance of the proposed method is also compared with several existing research works to 
study its efficiency and less power consumptions in implementation of a FIR low pass filter. The folded filters and 
non folded filter with CMOS adder multiplier and new multiplexer data flip flop the reduction of transistor count 
is 32% and 40 % power reduction is compared to existing data flip flop folded and non folded filters.

KEY WORDS: DATA FlIP FlOP, FINITE IMPulSE RESPONSE FIlTER, FOlDED FIlTER, MulTIPlExER, NON FOlDED 
FIlTER.
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INTRODUCTION

The digital filters are utilized in computerized signal 
handling application. The filters are Finite Impulse and 
Infinite Impulse response type filters. The FIR filters are 
non recursive sort, the showcase yield tests relies upon the 
show input test and past information tests and IIR channel 
are of recursive kind, the presentation yield test relies 
upon the showcase contribution, past info tests and yield 

tests. In numerous computerized preparing applications 
FIR filter are favored over the IIR filter. The accompanying 
points of interest of FIR filters are steady, direct stage 
configuration, acknowledged in both recursive and non 
recursive structure (Kiruthika et al. 2019).

The FIR filters are liberated from limit cycle motions, 
when actualized on a limited word length computerized 
framework. The structure strategies start with necessities 
and condition the FIR filter. The technique utilized in 
the plan procedure of the filters relies on the usage and 
details. There are a few central focuses and bothers of 
the structure strategies (Sakthi et al. 2015). Accordingly, 
it is essential to pick the right procedure for FIR filter 
structure. Because of proficiency and straightforwardness 
of the FIR filter, most ordinarily window strategy is 
utilized.
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MATERIAL AND METhOD

The direct structure FIR channel can be ordered into 
two types of non folded type direct structure FIR filter 
and folded type direct structure FIR filter. Both direct 
form structures likewise contain a similar number of 
multipliers, these equivalents M+1. Be that as it may, 
on the off chance that you play out the increases in 
equal and, at that point perform summations on the 
multiplication products for the two structures, the FIR 
direct structure transposed structure has better planning 
execution in better time of the fact that the postpones 
following the adders in this structure can store the 
summation results incidentally for in performance out 
the summation in equal (Kiruthika et al. 2017).

In any case, the FIR direct structure is increasingly 
proficient in light of the fact that this structure requires 
less memory. FIR filter can be classified on the basis 
of phases or symmetry. So the filters can be in both 
Nonlinear and linear phase. The main difference is in 
the symmetry, linear phase filters have symmetry while 
nonlinear filters have no symmetry. linear phase filters 
need only fewer coefficients while nonlinear need 
randomly distributed more coefficients. In the linear 
phas3 filters need only fewer coefficients. In the linear 
phase there is a special structure for FIR filters know 
as “minimum multiplier structure” or folded FIR filters 
(Aravindaguru et al. 2019). We can eliminate multipliers 
at the expense of implementing more adders.

In folded filters, the multipliers are made common 
between the delay elements and adders. In the Non folded 
filter with n bits per input and coefficient, 2n bit adders 
are used in the adder portion, where as in the folded 
filters with n bits per coefficient and adders, both n bit 
adders and 2n bit adders are used for the adder portion. 
The architecture of both direct form, transposed form and 
their Non folded direct form, transposed form and their 
folded filter can be expressed in linear phase in which the 
coefficients c(0) and c(3) are equal and c(1) and C(2) are 
equal ie FIR filters are usually to be in linear-phase. 

An important benefit of the folded FIR structural design 
is that they lead to decreased equipment in examination 
with the unfolded plans [2]. A FIR channel direct stage 
if (and just if) its coefficients are balanced around the 
inside coefficient, that is first coefficient is equivalent 
to the last; the second is equivalent to the close to-last, 
and so on. (A FIR channel straight stage having an odd 
number of coefficients will have a solitary coefficient 
in the middle which has no mate).The figure (6.3) shows 
the folded direct form FIR filter (Kiruthika et al. 2018) 
in which for a four tap filter only two coefficients are 
needed. That is the coefficients are shared between adders 
and multipliers.

In nonlinear phase no folded technique can be 
implemented because of the lack of symmetry. But linear 
phase is really symmetric and also only fewer coefficients 
need to be used. The figure1 is the nonfolded transposed 
form FIR filter in which also the coefficients at the end 

are equal about the centre coefficient. And figure2 is the 
folded transposed FIR filter in which also two coefficients 
are needed for 4 tap filter (Kiruthika et al. 2017).

Figure 1: Non-folded linear Direct Form FIR filter

Figure 2: Folded linear Direct Form FIR filter

Data Flip Flop Method: The finite impulse direct form 
folded and non folded filters are implemented by using 
as delay element data flip flop. Existing Data Flip flop 
is implemented by using fourteen numbers of transistors 
shown in figure.

Figure 3: Circuit diagram of existing Data Flip Flop
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The new proposed design of 2:1 Multiplexer Data flip 
flop by using two transistors. In new method data flip 
flop is made by reducing the 12 transistor of existing 
data flip flop shown in figure. The 2:1 multiplexer 
data flip flop is consumed less power and area  
(Kiruthika et al. 2019).

Figure 4. 2:1: MUX data flip flop

Figure 5: Circuit diagram of 2:1 MUX data flip flop

RESULTS AND DISCUSSION

The Finite impulse response Filters are structured with 
multipliers. The multipliers are inside structured utilizing 
distinctive kind of full adder units. The Direct structure 
linear FIR filter appeared in figure is planned utilizing 
existing Data flip flop is having 14 transistors. The similar 
direct form filter is planned by means of 2:1 multiplexer 
data flip flop which is having just 2 transistors and has 
less power utilization than typical Data flip flop.

The chart in figure is a force assessment of flip flop with 
14 transistors and between the flip flop with 2 transistors.  
Here is two kinds of strategies in linear phase they are 
non folded direct form FIR filter is planned utilizing 
ordinary Data flip flop and afterward direct structure 
folded direct form FIR filter is planned utilizing proposed 
Data flip flop.

Figure 6: Digital FIR filter output waveform

Figure 7: Direct form Folded FIR filter power output 
waveform

The folded direct form FIR filter through Data flip flop 
using 2:1 Mux is create in the direction of actually 
power proficient and has fewer transistors than Non 
folded direct form FIR filter with Data flip flop using 
2:1 Multiplexer. In the evaluation the folded linear 
Direct Form FIR filter is estimate to have 40% power 
reduction. 
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Filter                      Power(w)                    Transistor count
Type Existing Multiplexer Existing Multiplexer
 Data flip  Data flip Data flip Data flip
 flop  flop flop flop

Non Folded  0.496 0.386 1280 992
type  filter
Folded type   0.395 0.200 904 616
filter

Table 1. Power Comparisons of FIR Filter

CONCLUSION

The transistor calculation of the finite impulse filters 
also excellent reduction is obtained. The evaluation 
between the Non-folded filters and folded filters with 
normal Data flip flop and multiplexer data flip flops are 
completed. The folded filters and non folded filter with 
CMOS adder multiplier and new multiplexer data flip 
flop the reduction of transistor count is 32% and 40 % 
power reduction is compared to existing data flip flop 
folded and non folded filters. The folded filter used for 
biomedical signal processing applications.
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ABSTRACT
Edge detection is one of the process-based methods for detecting object boundaries within images. Product 
identifiers are usually exceeded by the following commemorative pricing computers, the type of sale and the 
machine taking the product price to create a bill of materials on the way out. in the middle of the project is the 
launch of a product discovery process in real time while not only showing data to continue the process, as many 
stores in remote locations do not wish their customers to visit the connection problem. for example, if Moderate 
Soap is placed in front of the camera, it will detect transactions related to the rate and weight of the Detergent 
soap. will measure the award of that product

KEY WORDS: EDgE DEtEction, iMagE ProcESSing, aMPlifiEr, analog circuit, Data acquiSition.
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INTRODUCTION

Edge detection system is used to detect sharp cuts in an 
image where the resolution is a vague change in pixel 
strength that reflects the parameters of the scene. the 
most common edge detection methods include image 
acquisition and operator, which is sensitive to the main 
radios in the picture while returning zero values to the 
same regions. to distinguish the enormous number of 
clients accessible, each is intended to influence particular 
sorts of edges. this procedure enormously decreases the 
measure of information in the picture, while safeguarding 
the most significant highlights of the picture. Edge 
Discovery incorporates an assortment of scientific 
strategies that expect to recognize focuses in an advanced 
picture, where picture brilliance is high or contrasted with 
disappointments. the brightness of the image changes 

is usually set in a set of symmetrical parts of the line 
called edges. Phase identification is a similar issue that 
recognizes stops on single-flagged signals, and the sign 
end recognition issue is called change location. Edge 
discovery is an essential tool in image Processing, in the 
fields of feature obtaining and extraction of features. this 
way we can Pc vision and machine vision, particularly 
generate revenue for Matlab products.

Literature Review

1. c. nagaraju, l. S. S. reddy, et al, “a novel Method 
for Boundary Detection based on Edge flow technique”, 
iEEE, Volume 5, issue 9, Dec 2014 this paper proposes 
to explore a novel frontier based on boundary crossing. 
this method uses a prediction-based model to determine 
the color and light changes in each image area at a given 
rate and constructs the flow vector. By increasing the flow 
velocity, the boundaries can be seen at the positions of 
the images that meet the two opposite directions of flow 
in a steady state. the only important parameter required 
for a user-defined rate algorithm.
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2. liang Huang, et al, “Distributed deep learning-based 
offloading for mobile edge computing networks”, research 
gate journal, Volume 3, issue 01, July 2018 this paper 
contemplates Mobile Edge computing (MEc), where most 
remote gadgets (rgs) like to transfer their Pc tasks to 
edge servers. So as to spare vitality and administration 
quality in WD, the utilization of consolidated burden 
goals and transfer speed designation has been created 
as a computational issue. Be that as it may, the issue 
is decreased by the scourge of greatness, which can't 
be adequately and viably tackled by standard control 
apparatuses, particularly in huge WDs. in this paper, we 
propose a profound learning-based offloading (DDlo) 
calculation for MEc systems, where numerous equal 
Dnns are utilized to settle on load choices.

3. Mohd. aquibansari ,et al“a comprehensive analysis of 
image Edge Detection techniques” international Journal 
of Multimedia and ubiquitous Engineering , Volume 12, 
issue 02 ,nov 2018 the main goal of image processing is 
to understand the content of the image effectively and 
it provides meaningful and important information. the 
field of image interpretation has received much attention 
from various researchers. one of the most serious steps in 
image interpretation is how to appropriately mine edge 
information from an image. the edges can be drawn  
features of the image and the outline of the object. 
Edge detection is commonly used in image analysis and 
processing. there are many different types of algorithms 
for detecting edges.

MATERIAL AND METhOD

Existing System: the biometrics identification scanner 
is an optical scanner that can peruse the printed 
scanner tag, decipher the information contained in the 
standardized identification, and send the information 
to the Pc. it comprises of a light source, a lens and a 
light sensor, which translates into electrical signals for 
optical signals. in addition, almost all barcode readers 
have a circuit that can analyze the image data of the 
barcode provided by the sensor and pass the contents of 
the barcode to the scanner's output port.

the decoder. the decoder depicts the sign, confirms the 
standardized tag utilizing the check digit and changes 
over it into content. the item is examined and the stock 
is consequently recorded.

Figure 1: Barcode scanning

the sensor in the standardized tag scanner distinguishes 
the reflected light from the brightening framework  
(red light) and creates the simple sign that is sent to 

Figure 2: Block Diagram of Barcode Billing system

Proposed System: the billing of the product in the 
proposed system is done by calculating the edges of 
the product using the Edge Detection algorithm. and it 
explores the margins of the product name so that we can 
make bills by eliminating human resources. in this billing 
process, the product is shown to interfere with MatlaB 
so that it is automatically detected and generated by bills 
in letters. the camera detects the edges and requires a 
sample image and about 10000 images are uploaded at 
different angles so that we can know.

Figure 3: Block diagram of Edge Detection Based billing 
system
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in our proposed system the margins of these boxes are 
calculated and the margins of the brand name are also 
printed. the box is also considered. these products 
should be shown in front of cameras that are already 
interfering with MatlaB. that way we can easily bill 
any product we choose.

Figure 4: Input Image for segmentation

RESULT

the input image represents the original image of the 
product, which will be taken for the edge detection of 
the products and image processing techniques.

Figure 5: Gray Converted Image

the grey converted image is one of the edge detection 
image processing technique for conversion of image to 
values

Figure 6: Noise Removed Image

Figure 7: Edge Segmented Image

Figure 8: Segmented Result

06  
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Figure 9: Bill generation

CONCLUSION AND FUTURE SCOPE

the elimination of error in barcode scanning method is 
the main theme of this project. Barcodes printed on the 
product can be erased and damaged in other ways during 
transportation. During our technique we can analyze and 
print the product bill using Edge Detection technology. 
all edges of the product are pre-analyzed and predefined 
in the MatlaB code. So when the product is shown, the 
bill is automatically generated. in our project we use 
eight products with our Matlab code, but in the future 
we will be able to add many other products by changing 
the structure of the code. this helps greatly in reducing 
manual work and is very effective.
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A b s t r a c t :  T h e  o p e r a t i o n  o f  s u g a r c a n e  f e e d i n g  a n d  l e v e l  

c o n t r o l  i n t h e  c h u t e  f o r  c o n t i n u o u s  f e e d i n g  o f  s u g a r c a n e  

h a s  t o  b e  a u t o m a t e d .  I n  e a r l i e r ,  t h e  l e v e l  o f  t h e  c h u t e  i s 

l e v e l  o f  t h e  c h u t e  a n d  b y  v a r y i n g  t h e  s p e e d  o f  t h e  c o n v e y e r  i n  

t h e S u g a r c a n e  f e e d i n g s y s t e m  [7]. 

i d e n t i f i e d  b y  u s i n g  L E D ' s  i n d i c a t i o n  a n d  e c o n t r o l s t h e  

s u g a r c a n e  f e e d i n g  m a n u a l l y .  T o  d e s i g n  a s i g n a l  c o n d i t i o n i n g  

u n i t  f o r  t h e  c o n d u c t i v i t y  t y p e  l e v e l  s e n s o r .  T h e  o u t p u t  

o f  t h e  s i g n a l  c o n d i t i o n i n g  u n i t  i s  g i v e n  t o  t h e  c o n t r o l l e r .  

T h e r e  a r e  f i v e l e v e l  s e n s o r s  i n  t h e  f i v e  d i f f e r e n t  l e v e l s  i n  t h e  

S u g a r  M a n u f a c t u r e P r o c e s s  

I n s u g a r  m a n u f a c t u r i n g  p r o c e s s ,  e x t r a c t  t h e  j u i c e  f r o m  t h e  c a n e  

a n d  r e f i n e  t h e  s u g a r  f r o m t h e  c r y s t a l . 

c h u t e .  T h e  o u t p u t  o f  t h e  f i v e - l e v e l  s e n s o r  i s  g i v e n  t o  s i g n a l  

conditioning u n i t to p r o d u c e  c o n t r o l l e r  a c c e p t i n g  i n p u t  

i. e . , 4 - 2 0  m A .  T h e  a d v a n t a g e  o f  t h i s  p r o j e c t  i s  t o  r e d u c e  

t h e c o s t  e f f e c t i v e l y .  I t  g i v e s  b e t t e r  a c c u r a c y  b e c a u s e  w e  u s e  

m i c r o c o n t r o l l e r t o  p r o c e s s  t h e  p a r a m e t e r s .  

A r u n  M e t a l . d e s c r i b e s  t h e  o b j e c t i v e  o f  t h e  M i l l  S p e e d  C o n t r o l  

i s a l s o  t o  m a i n t a i n  a r e g u l a r  a n d c o n s t a n t  L e v e l  i n  t h e  C h u t e s  

s o  a s t o e n s u r e  unifornm f e e d i n g  t o  t h e M i l l . T h e  M i l l  S p e e d  i s  

v a r i e d  i n d i r e c t  p r o p o r t i o n  w i t h r e s p e c t  t o  C h u t e L e v e l  [ 1 ] . 

T h e  F i g . 1 d e s c r i b e s  t h e s u g a r  m a n u f a c t u r i n g  p r o c e s s  i n  t h e  

i n d u s t r i e s .  T h e  F i g . 2 d e s c r i b e s  t h e f l o w c h a r t  o f  t h e  s u g a r  

m a n u f a c t u r i n g p r o c e s s .  T h e  M i l l S p e e d  i s c o n t r o l l e d  i n  

a c c o r d a n c e  w i t h l o a d o n  t h e M i l l ,  w h i c h  is r e f l e c t e d  p o s i t i v e l y  

b y  t h e  C h e s t  P r e s s u r e  in c a s e  o f  S t e a m  T u r b i n e ,  L o a d  C u r r e n t  

in c a s e  o f  D C  / A C  D r i v e  o r t h e H y d r a u l i c  P r e s s u r e  i n  c a s e  o f  

Keywords: Chute, Sensor, Signal conditioning unit, Sugar 
m i l .  

I. INTRODUCTION a H y d r a u l i c  D r i v e . 

T h e  i d e a  b e h i n d  t h e s p e e d  c o n t r o l is t o m a i n t a i n  u n i f o r m  l o a d s  

o n  t h e M i l l , i . c . , a n i n c r e a s e  in l o a d s h a l l i n c r e a s e  t h e  M i l l  S p e e d  

thus bringing the load down to i t s  normal, whereas a decrease 
in l o a d  s h a l l d e c r e a s e  t h e M i l l S p e e d  t h u s  r e s t o r i n g  t h e  l o a d  t o  

A s u g a r i n d u s t r y i s a n i n d u s t r y  w h i c h  p r o c e s s e s  t h e  j u i c e  o f  t h e  

sugarcane juice to white refined sugar. Many o f  the sugar mills 

are producing raw sugar, which is still con t a i n i n g molasses, 

giving it m o r e  c o l o u r  ( a n d  a n y  a s s o c i a t e d  n u t r i e n t s )  t h a n  t h e  

white s u g a r w h i c h  i s n o r m a l l y  c o n s u m e d  i n  h o u s e h o l d s  a n d  

USed a s  a n  ingredient in s o f t  drinks. Kiruthika S e t  al. describes 
n a t  the f e e d i n g o f  s u g a r c a n e  a n d  t h e  l e v e l  o f  t h e  c h u t e  is 

measured m a n u a l l y ,  s o  t h e  s u g a r c a n e  p r o c e s s e d  i n t h e  c h u t e  

1S often get struck or jam m e d . Due to this the produ c t i o n o f  
u C  S u g a r  1s g e t  a f f e c t e d ,  t o  o v e r c o m e  t h i s  i s s u e  t h e  f e e d i n g  o f  

Sugarcane into t h e  chute a n d  the me a s u r e m e n t o f  c h u t e  l e v e l  

1 4 S  t o  b e  a u t o m a t e d  b y  u s i n g  t h e  s e n s o r  s y s t e m  t o  m e a s u r e  t h e  

i t s  n o r m a l  v a l u e .  

T h e  M i l l S p e e d is c o n t r o l l e d  in a c c o r d a n c e  w i t h  l o a d  o n  t h e  

M i l l ,  w h i c h  is r e f l e c t e d p o s i t i v e l y  b y  t h e C h e s t  P r e s s u r e  in c a s e  

o f  S t e a m  T u r b i n e ,  L o a d  C u r r e n t  i n  c a s e  o f  D C I A C  D r i v e  o r  t h e  

Hydraulic P r e s s u r e  in c a s e  of a Hydraulic D r i v e . T h e  o v e r r i d i n e  

c o n t r o l  f o r M i l l L o a d  i s  given by t h e  C h u t e  Level. 

T h e  f l o w c h a r t o f  S u g a r  m a n u f a c t u r i n g p r o c e s s  is g i v e n  b e l o w  

i n  d e t a i l .  

A r t i c l e  c a n  b e  a c c e s s e d  o n l i n e  a t  
h t t p : / / w w w . p u b l i s h i n g i n d i a . c o m  

Page 754 of 3066Page 754 of 3066



Volume 5, Issue 1, June 2019 & International Journal of E m e r g i n g  i r e n d s  in Sci e n c e a n d  T e c h n o l o q  

Hsrvesting Shredder 

Cme 
Recelval 

G a n e  i r a n s p o n  
Extraction Staíon 

G d  

Bagasso 
Storage 

Bollur HP, Steam 

Powet House 

Laboratory 

Male-up 
Valve U L O u  

Di s p o s a l J u * e  

ACung Evaporato 
LP. Stezm 

P r i y  

Clartf 
Syup 

Meater C Suçar 1ank 

Cystaiz d u e n t  

Messecuite 
K a h e a l e r  

Shpmet 
u d  
Mrer 

Dryer 
Filter 

E Bolasses FiAal 
Cooler Molasses 

T a k 
High Grade Fugals 

Fugals 

Fig. 1: Schematic Diagram of Sugar Manufacturing P r o c e s s  
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F i g .  2: F l o w c h a r t  o f  S u g a r  M a n u f a c t u r i n g  P r o c e s s  
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Design a Signal Conditioning Unit for Chute Level S e n s o r  a n d  Automatic Control o f  t h e  C a n e Feeding 5yste 
I I . Ex1STING METHOD 

Legend: 
C T / P T : Cu r r e n t / Pressure Transmitter 

A. I n t r o d u c t i o n to C h u t e 
DCLT: Donnelly Chute Level Transmitter 

C h u t e is to h o l d  t h e  b a g a s s e  a n d  s e n d t h e b a g a s s e  to n e x t  

p r o c e s s it is i n m a n y  f o r m s  o f  s p i r a l a n d  r e c t a n g u l a r . I n w h i c h  

rectangular is widely used in sugar industry as shown in Fig. 3. 

T R L : To p R o l l e r  L i f t T r a n s m i t t e r  

MSC: Mill Speed Controller 

RPMT: RPM or Tacho Transmitter T h e M i l l S p e e d  is c o n t r o l l e d  i n a c c o r d a n c e  w i t h  l o a d  o n  t h e 

M i l l , w h i c h  is r e f l e c t e d  p o s i t i v e l y  b y t h e  C h e s t  P r e s s u r e  in c a s e 

of Steam Turbine, Load Current in case o f  DC /A C Drive or the 

H y d r a u l i c  P r e s s u r e  i n  c a s e  o f  a H y d r a u l i c  D r i v e .  

T R : Top R o l l e r  

T h e  F i g .  3 p o r t r a y s  s c h e m a t i c  d i a g r a m  o f  t h e  t h e  c h u t e  l e v e l  

s e n s o r  a n d a u t o m a t i c . 

D 
n t r o i  

T R L  

F i g . 3: S i n g l e  C h u t e  
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particles i n  t h e  fluid. Wh i l e pH i s con c e r n e d explicitly with 
h y d r o g e n p a r t i c l e s , c o n d u c t i v i t y does no t s e p a r a t e . 

B. S i g n a l  
C o n d i t i o n i n g  

U n i t  

C a n e s i n C A  e t  a l .  d e s c r i b e s  t h a t  i n  t h e  s i g n a l  c o n d i t i o n i n g  o f  

c h u t e  l e v e l s e n s o r  r e l a y  1 s  u s e d  a s  t h e  s w i t c h  a n d  s o m e  e r r o r  

O c c u r s  in t h e  c h u t e  [3]. W h e n  t h e  o u t p u t  r e s i s t a n c e  f r o m  t h e  

c h u t e  i s b e l o w  2 k  a l s o  t h e  s e n s o r  h a s  t o  s e n s e  it a n d  i t h a s  t o  

cont r o l t h e  c o n v e y e r  
m o t o r  t o  c o n t r o l  t h e  f e e d  o f  s u g a r c a n e .  

C o n d u c t i v i t y  i s t h e  o p p o s i t e  o f  o b s t r u c t i o n  a n d  e s t i m a t e d in 

S i e m e n s / c m .  n o r m a l l y  u n i t s  a r e  m i l l i - S i e m e n s  o r s m a l l - s c a l e 

S i e m e n s relying upon the r a n g e .  If y o u  som e h o w happened to 
t a k e  a n  o u t - d a t e d  m u l t i - m e t e r  a n d  turm a r o u n d  t h e  o b s t r u c t i o n 

s c a l e  s o  z e r o  i s  o n  t h e  l e f t .  S t r a i g h t f o r w a r d  c o n d u c t i v i t y  sensors 

u t i l i z e  t w o  o r  f o u r  a n o d e s  w i t h  a k n o w n  s u r f a c e  r e g i o n that 

are pu t in the fluid or i n c o r p o r a t e d with a cylinder or vecea 

a p r e d e t e r m i n e d s e p a r a t i o n  s e p a r a t e d .  O n  t h e  o f f  c h a n c e that 

c o n d u c t i v i t y i s  l o w  ( h i g h  r e s i s t i v i t y ) ,  t h e  c a t h o d e s  w i l l  regularly 

b e n e a r  o n e an o t h e r . O n  t h e o f f  c h a n c e t h a t conductivity is high 
t h e y c a n  b e  m o r e  d i s t a n t s e p a r a t e d . W h i l e this is a successful 
m e t h o d o l o g y , it is i n c l i n e d to m i s t a k e s i f  there is silt or air 

p o c k e t s  t h a t  a d e q u a t e l y  p r o t e c t  s o m e  p o r t i o n  o f  a terminal. 

A l s o , a n o d e i n  t h e a r r a n g e m e n t i s l i a b l e to erosion i f the item 

is f o r c e f u l 

The E x i s t i n g m e t h o d  o f  si g n a l c o n d i t i o n i n g u n i t  f o r  c h u t e  l e v e l  

s e n s o r  i n  s u g a r  i n d u s t r y  i s  s h o w n  i n  Fig. 4 . 

A relay is a n  e l e c t r i c a l l y  o p e r a t e d  s w i t c h .  M a n y  relays u s e  

a n  e l e c t r o m a g n e t t o  m e c h a n i c a l l y  o p e r a t e  a s w i t c h , b u t  o t h e r

operating principles a r e  a l s o  used , s u c h  a s  s o l i d - s t a t e r e l a y s . 

Relays a r e  u s e d  w h e r e  i t  i s  n e c e s s a r y  t o  c o n t r o l  a c i r c u i t  b y  a 

se p a r a t e l o w - p o w e r  s i g n a l ,  o r  w h e r e  s e v e r a l  c i r c u i t s  m u s t  b e  

co n t r o l l e d b y  o n e  s i g n a l .  

SENSORI POWER SUPPLY I n c r e a s i n g l y  c o m p l e x  s e n s o r s  k i l l  g e n u i n e  f i u i d  t o s e n s o r contact 

by utilizing a couple o f  i n d e p e n d e n t c u r l s  s i t u a t e d  ar o u n d a n  

a r e a  o f  n o n - c o n d u c t i v e t u b i n g .  O n e  l o o p  h a s  a p r e s e n t  g o i n g  

through i t . C o n d u c t i v e  f l u i d  passing through t h e  energized curl 

t u r n s  i n t o  a t r a n s f o r m e r  a u x i l i a r y ,  w h i c h  t u r n s  i n t o a n essential

f o r  t h e  s e c o n d  c u r l .  T h e  m e a s u r e  of c u r r e n t  i n  th i s m a n n e r  

a c t u a t e d  i n  t h e  s u b s e q u e n t c u r l  s h o w s  conductivity. W h i l e that 

i s  a b a s i c  c l a r i f i c a t i o n o f  t h e  i n n o v a t i o n , t h e  p r e f e r r e d  position 

i s  t h a t  t h e r e  i s  n o  a n o d e  p r e s e n t e d  t o  t h e  f l u i d ,  w h i c h  dispenses 

w i t h  t h o s e  r e l a t e d  d o w n s i d e s  r e f e r e n c e d  b e f o r e .  T h i s plan c a n  

b e  designed a s  a t e s t  o r  w o r k e d  a s  a spool a r e a  o f  pipe which 

c a n  b e  p u t i n  t h e  p r o c e s s  s t r e a m .  

SENSORD SMP'S 

SENSORB RELAYS VAISOLATOR 

SENSORA 4-20MA OUIPUT 
A s  a p p e a r e d i n  Fig. 5 c o n d u c t i v i t y c a n  b e  u t i l i z e d  t o  d e c i d e  

t h e  c e n t r a l i z a t i o n o f  a s o l u t i o n , a s  i n  length a s  t h e b r o k e  d o w n  

s u b s t a n c e s  a r e  k n o w n .  I n  a n y  c a s e ,  s i n c e  it i s i n  d i s c r i m i n a n t ,

t h e  s e n s o r  c a n ' t  d i f f e r e n t i a t e a m o n g  c o r r o s i v e  a n d s o l u b l e  

b a s e .  A t  t i m e s , t h i s  i s n ' t  a n  i s s u e .  F o r  i n s t a n c e ,  conductivity

s e n s o r s  a r e  s t a n d a r d  g e a r  w i t h  C I P  ( c l e a n s e t  up) f r a m e w o r k s  i n  

s u s t e n a n c e a n d p h a r m a c e u t i c a l h a n d l i n g plants. 

SENSORS 

Fig. 4: B l o c k  Diagram o f  Signal Conditioning U n i t  

II I . PROPOSED METHOD 

In t h e  p r o p o s e d  m e t h o d  t h e  o p t o  i s o l a t o r s  h a s  u s e d  t o  m a k e  

the p r o c e s s m o r e  s e n s i t i v e .  I n  e l e c t r o n i c s , a n  o p t o - i s o l a t o r ,

also c a l l e d a n  optocoupler, photocoupler, o r  optical i s o l a t o r , 

IS a c o m p o n e n t  t h a t  t r a n s f e r s  e l e c t r i c a l  signals b e t w e e n  t w o  

1solated c i r e u i t s by using light. B a r b o n i  L e t  a l .  d e s c r i b e s  t h e  

Opto-isolators prevent high voltages from affecting the system 
receiving the signal. Commercially available opto-isolators
withstand input-to-output v o l t a g e s up to 10 k V a n d  v o l t a g e 

transients with speeds up to 10 k V / u s [2).

he u s e  o f  opto-couplers in the signal conditioning u n i t o f  t h e  

Chute level s e n s o r  is b e t t e r th a n t h e V/I I s o l a t o r a n d relay. 

A. Introduction t o  Conductivity S e n s o r 

Conductivity is just the capacity of a fluid to conduct electricity,
w h i c h  i s  connected straightforwardly t o  t h e  convergence o l  Fig. 5 :  C o n d u c t i v i t y  S e n s o r  
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Design a Signal Conditioning Unit f o r C h u t e  L e v e l  S e n s o r  a n d  A u t o m a t i c  C o n t r o l  o f  t h e  C a n e  F e e d i n g S y s t e m .  

T h u s  t h e  a b o v e  p r o t o t y p e  w a s  successfully d o n e .  T h e  r e s u l t s  

a r e  v e r i f i e d  a n d  t h e a b o v e  design a c c e p t s  t h e  input o f  t h e  sensor 

a n d  p r o d u c e  t h e  4 - 2 0  m A  o u t p u t  depends o n  t h e  l e v e l o f  t h e  

B. Signal Conditioning U n i t  

The signal conditioning un i t a c c e p t s  input signals fr o m t h e 

analog s e n s o r s  a n d gives a c o n d i t i o n e d  o u t p u t  o f  0 - 1 0 v d c 

coresponding t o  t h e  e n t i r e r a n g e o f  e a c h  p a r a m e t e r . 

c h u t e . 

n a p o r  

o 1  ta Hulln c t d t  h e g t , T d T )  
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SEVSOR 4 POT4 
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S a S R 2 O T  
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D00 

Fig.6: B l o c k Diagram of Signal Conditioning U n i t 

The Fig. 6 p o r t r a y s th e b l o c k  d i a g r a m  o f  s i g n a l c o n d i t i o n i n g  

unit o f  ch u t e le v e l s e n s o r .  T h i s u n i t  a l s o accept 0 - 1 0 v d c t h e 

inputs and gives outputs in 4 - 2 0 m A .  T h e output th e five s e n s o r s  

is given t o  t h e PIC m i c r o c o n t r o l l e r . Depends o n  t h e input o f  

the s e n s o r it s e l e c t s o p t o - i s o l a t o r . T h e r e  a r e f i v e o p t o - i s o l a t o r

in which e a c h a b l e t o  produce f i v e d i f f e r e n t voltage. C a n e s i n  

C A  e t  al. d e s c r i b e s th a t th e output of the opto-isolator is in t h e 

range o f  0--10v [3]. T h e output o f  t h e opto-isolator is given t o  

V-I c o n v e r t e r w h i c h p r o d u c e  4 - 2 0 m A  o u t p u t . 

Fig.8: Open Loop Step Response of Crushing 

T h e Fig. 8 d e s c r i b e s th e o p e n  loop step r e s p o n s e  o f  crushing o f  

s u g a r c a n e  i n  s u g a r  i n d u s t r i e s .  

V .  CONCLUSION 

T h e output o f  th e signal conditioning u n i t o f  s e n s o r  i s  given t o  

t h e c o n t r o l l e r . T h e a u t o m a t i o n p r o c e s s i n c h u t e  i s i n t r o d u c e d  

for b e t t e r  efficiency i n t h e s u g a r  production. M a n  p o w e r  i s 

certainly decreased, th u s t h e e n t i r e p r o c e s s  is c o n t r o l l e d  a n d  

m o n i t o r e d  u s i n g D C S . I n th i s p r o j e c t t h e o u t p u t f r o m t h e s i g n a l  

c o n d i t i o n i n g  u n i t is g i v e n to th e c o n t r o l l e r . I n f u t u r e t h e  o u t p u t  

from t h e s i g n a l c o n d i t i o n i n g u n i t is g i v e n  to t h e  c o n t r o l l e r  

t h r o u g h w i r e l e s s . 

IV. RESULT 

The Fig.7 p o r t r a y s th e p r o t o t y p e of the signal conditioning un i t . 
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ABSTRACT
In paper industry Finishing House (FH) area comprises of many sheet cutters for processing Paper Reels into cut 
sheets of various chopping length as required. Those cut sheets are processed as Ream bundles in Ream Finishing 
area. The finished ream bundles are shrink wrapped in Shrink Wrapping Machines and stored in Automatic Storage 
and Retrieval system. The purpose of this study is to provide speed efficiency (Yield) in percentage with reference 
to its target speed and chopping size for sheet cutters. The Speed Efficiency & Day Average Speed Efficiency in 
percentage values shall be calculated using the respective machine data. The design of this system includes the 
acquisition of speed efficiency signals from sheet cutters and the display of Speed Efficiency data in WINCC SCADA/
HMI Station at Shift Engineer’s room. The idea behind this Project was to analyze the capacity utilization of FH 
Cutters & Sheeters and thereby to enhance its Productivity.

KEY WORDS: CuTTER, SHEETER, PLC, HMI
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INTRODUCTION

In paper industry, the final stage of the paper making 
process is the finishing house area. It consists of number 
of sheet cutters which cuts the paper into ream bundles 
of required size. The finished ream bundles are shrink 
wrapped and stored in automatic storage and retrieval 
place. The cutter and sheeter machines efficiency are 
calculated using the formula,

Speed Efficiency % (X) = (Actual Machine running speed/
Target speed for the respective chopping Size)*100

Day Average Speed Efficiency = 0∫tSpeed Efficiency (X) 
/ 0∫t lapsed time (T)

The productivity of the paper industry is increased by 
continuously monitoring the efficiency of the sheeter 
machines. If any deviations in the fixed percentage, 
then the speed of the cutter is normalized to enhance 
the productivity of the chopped paper into required sizes 
like A4 or Folio. This project is implemented in a paper 
industry in a finishing House which comprises of Sheet 
Cutter#1, Sheet Cutter#2, Sheet Cutter#3, Bielomatik#1, 
Bielomatik#2, ECH Will cutter and Pasaban Cutter. 

MATERIAL AND METHOD

The signal converter converts the analog input 
(Aravindaguru et al.2019) signals of the various available 
cutters into digital output signals. It converts the signals 
into industrial current signals. The PLC used is Siemens 
made and it acquires digital input from the remote I/O unit 
(Kiruthika et al. 2017) The data is communicated through 
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the industrial Ethernet and Profibus.The profibus links 
the controllers with the field devices such as sensors. 
Industrial Ethernet provides the real time control in 
the industrial environment. All the data from the field 
is communicated to the operator’s room. Each cutter 
and sheeter are provided with one LED display at its 
location.

sheeters. Initially the LED display unit is being calibrated. 
Machine data is collected such as various chopping 
length, the target speed for the corresponding chopping 
length and are tabulated.

Figure 1: Architecture of Cutters and Sheeters Speed    
Efficiency Indication Unit

A. Human Machine Interface: The HMI (Human Machine 
Interface) is the visualization of the real time system. It 
increase the communication between the operator and 
the machine in terms of computer screen, touch screen or 
micro panel display. In the manufacturing industry HMI 
is a Graphic user Interface(GuI).In HMI there are various 
forms of monitoring and controlling of  machine data 
connected real time. The machine controller in HMI is 
usually in the form of buttons or sliders which replaced 
the hammers or manual switches. The HMI is also used 
as a display device for displaying the machine data in 
the control room (Setiawan et al.2019).

B. Programmable Logic Controllers: A Programmable 
Logic Controller is a digital computer which is used for 
automating the industrial processes. The Inputs come 
from sensors that physically translate into electrical 
signals (Gavali et al.2014). The simplest form of inputs are 
digital. The PLC is a digitally operating device (Kiruthika 
et al.2018). It stores the program in its memory and is 
executed in three ways such as ladder logic, sequential 
statements and functional blocks. The advantages of 
using PLC in complex industrial processes are cost 
effective and flexible(Monisa et al.2019).

RESULTS AND DISCUSSION

The machine data is collected for individual cutters and 

Chopping Target Chopping Target
Length Speed Length Speed
in mm in m/min in mm in m/min

500 150 800 240
550 165 850 255
600 180 900 270
650 195 950 285
700 210 1000 300
750 225  

Table 1. Cutter #1 and Cutter #2 Target Speed vs Chopping 
Length

Speed Efficiency logic modification work was carried 
out in PLC by considering the Target Speed design data. 
The calculated Speed Efficiency Values were verified at 
various Machine speeds and provided in HMI. Snapshots 
of logic development and Speed Efficiency values 
displayed in HMI are shown below.

Figure 2: Cutter #1 Logic Development

Figure 3: Cutter #1 Speed Efficiency Indication in HMI

 32
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Figure 4: Cutter #2 Logic Development

Figure 5: Cutter #2 Speed Efficiency Indication in HMI

Table 2. Cutter #3 Target Speed Design Data for Chopping 
Length

Format  Cross Format  Cross cutter
Length  cutter Target Length Target Speed
in mm Speed in m/min in mm in m/min

380 95.30 723 289.40
401 102.35 750 300
426 111.80 775.10 300
450 121.20 801 300
475 130.60 825 300
380 95.30 723 289.40

Figure 6: Cutter #3 Logic Development

Figure 7: Cutter #3 Speed Efficiency Indication in HMI

Figure 8: LED Display of efficiency indication in %

Bielomatik#1 Speed Efficiency percentage value was 
obtained from sheeter area Main Motor VFD with the help 
of Electrical Department. The Speed Efficiency percentage 
values were verified with various Machine speed. 
Necessary provision was made to install LED display unit. 
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The Programmable Logic Controller (PLC) and its allied 
components were installed in Cutter#3 MCC room. Signal 
cables were laid from Cutter#1, Cutter#2 &Cutter#3 to 
Main PLC Controller unit at Cutter #3 MCC in Phase#1. 
PC Station is installed at Shift Engineer’s room to display 
the Speed Efficiency percentage values.

Application software (WINCC) and Graphic Display Page 
work to display Speed Efficiency percentage values in 
PC Station were developed and programmed. The Speed 
Efficiency signal acquired from Cutter#1, Cutter#2 
& Cutter#3 is displayed in the PC Station. A separate 
Junction box with Remote I/O Hardware was installed 
at Will Cutter area to acquire signals from B#1, B#2, 
and ECH Will Cutter & Pasaban Cutter in order to save 
cabling cost and to ensure reliable signal transmission. 
Functional checks of all remote I/O hardware were 
completed. Profibus communication was used to link 
remote I/O hardware with the Main PLC controller 
commissioned at Cutter#3 MCC room.

Figure 9: Bielomatik #2 Logic Development

Figure 10: Bielomatik #2 Speed Efficiency Indication

The similar procedure was conducted for ECH cutter, 
Pasaban Cutter and other Bielomatik cutter. The signal by 
conventional means (4-20mA) through signal boosting 
hardware (Dual Channel Isolators). Cable routing plan 
for Profibus communication cable to link remote I/O 
unit & signal cable to acquire Pasaban cutter signal. PLC 
programming was done to process the Speed Efficiency 
signals received from B#1, B#2 & Will Cutter. Graphics 
Pages were designed to display the Cutter#1, Cutter#2, 

Cutter#3, B#1, B#2 & ECH Will Cutter Speed Efficiency 
Values in %.

Figure 10a: Efficiency Screen at Finishing House Operator’s 
Room

Figure 11: Data Collection at Operator’s Room

Figure 12: Efficiency Comparison

 34
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CONCLUSION

Thus the speed efficiency calculated using the formula 
and displayed in the shift operator’s room in LED display 
for the cutters and sheeters in the finishing house. The 
day average speed efficiency was calculated for the 
present and previous days were compared. From the data 
the capacity utilization (Yield) of cutters and sheeters 
was calculated and thereby enhanced the productivity 
of the process.
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ABSTRACT
Insomnia glass technology plays a vital role in driving environment where used to prevent the accidents and 
protect everyone those who are around the driving environment. Nowadays most of the road accidents are because 
of drowsiness of the driver. Most of the loading vehicles and other tourist vehicles are prefer night travel in order 
to avoid traffic problems. During that time drivers are unknowingly closing eyes which cause major accidents 
and results in major loss for all around them. This project helps to give alert to drivers whenever feel drowsy. IR 
(Infrared) sensor used in this glass to detect the closing of eye as well as timer also used to detect the eye closing 
duration. In this project LM358 Operational amplifier act as a brain of this system. LED (Light emitting Diode) and 
buzzers are used as indicators. When LM358 Operational amplifier receives more signal from sensor than reference 
signal LM358 Operational amplifier will produce an output signal. Reference signal to LM358 Operational amplifier 
given by battery. When the sensor detects the closure of eye, it buzzers with the help of buzzer. By this the driver 
is helped by Insomnia glass to avoid sleep while driving which helps to prevent road accidents.

KEY WORDS: IR (INfRaRED) sENsOR, LM358 OpERaTIONaL aMpLIfIER, LED (LIghT EMITTINg DIODE).
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INTRODUCTION

Many technologies has established to prevent accidents 
due to drowsy. One such technology was Insomnia glass 
system, function with the help of IR (Infrared) sensor 
and LM358 operational amplifier. Infrared sensor is used 
to monitor the attentiveness of the driver. If attention 
of the driver missing to the road a dangerous situation 
is detected (Wijnands et al. 2016), the system will warn 
the driver by flashing lights, warning sounds. In this 
Insomnia glass system, the IR sensor not only measure 

the attentiveness of the driver but also check the vigilance 
level. The main purpose of the Insomnia glass system, 
to give alert to the driver whenever drowsiness or 
distraction were observed (Rajahrajasingh et al. 2017). 
Other applications for the system also possible, such as 
driver identification and control functions using the eyes. 
These developments contribute to extreme safety and 
more spontaneous use of the new generation of driver 
assistance functions.

MATERIAL AND METHOD

The vehicle was incorporated with an IR (Infrared) sensor 
assembled into the dashboard and in order to focus the 
face of the driver. 
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The main key roles were given as:
predict the drowsiness situation of the driver to •	
avoid accidents.
To give alert to the driver whenever sensed •	
drowsiness 
Ensuring the attentiveness of the driver towards the •	
road to avoid risky situations.

A. Existing system: The existing system named as Driver 
monitoring system and also driver attention monitoring 
system which was first introduced vehicle safety system 
by Toyota offered in Japan and Lexus latest models 
in 2006.The function of the systems combined with 
pre-collision system. IR (Infrared) sensors were used to 
monitor the attentiveness of the driver (Nidhi sharma et 
al. 2005). Explicitly, the CCD camera had been placed 
over the steering column to track the eye movement 
via infrared Light Emitting Diode detectors (sakthi et 
al. 2019). If driver missed attention and faced any risky 
situation, the warning system blown alarm as well 
the flashing lights (gowthami et al. 2019), along with 
warning sounds (hossain et al. 2016) . Even there was 
no response from driver, the braking system applied 
automatically (Walger et al. 2018). further the drowsiness 
monitored by eyelids system implemented as Toyota 
crown system.

B. Available Vehicles with Driver Monitoring System:
•	 2006	–	2011	Lexus	GS	450h
•	 2007	Lexus	LS	460
•	 2007	Lexus	LS	600h
•	 2008	Toyota	Crown	Hybrid	(includes	drowsiness	
detection)
•	 2010	Lexus	HS	250h
•	 2010	–	2018	Lexus	GX	460
•	 2017	Cadillac	CT6

Block Diagram

C. System Requirements
•	 System	:	Coolers.
•	 Microcontroller:	LM358	op-amp.
•	 Sensor:	IR	sensor,	IR	blaster.
•	 Resistance:	Variable	Resistance
•	 Input	source:Batteries.

RESULTS AND DISCUSSION

Figure 1: Insomnia glass for sleep detection block 
diagram

Figure 2: Insomnia glass

Figure 3: Circuit Diagram of Insomnia Glass 

A. Proposed System: The sleep detection system was far 
cheaper to the existing method since Insomnia glass 
technology which helps to prevent accidents when 
driver getting drowsy using IR sensor. The system used 
LM358 Operational amplifier as an important part of this 
system. LED (Light Emitting Diodes) and buzzers were 
used as indicators. The basic reference signal for op-
amp obtained from battery. If IR sensor detects closure 
of eye it will give signal to the Op-amp which will be 
more than reference signal. When LM358 Operational 
amplifier (Monisa et al.2019) receives more signal from 
sensor than reference signal (Kiruthika et al. 2017) LM358 
Operational amplifier produce an output signal. 

Many researchers investigated 20% of road accidents 
were fatigue-related, up to 50%. IR sensor used in this 
glass detect the closing of eye. glass and circuit board 
connected by wires. IR sensor and receiver placed in 
driver’s glass. If driver eyes opens IR light (Kiruthika et 
al. 2019) not reflect. If driver eye closes IR light reflects 
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to receiver and then receiver gives signal to Op-amp. 
When the sensor detects the closure of eye, it buzzers 
with the help of buzzer (aravindaguru et al. 2019). By 
this the driver helped by Insomnia glass to avoid sleep 
while driving which helps to prevent road accidents.

CONCLUSION

Drowsiness detecting system was an important safety 
feature for drivers. This method was helpful for drivers in 
order to get attentiveness to prevent accidents. Insomnia 
glass technology may provide better solution during 
risky environment. IR sensors were used to measure the 
attentiveness of the driver on the road. Whenever the 
attentiveness missed based on eye closure timing, help 
of op-amp an alert signal was produced using buzzer. so 
that the driver was alerted, and risky environment was 
safeguarded. further insomnia glass technology can be 
enhanced by placing contactless electrode.
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ABSTRACT
Bores that yielded water and during this approach got around or left discovered. A fittingly solid prime of sensible 
shading to hide the mouth of the bore can prevent from such mishaps. To assist in such salvages we have projected 
a framework. Ways to stay a child alive during a drag ought to absorb to think the absence of an element, enlarged 
temperatures and moistness that produces a physiological condition. These problems are attended with natural 
air conveyance with or while not a conveyance of the element.A hand-controlled hardware to convey natural air 
within bore is being structured. This system cuts down temperature and conveys natural air.Imagining the child 
is formed conceivable with infrared waterproof CCD cameras and a convenient high goals television monitor. The 
camera is with an overseas correspondence work place. The hardware is meant to figure off the twelve potential 
unit battery of the salvage vehicle. It will be a lightweight weight machine, which will go down into the drag well 
funnel and hold the caught body by mechanical arm with manual activity. This machine gathering are upheld by 
a grasped tire and twine block drive, a stand and each essential ruffle. The remotely controlled mechanism can 
go down the drag well and play out the activity. A lot of various issues can to boot be stayed removed from by 
this elective procedure.

KEY WORDS: ChIlD sAver mAChIne,WIrelessTeChnology, Bore.

 
Smart Child Saver Machine for Bore Well 

Veeramani P¹*, Aravindaguru I² and Yuvaraj M³
1,2,3Assistant Professor, Department of EIE, M.Kumarasamy College of Engineering, 
Karur-639113, Tamil Nadu, India

55

 
ARTICLE INFORMATION
 
*Corresponding Author: veeramanip.eie@mkce.ac.in 
Received 10th May 2020 Accepted after revision 25th June 2020
Print ISSN: 0974-6455 Online ISSN: 2321-4007 CODEN: BBRCBA 

Thomson Reuters ISI Web of Science Clarivate Analytics USA and 
Crossref Indexed Journal

NAAS Journal Score 2020 (4.31) SJIF: 2020 (7.728)
A Society of Science and Nature Publication, 
Bhopal India 2020. All rights reserved. 
Online Contents Available at: http//www.bbrc.in/

Biosc.Biotech.res.Comm. special Issue vol 13 no (4) 2020 Pp-55-58

INTRODUCTION

The present situation of bore well in human society is 
drinking water that prompts a large quantity bore wells 
being undone. Bores that yielded water and on these lines 
got drained area unit left discovered. very little children 
while not seeing the gap burrowed for the drag well 
append and find caught. There is no legitimate strategy 
to avoid wasting unfortunate casualties of such mishaps 

(1-2). At the purpose once the create move near courses 
of action do not work, Army is brought inning most 
cases declared up heretofore, a parallel gap is burrowed 
up and afterwards tier manner is formed to achieve to 
the subject's body. It is not simply an amount taking 
method, however too dangerous in numerous ways 
that. Additionally it includes a good deal of vitality and 
dear assets that don't seem to be effectively accessible 
everywhere the place and during this procedure we have 
a tendency to unendingly want enormous pace round the 
caught bore that we will burrow a parallel bore. These 
specially appointed approaches embody real dangers 
together with the likelihood of wounds to the cluster 
of subject throughout the salvage tasks.in addition, the 
body might entice any within the jetsam and also the 
emergency develops far more suggests that passing. As 
a rule, we rely on some temporary plans. 
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This does not guarantee Us of any long run arrangement. 
In such techniques, some kind of snares area unit used 
to carry the sufferers clothes and body. This could cause 
wounds on the body of the topic. It attracts a good 
deal of undue thought and analysis of the common 
organization. substantial prices have likewise apparently 
caused a lot of the time. It is relevant to form respect to 
that associate degree acceptable specialized account such 
crisis emergency is that the want of the hour. All the lot 
of therein thick of specialized headways and nonstop 
analysis, technocrats ought to assume the liability to 
find an easy answer (3-4). It’s a problem of national yet 
as social concern  associate degree early advance within 
the course of increase an instrument for the salvage of 
casualties of such within the wake of examining each 
one of the cases we have a tendency to found a real issue 
to try and do, to try to made a such machine-controlled 
machine which might expertise the caught bore well 
with no facilitate and handle the caught body in least 
time with giving offices of element chamber, receiver, 
infra-red diode, speaker, With this machine, there's no 
manner of harming figure and different minor harms, 
and that we referred to as that machine as “smart Child 
saver machine". (12-13).

MATERIAL AND METHOD

Bore well kid saver machine have the varied style of gas, 
hydraulic and detector operated parts. Thus, primarily 
parts square measure divided into main 3 components. 
golem vehicle, rescue golem and miscellaneous(5).

A.Central Frame: It is a hollow shaft, manufactured 
from soft-cast steel. It carries a half-dozen potential 
unit battery at the center of one finish of this cytoplasm 
connected wireless camera and alternative finish is 
connected to the rope.

B.Translational Element: Translational part helps the 
mechanism to run within the bore well. Its one finish is 
attach with the central frame and different finish carries 
rotary actuators.

C.Compression Spring: It is a spiraling sort compression 
spring that is created of steel. one finish of it is 
mounted with the central frame and otter finish helps 
the translational part to maneuver up and down. 
Compression spring additionally exert ample force within 
the wall of bore well to maneuver swimmingly within 
the bore well. Compression spring absorb vibration and 
defend camera and electronic circuit from shock.at first 
it's in enlargement condition and once golem enters into 
the bore well it compresses and build ample grip to carry 
the system within the bore well.

D.Oxygen Cylinder: A gas tank could be a storage vessel 
for gas that is either control struggling in gas cylinders 
or as during a refrigerant tank. Big selection of metallic 
element, steel, and fiber-wrapped medical gas cylinders 
area unit offered in market.

E.Automated Arm: one machine-driven arm with DoF 

six is connected at the front end of the basic shaft. This 
arm is suitable perform developments each that manner, 
viz. left (yaw) tilting forward tilting in reverse (pitch) 
And tilting aspect to aspect (roll).A modern golem with 
six joints intently seems like a person's arm - it is the 
comparable of a shoulder, associate elbow and a gliding 
joint. The shoulder is mounted to the basic shaft. one of 
the top effectors may be a versatile gripped (improved 
variant of the hand), which might handle and convey 
numerous articles. This all-mains gripper has worked in 
pressure sensors that tell the laptop however exhausting 
the mechanism is grasping a particular article. This keeps 
the mechanism from dropping or breaking something 
that it is conveyance.

Development

Figure 1: Block Diagram

The six level of chance [shown in figure 2] is accomplished 
by the subsequent machine-driven joints. The mechanism 
Joints is that the element during a mechanism that helps 
the connections to travel in varied form of developments 
(6).

Mechanism: various varieties of elements area unit 
[shown in figure 1] utilized in our full salvage activity. 

Figure 2: Degree of Freedom
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The blend, or structure, of 4 bar elements is critical once 
assuming to produce a perfect yield movement for an 
exact data movement [shown in figure 3]. Thus on limit 
value what is more, greatest productivity, we have a 
tendency to choose the smallest amount advanced system 
conceivable to realize the wished movement and salvage 
activity. That is why we have a tendency to utilize four 
bar elements for our automaton development. Four bar 
element can facilitate for our automaton to understand 
on bore well and travel fitly on bore well. When got a 
handle on the child we have a tendency to utilized rope 
pulley-block instrument for elevate the child body from 
bore well firmly. lookout of rope within the pulley block 
thus we will get a good grasp.

that is connected to the golem provides the 
profundity at that the child is caught, and also 
the image on the screen provides true whereby the 
child the type of the grasper to be utilized within 
the salvage, no matter whether or not it's vertical 
mechanical arm, or level machine-driven arm. is 
chosen place along up with relevance true of the 
child.

6.  Carry a golem up and collecting the mechanical 
association or machine-driven arm for the 
specified position.

7.  After all golem went into bore well for salvage.
8.  Utilizing the o chamber crisp o is provided to the 

shaver through hoses, that is joined to the golem. 
What is additional, it keeps up the temperature 
and wetness into the drag well.

9.  Allow simply 2 individuals on the stage and 
cautiously management the whole get along 
within the well.

10.  Presently the machine-driven arm fastens the 
shaver firmly, which might get a handle on the 
shoulder, the carpus, or the lower leg of the kid.

11.  once the salvage, treatment is to lean to the child 
by the meditative cluster.

Experimentation: In this enterprise have a progression 
of examination to research youngsters solace level and 
conduct reactions towards a mechanism arm below 
a controlled enterprise. The goal of utilizing such 
management style was to empower the mechanism to 
look in a position, flexible whereas operating with sleek, 
however firm organic kind movements. The target was 
to boost and encourage the human-robot collaboration/
cooperation with youngsters. During this, we tend to 
focus on the collaboration between an individual's and 
a mechanism arm in 3D measurements. We have been 
done a standard testing to run our drag well juvenile 
saver machine quickly what is additional, human 
tantalizing. Testing technique is given to a lower place. 
The entire framework would are tried by utilizing a young 
person (toy) in an exceedingly pretend created bore well  
(10-11).

Figure 3: Flexible Robotic Arms

As indicated by the utility bore well child saver 
machine primarily includes of the related two primary 
components.

Method of Rescue: Technique for rescue (working) 
commonplace and legit salvage strategy is that the 
main key of accomplishment of bore well salvage 
activity. since to elevate the toddler out of the restricted 
limits of the drag wells is likewise not very simple. The 
complete salvage tasks square measure isolated into 3 
steps obtaining a handle on and last one is First we've 
to involve at child with no issue and handle the toddler 
body securely; this is often finished with the help of a 
distant camera joined to the mechanism (7-9).

1.  Abstain from hurrying everybody to the drag well 
and clean the surrounding cluster from the drag 
well.

2.  Fix the stage on the well with the goal that the 
focal fringe of the stage is over the well.

3.  At that time our golem is enter in to the drag well 
terribly step by step, a security rope is given which 
fits concerning as a facilitate for the golem. It is 
conceivable to lower the golem up to forty feet 
within the drag well.

4.  guide the Camera appended with the golem into 
the well cautiously, until it arrives at the child, 
observation the screen cautiously. Infrared diode 

Figure 4: Bore well structure with pulley
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RESULTS AND DISCUSSION

Bore well child saver [shown in figure 4] may be a 
noteworthy endeavor to spare existence of the casualty 
of bore well mishaps. Apart from this, the exceptional 
capability of moving through vertical and slanted funnels 
makes wide extent of use for this machine in collection 
enterprises and different applicable fields.

During the arrange and manufacture of machine.•	
The structure is formed enough to support each •	
single conceivable burden, but it's created labile at 
the same time to switch wide scope of bore measure 
and any adjustment
In this safeguarding activity time may be a basic •	
issue that alone will stop mine the action or 
disappointment of the whole lot activity. During this 
means,it has been planned basic cognitive process 
the full hindrance that will emerge throughout the 
activity.
The dominant of the vehicle and the salvage golem is •	
deeply touchy that causes it conceivable to succeed 
in to high profundity at the earliest chance and 
handle.
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ABSTRACT
Many robots are built for manufacturing purposes and can be found in factories around the world. The idea behind 
this project is to reduce human efforts, especially in the manufacturing industry. The project will include the 
development of pick and place systems in plastic material molding companies. The robot is equipped with sensors to 
detect work pieces. Using software program is written in assembly level languages, then program was downloaded 
to the robot's microcontroller, AT89S52 from Atmel. The mechanical design has three major movements which 
are used to pick and place objects. For pickup the plastic materials vacuum clipper is used, vacuum is created with 
the help of vacuum pump it’s was working with lead screw mechanism. IR sensor is used to positioning the motor 
with our program what we given to the controller. The handling capacity of the robot is 5 kg. In constructing robot 
motor plays an important role as to give movement, here DC motors used for movements. Relay act as a driver for 
DC motor. The robot that was programmed will pick and place with moulding machine sensor signal.

KEY WORDS: MICRoConTRolleR, ATS8952S, MAChIne RoboT, UA741.
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INTRODUCTION

Word robot was coined by a Czech writer Karel Capek 
in a 1920 play titled Rassum’s Widespread Robots 
(RUR). Word “robota” in Czech could be a word for 
non specialist or hireling who means "drudgery", 
"servitude", or "constrained labour". A robot may be a 
reprogrammable, multifunctional controller planned to 
move fabric, parts, apparatuses or specialized gadgets 
through variable modified movements for the execution 
of a assortment of tasks. -Robot organized of America, 
1979. A robot is an independent antique that gets data 
by sensing the world around it and employments the data 

to control its environment to realize objectives. Robot 
detecting incorporates vision, sound, touch, and others. 
Manipulation includes the utilize of specialized toois and 
adroit control. Robots ojien have the capacity to alter their 
areas within the world (movement). Robots are man-made 
mechanical gadgets that can move by themselves, whose 
movement must be modeled, arranged, detected, incited 
and controlled. Whose movement behavior.

Robots are based on “Artificial intelligence” in case 
they succeed in moving in secure interaction with an 
unstructured environment, whereas independently 
accomplishing their indicated assignments. based on 
the definition of robot, it can be concluded that a robot 
must be an programmed machine and ought to be able 
to bargain with the changing data gotten from the 
environment. Indeed the foremost complex mechanical 
framework can be broken down into a number of 
essential components, which give an diagram that 
how a robot works. These components are controllers, 
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controllers, actuators, engines and control supplies. 
Robots can be classified in different ways, depending 
on their components, arrangements and employments. 
To begin with Commercial Robot named as Unimate 
was created after 1950. The Unimate was introduced 
at a Common engines plant to work with warmed die-
casting machines.

II. CONTROL CIRCUIT DESIGN

Machine Robot: For control operation there are various 
methods like PlC (Programmable logic controllers), 
Microcontrollers, Microprocessors and digital signal 
processors. here we are selecting microcontroller as a 
CPU (or as a brain of our robot) due to low cost, easy 
availability, easy to program and better performance. 
The supporting components like sensors are used for 
positioning and relay acts as a motor driver.

AT89S52: The AT89S52 can be 8K bytes of system 
programmable streak memory with a low-power, high-
performance CMoS _ 8-bit microcontroller. The gadget 
is built using Atom's high-density volatile memory 
innovation and is compatible with the industry-standard 
80C51 instruction set. The on-chip streak program 
allows memory to be re-managed by an in-frame or 
custom non-memory memory software engineer. by 
combining flexible 8-bit CPUs with programmable 
streaks in the monolithic chip, the ATMl AT89S532 is 
an efficient microcontroller, providing a highly flexible 
and cost-effective system for many implanted control 
applications. 

The AT89S52 takes after standard highlights: 8K bytes 
streak, 256 bytes slam, 32 I / o lines, guard dog clock, 
two information points, three 16-bit timers / counters, a 
six-vector two-tiered barrier design. , Full-duplex serial 
harbor, on-chip oscillator and clock circuitry. In detail, 
the AT89S52 bolster is programmed with zero repetition 
and passive logic for the operation of two programmable 
control sparring modes. Sitting out of gear mode prevents 
the CPU, while allowing slams, timers / counters, serial 
harbors and interrupts to work. The power-down 
mode relieves the slam conversation, but reinforces 
the oscillator, desalting all other chip capabilities until 
another interrupt or device is reset.

Microcontroller: Microcontroller could be a advanced 
IC that can perform operations with what we provide 
a program to its RoM. Compare to typical IC it has 
major advantage like typical IC can perform as it were 
operations what they fabricated for but microcontroller 
can perform as our craved operation only the condition 
is that we ought to deliver program to its streak memory. 
essentially the microcontroller comprises of chip and 
in expansion it has built-in RoM, Slam, I/o gadgets, 
clocks and counters. The microcontroller is exceptionally 
reasonable one for implanted applications. There are 
different microcontrollers accessible in advertise like 
ATMel, MICRoChIP (PIC) AVR, ARM, and ReneSAS 
etc.

Figure 2: Micro controller

Figure 3: AT89S52

For the reason of setting the robot, we are utilizing 
sensors (infra ruddy) which has IR emitter & recipient (TIl 
81). For comparing the yield, an op-amp IC is utilized (i.e. 
UA 741). Depending on the sensors yield microcontroller 
faculties the position of the robot and drives the engine 
concurring to the program.

Sensor Positioning: There are totally 9 IR sensors used 
for the positioning the robot. The sensors are arranged 
at the different part of the robot which can be seen in 
the below shown figure.

Figure 1: Block diagram for electrical design 
Microcontroller
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UA 741: The UA741 may be a tall execution solid 
operational speaker built on single silicon chip. It is 
designed for a wide extend of applications like Summing 
enhancer, Voltage supporter, Integrator, Dynamic channel 
Work generator. The tall pick up and wide extend of 
working voltages give predominant exhibitions in 
integrator, summing speaker and common criticism 
applications.

Automatic/ Manual Control Operation: one more feature 
for our robot is manual operation. In some situations 
like maintenance, cleaning, repairing and other some 
unexpected breakdowns use to arise so the manual 
control operation is added. The figure is shown that 
automatic/manual control panel.

Figure 4: Sensor positioning

Figure 5: UA 741

Relay: A hand-off is an electrical switch that opens 
and closes beneath control of another electrical circuit. 
Within the unique frame, the switch is worked by an 
electromagnet to open or near one or numerous sets of 
contacts. It was designed by Joseph henry in 1835. When 
hand-off coil is energized, the hand-off works to open 
or near its contacts or to open a few contacts and near 
others. Contacts which are opened when energized are 
called “normally open” (no) or basically open contacts. 
Contacts which are closed when energized are called 
“normally Closed” (nC) or basically open contacts. 
normally-open contacts interface the circuit when the 
transfer is actuated; the circuit is detached when the 
hand-off is dormant. It is additionally called shape a 
contact or makes contact. normally-closed contacts 
detach the circuit when the transfer is enacted; the circuit 
is associated when the hand-off is inert.

Figure 6: Automatic/ manual control panel

Power Supplies: In AAG PnP 2.3 there are Snos. of motors 
where two are 12V and three are 24V, 7 nos. of 12V 
relays, 9 sensors (SV) and microcontroller (SV). For that 
totally five regulated power supplies are designed with 
the help of IC's (7812 & 7805). Totally three transformers 
are used, rated as 24V/S5A & 12V/2A & 6V/1A.

Programming: Programming for microcontroller is done 
utilizing ordinary machine level dialect. The program is 
appeared underneath. Microcontroller may be a common 
reason microcomputer. The microcontroller is the brain 
of the robot but not like human brain since human can 
think and do anything but the human made gadgets 
cannot think; as it were they can do the specific work 
by the command given by us. In AAG PnP 2.3 the 
micro-controller 8051 is utilized to respond like robot 
brain. hence the commands or program for a robot is 
much imperative. So the programming of the robot is 
included here. This framework is additionally called as 
implanted framework.

A framework is way of working, organizing or doing 
one or numerous errands concurring to a settled arrange, 
program, or set of rules. A framework is additionally 
an course of action in which all it is units gather and 
work together agreeing to the arrange or program. An 
inserted framework is one that has computer equipment 
with program inserted in it as one of its most important 
component. It may be a committed computer based 
framework for an application or item. It may be either 
an free framework or a portion of a bigger framework its 
program more often than not implants in RoM (studied 
as it were memory), it does not require auxiliary memory 
as like a computer.

$mod51
org 0050
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mov p2,#00h
main: jb p3.1,S ;Check machine input
lcall delay
setb p2.0 ;motor 3 is on(in downward)
loop: jb p1.5,S ;check sensor 6
lcall delay
clr p2.0 ;motor 3 is off
setb p2.6 ;motor 4 is on(in upward) 
setb p2.3
lcall delay1 ;call delay function
leall delay1
clr p2.3 ; motor 4 is off 
clr p 2.6 
setb p2.2 ;motor 1 is on (forward) 
looP1 jb p1.2,S ;check sensor 3 
lcall delay
 clr p2.2 ;motor 1 is off 
setb p2.1 ;motor 5 is on(catch) 
looP2: jb p1.3,S ;check sensor 4 
lcall delay
 clr p2.1 ;motor 5 is off
 setb p2.5 ;motor 1 is on(reverse)
 setb p2.2 
looP3: jb p1.1,S ;check sensor 2
 lcall delay
clr p2.2; motor 1 is off
setb p2.0 ;motor 3 is on(in upward)
looP4: jb p1.6,S ;check sensor 7
lcall delay 
clr p2.0 ;motor 3 is off
setb p2.2 ;motor 1 is on(reverse)
looP5: jb p1.0,S ;check sensor 1
lcall delay
 clr p2.2 ;motor 1 is off
 clr p2.5
setb p2.4 ;motor 2 is on(forward)
looP6: jb p3.0,S ;check sensor 9 
lcall delay 
clr p2.4 ;motor 2 is off
setb p2.0 ; motor 3 is on(in downward)
looP7: jb p1.5S ;check sensor 6
lcall delay
 clr p2.0 ;motor 3 is off
 setb p2.3 ;motor 4 is on(in downward) 
lcall delay1 ;call delay function 
lcall delay1 
clr p2.3 ;motor 4 is off 
setb p2.5 ;motor 5 is on(release)
 setb p2.1
 looP8: jb p1.4,S ;check sensor 5
 lcall delay
 clr p2.1 ;motor 5 is off 
clr p2.5 
setb p2.5 ;motor 3 is on(in upward)
 setb p2.0 
looP9: jb p1.6,S;check sensor 7 
lcall delay

clr p2.0 ;motor is off
clr p2.5 
setb p2.6 ;motor 2 is on (reverse)
setb p2.4
looP10: jb p1.7,S ;check sensor 8
lcall delay 
clr p2.4 ;motor 2 is off
clr p2.6
setb p2.2 ;motor is on (forward)
looP11: jb p1.1,S ;check sensor 2
lcall delay
clr p2.2 ;motor is off
ReT
DelAY1: mov Ro, #08h ;2sec delay function
h3: mov RI, #0ffh
h2: mov R2, #0ffh 
hl:  DJnZ R2,hI 
DJnZ R1, h2
DJInZ Ro, h3
DelAY: mov Ro, #0ffh
h4: DJnZ Ro, h4
enD

CONCLUSION

each and every project is never complete as new things 
are learned further modification done these we try to 
make an automated pick and place robot which increase 
the efficiency in production of plastic moulding industry. 
All though there is higher initial cost involved but we 
try to make system running cost economic. This is just 
beginning, we can add different enhancement to year. 
As earlier we have explained the advantages of this 
robot. The operator’s interference is minimal because the 
system is automated because it increases efficiency and 
reduces manual control operations. Worked very hard to 
develop such a project. The project is enhanced by years 
of experience. each project gets better, and then makes 
us perfect like the previous exercise.
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ABSTRACT
In our project, the main aim is to prevent accidents regarding domestic usage of LPG cylinder. We implementing 
our idea using the cylinder regulator knob is automatically controlled by gas stove knob. When the gas stove 
knob is turned OFF or ON, the cylinder regulator knob also turns OFF or ON accordingly. Level of both the knobs 
remains same. There is a gas leakage in the tube that can be sensed, then the gas cylinder regulator knob turns 
OFF or ON automatically and also turn on buzzer for intimation to the user. Where this idea was experimented in 
miniature kit. In that kit, the components like Arduino NANO, LPG Gas Sensor, LCD, Relay, Solenoid Valve and 
buzzer are used. LPG Gas Sensor is used to detect leakage of gas in the cylinder valve or pressure regulator or 
rubber tube. Arduino NANO which takes place a major part for the communication of devices which is connected 
in the kit. It is the important one which programmed by embedded C language. There is knob in that kit which is 
for on and off function of whole system. Whenever we turn on the switch the cylinder regulator also on and acts 
the function. Whether the leakage in the gas are sensed by LPG gas sensor and also automatically the switch was 
turn off. This is the setup was done it in simple experimental kit.

KEY WORDS: ARDuINO NANO, LPG GAS SeNSOR, LCD, ReLAy, SOLeNOID VALVe.
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INTRODUCTION

In the developing world, the population of the countries 
drastically increases, therefore the miniature of families 
also becomes increases. This leads to the usage of 
LPG cylinder in domestic application becomes widely 
extended. Nowadays, the accident of LPG cylinder is due 
to leakage of gas in the rubber tube which is connected 
between stove and cylinder (Naren et al. 2018). Cylinder 

valve may also option of leakage of gas may happen. Most 
probably the accidents also occur may due to opening of 
the pressure regulator of a cylinder is not in usage.

As a part of this all defects can be rectified by 
implementing our idea in small project kit. In this project, 
where we use solenoid valve which took a major part 
of controlling the regulator of cylinder (Sakthi et al. 
2019). The advanced Arduino NANO were used for the 
communication between the gas sensor and all other parts 
of the function. And for acknowledge of function of the 
kit which is let by displaying message in LCD. 

MATERIAL AND METHOD

LPG: Liquified Petroleum Gas (LPG) is a colorless odourless 
liquid and non-corrosive. It is classified as highly 
flammable, it also contains more than 0.1% butadiene and 
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it can classify as carcinogen and muteagen. The LPG may 
leak as gas and also as liquid. It can cause more harm 
to the human. And cylinders that explode if involved in 
a fire. LPG also cause cold burns to the skin and act as 
asphyxiant at high concentration.

Prevention of LPG: To prevent this kind of accidents 
regarding domestic usage of LPG cylinder, here 
implementing using cylinder regulator knob that 
can automatically controlled by gas stove knob. 
For these, automatic controlling application action 
that can take place with the help of LPG gas sensor, 
potentiometer(knob), LCD, relay, buzzer and solenoid 
valve (Kiruthika et al. 2017)

Arduino NANO: Arduino is an open source platform and 
user-friendly software. They can be program to create 
embedded system which can control and sense real time 
parameters.

diaphragm of three terminal which related to self -driver 
circuits. The large output sound obtained through 
suitable resonant circuit. Such kind of buzzers are used 
in gas alarm.

RESULTS AND DISCUSSION

According to this project when the cooking stove knob 
is turned off, the cylinder regulator knob turns off 
automatically. And only when the cooking stove knob 
is turned on the LPG gas cylinder knob also turns on 
automatically. In this condition when there is a leakage 
of LPG gas it can be identified using gas sensor and the 
cylinder regulator knob turns off automatically.

Figure 1: Block Diagram

LCD: LCD is an electronic display module and it is in 
the range of 16*2 LCD display. A 16*2 LCD means it 
can display 16 character per line and there are two such 
line. The LCD that can display the status of the LPG in 
domestic application. LCD’s are classified into two types. 
Dynamic scattering type and field effect type (Neha et 
al. 2017).

A. Gas Sensor: Gas sensor is a sensing element that can 
sense the leakage smell and make the stove knob to 
get automatically off, and also make the buffer to give 
alarm sound.

B. Power Supply: The power supply that can supplies 
electrical or other type of energy to on output load.

Buzzer: It is a piezoelectric buzzer. it has a piezoelectric 

Figure 2: Proposed system hardware kit

And it does not leave the LPG gas to flow out even when 
the stove knob is in on condition, also the buzzer sound 
is being given just for our information. By using this 
project, the safety in domestic field can be improved as 
LPG gas stove places the major role in our daily life.

CONCLUSION

Safety monitoring and control of LPG utilization 
in domestic application is a very safety method in 
domestic application. According to survey 19491 fire 
accidents due to LPG cylinders and cooking stoves has 
been occurred between 2010 to 2014. The main reason 
for this fire accidents are not turning off the cylinder 
regulator knob, when the cooking stoves are not in 
use. And another important reason is that the LPG gas 
leakage that leaks from the cylinders cannot be stopped 
automatically. In this project the solutions for this case 
are been experimented and verified.
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ABSTRACT
In the ongoing years, in process ventures the control of fluid level is obligatory, however the control of nonlinear 
procedure is troublesome. The procedure businesses utilize cone like tanks on account of its nonlinear shape.  
In this way, control of funnel shaped tank level is a difficult undertaking because of its non-linearity and ceaselessly 
shifting cross area. This is because of connection between controlled variable level and controlled variable stream 
rate which has a square root relationship. The fundamental item is to execute the reasonable controller for cone
shaped tank framework is to keep up the ideal level. If you have a Simulink model of your control framework, 
you can recreate put/yield information as opposed to estimating it. This is likewise the estimation procedure. In 
this paper it is proposed to get the relative investigation of IMC, PID and Fuzzy controller for funnel shaped tank 
framework for nonlinear procedure utilizing MAT LAB Tool.

KEY WORDS: MATLAB, FUZZY LOGIC, IMC, PID, NONLINEAR SYSTEM..
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INTRODUCTION

The control of nonlinear frameworks has been a critical 
research subject and many approaches have been proposed. 
In the greater part of the procedure ventures controlling 
of level, stream, temperature and weight is a critical one. 
They might bedelegated straight and nonlinear procedure  
dependent on plant elements. Control of mechanical 
procedure is a difficult errand for a few reasons because 
of their nonlinear conduct, questionable and time 
shifting parameters, requirements on controlled variable, 
collaboration among controlled and controlled factors, 

unmeasured and visit unsettling influences, dead time on 
information and yield estimations. The control of fluid 
level in tanks and stream between the tank frameworks 
like round and hollow, cubical are direct one, however 
that sort of tanks doesn&#39;t gives a total waste. The 
seepage productivity can be improved further if the tank 
is completely tapered fit as a fiddle. So control of fluid 
level is an import and incessant assignment in process 
enterprises. Level of fluid is wanted to keep up at a 
consistent worth. This is accomplished by controlling the 
information stream. Estimation of weight, temperature, 
level and stream parameter are indispensable in all 
procedure ventures. While present day control hypothesis 
has made humble advance into training, fluffy rationale 
control has been quickly picking up extremity among 
rehearsing engineers. The controller planned utilizing 
fluffy rationale executes human thinking that has been 
customized into fluffy rationale language (membership 
capacities, rules and the principles understanding) It is
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fascinating to take note of that the accomplishment of 
fluffy rationale control is generally due to the awareness 
its numerous modern applications. MATLAB is a based 
upon an establishment of complex network programming, 
in which the essential information component is a grid 
that doesn't require pre-dimensioning.

MATLAB is a result of & quot; THE Math Works, 
Inc&quot;. Also, is progressed intuitive programming 
bundle uncommonly intended for logical and designing 
calculation. MATLAB has demonstrated to be an entirely 
adaptable and flimsy apparatus for tackling issues in 
numerous zones. MATLAB is a superior language for 
specialized figuring. It coordinates calculation, perception, 
and programming in a simple to-utilize condition 
where issues and arrangements are communicated d 
in recognizable numerical documentation. Therefore, 
taking care of issues in MATLAB is quicker than the 
other conventional programming. It is anything but 
difficult to adjust the capacities since a large portion of 
the documents can be open. MATLAB is accordingly both 
a situation and a lattice/vector-arranged. Programming 
language, which empowers the client to construct own 
necessary apparatuses.

MATERIAL AND METHOD

A. Control System Design: The programmed control has 
become a necessary piece of present day producing and 
modern procedure. The control framework wherein the 
yield amount has impact upon the information amount 
in order to keep up wanted yield is called shut circle 
control framework. The open circle framework is adjusted 
into shut circle framework by giving a criticism. The 
shut frameworks are increasingly steady and exact even 
within the sight of non-linearity.

Automatic Control System:
The basic components of an automatic
control system are,

Error detector•	
Controller•	
Actuator•	
Process•	
Feedback loop or sensors•	

Error Detector: The function of the error detector is to 
compare the reference input feedback signal to produce 
an error, if there is a difference between them. The error 
signal is used to correct the output  if there is a deviation 
from the desired value. Generally, the error signal is a 
week signal so we are using amplifier and controller. The 
amplifier is used to amplify the error signal.

Controller: The controller modifies the error signal. The 
amplifier is used to amplify the error signal. For better control 
action and to produce a control signals The Contro llers 

employed may be electronics, electrical, hydraulic 
or pneumatics depending on the nature of the 
error signal.

Actuators: The actuator is a power amplifying device 
which amplifies the controller output and converts it into 
required form of energy that is acceptable for the plant. 
If the differences are zero or there is no error signal, the 
output settles at desired value. 

Feedback Loop or Sensors: The feedback system 
samples the output to produce feedback signal, which is 
proportional to the current output. The feedback system 
usually consists of sensors and associated circuits/
devices.

MATLAB tools: The tool boxes are, Control system: Gives 
a few highlights to cutting edge control framework 
structure and examination. Signal processing: Contains 
capacities to plan simple and computerized channels 
and apply these channels to information and dissect 
the outcomes.

System identification: Gives highlights to fabricate 
scientific models of dynamical frameworks dependent 
on watched framework information.

Robust control: Permits clients to make powerful multi 
variable input control framework structures dependent 
on the idea of the solitary worth lady of the hour plot.

Simulink: Permits you to display dynamic frameworks 
graphically.

Proportional Gain: The corresponding term creates a yield 
esteem that is relative to the present blunder esteem. The 
corresponding reaction can be balanced by duplicating 
the mistake by a consistent kp is known as the relative

Figure 1

Integral Gain: The commitment from the essential term 
is corresponding to both the extent of the blunder 
and the length of the mistake. The essential in a PID 
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controller is the total of momentary blunder after some 
time and gives the collected counterbalance that ought 
to have been beforehand. The aggregated mistake is then 
increased by the necessary addition ( I ) and added to 
the controller yield.

Hardware Implement Kit: The PC goes about as a 
controller. it comprises of the product used to control 
the level procedure station. At the point when the set 
up is turned on, level sensor detects the genuine level 
qualities at first the sign is changed over to current sign 
in the range 4 to 20mA. The sign is then given to PC 
through information obtaining string. In light of the 
qualities entered in the controller settings and the set 
point the PC will make control move the sign sent by the 
PC is taken to the station again through the string. The 
sign is then changed over to pressure signal utilizing I 
to P converter.

Figure 2

A FLS consists of four major parts:
Fuzzifier•	
Rules•	
Inference engine•	
Defuzzifier•	

RESULTS AND DISCUSSION

The level procedure station was utilized to direct the 
trials and gather the information.

Figure 3

Fuzzy Logic Control

Figure 4

Figure 5

CONCLUSION

Hence the plan and usage of level procedure of funnel 
shaped tank framework. The ascent time if there should 
arise an occurrence of PID controller is less however 
motions created and overshoot and settling time is more. 
In any case, in the event of fluffy rationale controller, 
motions and overshoot and settling time are low, so FLC 
can be applied where motions can not go on without 
serious consequences all the while. The FLC likewise 
shows strong execution for plants with critical variety 
in elements This framework is quicker and exact. Thus, 
level procedure of fluffy based PID tuning technique has 
given the decreased settling time, consistent state blunder 
and settling time when contrasted with customary PID 
controller. Looking at the tuning of fluffy based PID 
controller is more precise than regular kind controller.
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ABSTRACT
A way and equipment are disclosed for reducing or eliminating the pre-curl in a very net of paper. The equipment 
includes a de-curler which can operate in conjunction with a lead in roll and a bowed roll. Motions are provided 
to the lead in roll and de-curler so the wrap of the net on the bowed roll remains basically unaffected by the 
movement of the de-curler into and out of the net. One of the above apparatus or a lead out roll may be skewed 
to address uneven cross machine curl profile, while the bowed roll addresses baggy ness and the de-curler, of 
course curl. Then paper is passed around roll to ensure that paper remain straight and tight. Then it gone through 
the cutter and grooved roll on prime of machine, wherever it's cut. Paper machine industries, the paper may get 
curl sometimes. The employee cannot able to check each and every second of paper when it is going into cutting 
process. So that wastage of paper will occur. So, that we are able to scale back the wastage of paper we implemented 
the de-curling technique. In our project we are going to reduce the wastage of paper while cutting the paper. To 
make this possible we implemented the de-curler technique

KEY WORDS: Decurler lOgIc, PAPer MAchIne, SIeMenS, DecurlIng TechnIque, Plc (PrOgrAMMAble lOgIc 
cOnTrOller).
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INTRODUCTION

The device for cutting or trimming a sheet of paper 
in any required dimension is known as paper cutting 
machine. The paper-cutting machine could be a recent 
development within the industrial world. The issue of 
creating a prosperous machine of this sort to satisfy the 
new demands for accuracy, speed, convenience, and 
safety, has been overcome bit by bit in recent years and 
there are currently many machines quite economical and 

adequate meet these demands of the trendy manufacturer. 
cutting jobs have a vital place within the paper trade. 
Then paper is passed around roll to confirm that paper 
stay straight and tight. Then it gone through the cutter 
and grooved roll on prime of the machine, wherever it's 
cut. All paper product from the littlest label to all or 
any varieties of posters , brochures, magazines, books, 
newspapers and billboards got to be ready consistent with 
a selected size with regards to figure quality and client 
satisfaction, cutting could be extremely delicate matter 
within the printing trade (Sunil et al. 2017). The paper 
may get curl sometimes. To reduce the wastage of paper 
we implemented the de-curling technique.

Working Principle: The rolled sheet bundle is placed in the 
conveyor for cutting process. The rod is placed in between 
the conveyor. The induction motor is used for moving the 
rod on both the sides from right and to the left side. The 
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rod can able to move 180- degree left side and also 180 
-degree right side. First the size of the rolled sheet bundle 
and the length, width, size is loaded in the system for 
the correct cutting process (Vidhate Pankaj et al.  2017). 
Then, how much degree does the rod would move also 
loaded in the system. here, we used the siemens logic 
technique in Programmable logic controller. 

In this we should load all the information in that it 
will takes process and does correctly. And when the 
roller gets empty the system will gives intimation to the 
employee and stops the process and waits for next roller 
sheet (Pramoth Kumar et al. 2016). So, that we can able 
to reduce the wastage of paper and also cuts the paper 
in the accurate shape. Then paper is passed around roll 
to ensure that paper remain straight and tight. Then it 
gone through the cutter and grooved roll on prime of 
machine, wherever it's cut. Paper machine industries, 
the paper may get curl sometimes. The employee cannot 
able to check each and every second of paper when it is 
going into cutting process. So that the wastage of paper 
will occur. So, that we are able to scale back the wastage 
of paper we implemented the de-curling technique. 
In our project we are going to reduce the wastage of 
paper while cutting the paper. To make this possible we 
implemented the de-curler technique (robert henty et al, 
2016). This technique is based on using Programmable 
logic controller (Siemens logic). And we adding a rod 
in between the paper roller. This will moves both the 
sides.

Existing System: Once the winding and cutting operation 
goes on there's no thanks to realize what quantity paper 
had been wound and the way much is remained.

additionally pull the paper to create the operation 
going.

Figure 1: Paper Cutting Machine

The roll of paper factory-made is mounted on the 
roll. During this the self-alignment bearing with inner 
extended ring for ease in mounting and urn-`mounting. 
Then paper is passed around roll to confirm that paper 
stay straight and tight. Then it gone through the cutter 
and grooved roll on prime of machine, wherever it's cut 
(Monisa et al. 2019). This rotating roll makes alternative 
rolls to rotate and not solely wound the paper however 

Figure 2: Cutting Section

One important aspect is that the cutting process must 
be perfectly synchronised to produce the exactly right 
size and squareness. A conveyor belt directly after the 
knife section holds the sheets in position and transports 
them at high speed to a second conveyor belt. here, 
the speed is reduced and the sheets are laid out in 
overlapping arrangement for further transport to the 
final stacked layout. The Modern cross cutters do more 
than just cutting. They check the quality of the paper 
surface, remove faulty sheets, count the sheets and insert 
counting strips. 

Some even allow for a “flying change” process 
of continuous operation, in which full pallets are 
automatically transported off and new pallets moved into 
position without halting the machine (Kiruthika et al. 
2019). not capable to chop the papers higher than fifteen 
cm dimension. not capable to chop bunch of papers i.e. 
over five papers. not be used for big scale industries.

Proposed System: In the proposed system, we implementing 
the Plc based process, in this all the working matters are 
loaded to the system earlier. So that we need not go and 
check often until one roller is being completed. here we 
placed the rod in middle. This rod will make the paper 
decurling. In all paper machine industries, the paper 
may get curl sometimes. The employee cannot able to 
check each and every second of paper when it is going 
into cutting process. So that the wastage of paper will 
occur. To reduce the wastage of paper we implemented 
the de-curling technique.

In our project we are going to reduce the wastage of 
paper while cutting the paper. To make this possible we 
implemented the de-curler technique. 

This technique is based on using Programmable logic 
controller (Siemens logic) and we adding a rod in 

 13
Page 785 of 3066Page 785 of 3066



Kiruthika et al.,

between the paper roller. This will moves both the sides. 
The rod has the capacity to move 180° front side and 
also moves 180° back side. So that, it will remove all the 
de-curled sheets in that section. hence it is very easy to 
cut the paper in a correct size and there is no wastage 
of paper while cutting the sheets. This is the Part which 
we are newly implemented in our project.

singular address, and a Plc instruction will take a look 
at if the input state is on or off (gowthami et al. 2019). 
even as a series of relay contacts perform a logical and 
performance, not permitting current to pass unless all 
the contacts are closed, thus a series of "examine if on" 
directions can energize its output storage bit if all the 
input bits are on. Similarly, a parallel set of directions 
can perform a logical Or.

The output of every rung sets or clears a storage bit, 
which can be related to a physical output address or 
which may be associate "internal coil" with no physical 
association. Such internal coils will be used, let's say, as 
a standard component in multiple separate rungs. not 
like physical relays, there's sometimes no limit to the 
amount of times associate input, output or internal coil 
will be documented in a very Plc program.

7.1. Plc Siemens Logic Structure

Figure 3: Movable rod cutting method

It reduces the wastage of paper. This system is cost 
efficient. Implementation of the rod is simple. It decreases 
time consumption.

Programmable Logic Controller: A programmable logic 
controller (Plc) or programmable controller is associate 
industrial digital computer which has been ruggedized 
and custom-made for the control of producing processes, 
such as assembly lines, or robotic devices, or any activity 
that needs high dependability, simple programming and 
method fault designation. Plcs were initial developed 
within the automobile producing trade to produce 
versatile, rugged and simply programmable controllers to 
exchange hard-wired relay logic systems. Since then, they 
need been wide adopted as high-reliability automation 
controllers appropriate for harsh environments. early 
Plcs were programmed in ladder logic that powerfully 
resembled a schematic diagram of relay logic. This 
program notation was chosen to cut back coaching 
demands for the prevailing technicians. Alternative Plcs 
used a type of instruction list programming, supported 
a stack-based logic problem solver.

Simulation: So as to properly perceive the operation of a 
Plc, it's necessary to pay extended time programming, 
testing and debugging Plc programs. Plc systems are 
inherently pricy, and down-time is commonly terribly 
pricey. Additionally, if a Plc is programmed incorrectly 
it may end up in lost productivity and dangerous 
conditions.

Basic Function: The foremost basic operate of a 
programmable controller is to emulate the functions of 
electro-mechanical relays. Distinct inputs are given a 

Figure 4: Pulse Train Generation

This block is used to generate the pulse. here the pulse is 
generated by based on the timer. This is pre-installed by 
the employee in the Plc system. According to that the 
pulse is generated and saved in the system. This block 
is used to manage the error occurred in the system and 
change the set point to get a required output. The general 
error occurs in this is hysteresis error.

Structured Text Language: This block is the structured 
text language. This is one of the important block in the 
logic. If the diameter is loaded wrongly there is lag at the 
time of process. So, the diameter is carefully calculated 
for every roll.This block is used to transfer the minimum 
decurler output during the set change. This will happen 
at every time of new roll.

14
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Figure 5: Error Limitation To Plus

Figure 6: Structured Text Language

Figure 7: Transfer Min Decurler O/P during Set Change

This block will help to controls the Fb1 AnD the Fb2. If 
the system is satisfies the o/p then it will start the Fb2. 
but if the Fb1 is not satisfied then the break is applied 
and starts from first. This is the main role of the control 
logic block. This is the reset logic block, when the roll 
is completed, the sensor senses that and the signal is 
transmitted to the system. And when the new role is 
placed, the value which is obtained in previous roll is 
reset to 0. So that there will be reduce the error and 
wastage of paper.

Web Decurler

Figure 8: Web Decurler Positive Logic

Figure 9: Output function of Decurler
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RESULTS AND DISCUSSION

We used the Siemens logic technique in Programmable 
logic controller. In this we should load all the information 
in that it will takes process and does correctly. And when 
the roller gets empty the system will gives intimation to 
the employee and stops the process and waits for next 
roller sheet. So,that we can able to reduce the wastage of 
paper and also cut the paper in the accurate-shape.

CONCLUSION

The decurler logic is intended exploitation plc are 
disclosed for reducing or eliminating the pre-curl in a 
very web of paper. The proposed logic which controls 
the movement of the decurler and reduces the pre-curl 
effectively minimizes the loss of time and material which 
increases the productivity in manufacturing.
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ABSTRACT
In our project, the level of glucose in the glucose trip bottles is found that are used in the hospitals. If the glucose 
bottle’s level is near empty, alert information will send to saved mobile number by message and buzzer will make 
sound to alert the physician. If alert message and buzzer sound are ignored smart glucose system will cut glucose 
supply to the patient automatically to prevent patient from back flow of blood to glucose bottle. We can load two 
bottles at a time in this smart glucose system if one bottle is about to empty glucose from another will goes to 
patient. Level sensor, temperature sensor and pulse rate sensor send signal to Arduino board. The Arduino controls 
the stepper motor placed in glucose tube. GSM module gives output to android app and saved mobile number 
by sending text message. Physician can know level of glucose, patient temperature and pulse rate by sending 
message to GSM module. This smart glucose system also has display and buzzer. Using android app physician can 
get patient’s body temperature and pulse rate from smart glucose system’s GSM module by using internet and 
physician can change glucose supply from another drip bottle if one bottle is emptied.

KEY WORDS: ArdUIno, Ir SenSor, TeMPerATUre SenSor, PULSe rATe SenSor, BUzzer.
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INTRODUCTION

In modern days because of advancement in medical 
technology many new technologies has been invented to 
assure fast recovery of the patient in hospitals. If physicist 
who working in outpatient department forgot to stop 
glucose drip bottle when it emptied, it will causes problem 
to the patient by blood loss. To alert the physicists, this 
system can send an alert text message to saved mobile 

number saying that drip bottle’s glucose level is near 
to empty, as every physicist always keeps their mobile 
with them in modern world. This system contains stepper 
motor to stop the flow of glucose in traditional glucose 
tube. Physicist can interact with smart glucose system by 
android app and message from anywhere. It also monitors 
the patient temperature and pulse rate. Physicist can view 
the glucose level, temperature, pulse rate via android 
app. Some hospitals uses alarm technique to alert the 
physicist to change the glucose bottle (Paul Bustamante 
et al. 2012). 

Sometimes physicist ignore the sound produced by alarm, 
they might not close to alarm system. Alarm system 
should not use high frequency sound as it is placed 
in hospitals. GSM module is also not high in cost. In 
this setup, the smart glucose drip bottle system allows 
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changing glucose bottle very conventionally and this 
system not directly contact with glucose bottle as this 
uses Ir sensor which is non contact type sensor. The 
level sensor can also be made to fix in the bottle stand 
in which the glucose bottle can be made to hang. It also 
has automatic flow stopping feature and patient’s body 
temperature and pulse rate measuring feature. These 
data can be view through internet by android app or 
message. It helps to prevent the back flow of blood to 
glucose bottle (Arjun udayan et al. 2016). This system 
also can handle multiple glucose bottles.

MATERIAL AND METHOD

A. Ir Sensor: This is one of the most commonly used 
sensors in non contact type level measuring where the 
remote monitoring system and some other places where 
direct measurement not possible. Ir sensor stands for 
infra red sensor which uses infra red light to detect the 
presents of object near to the sensor. Ir sensor uses the Ir 
radiation which has wavelength from 0.75um to 1000um 
which is not lies in visible light region. These rays are 
not visible to human eyes. It is categorized based on its 
wavelength into three regions. They are near infrared, 
Mid Infrared, Far Infrared. The sensor emits Ir light 
in certain wavelength and this radiation hit the object 
and returns back to the receiver. The Ir receiver sense 
the return radiation to the output device coupled in the 
system. Ir sensor used as Proximity sensor, Item counter, 
Burglar, Alarm Gas Analyser Human Body detection, 
rail safety etc.

used to do encoding, decoding and other network 
related task in a system where this module is attached. 
The terminal equipment is a mobile application which 
receives the values from the module associated in the 
system. The GSM Module makes use of AT commands for 
communication. It can feature all the functionalities of a 
mobile phone through computer like SMS, MMS etc.

Figure 1: IR sensor

B. Gsm Module: The Global system for mobile 
Communications (GSM) is a electronic chip with 
antenna which is used to connect a system with cellular 
communication. GSM communication interfaces are like 
rS-232, USB 2.0 and others for Computers. It has a slot 
to put SIM stands for Subscriber identification module. 
So it can act like mobile phone and message are send by 
that mobile number (Kiruthika et al. 2019). It also has 
IMeI number stands for International mobile equipment 
identity like all mobile phones for unique identification. 
The android application in mobile communicates with 
arduino by GSM module as it has SIM in it. Antenna 
in GSM module used to receive cellular. GSM module 

Figure 2: GSM module

C. Arduino: This is an open source platform which has 
ATmega328 microcontroller on board to use hardware 
and software build electronics projects. First arduino 
was build in 2006. It is a microcontroller which means a 
small computer. It is the tool for controlling the devices 
and can interact with the surroundings. It reads the 
Inputs of microcontroller and turn on the output devices. 
Arduino has a inbuilt memory whre codlings are saved 
to perform tasks. Using arduino programming digital 
and analog pin’s signals can be control (Gowthami et al, 
2019). It can be programmed with C++ language. There 
are many electronics boards out of there arduino board 
is best, because it is low in cost, configurations are easy 
and perfect for small applications, cross platform and 
wide variety.

The number of pins in ardunio is use to connect various 
components. These pins have two varieties, digital and 
analog pins. digital pins are used to read input signal 
state and write output signal state, using on and off 
method. Most of the boards have fourteen  digital pins. 
Analog pins can read a range of values, and are useful 
for fine grained control. Most of the boards have six 
analog pins. Arduino is a most popular kit to make small 
projects and applications also connecting electronic 
device with arduino is easy. As arduino uses ATmega328 
microcontroller, it overcomes the drawbacks faced when 
using old 8051 and 8052 microcontrollers. Arduino can 
be connected with laptop or system via USB cable to 
dump coding. Also the real time reading of arduino can 
be view on monitor using USB cable. Ardunio Uno has 32 
kb of SrAM and 1 kb of eeProM (Sakthi et al. 2019). The 
clock speed of the ardunio is 16 Mhz, so it can perform 
a task faster than other processors or controllers.

D. Stepper Moter: Stepper motor is one of the type of 
motor that convert electrical energy into mechanical 
energy. A stepper motor uses magnet to highly precise 
motor shaft turning when electric pulse is provided. no 
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need of feedback to control the stepper motor as each 
pulse drive motor one step. Unlike the regular dC motor 
rotates step by step. number of step rotation happens 
exactly same as number of pulse given to the motor 
(Sundar Ganesh et al, 2017). The stepper motor can 
turn the exact amount of degrees to control the position 
with exact location. Stepper motor has many types such 
as permanent magnet, variable reluctance and hybrid 
synchronous stepper motor.

Figure 3: Cloud Network

Figure 4: Stepper motor

E. Glucose Bottle: The Glucose is one of the form of sugar 
that is normally stored in liver and muscles in the form of 
glycogen. If body goes under glucose shortage situation 
then glycogen will be converted into glucose. Glucose 
bottle is non degradable plastic bottle. It is not a reusable 
bottle. Bottle should be dispose properly after use.

Figure 5. Glucose drip 
bottle

If a patient has low blood sugar then physicist might 
treat with glucose. Low blood sugar caused by using 
insulin and not taking enough food. Glucose liquid in 
bottle increases the amount glucose level in body quickly. 
Glucose made up of carbon, hydrogen and oxygen 
molecules. Glucose also used in some purpose other than 
medication guide. Glucose bottle is made up of plastic 
which won’t reach with the liquid inside it. This bottle 
also has expiry date. It should use within that period 
mention on glucose bottle. Glucose drip bottle is a use 
and throw bottle but it should dispose properly according 
to the rule to avoid harmful problems.

RESULTS AND DISCUSSION

The Smart glucose drip bottle can be used to reduce 
careless problems in hospitals. Android app can show 
patient data like body temperature and pulse rate to 
physician. Physician can control this system by message 
without android application.

Figure 6: Circuit connection

This is smart glucose drip bottle system’s circuit 
connection. SMPS used for power supply. It also uses 
buzzer for extra safety.

Figure 7: Glucose bottle
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Three level sensors connected near each glucose bottles 
to indicate the level of glucose in bottle as high or 
medium or low.

Patient Temperature Pulse rate
number (oF) (bpm)

1 98.5 70
2 98.1 75
3 99.1 82

Table 1. Body temperature and pulse rate

This table is sample reading of three random patient’s 
body temperature and pulse rate.

Figure 8: Glucose bottle loaded
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ABSTRACT
Controlling and Monitoring of industrial parameters have become the great challenge to the paper industry in order 
to protect the environment. Each genuine occurrence occurred from minor shortcomings. The hazardous effluents 
emitted like steam temperature, Carbon monoxide, pH level  smoke, gas leakage and so on assumes a crucial job 
and it has standard cut off points in the field. The principle goal of our undertaking is to control these parameters 
causing contamination and to diminish the impacts without influencing common condition. The framework is 
actually utilizing LabVIEW programming, which is used to screen the contamination and furthermore send the 
controlling sign to Arduino, when there is an unsettling situation in the standard of the framework. If there is 
any deviation in the settling point, the system gives an alert thereby the controlling of the parameters can be 
obtained.

KEY WORDS: LAbVIEW, TEMpErATurE, pH, ArduIno.
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INTRODUCTION

With the advent of new technologies and necessities of 
the people, many process industries have been evolved. 
due to these industries, there are many impacts on the 
environment. Thus, technology and its impacts are the two 
sides of a coin. It is necessary to protect the environment 
by monitoring different parameters like temperature, 
pressure, level and flow in the process industries. In this 

project, the important parameters such as temperature 
and pH level in the paper industry (Monisa et al. 2019) 
must be monitored and controlled by using LabVIEW. 
When these industrial taints are being monitored, the 
environment is protected from the hazardous disaster. 
The value of such industrial parameter values must be 
maintained in its limited range. When its range is high or 
low, the system designed will monitor and intimate the 
level of the parameters to the monitoring person.

MATERIAL AND METHOD

A. LabVIEW: LabVIEW (Laboratory Virtual Instrument 
Engineering Workbench) (utgikar et al.2016) is a working 
platform in which the program is developed to monitor 
and control the industrial parameters. The product 
might be the giving the most considerable segment 
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of the framework. The principle routine or VI, gives a 
front board interface that permits the administrator to 
control what's more, screen the framework, it calls to 
perform capacities that assemble simple information, 
send simple yield. The front board is the thing that permit 
the administrator to control and screen the procedure it 
incorporate programming control and pointers imitate 
physical control, for example, catches, sliders, LEds, 
diagrams. The square outline is the graphical portrayal of 
the product program. It comprises of symbols that speak 
to ordinary programming components, for example, 
constants, factors, subroutines and circles. 

LInX permits client to manage the sensors and secure 
information using the Arduino microcontroller utilizing 
the graphical programming condition LabVIEW. Arduino 
microcontroller gets its input that is interfaced with 
LabVIEW VIs through a sequential association. It 
assists with moving data from the microcontroller I/o 
pins to the platform of LabVIEW without altering the 
correspondence, synchronization. utilizing the normal 
open, read, compose, close show in LabVIEW, we can get 
to along these lines the advanced simple heartbeat width 
tweaked I2C and SpI sign of Arduino microcontroller. 
The LabVIEW programming bundle from national 
instruments is used to build up the custom information 
about the level of the temperature, pH of chemicals used 
in the treatment process and the effluents emitted from 
the paper industry. The block diagram is shown in the 
figure.

user friendly and it is reprogrammable. It is connected 
to the external devices such as switches, alarms, relays 
and sensors for controlling purposes. Arduino has a few 
favourable circumstances for instructive also, intrigued 
recreational over other framework like cheap, open 
extensible software, extensible equipment.

C. Temperature Sensor: The commonly used temperature 
sensor is the rTd (resistance Temperature detector). 
The principle of the sensor is positive temperature 
coefficient of resistance, if the temperature increases the 
resistance also increases. A pt-100 type of rTd is used 
which provides the output range 0 to 1 volt for 0-100°C  
and it has the sensitivity of 10mV/°C ( Sureshkumar et 
al.2014).

D. Smoke Sensor: Smoke sensors (Monisa et al 2019) are 
used by the industries to detect smoke, which is the initial 
stage of the fire. Manufacturers develop smoke sensors 
and it is connected to an alarm system, which indicates 
the workers about the cause of the fire. The smoke 
detectors response is much faster. An ionization chamber 
is created due to the presence of radioactive particles 
passes between the electrically charged plates.

The smoke sensor has two chambers. one chamber is 
designed which is open to atmosphere and another is 
the reference chamber which is made not to allow the 
particles. due to the presence of radioactive particles 
in those two chambers ionizes the air molecules and 
produces the potential gradient in it. If any smoke particle 
enters the ionization chamber, it does not allow the air 
molecules to produce the potential gradient and thereby 
no electric charge flows. This is because of the alpha 
particles in the smoke, which disturbs the ionization 
process and thus activates the alarm to be functioned.

D. Gas Leakage Sensor: A Liquefied petroleum gas 
sensor is a one sort of gadget that is utilized to detect 
the nearness of a dangerous gas spill in administration 
station, vehicles, stockpiling tanks and homes. This 
sensor is connected to a caution circuit to give an 
alarm to the administrators through a ringer sound in 
the territory where the gas spill is happening. The gas 
leakage-detecting sensor is likewise used to distinguish 
tobacco smoke, poisonous gases, flammable, propane, 
iso-butane and LnG.

The proposed framework utilizes a gas sensor to detect 
the leakage of gases by the specific property of the 
particular gases. We have utilized a LpG gas sensor 
module to identify the spilled gas. When LpG gas spillage 
happens, it gives a HIGH output on its pin specified for 
it and Arduino consistently peruses its output on it. At 
the point when the Arduino controller gets an elevated 
output from a gas sensor then it shows a message on 
the LCd screen. This shows and enacts ringer to produce 
signal sound. At the point when a Liqufied petroleum gas 
sensor gives a slowdown output to Arduino board, at that 
point the showcase shows "no gas spillage" message.

The sensors directly detect the gases such as carbon 

Figure 1: System Overview

The different sensors placed in the industry environment 
where the parameter has to be monitored and controlled 
which sends the data to the microcontroller board that can 
be visualised in the pC through LabVIEW. This method is 
used in the industries, which is cost effective.

B. Microcontroller: Arduino is a type of microcontroller 
which is embedded on a single board (Vimala devi et 
al.2018) expects to make utilization of interactive item 
or situations progressively available. The microcontroller 
is open-ended source for writing the programs and 
running the programs on board. Arduino controller is 
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monoxide, nitrous oxide, and sulphur dioxide in the 
atmosphere. Some sensors detect only specific type 
of pollutants and cannot measure the content of the 
pollutant. For example, the dissolved oxygen (do) sensor, 
the pH sensor, and the electrical conductivity sensor fall 
into this category (Xu Luo et al.2019).

E. Radiation Sensor: A radiation detector (sensor) is a 
gadget for detecting nuclear, electromagnetic or light 
radiations. This atomic radiation sensor detects the 
atomic radiations on the principle by calculating the 
discharge of ionizing radiations of alpha, beta and 
gamma particles. Additionally alluded to as a Geiger 
counter, an atomic radiation identifier comprises of 
two principle components: the handling gadgets and 
the Geiger tube. The Geiger tube is loaded up with low-
pressure latent gas like helium, argon or neon. on the off 
chance that radioactive radiation happens, the latent gas 
is ionized. An anode inside the Geiger tube enrolls the 
amount of ionized particles numerically corresponding 
with the quality of the radioactive radiation (Kiruthika 
et al. 2019). The radioactivity estimation is then shown 
on the LCd screen of the Geiger counter or atomic 
radiation indicator.

The important note on this device is the utilization of 
a special material, which sparkles or "shines" when 
radiation is exposed to the material. Sodium Iodide is the 
material, which is commonly used. The sparkle produced 
from the scintillation process is reflected through a 
window. This sparkle reflects and passes to the new device 
called photon detector (photomultiplier tube). The photo 
cathode is used to make the first segment of the tube. 
When the light or the sparkle strikes, the photocathode 
electrons are produced. In the photomultiplier tube a 
series of dynodes are placed in order that the electrons 
come and strike the dynodes. These electrons then strike 
the next dynode where again it produces more number of 
electrons until the last dynode (Gowthami et al.2019).

F. Proposed Work: The proposed system consists of 
sensor network and a base station. The pC with LabVIEW 
software consists of rF module which serves as the base 
station for the network.The acquired signals from the 
different sensors located in different areas are given to 
the microcontroller unit. The Arduino microcontroller 
serves as the base station (Sureshkumar et al.2014).

The nI Wi-Fi (Sureshkumar et al.2014) information 
procurement (dAQ) gadgets use IEEE 802.15.4 (Saravanan 
et al.2014) to stream persistent waveform information 
over a remote system. The preamplifier unit is connected 
to the dAQ system (Aravindaguru et al 2019). Since 
IEEE 802.15.4 uses over-the-air rF flags as its physical 
transmission medium, it offers one of a kind security 
challenges past those of a wired framework. nI Wi-Fi 
dAQ bolsters the most elevated financially accessible 
security, IEEE 802.15.4, for powerful assurance of remote 
information transmissions, a Wi-Fi arrange must have 
a solid encryption calculation (figure) and some type of 
key administration.

RESULTS AND DISCUSSION

This paper clearly explains about the operation of the 
system in which the different industrial parameters 
temperature, smoke, radiation and pH can be monitored 
and controlled. In the different hazardous areas and the 
parameter monitoring environments, the data acquired 
from the sensor nodes are visible in the pC installed with 
LabVIEW. The normal level of the parameters are already 
loaded in the LabVIEW as if there is any deviations in 
the normal range there is indication in the front panel 
of the LabVIEW GuI.

Figure 2: Front Panel output in LabVIEW

Figure 3: Block Diagram in LabVIEW

Figure 4: Block Diagram in LabVIEW
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CONCLUSION

It has been shown by simulation that LabVIEW can be 
used to design a controller for controlling and monitoring 
the different parameters like temperature, smoke, gas 
leakage in paper industry.The proposed method is proved 
efficient and cost effective. It is important to control the 
hazardous emissions from the industry in order to protect 
the environment. This method provides the effective 
result when compared to the other tools because of its 
user-friendly graphical language. 

Tamilnadu newsprint and papers Limited recently 
developed a system to monitor the efficiency of the 
sheet cutters in the paper machine finishing area. It is 
implemented to increase the productivity of the process 
by calculating the efficiency using speed of the machine. 
In future the above system can also be can be used 
for monitoring the speed of the different sheeters and 
cutters.
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ABSTRACT
The chemical synthesis of nanostructured materials are attracted towards electronic and optoelectronic applications. 
The Graphene Oxide was prepared by one of the principle methods of a time-saving improved Hummer’s method. The 
formation of Graphene Oxide were confirmed by a Fourier-Transform Infrared spectroscopy (FT-IR). The Graphene 
can be produced from the pencil graphite. Graphene Oxide is an unique material noted as a single monomolecular 
layer of graphite with various oxygen- containing functional groups such as carbonyl and hydroxyl. The formed 
reduced graphene oxide resembling graphene but contains residual oxygen as well structural defects, this process 
is done when the Graphene Oxide is reduced.  The Scanning Electron Microscope characterizes the microscopic 
morphologies of the sample. The Fourier Transform Spectroscopy is used to measure the structure of the samples 
or materials and also it is  used to certify the existence of oxygen-containing functional groups. Comprehensive 
characterizations of the properties of Graphene Oxide films were conducted. In this preparation Graphene Oxide 
(GO) is used as a material in the solar cells. Graphene has the high electrical conductivity, and chemical stability.  
The confirmed sample is used to take the Ultraviolet spectroscopy (UV), Scanning Electron Microscopy (SEM), 
Current Voltage (IV) characteristics of  Graphene Oxide is attained.

KEY WORDS: FOURIER TRanSFORM InFRaREd SpECTROSCOpy (FT-IR), GRapHEnE OxIdE(GO), IV CHaRaCTERISTICS, 
UlTRaVIOlET SpECTROSCOpy (UV), SCannInG ElECTROn MICROSCOpy (SEM), HUMMER’S METHOd.
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INTRODUCTION

The global concerns in the development of human 
civilization and the technological issues of energy uses 
and environment protection are facing many  issues. 
These days the enormous amount of energy demands in 
the world are met by the nonrenewable energy sources 
and fossil fuels (Gowthami R et al.2019).

To replace these nonrenewable energy sources, need of 
the renewable energy sources and clean energy sources 
and carriers, including batteries, super capacitors, 
hydrogen storage has become more important. The optical 
conductivity of graphene oxide is determined through 
range of spectrum (y.Zhu et al.2010).

Graphene Oxide is a single layer of graphite oxide, which 
is produced from exfoliating the graphite oxide in water 
through disrupt and it produces multilayer or mono layer 
of graphene called Graphene Oxide. (T. Kuila et al.2010) 
The graphene has the existence of various oxygen groups 
mainly of functional groups which enable Graphene 
Oxide an interesting property. The production of high 
efficiency monolayer graphene sheets appropriate for 
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electrical and optical properties. (Kiruthika S et al.2019) 
The epoxy and hydroxyl  groups on Graphene Oxide, it 
made surface act as an effective sites to immobilize multi 
active species. It has tunable electronic properties. (C. lee 
et al.2008) The intrinsic strength report the structural and 
mechanical application of the graphene. 

Typically, GO is often considered as an electrical 
insulator, because it contains the bigger portion of sp3 
hybridized carbon atoms which is connected with oxygen 
groups. (niyogi et al. 2016) Whenever the graphene oxide 
films deposited on any substrate and later the insulator 
property is converted into an electrical conductor. The 
reduction of graphene oxide (rGO) can be reduced by 
various orders of magnitude to make graphene like 
semi-metal (S. pei et al.2012). Graphene Oxide can be 
produced by one of the principle methods developed by 
Hummers.There is in need of energy storage in industries 
to meet with the higher production rates.

B Graphene oxide by Hummer’s method:

Figure 1: Graphene

MATERIAL AND METHOD

A Chemicals: Graphite powder, Sodium nitrate 
(nan03) ,  (Hydrogen peroxide)H2O2,potassium 
permanganate(KMn04), Concentrate Hydrochloric 
acid(HCl), were added.

Figure 2: Process flow diagram

Graphene oxide was prepared from the pencil in the form 
of graphite powder using Hummer’s method (Sohail et al. 
2017). In this method some chemicals were added to get 
graphene oxide from graphite powder. (Hawraa H.Radey 
et al.2018) .In detail one gram of graphite powder is 
measured and mixed with  0.5g sodium nitrate, then add 
the concentrated Hydrochloric acid of 23ml are taken in 
a ice bath. These mixtures are stirred for 30  minutes. 
after that gradually add KMnO4 to the solution prepared 
(Veeramani p et al.2019).

The mixture is heated in a hot plate about 95oc for 15 
minutes and slowly add H2O2 (23ml) with H2O (80ml). 
Then make the  above mixture to settled down for 6 
hours. after the 6 hours the graphene is sedimented.

Figure 3: Centrifugation process

Figure 4: FT-IR
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The resulting mixture is washed with deionized water 
followed by centrifugation (Monisa S et al.2019) at 1000 
rpm for 10  minutes and let the mixture to dry. Thus we 
obtained the graphene oxide sheets.

RESULTS AND DISCUSSION

The synthesized Graphene oxide GO are  characterized 
and analyzed by Fourier Transform Infrared Spectroscopy 
(FTIR), Ultraviolet spectroscopy (UV) for absorbance, 
Scanning Electron Microscopy (SEM), Current Voltage 
(IV).

FT-IR analysis: Fourier  Transform Infrared Spectroscopy 
(FT-IR) is one of the technique used to obtain the spectrum 
of absorption, emission and photo conductivity of the 
sample like solid , liquid, gas (paulchamy et al. 2015). This 
technique is used to investigate the bonding interactions 
in graphene before and after the oxidation process. The 
sharp peak found at 1615 cm-1 is a resonance peak.

UV Spectroscopy: The absorbance of graphene oxide 
is characterized by the technique called ultra violet 
spectroscopy. (nangamso nathaniel nyangiwe et al. 2015) 
There is a linear relationship between absorbance and 
absorber concentration which makes UV spectroscopy.

Figure 5: UV Spectroscopy

SEM analysis: Scanning Electron Microscopy is a 
technique to observe the structure of sample graphene 
oxide. (paulchamy et al.2015) This shows the SEM images 
of exfoliated graphene oxide is under 0.1mm.

I-V characteristics: The I-V characteristics curve 
shows the relation between the current passes through 
the electronic device and the voltage occurs in their 
terminals. This characterization is to verify the electrical 
conductivity (B.M. yoo et al. 2014) of the sample 
Graphene Oxide.

CONCLUSION

Thus Graphene oxide was produced by the principle 
method, Hummer’s method was the simple method for 
synthesis. In this the functional group  of the sample is 

determined by the FT-IR analysis. The absorbance was 
determined by the UV- spectroscopy. also the exfoliation 
of the graphene was observed by the SEM analysis and 
the conductivity property was confirmed by the IV 
characteristics. Thus the synthesized Graphene Oxide has 
many unique properties and be applied in wide variety 
of application.
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ABSTRACT
This paper demonstrates about the assistance of Firebird V Robot in library management. A robot is structured 
that follows a defined line which is previously stored to Track and take the book from rack and keep the book 
in concerned spot precisely. The book, which is to be taken, is given utilizing RFID. Robot perceive information 
of book by contrasting the spared RFID number and the books in the racks. On the off chance that the robot 
coordinated with the spared book detail distinguishes the specific book, at that point the robot will take the book 
with the arm joined to it and spot it in the conveyance box. When the client restores the book, it will take the book 
from returning box and spot it in a similar rack where the book was taken previously. This aides and improves 
furthermore decreases the manual routine work done by the library staff. The system acts as a basic platform for 
the generation of more such devices for the library management. The implementation of the robot end section in 
PROTEUS was successful. The desired results were verified in the simulation. The IR sensors navigated the robot 
end from its home position to the book shelf end and back to home after the collection of required book. it reduces 
the manual work.

KEY WORDS: RFID, TRAck, DElIVERy bOx, RETURnIng bOx, ShElF.
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INTRODUCTION

The libraries are the wellspring of information and 
astuteness, yet with the expanding instruction branches 
and new researches, millions of the books are being added 
to libraries. Manual arranging and position of these books 
in racks is a tedious and bulky procedure for people. This 
frequently brings about erroneous position of books on 
shelves. consequently individuals think that it’s hard to 
find the book in light of the fact that the specific area of 

book returned by the database contrasts from its current 
area. In this manner, an effective and programmed book 
situation framework is required to encourage the people in 
finding the ideal book in a brief timeframe. In this paper, 
Robot is used to track, deliver and return books based 
on barcode scanning in library. It is mainly focused on 
the book detection and reducing the human work [1-3].

MATERIAL AND METHOD

In the section below, different searching methods [shown 
in figure 1] are discussed in detail.

A. Manual Process: It is one of the most established 
method. library contains a great many books, which are 
most of the time taken and returned back to the racks. In 
the event that there is a need of book by a client, library 
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staffs first need to perform rack perusing, i.e., physically 
look for books, distinguish and convey to the client. After 
return, again need to put in right position [4].

Atmega 2560 [shown in figure 2] is a master controller 
and Atmega 8 is aslave controller .The essential parts in 
this robot is IR sensors, close sensors, white line sensors, 
ShARP IR sensors, bells, lcD and lED alongside ni-
Mh battery. The two Atmega controllers are the master 
control is the Atmega 2560 and the slave control is the 
Atmega 8 controller [7-9].

E. Robot Tracking Process: The equipment is actualized as 
a robot unit [shown in figure 4] and shelf unit. connect 
robot and smart phone using bluetooth. Enter the name 
of book, which you want in the mobile keypad. In the 
event of getting the command, the robot begin moving 
along the white line track and arrives at the rack end. 
The IR sensor matches with the rack unit. The RF per user 
examines for the RF tag and matches with the comparing 
book, which the client enters. here the robot will stop.

F. Returning Process: On the off chance that both the 
robot and the rack end get synchronized the robot 
arm rotates in particular degree according to the shelf 
position, which has been coded already and put the book 
into the robot basket and place it in the delivery box,

Figure 1: Book searching methods

B. Computer Based process: here librarian have the 
option to look through books by their title, writer, and 
subject classification in the system. Each book will have a 
one of a kind distinguishing proof number and different 
subtitles including a rack number, which will help to find 
the book. After identification, the librarian should take 
the book and give it to the customer [5].

C. Robotic Process: Robotics is a key innovation in the 
advanced world. Robots have stepped into enterprises and 
medical clinics, and have seen staggering achievement in 
planetary exploration. This Robot is centered around the 
book searching which less human work [6][10-11].

Figure 2: Atmega2560 Based Robot [Wikipedia]

D. Firebird V Robot: Fire bird V robot [shown in figure 
3] is a microcontroller based robot. The guideline 
utilized here is Open Source Philosophy its product and 
equipment is compatible with some other programming 
like keil, Matlab, and labVIEW. It is the fifth server 
robot, the name FIREbIRD V robot. It utilizes 2 at 
mega controller, one act as a master and other as slave. 

Figure 3: Block diagram of Firebird V Robot

Figure 4: Block diagram of Robot
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RESULTS AND DISCUSSION

CASE 1: Robot Connects with Bluetooth: connect the 
robot and smart phone using bluetooth app. Enter the 
name of book which you want in the smart phone app 
[shown in figure 5]

Figure 5: Person selecting the book using mobile app

CASE 2: Robot Starts Tracking: After receiving the 
command, the robot start moving along the white line 
track and arrives at the rack end. The IR sensor matches 
with the rack unit. The RF filters for the RF tag and 
matches with the relating book [shown in figure 6].

Figure 6: Robot follows white line

CASE 3: Robot Arm Picks up the Book: If robot and 
the book in shelf get matched the robot arm rotates in 
particular degree according to the shelf position which 
has been coded already and picks up the book [shown 
in figure 7]

Figure 7: Robot picks the book

CASE 4: Robot Drops the Book: Robot put the book in 
its basket and then place it in delivery box, which will 
be taken by the client. The robot will station at the home 
until the following cycle starts. The robot is prepared for 
the next command from the client [shown in figure 8]

Figure 8: Robot drop the book in basket

CONCLUSION

This project is an effective system for automatic library 
manipulation, it reduces the manual work. The system 
acts as a basic platform for the generation of more such 
devices for the library management. The implementation 
of the robot end section in PROTEUS was successful. 
The desired results were verified in the simulation. 
The IR sensors navigated the robot end from its home 
position to the book shelf end and back to home after the 
collection of required book. it reduces the manual work. 
The IR sensors navigated the Robot end from its home 
position to the book shelf end and back to  home after the 
collection of required book. It decreases the manual work. 
With the proposed engineering a framework created, it 
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will go about as a fundamental stage for the age of all 
the more such gadgets for the library.
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ABSTRACT
Accidents are increasing day by day. Common mistake and negligence risk are likely to increase. Our government 
has enacted a number of rules for the safety of the public and to reduce the accident rate. But it still causes many 
problems. The main objective of this project is to solve these problems. By enabling communication between a 
motorized tire killing systems with a traffic light system via Arduino, we can control traffic. The spikes are turned 
on when the traffic light is turned on in red / yellow, and the spikes are closed by applying communication between 
the tire kills to avoid overloaded vehicles in hilly areas when the traffic light is on the green tire. For System with 
load cell by Arduino. With this project, we can avoid many dangers and save people’s lives.

KEY WORDS: ArduinO,  SpikeS Turn up And Turn dOWn, TrAFFiC lighT SySTem, lOAd Cell, Tyre killerS.
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INTRODUCTION

Safety and security are the most talked about aspects of 
every day of our lives. in the current scenario, we face 
many death cases due to road accidents. A traffic accident 
is any vehicle accident that occurs on public roads. The 
idea of developing this project is to do some good for 
the community. The main objective of our project is 
to build a safety system that integrates the tire killing 
system with the traffic light system and the load cell to 
minimize the chance of accidents. in our early life, we 
did not focus on traffic regulations that would create 
accident rates. This is a situation we see in our daily lives 
thinking about finding some solution to this problem, 
so we can follow traffic rules and overload vehicles in 
hilly areas. (dinesh k., n. et.al, Bharagava Sai,g et.al, 

2013): Come up with this idea of avoiding the passage. 
Tire killing systems are commonly used as a means of 
preventing vehicles from crossing over. in our project, 
we have provided communication between each module 
by the Arduino according to the embedded C program, 
to educate the public about traffic rules and prevent 
overloaded vehicles.

MATERIAL AND METHOD

Existing System: in this picture, during traffic, no one 
follows the traffic rules because they have to get to the 
office or any work on time. But when all people think this 
way, the risks are huge. [gurudatta Verma et. al, rishabh 
Sonkar, lekhraj Bowaria et. al, 2018] usually people wait 
until the red signal stops, and when the yellow light 
begins to count, everyone starts riding before the yellow 
signal gets to the green.

Therefore, it is possible to collide with opposite vehicles 
on both sides. in the photos above, we can see that the 
overloaded vehicle went down due to an imbalance. 
generally in hilly areas, overloaded vehicles should be 
avoided.
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This is because the vehicle slipped underneath while 
rotating with a corner mismatch. Sometimes going 
backwards automatically, it can also damage other 
vehicles.

patrol car arrives, the transmitter triggers the receiver in 
communication with the traffic signal system and makes 
the signal green in that particular way. We already have 
a similar program to turn on spikes when the signal is 
green. So the spikes are lost accordingly. [Jacob B and 
Veronique Feypell-de la beaumelle, (2010].

Similarly, the tire killing system is also implemented in 
the load cell. The load cell  disrupts the ground before 
entering hill road. Where, for each vehicle, we need to 
upload the threshold value to the program. When the 
weight of the vehicle exceeds the threshold value, the 
spikes are otherwise rejected. Therefore, if it can propel 
the vehicle to reach threshold value.

Figure 1: Not following traffic rules

Proposed Work: in this proposed model, we provide 
communication with the traffic light system between the 
tire killing system. So when the traffic light is red, the 
spikes are turned on, and when the traffic light is green, 
the spikes stop according to the embedded program. A 
delay is provided for each signal so that the spikes can 
move accordingly.

Figure 2: Over load vehicle passage signal

We provide high-range transmitters in every ambulance, 
as well as police car and high-range receivers in the traffic 
signal system. Therefore, when an ambulance or police 

Figure 3: Collapse of over load vehicle due to unbalance

RESULTS AND DISCUSSION

in this project, about 60 percent of the expected result 
is obtained. We need to calculate the range of true value 
for each vehicle. Compared to the traditional system, 
however, running the project will reduce the risks. The 
tire killing system is first used to control the wrong entry 
of vehicles onto the road. in this project, a tire killing 
system is used to control traffic and prevent overloaded 
vehicles from traveling over mountainous terrain. The 
spikes corresponding to the threshold value of the vehicle 
weight in the load cell along with the light signal are 
up and down.

Weight bridge work takes place in two conditions. if the 
load exceeds the buzzer will sound and the securities in 
the toll plaza will check the vehicle's load and drive the 
vehicle to reduce the load, otherwise they will give an 
advance warning or they may pay anything. in another 
case, if the load is not greater than that of the vehicle, 
the vehicle will have no other problem to travel through 
the city.

Condition-2 in this case, when the traffic signal is in the 
red state, the servo motor acts in the forward direction 
and the spikes remain in the active state. The red signal 
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Figure 4: Block diagram of Road safety using tyre killing 
system

Figure 4: Image of the Road safety using Tyre killing 
system Condition 1

Figure 5: Image of the Road safety using Tyre killing 
system Condition 2

count makes the motor run and the puncture system 
active so no vehicle can move forward. Vehicles must 
wait until the green signal arrives and the servo motor 
operates in the reserve direction. [Vipul phulphagar, dr. 
rupesh Jaiswal, (2017)]

CONCLUSION

identifying overload systems and road safety systems 
can increase awareness of the imminent danger. The 
technological advancement of society causes many 
people to disobey the rules and we cannot follow all 
the rules. This system can solve this problem. it forces 
people to follow more rules. This system helps people 
avoid lithological hazards and makes them an ideal rule 

for citizens to follow. implementing this system can 
change other  problems that people are in trouble with 
and can disrupt the development of the country. Such 
ideas make that dream possible. This system is possible 
because the government is unable to comply with the 
rules set by the government. every youth's dream is to 
make the country a better developed country.

Future Scope: if implemented by the government, the 
real life scope of this paper is good. it helps reduce deaths 
in road accidents around the world. non-compliance 
with traffic rules can increase the severity of those 
accidents. in this paper we have a tendency to develop 
road safety using a tire killing system. According to the 
survey, we can reduce the road accident fatality rate 
by 80.6%. it has great social impact and social concern 
on public safety. in the future, we have a tendency to 
implement tire-killing with loads, as well as fix what is 
driving with driver overload. The government needs to 
implement laws to establish such a system in powerful 
areas and outposts.
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ABSTRACT
Fake vote is the important concern that should be eliminated in the existing system of voting, In order to bring 
this into practice smart voting system is used. In this method AADHAR card details is utilized, so thatfake vote can 
be prevented. In addition to this the expense carried out for generating voterIDcould be avoided.The   electronic 
voting systems can be employed that replace the incident and most importantly error-prone human Component. 
In our project we design biometric based voting system. The main aim of our project is to increase the flexibility 
security, reliability, scalability of the model and less time consumption to announce the result. As AADHAR card 
is mandatory one in India with the help of this verification we are going to implement finger print voting system. 
As AADHAR card stores the details of a particular person like finger print, facial image and iris, when a person 
polls his/her vote the fingerprint will scanned and compares with the fingerprint which is recorded in AADHAR 
and checks the eligibility.  Vote counting will be immediate, fast and secure. This will be done with the help of 
Arduino controller. For programming we use python language. Therefore the mistakes done during election time 
or the mistakes done during counting the vote can be avoided and the right candidate can be elected.

KEY WORDS: ARDuIno, BIomeTRIC SenSoR, PRoTeuS APPlICATIonS .
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INTRODUCTION

In this 21st century India needs an effective and safe 
voting system to elect a right person as because voting 
systems are controlled illegaly. our project aims to 
develop a security and true election. To elect the right 
person each and every Indians have the right to vote. 
effective voting process is required as the system is 
damaged. The following steps are used in order to cast 
a vote: voter verification and identification, Voting of 

votes in ballot, counting of votes through ballot and 
then publication of result. once the following steps are 
followed the person who has elected will be placed in the 
position of higher authority.

Fake votings can be reduced by using a secured voting 
machine using. In which a key number i.e. An AADHAR 
number has been created. Biometric number is used 
inorder to provide additional security and identification. 
During an election ballot, the verification of votes 
can be done with a biometric pattern. If the biometric 
information of the voter is the same as the AADHAR 
database then the person is allowed to vote. Here they 
voted for the members who fought and ended up in the 
Arduino administration. The administrator and the user 
are both able to view the data but are unable to perform 
maintenance on the controller. So there is a way to emerge 
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from the wrong that will subtly help you choose the right 
leaders who have the power to rule our country.

The clever voting system comes after the idea that in 
addition to reducing the percentage of voting in India, 
another major concern is avoiding fake votes.Before we 
can figure out how to increase the voting percentage we 
need to know what the reason for reducing the voting 
percentage is.

There are two main reasons,
1.  People were tired of standing in the main line to 

cast their votes.
2.  People outside his hometown wondered why he 

was considering going to the polls.

MATERIAL AND METHOD

A.Existing system: electronic voting is a ballot that 
works under electronic conditionto assist or monitor the 
polling  and counting of votes. With the help of specific 
functionality, voting can be done using  electronic voting 
machines (also called eVms) or computers connected to 
the Internet. It may include a range of Internet services, 
from basic distribution of reported results to the use 
of full online voting by standard connected home 
devices.

The automation level can be limited to the voting 
mark, or it can be a complete voting system, voting 
recording, data translation then forwarding to servers 
then integration then placement of election results.

A proper election system should work for most of 
these things while keeping up with the set of standards 
regulatory agencies then must be able to effectively 
meet the strict requirements related to safety, accuracy, 
speed, integrity, privacy, visibility, accessibility, cost, 
weight and environmental stability. Both programs are 
the same, and are for the specification of the election 
Commission of India. The system consists of a list of two 
devices running on 7.5 volt batteries. For one device, the 
voting unit that is used by the voter, and the other device 
called the control unit is used by the electoral officer. 
The two units are connected by a 5-meter cord.

The first unit named voting unit consists of blue button 
on each person who stands for election. The voting unit 
accommodate 16 people, split into four units therefore 
total accommodation is upto 64 people. The control unit 
has 3 buttons at the top. 1st button is to see the number 
of votes cast so far, 2nd button to cast one vote and the 
third button to close the election process. Result button 
is sealed and hidden.

B. Proposed systems: In our system of voting we ensures 
the most secured process of voting in which the voting 
system is linked with the aadhar details. The security f 
this voting system involves with there cognition of finger 
print and the face of the voter. By this system people 
can vote from any where and then umber of votes poled 
is determined at instant. By the implementation of the 
system the total number of votes poled is increased with 
the increase of security in poling and thereby prevent 
the fake vote.

Figure 1: The existing image of voting system

Figure 2: Proposed system of smart voting system

Figure 3: Mobile application of smart voting system
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The above image clearly explains about the source of the 
mobile application of smart voting system. It is mainly 
access to mobile camera and finger print sensor which 
is directly connected from the mobile application. By 
the implementation of the system the total number of 
votes poled is increased with the increase of security in 
poling and thereby prevent the fake vote.

C. Software requirements
Android: Android is nothing but a mobile operating 
system. It is a modified version of the linux kernel and 
other open source software. Android is designed for 
mobile touch devices such as phones and tablets. It was 
developed by the developer Consortium which is known 
as the open Handset Alliance.

Memory management: Android devices typically use 
battery power, it is designed to manage processes to make 
it energy consumption to a minimum. Android manages 
programs stored in memory automatically, when the 
memory is low, the android system will automatically 
shut down malicious processes and it will be inactive 
for a long time. 

ARm is the main platform for Android. layouts of ARm 
are (ARmv7 and ARmv8-A layouts), x86 and x86-64 
are also officially supported in the latest versions of 
Android. ARmv5Te and mIP32 / 64 architecture are 
removed from the latest Android release. Starting in 
2012, Inlet processors are included in android devices. 
Android was first implemented on 64-bit x86 and then 
ARm64. Starting with Android 5.0 "lollipop", supported 
over 32 variants.

images and voice recognition are done in biometric 
devices. Fingerprint sensors are available on android 
devices such as mobiles, tablets etc.  To unlock the 
device and some authorize actions as money transfer 
can be done with the help of fingerprint sensors. It can 
be used to prevent the device from being used by an 
unauthorized person.

Physical characteristics are related to body composition. 
The traditional methods used are token based system in 
which this system includes in driving license,  passport 
and information based identification system which 
uses password or an identity number. While comparing 
token based system biometric system is one of the 
unique method in which each human consists of unique 
characteristics of finger print, iris , facial images etc. 
Biometric identifiers are far more reliable then token 
based system. And biometric identifiers raises privacy 
of each human.

Figure 4: Android's architecture diagram

D. Hardware requirements: The hardware requirements 
used are Arduino uno, step down transformer, Bio metric 
sensor, leD display and Proteus application. Arduino 
uno, step down transformer leD display are the common 
hardware part that have been seen in every projects. 
In this project it has  been mainly concentrated with 
biometric sensor and Proteus applications.

Biometric Sensor: Identification of security and 
authentication is done with the help of  biometric 
sensor. These devices use automated methods to verify 
or recognize the identity of a person based on ethical 
standards. The features such as fingerprint, iris, facial 

Figure 5: Biometric sensor

Proteus Applications: Assembly language is the only 
language in which microcontroller can understand. 
microcontroller consists of assembly language and 
assembler. Assembly language refers to the set of rules 
used to write the program and the assembler is used to 
convert the assembly language into zeros. The integrated 
system is also called machine Code.

Figure 6: Proteus applications
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Proteus is a software developed by lab Center 
electronics for electronic circuitry, scheme capture 
and PCB construction. It is simple and user-friendly. 
microcontrollers and microprocessors mainly uses 
Proteus as the main digital simulation.Can mimic leD, 
lDR, and uSB Communication etc.

RESULTS AND DISCUSSION

A mobile application is developed which has support for 
both android and IoS. This mobile application should be 
enabled with the permission to get access with mobile 
camera(Front and Back), mobile finger print sensor. every 
user can able to login to this application with his/her 
AADHAR number.

By logging in to this application this application need 
to match with his/her finger print and face id, which is 
verified through with our AADHAR detail. If it match 
perfectly individual person can poll his/her vote. 

This mobile application can be accessed only on the day 
of voting. Finally the number of person who has voted 
is displayed in the application itself and the individual 
party’s vote percentage is displayed in the application 
itself.

Figure 7: Hardware implementation and result

CONCLUSION

The proposed method is to build a Smart voting system 
using finger print recognition technology that allows 
any voter in India to cast the vote to their respective 
constituency from anywhere in India by going to 
their nearest voting booth in the place of stay. This 
smart voting system based on biometric recognition 
is developed in which it overcomesall the drawback 
which is in current voting system. This proposed system 
has many strong features like security, correctness, 

convenience,verifiablitiy etc. This system does not 
requires any election officer, paper ballot or any eVm. 

only fingerprint scanners and internet connections are 
required and this system is secure. The proposed system 
provides Fingerprint authentication. In this system 
no voter can vote twice because the voter Fingerprint 
patterns will be linked to their Aadhaar Card. So that any 
user tries to vote twice is not possible in our proposed 
system since we are using fingerprint authentication. 
Also the proposed method provides the voter to vote from 
any region with in India to their Residential Constituency 
from the nearest Voting Booth with a secure voting 
process without neglecting to vote
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Abstract: In this paper, an improved fuel consumption and emissions control strategy based on
a mathematical and heuristic approach is presented to optimize Parallel Hybrid Electric Vehicles
(HEVs). The well-known Sequential Quadratic Programming mathematical method (SQP-Hessian
approach) presents some limitations to achieve fuel consumption and emissions control optimization,
as it is not able to find the global minimum, and it generally shows efficient results in local exploitation
searches. The usage of a combined Modified Artificial Bee Colony algorithm (MABC) with the
SQP approach is proposed in this work to obtain better optimal solutions and overcome these
limitations. The optimization is performed with boundary conditions, considering that the optimized
vehicle performance has to satisfy Partnership for a New Generation of Vehicles (PNGV) constraints.
The weighting factor of the vehicle’s performance parameters in the objective function is varied,
and optimization is carried out for two different driving cycles, namely Federal Test Procedure (FTP)
and Economic commission Europe—Extra Urban Driving Cycle (ECE-EUDC), using the MABC and
MABC with SQP approaches. The MABC with SQP approach shows better performance in terms of
fuel consumption and emissions than the pure heuristic approach for the considered vehicle with
similar boundary conditions. Moreover, it does not present significant penalties for final battery
charging and it offers an optimized size of the key vehicle’s components for different driving cycles.

Keywords: automotive system; SQP approach; dynamic optimization; parallel hybrid electric vehicle;
artificial bee colony; optimization algorithm

1. Introduction

Nowadays, the modern ways are initialized to minimize the impact on natural resources and
to increase the dependency over the non-renewable resources, due to the increasing fuel prices and
environmental issues [1]. The improvement in the automobile science helps to create the modern
ways for minimizing the usage of gasoline [2]. Many years of devoted research has culminated
in the improvement of Hybrid Electric Vehicle (HEV) technology. The increase in vehicle numbers
subsequently increases the pollution, which causes global warming [3]. In order to save the earth balance,
it is mandatory that automotive industries have to produce low-emission and better energy-efficient
vehicles. HEV performance with reduced emissions and improved fuel efficiency seems to be promising
as one kind of an alternative technology [4]. In hybrid cars, the battery in the vehicle acts as an
additional energy source to supplement the main engine, so that the vehicle operates at its maximum
possible efficiency [5]. The battery in the vehicle acts as an additional electrical form of energy source to

Energies 2020, 13, 4529; doi:10.3390/en13174529 www.mdpi.com/journal/energies
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supplement the main engine, such that the vehicle operating efficiency is shifted towards its maximum
possible efficiency and the vehicle operation range is extended. Also, the control strategy [6] for the
vehicle has to be properly adapted. The emission reduction and increment in fuel economy are the
most difficult goals in the automotive industry. The cooperative agreements, legislative efforts and
society causes the major constraints in the automotive industry. The aforementioned requirements
are solved by using the capacity of the HEV as well as these HEV are considered as alternative
for the conventional vehicles. Hence, the minimum fuel optimal control issue is solved by using
the novel control strategy in parallel HEV. The major contributions of this research are indicated as
follows. This paper studies the optimization of parameters of an electric assist control strategy for
a parallel HEV. From this study, a Sequential Quadratic Programming (SQP) mathematical method
for a parallel HEV has been developed with a Modified Artificial Bee Colony algorithm (MABC) to
minimize the instantaneous fuel consumption of the vehicle. The developed control method mainly
concentrates on the fuel consumption minimization along with the improvement in power demand
and drivability. Furthermore, the hybrid combination of MABC with SQP is used to optimize the size
of the components. Results show that the MABC with SQP approach shows better performance in
terms of fuel consumption and emission than the pure heuristic approach for the considered vehicle
with similar boundary conditions.

This research paper can be summarized as follows. It presents a literature review of recent
techniques for optimization of HEV in Section 2, the proposed method with control parameters
configurations is described in Section 3, simulation results are provided in Section 4, and the main
conclusions of the research are drawn in Section 5.

2. Literature Review

In the literature, several associated works are available which are based on optimization of HEVs.
Certain critical works are assessed here to justify the contribution of this work.

Enang et al. [7] presents comprehensive, quasi-static longitudinal modeling and parallel HEV
validation. Further research was carried out over the New European Driving Cycle (NEDC) using the
validated model for investigating the impact of an early gear upshift on cumulative fuel consumption.
In this work, without any change in the final battery charging state, better real-time fuel saving is
achieved. In spite of the fuel saving potential of this control strategy, the technique employed is unable
to guarantee cost function (fuel consumption) optimality. It also cannot satisfy itself in real time,
in the end.

Zhang et al. [1] have thoroughly analyzed the various HEV energy management strategies
based on bibliometric and propose that driving cycle recognition would help with better energy
management of HEVs. For most common types of energy management strategies, which are used
in depth in HEVs, the statistical analysis is carried out, with essential characteristics containing pros
and cons. Interconnections and scope for change between the different energy management strategies
are also exposed from the control point of view. But, this study has not given any basic design as an
illustration and relevance for an optimized vehicle design and output for different energy management
strategies. Similarly, Shankar has analyzed the design of parallel hybrid electric vehicles for Indian
road conditions [8].

Long, and Nhan [9] used the Pheromone-Based Bees Algorithm (PBA) to optimize the size of key
component and controlling strategy of parallel HEV. The developed PBA modifies the parameters
of control strategy and size of key component for minimizing the emission and Fuel Consumption
(FC), while vehicle efficiency meets PNGV constraints. In this analysis, MATLAB software has been
employed as a simulation tool, and driving cycles Federal Test Procedure (FTP) and European Driving
Cycle (ECE-EUDC) are utilized to evaluate FC, emissions, and dynamic performances [10]. However,
in this paper, the effect and change in weightage of objective function parameters and its effect on
vehicle design and change in its performance are not discussed [11].
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Namwook described the global optimality of HEV fuel optimization from a mathematical point
of view [12]. This work analyzes the optimality of the Equivalent Consumption Minimization
Strategy (ECMS) and the optimal-control-theoretical Pontryagins Minimum Principle (PMP) concept.
The control algorithm used in the fuel economy of the hybrid vehicle is found to be very similar in
a static simulation for a power-split hybrid vehicle, usually within 1% of the fuel economy through
global optimal control based on Dynamic Programming (DP). But, the emission levels of the vehicle are
not taken into account and are not compared against any global standards to prove that the optimized
vehicle, after adopting PMP, is within the practical required limits.

Although these algorithms tend to obtain the minimum solution in a reduced time, the solutions
generally tend to be local optimum solutions rather than reaching the global optimum for most generic
problems. Also, there were some optimization approaches proposed earlier, which mainly concentrate
on reducing the fuel emissions, whereas the exhaust gas emissions were not controlled. Wu presents
a parallel HEV optimization methodology with Particle Swarm Optimization (PSO) for enhancing
vehicle performance [13]. Neubauer has presented a paper which concentrates on vehicle efficiency
variation through deriving an adapted driving cycle based on driver aggression [14,15].

Montazeri-Gh and Poursamad [16] concentrated on the methodological technique for optimizing
the sizing and control technique parameters of HEV components. In this study, a Genetic Algorithm
(GA)-based multi-objective optimization problem is formulated. The FC’s weighted sum and three
main emissions are reduced by using the objective function. The PNGV performance criteria are used
as constraints. Optimization takes place with three different driving cycles. The result shows that,
with less simulation time, better objective values are achieved compared with the traditional approach.
However, the current GA’s for the multi-parameter optimization are generally found to be slow at
converging, and hence it is possible to get entrapped into local optimal solutions.

A performance comparison is made between PSO- and Advanced Vehicle Simulator
(ADVISOR) [17] based approaches, and the results show that PSO gives preferable parameters
effectively without sacrificing dynamic performance of the vehicle [18]. However, it is also described
that the PSO is leaning toward premature and fast convergence in sub-optimal points, as well as
sluggish convergence in a narrowed search area [13]. Zhang has developed an adaptive energy
management strategy based on the identification of driver trends [1].

Long [19] focuses on improving fuel economy only. However, in the engine operation map, the
fuel-efficient operating points and emission-efficient operating points lie in different parts. They have
shown the improvement in fuel economy but have not discussed about the corresponding change
in emission.

A significant similarity of the above studies is that the optimal design approach is either for
the component sizing or the HEV control strategy, with other parameters being kept unchanged.
Additionally, even if both cases are considered, the evaluation is not shown for different driving cycles
with modified weighting factors to emission and fuel consumption parameters in the objective function.
Also, either a heuristic or a mathematical approach is used.

Also, a work published by Gowrishankar [20] shows that the MABC approach is better than the
Basic Artificial Bee Colony (BABC) approach, in which only the heuristic approaches are compared
and there is no comparison provided against any other approaches for the vehicle optimization [20].

However, practically in a vehicle, both the component size and the control strategy influence each
other in achieving the vehicle performances. Hence, it becomes imperative to simultaneously optimize
component sizes and control strategy parameters. Thus, the key challenge here is to study the effects of
change in the weighting factor of fuel usage and emission parameters in objective function. This would
help to understand their effects on component size, for different driving cycles, in order to reach a
better optimal design for a vehicle, along with adaptation of a proper control strategy. The results
show that the proposed MABC with SQP-Hessian approach is a stronger algorithm compared to the
pure heuristic MABC approach in achieving better optimization results, with the similar boundary
conditions, while still satisfying the PNGV constraints like acceleration and vehicle grade requirements.
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3. Parallel HEV Configuration and Control Parameter Optimization Targets

In this paper, a parallel hybrid electric vehicle is considered for optimization. In parallel HEV,
the wheels can be driven directly, either electrically or by engine. In some driving modes, both of
them could even be used simultaneously [11]. This is one of the most common types of hybrid electric
vehicle used in the market due to its unique advantages like higher efficiency for long driving and
higher flexibility in switching among Internal Combustion Engine (ICE) and electric motor. The block
diagram for a parallel HEV is shown below in Figure 1.
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Figure 1. Parallel hybrid electric vehicle (HEV) block diagram.

The key components of the vehicle size, which would be considered for optimization, would be
internal combustion engine, electric motor, and battery. The key objective function of this research is to
minimize the Fuel Consumption (FC), Carbon Monoxide (CO), Nitrous Oxide (NOX), and Hydrocarbons
(HC), so as to obtain maximum vehicle performance, subject to Partnership for a New Generation of
Vehicles (PNGV) constraint limits. The objective function is as follows in Equation (1):

Min F(y) = d1FC + d2CO + d3NOX + d1HC (1)

y ∈ Y, where ‘Y’ is the feasible solution search space. ‘y’ is a variable vector that contains a vehicle
component size and parameters of control strategy, and ‘d1’ to ‘d4’ are termed as weighting factors of
different parameters considered in the objective function, which can vary between 0 and 1, indicating
degree of weightage of the parameter optimized and to investigate the effect of different parameters on
the optimization results. Subjected to v(y) > 0 for y = 1 to 8, the PNGV constraint limits as defined by
the US Consortium are as stated below in Equations (2)–(9):

Acceleration time is ≤12 s for 0–60 mph (2)

Acceleration time is ≤5.3 s for 40–60 mph (3)

Acceleration time is ≤23.4 s for 0–85 mph (4)

Gradeability is ≥6.5% at 55 mph for 1200 s (5)

Maximum speed is ≥85.1 mph (6)

Maximum acceleration is >16.4 ft/s2 (7)

Distance is >140 ft in 5 s (8)

Delta State of Charge (∆SOC) is ≤0.5% (9)

Also, subjected to the following operating conditions:
a. Engine power is

Peng > 0 (10)
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b. The power output of the engine is restricted to the max power rating of the engine

Peng < Peng_max_power (11)

c. For the charge-sustaining control system response, the State of Charge (SOC) of the battery
should be always within:

SOClow < SOCbattery < SOChigh, (12)

the defined minimum and maximum limits.
In this work, an analysis has been performed on HEV with two different driving cycles, by varying

the values of weighting factors in Equation (1), to analyze their effect on vehicle performances.
The control strategy is considered as an important role on the performance and fuel economy of
a vehicle. This research paper uses the Electric Assist Control Strategy (EACS). This is a type of
charge-sustaining strategy, which means that the battery charge is always maintained between low
and high State of Charge (SOC) levels [4]. The primary energy source is the ICE in this technique and
the secondary source is electric motor. EACS uses the electric motor at low speeds, where either the
ICE does not operate efficiently or where the power required goes beyond the maximum deliverable
torque of the engine. If the State of Charge (SOC) of battery is low, the engine supports the battery
charging through the electric motor.

3.1. Driving Cycles

The FTP and ECE-EUDC transient cycles are considered as the base driving cycles for the analysis.
These vehicle driving cycles are considered due to the fact that the vehicle under study is a light-duty
passenger car and they cover the majority part of the different driving conditions that a vehicle would
face during its usage [21]. The corresponding driving cycle details are as shown in Figures 2 and 3.
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The ECE-EUDC (also called NEDC) driving cycle has four repeating ECE segments without
interruption, followed by a single EUDC segment. The Federal Test Procedure (FTP) is similar to the
UDDS plus the first 505 s of an extra UDDS cycle. UDDS stands for Urban Dynamometer Driving
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Schedule, and represents city driving conditions of a passenger car vehicle. It consists of a city route
with 17 stops for a distance of 7.5 miles. The average and the maximum speeds are 19.6 miles per hour
and 56.7 miles per hour. The idle time and the total cycle time are 259 and 1369 s, respectively.

3.2. Control Strategy

To obtain the minimum fuel consumption and emission targets during vehicle optimization [6],
the control strategy is used to identify the ideal operating point of the vehicle’s engine and motor.
The flexibility of this strategy lies in allowing a vehicle to adjust its controls by considering the driving
location or limits for local control of vehicle, real-time adjustment to driving cycles, and incorporating
the temperature effects on fuel use, engine-out emissions, and catalyst behavior. In this analysis,
the parallel EACS has been utilized [22]: the EACS uses the motor for additional power, when needed
by the vehicle, and maintains the charge in the batteries. This strategy uses the electric motor in
different ways:

1. The motor is utilized in all driving torque, when the vehicle is operated in certain minimum speed.
2. The motor is utilized for torque assist at the operating speed of engine, when the required torque

is greater than max torque which is delivered by the engine.
3. Through regenerative braking, the motor charges the batteries.
4. The motor will be used to produce the required torque when the engine runs inefficiently for a

required engine torque at the given speed. Also, the engine shuts off at this condition.
5. When there is low-battery SOC condition, the motor will charge the battery through the excess

torque provided by the engine.

3.3. Vehicle Configuration for Optimization

The vehicle considered for the optimization is a parallel hybrid electric vehicle, with a gasoline
engine and battery as sources of power for vehicle driving [2]. The key parameters of the vehicle
considered are as depicted in Table 1. The optimization is performed using the MATLAB simulation
tool [23]. In this analysis, the key input parameters considered are fuel converter scaling factor for
torque range, motor/controller torque scaling range, number of battery modules, and a set of control
strategy parameters, as shown in Table 2 below.

The mentioned parameters are given as input to the MABC and combined MABC-SQP algorithm
and the resultant optimized outputs in terms of fuel consumption and emissions are obtained.
The approaches are discussed in detail below.

Table 1. Vehicle Parameters.

Vehicle Parameters Description

Type of the Engine SI Engine Geo 1.0 L (41 kW)
Mass (m) of the Vehicle 592 kg

Power train Parallel Hybrid
Efficiency of the motor 92%

Motor AC Induction motor Westinghouse, 75 kW
Fuel converter efficiency 34%

Transmission 5-Speed Manual Transmission
Radius of the Wheel, Rw 0.282 m
Coefficient of drag, Cd 0.335

Frontal area, Af 2.0 m2
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Table 2. Optimization Parameter definition.

Parameter Definition

Input Variables

CS_hi_soc Highest battery State of Charge (SOC) value desired
CS_lo_soc Lowest battery State of Charge value desired

CS_EL_Speed_lo At low SOC, vehicle speed below which vehicle runs as pure electric
CS_EL_Speed_hi At high SOC, vehicle speed below which vehicle runs as pure electric

CS_off_trq_frac Minimum torque threshold at which the engine will SHUT OFF when commanded
at lower torque

CS_min_trq_frac Minimum torque threshold at which motor acts as a generator and the engine
operates at low threshold torque

CS_charge_torque An alternator like torque loading on the engine in order to recharge the battery pack
ESS_module_number Number of battery modules in a pack

FC_torque_scale Scaling factor for torque range of ICE
MC_torque_scale Torque scaling factor of Electric Motor

Output Variables

FC (mpg) Fuel Consumption of the vehicle in mpg
HC (g/mile) HC emission of the vehicle in grams/mile
CO (g/mile) CO emission of the vehicle in grams/mile

NOx (g/mile) NOx emission of the vehicle in grams/mile

3.4. Details on SQP-Hessian Approach

A bisection-based Sequential Quadratic Programming (SQP) method is used to determine the
required component sizes, fuel usage, and emission performance based on the performance criteria
specified as a part of the analytical approach. For the given minimization problem, an approximation
of the Lagrangian function Hessian using a quasi-Newton updating method is made at each big
iteration. Given for a general minimization problem description in a general problem, the main idea is
to formulate a QP sub-problem based on a quadratic approximation of the Lagrangian function.

L(x, λ) = f (x) +
∑m

i=1
λi.gi(x) (13)

where f (x) is the main objective function, gi(x) are the inequality constraints, λi is Lagrange multipliers
under the non-negativity constraint, and m is the total number of restrictions. Implementation of SQP
consists of four main stages, as outlined below.

Updating the Hessian Matrix. The definite positive quasi-Newton approximation of the
Lagrangian Hessian equation, H, is calculated in each major iteration, where λi, i = 1, . . . , m,
is an estimate of the Lagrange multipliers.

Hk + 1 = Hk +
qk∗qT

k

qT
k ∗ sk

−

Hk ∗sk ∗sT
k ∗HT

k

sT
k ∗Hk ∗ sk

(14)

where
sk = xk+1 − xk (15)

qk =

∇ f (xk + 1) +
m∑

i = 1i

.∇gi(xk + 1)

 +
∇ f (xk) +

m∑
i=1 i

.∇gi(xk)

 (16)

Quadratic Programming (QP) Solution. The solution for the QP is computed using 2 steps:

1. Generation of feasible points.
2. Detection of the feasible point in which the convergence takes place with number of

iterative sequences.

A search path generated by a linear summation of any combination of the Zk columns is guaranteed
to remain at the limits of the active constraints. The matrix Zk is generated from the last m−l columns
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of the QP decomposition of the matrix of AT
k , where the amount of active constraints is represented as l

and l < m. That is, Zk is given by
Zk = Q[:,l+1:m], (17)

where

QTAT
k =

[
R
0

]
(18)

If Zk is found, a direction of new search d̂k is sought that minimizes q(d), where d̂k is in the null
space of the active constraints.

Initialization. The algorithm calls for a feasible starting point. If the current point of the SQP
approach is not feasible, the Linear Programming (LP) problem can be solved as is shown below:

min γ, such that:
y ∈ R, x IeRn

Aix = bi, i = 1, . . . ., m.
Aix− γ ≤ bi, i = me + 1, . . . ., m.

(19)

The notation Ai indicates the ith row of the matrix ‘A’, and b is the coefficient vector.
Line Search and Merit Function. The QP sub-problem solution generates a vector, dk, that is used

to create a new iterate:
xk + 1 = xk + αdk. (20)

The phase length parameter αk is set to cause an appropriate decrease in a merit function. Powell
(1978) recommends setting the penalty parameter as:

ri = (rk+1)i = maxi
{
(rk)i + λi

2

}
, i = 1, . . . ., m. (21)

This allows for a positive involvement from constraints which are inactive in the QP solution, but
which have been active recently.

Ri = ||∇f(x)||/||∇gi(x)|| (22)

where || || represents the Euclidean norm. It means greater contributions from constraints with
lower gradients to the penalty parameter, which would be the case for active constraints at the point
of solution.

3.5. Heuristic Approach

Numerous sources describe different evolutionary approaches to the problem. These are used
due to the fact that in most cases, for the problem, it is very hard to get a solution, and therefore,
in many cases, it is unsolvable. Some of the heuristic approaches available in the literature include
Particle Swarm Optimization (PSO), Genetic Algorithm (GA) [5,24] and Genetic Programming (GP),
and Artificial Bee Colony (ABC) [25].

PSO has a general disadvantage that it will fall into local optimal solution in high-dimension space
and very low convergence rate during iteration or premature convergence [26]. With GA, choosing the
right number of the population size and number of generations is also tough. Also, GA is a type of
non-deterministic algorithm and in most of the cases, it provides a sub-optimal solution and may not
be best suitable for multi-constrained optimization problems. With GP, the generation of mathematical
formulations may be too difficult to interpret, as its combination of multiple elementary functions
often results in extremely complex models. Another major issue is the selection of suitable parameter
settings to control the algorithm run. Also, the time required for GP to converge to the global optimum
is dependent on the parameters that govern the evolution process. One of the most popular heuristic
algorithms used for multi-constrained optimization with a multi-input and multi-output system is
Artificial Bee Colony optimization (ABC). Some of the advantages of ABC over other algorithms
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include simplicity, flexibility, robustness, ability to explore local solutions, ease of implementation,
and ability to handle the objective cost. Hence, this algorithm is used for the problem optimization and
the details of the ABC algorithm are given below.

Modified Artificial Bee Colony (MABC)-Based Optimisation

The heuristic approach used for the optimization is the Modified Artificial Bee Colony (MABC)
algorithm. In the MABC algorithm, a new search equation described by the global best guided ABC
inspired by PSO [27] has been utilized.

MABC overcomes the drawbacks of ABC and considers the global best information from the
below equation.

vi,j = xi,j + Φi,j(xi,j − xk,j) + Ψi,j(yj − xi,j) (23)

where vi,j is the new neighboring food source, yj is the jth element of the global best solution, Ψi,j is
a uniform random number in the range of 0 to 1.5, Φi,j is a random number in the range [−1, 1],
and j ∈ {1, 2, . . . , n} is a randomly chosen index.

The major steps of the MABC algorithm are outlined as follows:
Initialize all parameters,
Repeat while Termination criterions are not met.

Step 1. New food sources are computed in the Employee bee phase.
Step 2. Location of the food sources is updated based on their amount of nectar in the Onlooker
Bee phase.
Step 3. Search the new food sources in place of rejected food sources in the Scout bee phase.
Step 4. Remember the best food source identified so far.
Step 5. End.

The output of the algorithm would be the best solution identified so far. The Modified ABC [25] is
good at exploration but has a disadvantage of exploitation problems, which causes the algorithm to
get trapped to local optima and it may not achieve the global optimal solution [23].

4. Simulation and Analysis

Wipke et al. [17] developed a National Renewable Energy Laboratory (NREL) MATLAB-based
vehicle simulator called the ADVISOR tool for setting vehicle parameters for acceleration and grade
tests with the required conditions. This tool provides the results for those tests and in addition to
this, vehicle Fuel Consumption (FC) and emission parameters are also derived: HC, CO, and NOX.
Gowrishankar and Nirmal [20] show how to fix the zero delta SOC correction technique with the
tolerance limit, which is a very important step in PNGV constraints. This work analyzes the ECE-EUDC
and FTP driving cycles.

The analysis is done with four different cases for two driving cycles, ECE-EUDC and FTP. Case 1
denotes results for the MABC algorithm with the FTP driving cycle, while Case 2 denotes the results
for the same FTP driving cycle for the MABC-SQP algorithm. Whereas, Case 3 evaluates the MABC
algorithm for the ECE-EUDC driving cycle and Case 4 explains the process of the ECE-EUDC driving
cycle for the MABC-SQP algorithm. More weightage (50%) is given to minimization of fuel utilization in
Cases 1 and 2, and the remaining 50% weightage is distributed among the other three emission vehicle
parameters. In Cases 3 and 4, maximum weightage (70%) is given for emission and the remaining 30%
weightage is kept for the fuel usage. The performance of the algorithm for various requirements of
the vehicle is analyzed under these various objective functions with different weightage. Tony and
Wipke [3] show the influences of the driving cycle on the peak speed and distance, with relation to the
fuel consumption and emission. The optimal control problem setup is solved over the ECE-EUDC and
FTP driving cycles, and the results are compared below to benchmark the proposed MABC + SQP
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algorithm over the MABC algorithm in finding the optimal solution. The analysis is done in two steps,
namely MABC only and the MABC with SQP-Hessian approach.

4.1. Modified Artificial Bee Colony Algorithm (MABC) FTP Driving Cycle

Table 3 shows the corresponding initial input and optimized values obtained for the considered
driving cycles for various cases for the FTP driving cycle for the MABC algorithm.

Table 3. Optimization results for the FTP driving cycle.

FTP Driving Cycle MABC

Items Case 1 Case 2 Case 3 Case 4 Initial Value

Variables

FC_torque_scale 1.351 1.400 1.400 1.458 1.349
MC_torquescale 0.714 0.783 1.100 1.076 1.182

ESS_modulenumber 27.741 30.000 27.000 28.000 30.000
CS_ELSpeed_lo 4.195 7.000 3.000 1.000 3.000
CS_ELSpeed_hi 19.595 23.000 31.000 18.000 20.000
CS_min_trq_frac 0.442 0.800 0.317 0.311 0.218
CS_off_trq_frac 0.051 0.069 0.050 0.139 0.137

CS_lo_soc 0.540 0.570 0.507 0.500 0.567
CS_hi_soc 0.753 0.650 0.617 0.680 0.695

CS_charge torque 13.890 31.000 25.000 31.000 31.000

Constraints

Grade (%) 8.547 8.322 8.260 8.891 7.200
0–60 mph time (s) 8.080 7.976 8.453 8.152 8.400
40–60 mph time(s) 3.796 3.730 4.097 3.886 4.000

0–85 mph (s) 15.493 15.281 16.571 15.754 16.300
Max speed (mph) 129.02 129.960 126.200 129.030 127.000
Max accel (ft/s2) 16.400 16.400 16.400 16.400 16.400

Distance in 5 s (ft) 183.355 184.330 182.510 184.167 183.700

Objective

FC (mpg) 35.890 35.600 33.701 33.958 32.200
HC (g/mile) 0.539 0.574 0.571 0.587 0.564
CO (g/mile) 2.236 2.639 2.504 2.519 3.244

NOx (g/mile) 0.418 0.460 0.459 0.457 0.471

Figures 4 and 5 show the vehicle performance change after optimization of its design with the
MABC approach for the FTP driving cycle, Case 1. Figure 4 shows the battery SOC variation with
respect to the driving cycle, and it can be observed from the figure that variation between the initial
and final value of battery SOC is less than 0.5% and SOC value lies close to 59%.
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Figure 5 shows fuel converter efficiency and as it is seen from the figure, there is no big impact and
the efficiency is maintained at around 27%. Because of the large variation of speeds ranging from idle
to nearing 60 mph top speed in this driving cycle, the loss at lower speeds is compensated. Figure 6
shows the electric motor torque-speed characteristics and also the limits of maximum motoring and
regeneration torque. At lower rpm, the torque points lie more on the positive region, supplementing
the engine operation, and at rpm greater than 2000, torque points also shift to the negative region due
to regeneration operation.
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Also, Figures 7 and 8 show energy utilization of different key components of the vehicle during
power mode and regeneration mode of the vehicle. It can be observed from these figures that the
energy utilized by the fuel converter is higher during the power mode, which is about 28,000 kJ,
and energy utilized by the motor controller is higher, 1200 kJ, during regeneration mode, in order
to recharge the battery and keep it within the intended SOC level. Additionally, it can be seen that
although the efficiency of the fuel converter is around 27% only, which is similar to the previous case,
the energy loss has been reduced after optimization. Also, energy usage by braking components is also
near to 1400 kJ in this mode, to support higher energy regeneration.
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4.2. Modified Artificial Bee Colony + Sequential Programming Algorithm (MABC + SQP) FTP Driving Cycle

In order to obtain a balance between the exploration and exploitation issues and to overcome
the same, a combined approach of using MABC as a global optimizer for exploration and SQP as a
deterministic local search for exploitation has been used. The results show that with reduced emissions
and still with an improved fuel economy compared to the initial design, as shown in the results for
most of the cases, the proposed MABC with SQP-Hessian approach shows its superiority in finding an
optimal solution compared to the other individual heuristic approach. Table 4 shows the corresponding
initial input and optimized values obtained for the considered driving cycles for various cases of the
MABC + SQP algorithm.

It is evident from the above Tables 3 and 4 that the solutions obtained for different cases are
according to the weightage of FC for different cases. As for Cases 1 and 2, they have been set with a
higher weightage value for FC, and the improvement in FC in mpg is also high when compared to
Cases 3 and 4.

Figures 9 and 10 show the vehicle performance change after optimization of its design with the
MABC approach for the FTP driving cycle, Case 1. Figure 9 shows the battery SOC variation with
respect to the driving cycle, and it can be observed from the figure that variation between the initial
and final value of battery SOC is less than 0.5% and SOC value lies close to 57%.

Figure 10 shows fuel converter efficiency and as it is seen from the figure, there is no big impact
and the efficiency is maintained around 26%. Because of the large variation of speeds ranging from idle
to nearing 60 mph top speed in this driving cycle, the loss at lower speeds is compensated. Figure 11
depicts the electric motor torque-speed characteristics and also, the limits of maximum motoring and
regeneration torque. At lower rpm, the torque points lie more on the positive region, supplementing
the engine operation, and at rpm greater than 2000, torque points also shift to the negative region due
to regeneration operation.
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Table 4. Optimization results of FTP driving cycle for MABC + SQP.

FTP Driving Cycle, MABC + SQP

Items Case 1 Case 2 Case 3 Case 4 Initial Value

Variables

FC_torque_scale 1.400 1.351 1.400 1.458 1.349
MC_torquescale 0.783 0.714 1.100 1.076 1.182

ESS_modulenumber 29.010 27.741 27.000 28.000 30.000
CS_ELSpeed_lo 7.000 4.195 3.000 1.000 3.000
CS_ELSpeed_hi 23.000 19.595 31.000 18.000 20.000
CS_min_trq_frac 0.485 0.442 0.317 0.311 0.218
CS_off_trq_frac 0.069 0.051 0.050 0.139 0.137

CS_lo_soc 0.381 0.540 0.507 0.500 0.567
CS_hi_soc 0.660 0.753 0.617 0.680 0.695

CS_charge torque 31.00 13.890 25.000 31.000 31.000

Constraints

Grade (%) 8.964 8.547 8.260 8.891 7.200
0–60 mph time (s) 8.515 8.080 8.453 8.152 8.400

40–60 mph time (s) 4.105 3.796 4.097 3.886 4.000
0–85 mph (s) 16.68 15.493 16.571 15.754 16.300

Max speed (mph) 125.551 129.02 126.200 129.030 127.000
Max accel (ft/s2) 16.4 16.400 16.400 16.400 16.400

Distance in 5 s (ft) 181.133 183.355 182.510 184.167 183.700

Objective

FC (mpg) 36.098 35.890 33.701 33.958 32.200
HC (g/mile) 0.578 0.539 0.571 0.587 0.564
CO (g/mile) 2.625 2.236 2.504 2.519 3.244

NOx (g/mile) 0.465 0.418 0.459 0.457 0.471
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Figure 11. Motor torque-speed.

Additionally, Figures 12 and 13 show the energy utilization of different key components of the
vehicle during power mode and regeneration mode of the vehicle. It can be observed from these
figures that the energy utilized by the fuel converter is higher during the power mode, which is about
27,000 kJ, and energy utilized by the motor controller is higher, 1300 kJ, during regeneration mode,
in order to recharge the battery and keep it within the intended SOC level. Moreover, it can be seen
that although the efficiency of the fuel converter is around 26% only, which is similar to the previous
case, the energy loss has been reduced after optimization. Also, energy usage by braking components
is also near to 1400 kJ in this mode, to support higher energy regeneration.
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Figures 14 and 15 show the vehicle performance change after optimization of its design with the 
MABC + SQP approach for the ECE-EUDC driving cycle, Case 1. Figure 14 shows the battery SOC 
variation with respect to the driving cycle, and it can be observed from the figure that variation 
between the initial and final value of battery SOC is less than 0.5% and SOC value lies close to 39%. 
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4.3. Modified Artificial Bee Colony Algorithm (MABC) ECE EUDC Driving Cycle

Table 5 shows the ECE-EUDC driving cycle for the MBAC algorithm.
Figures 14 and 15 show the vehicle performance change after optimization of its design with

the MABC + SQP approach for the ECE-EUDC driving cycle, Case 1. Figure 14 shows the battery
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SOC variation with respect to the driving cycle, and it can be observed from the figure that variation
between the initial and final value of battery SOC is less than 0.5% and SOC value lies close to 39%.
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Table 5. Optimization results for ECE-EUDC MABC.

ECE EUDC Driving Cycle MABC

Items Case 1 Case 2 Case 3 Case 4 Initial Value

Variables

FC_torque_scale 1.190 1.200 1.300 1.210 1.349
MC_torquescale 0.783 0.811 0.700 0.834 1.182

ESS_modulenumber 30.000 30.000 23.000 28.000 30.000
CS_ELSpeed_lo 8.000 8.000 4.330 6.751 3.000
CS_ELSpeed_hi 11.000 11.000 30.000 19.665 20.000
CS_min_trq_frac 0.100 0.723 0.246 0.534 0.218
CS_off_trq_frac 0.183 0.183 0.211 0.162 0.137

CS_lo_soc 0.520 0.516 0.223 0.158 0.567
CS_hi_soc 0.850 0.845 0.727 0.611 0.695

CS_charge torque 36.000 35.000 5.200 39.118 31.000

Constraints

Grade (%) 7.565 7.606 9.075 8.015 7.200
0–60 mph time (s) 8.964 8.954 9.221 9.704 8.400
40–60 mph time (s) 4.451 4.444 4.595 4.934 4.000

0–85 mph (s) 18.105 18.071 18.675 19.935 16.300
Max speed (mph) 120.456 120.678 119.172 119.385 127.000
Max accel (ft/s2) 16.4 16.4 16.4 16.4 16.400

Distance in 5 s (ft) 180.665 180.761 178.23 176.349 183.700

Objective

FC (mpg) 33.558 33.357 29.291 32.667 28.600
HC (g/mile) 0.724 0.729 0.736 0.736 0.768
CO (g/mile) 3.148 3.124 2.566 3.735 3.157

NOx (g/mile) 0.482 0.486 0.436 0.508 0.495

Figure 15 shows fuel converter efficiency and as it is seen from the figure, there is no big impact
and the efficiency is maintained at around 24%. Because of the large variation of speeds ranging from
idle to nearing 75 mph top speed in this driving cycle, the loss at lower speed is compensated.

Figure 16 shows the electric motor torque-speed characteristics and also the limits of maximum
motoring and regeneration torque. At lower rpm, the torque points lie more on the positive region,
supplementing the engine operation, and at rpm greater than 2000, torque points also shift to the
negative region due to regeneration operation. Also, Figures 17 and 18 show energy utilization of
different key components of the vehicle during power mode and regeneration mode of the vehicle.
It can be observed from these figures that the energy utilized by the fuel converter is higher during the
power mode, which is about 20,000 kJ, and energy utilized by the motor controller is higher, 1000 kJ,
during regeneration mode, in order to recharge the battery and keep it within the intended SOC level.
It can be seen that although the efficiency of the fuel converter is around 24% only, which is similar to
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the previous case, the energy loss has been reduced after optimization [28]. Also, energy usage by
braking components is also near to 500 kJ in this mode, to support higher energy regeneration.
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4.4. Modified Artificial Bee Colony Algorithm (MABC + SQP) ECE EUDC Driving Cycle

Figures 19 and 20 show the vehicle performance change after optimization of its design with the
MABC approach for the ECE-EUDC driving cycle, Case 1. Figure 19 shows the battery SOC variation
with respect to the driving cycle, and it can be observed from the figure that variation between the
initial and final value of battery SOC is less than 0.5% and SOC value lies close to 64%.
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Figure 21 illustrates the electric motor torque-speed characteristics and also the limits of maximum
motoring and regeneration torque. At lower rpm, the torque points lie more on the positive region,
supplementing the engine operation, and at rpm greater than 2000, torque points also shift to the
negative region due to regeneration operation.
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Moreover, Figures 22 and 23 represent the energy utilization of different key components of the
vehicle during power mode and regeneration mode of the vehicle. It can be observed from these figures
that the energy utilized by the fuel converter is higher during the power mode, which is about 19,000 kJ,
and energy utilized by the motor controller is close to 800 kJ during regeneration mode, in order to
recharge the battery and keep it within the intended SOC level. Also, it can be seen that although the
efficiency of the fuel converter is around 24% only, which is similar to the previous case, the energy
loss has been reduced after optimization. Furthermore, energy usage by braking components is also
near to 550 kJ in this mode, to support higher energy regeneration.
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4.5. Inference

The result for BABC has been referred from this work [20] as it was also using similar vehicle
configuration. To illustrate the improvement in the vehicle performance after optimization, Case 1
results of all the three methods discussed above are tabulated below for comparison. Tables 6–8
show the comparative analysis for the two driving cycles and its units for the constraints are already
mentioned in the respective tables. As seen from Tables 6–8, there is a significant increase in the fuel
consumption in terms of miles per gallon. This shows that the combined MABC + SQP method can
obtain superior results in terms of vehicle performance compared to other methods. Similarly, for the
other cases, based on the weightage of the variables, either the fuel efficiency would be increased,
or the emissions would be reduced, as discussed in the previous section.
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Table 6. Results of ECE-EUDC driving cycle for MABC + SQP.

ECE-EUDC Driving Cycle, MABC + SQP

Items Case 1 Case 2 Case 3 Case 4 Initial Value

Variables

FC_torque_scale 1.050 1.200 1.198 1.300 1.349
MC_torquescale 0.967 0.548 0.832 0.700 1.182

ESS_modulenumber 29.010 22.971 28.950 29.000 30.000
CS_ELSpeed_lo 4.000 4.302 6.979 7.6000 3.000
CS_ELSpeed_hi 19.000 29.955 12.920 14.000 20.000
CS_min_trq_frac 0.485 0.444 0.331 0.678 0.218
CS_off_trq_frac 0.154 0.090 0.086 0.110 0.137

CS_lo_soc 0.567 0.386 0.322 0.523 0.567
CS_hi_soc 0.844 0.742 0.730 0.727 0.695

CS_charge torque 31.000 15.822 29.994 32.000 31.000

Constraints

Grade (%) 73.340 8.076 7.810 8.097 7.200
0–60 mph time (s) 8.889 9.066 8.879 8.141 8.400

40–60 mph time (s) 4.378 4.463 4.374 3.842 4.000
0–85 mph (s) 17.883 18.221 17.745 15.677 16.300

Max speed (mph) 119.905 119.268 121.298 127.922 127.000
Max accel (ft/s2) 16.400 16.400 16.400 16.400 16.400

Distance in 5 s (ft) 179.700 177.819 180.179 180.179 183.700

Objective

FC (mpg) 34.484 34.447 32.048 32.048 28.600
HC (g/mile) 0.621 0.713 0.690 0.690 0.768
CO (g/mile) 3.183 2.705 2.905 2.905 3.157

NOx (g/mile) 0.442 0.459 0.470 0.470 0.495

Table 7. Comparison of the FTP driving cycle for the BABC, MABC, and MABC + SQP methods.

Items BABC
Case 1

MABC
Case 1

MABC + SQP
Case 1 Initial Value

Variables

FC_torque_scale 1.500 1.351 1.400 1.349
MC_torquescale 0.783 0.714 0.783 1.182

ESS_modulenumber 30.000 27.741 29.010 30.000
CS_ELSpeed_lo 8.000 4.195 7.000 3.000
CS_ELSpeed_hi 22.000 19.595 23.000 20.000
CS_min_trq_frac 0.800 0.442 0.485 0.218
CS_off_trq_frac 0.069 0.051 0.069 0.137

CS_lo_soc 0.570 0.540 0.381 0.567
CS_hi_soc 0.650 0.753 0.660 0.695

CS_charge torque 31.000 13.890 31.00 31.000

Constraints

Grade (%) 9.057 8.547 8.964 7.200
0–60 mph time (s) 7.841 8.735 8.515 8.400
40–60 mph time(s) 3.633 4.287 4.105 4.000

0–85 mph (s) 14.882 17.381 16.68 16.300
Max speed (mph) 131.01 123.16 125.551 127.000
Max accel (ft/s2) 16.400 16.400 16.4 16.400

Distance in 5 s (ft) 185.04 181.75 181.133 183.700

Objective

FC (mpg) 34.857 35.890 36.098 32.200
HC (g/mile) 0.605 0.539 0.578 0.564
CO (g/mile) 2.522 2.236 2.625 3.244

NOx (g/mile) 0.472 0.418 0.465 0.471
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Table 8. Comparison of the ECE EUDC driving cycle for the BABC, MABC, and MABC + SQP methods.

Items BABC
Case 1

MABC
Case 1

MABC + SQP
Case 1 Initial Value

Variables

FC_torque_scale 1.315 1.190 1.050 1.349
MC_torquescale 0.952 0.783 0.967 1.182

ESS_modulenumber 29.000 30.000 29.010 30.000
CS_ELSpeed_lo 7.000 8.000 4.000 3.000
CS_ELSpeed_hi 12.902 11.000 19.000 20.000
CS_min_trq_frac 0.259 0.100 0.485 0.218
CS_off_trq_frac 0.002 0.183 0.154 0.137

CS_lo_soc 0.261 0.520 0.567 0.567
CS_hi_soc 0.655 0.850 0.844 0.695

CS_charge torque 30.000 36.000 31.000 31.000

Constraints

Grade (%) 8.526 7.565 73.340 7.200
0–60 mph time (s) 9.231 8.964 8.889 8.400

40–60 mph time (s) 4.614 4.451 4.378 4.000
0–85 mph (s) 18.618 18.105 17.883 16.300

Max speed (mph) 120.897 120.456 119.905 127.000
Max accel (ft/s2) 16.4 16.400 16.400 16.400

Distance in 5 s (ft) 178.297 180.665 179.700 183.700

Objective

FC (mpg) 30.387 33.558 34.484 28.600
HC (g/mile) 0.74 0.724 0.621 0.768
CO (g/mile) 2.857 3.148 3.183 3.157

NOx (g/mile) 0.474 0.482 0.442 0.495

5. Conclusions

The design of a parallel HEV involves a number of variables that must be optimized for better
fuel economy and vehicle performance. Driving cycle pattern also plays a key role in assessing the fuel
economy and emissions. The objective of this study was to minimize the overall fuel consumption of a
parallel HEV on FTP and ECE-EUDC driving cycles to improve the vehicle performance. The weighting
factors also have the influence on determining the parameters for the vehicle performance. In this
research, a hybrid MABC with SQP approach was proposed to obtain better optimal solutions.
This method was analyzed with various boundary conditions and PNGV constraints, which occur
in every driving cycle and test case. From the test cases, the performance of HEV and its PNGV
constraints were analyzed. From the results, it was clearly indicated that the proposed approach
achieved an increased fuel economy of 12% for FTP and 20% for ECE-EUDC driving cycles. In most
of the cases, the size of the Energy Storage System (ESS) components were minimized, which will
decrease the overall cost of the HEV in parallel. Furthermore, the proposed MABC-SQP approach
decreased one of the engine emission parameters, HC, up to 19% for the ECE-EUDC driving cycle.
While considering the FTP driving cycle, the engine emission parameter CO was decreased up to
19%. While considering the SOC portion, the change was within 0.5% tolerance on every solution
with reduced battery modules, which satisfies the required vehicle performance. While comparing
the results of the individual heuristic approach [20], the proposed MABC + SQP approach achieved
better results, as indicated above. Also, in comparison to a MABC algorithm, the hybrid MABC + SQP
solution was found to be outstanding in that it achieved remarkable real-time fuel savings and reduced
emissions, with no significant penalties for final battery charging and reduced size of key vehicle
components for different driving cycles.
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Nomenclature

General
ABC Artificial Bee Colony
ADVISOR Advanced Vehicle Simulator
CO Carbon Monoxide
EACS Electric Assist Control Strategy
ECE-EUDC Economic commission Europe – Extra Urban Driving Cycle
FC Fuel Consumption
FTP Federal Test Procedure
HC Hydrocarbons
HEV Hybrid Electric Vehicle
ICE Internal Combustion Engine
NEDC New European Driving Cycle
NOX Oxides of Nitrogen
NREL National Renewable Energy Laboratory
PMP Pontryagins Minimum Principle
PNGV Partnership for a New Generation of Vehicles
PSO Particle Swarm Optimization
SI Spark Ignition
SOC State of Charge
SQP Sequential Quadratic Programming
UDDS Urban Dynamometer Driving Schedule
VRLA Valve Regulated Lead Acid
Notations
α Distance to constraint boundaries in SQP
dˆk Search direction variable for SQP
λK Lagrange multipliers
L(x, λ) Lagrangian function
Pmot Motor Mechanical power (W)
Pengine Engine power (W)
Pengine_max_power Maximum Engine power (W)
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Abstract
In the industry, large- and small-scale manufacturers and even original equipment 
manufacturers are facing a major problem in monitoring large data. Because the 
amount of data is increasing daily, detecting faults and the methodology of detect-
ing faults are becoming increasingly complex, such that there are insufficient intelli-
gent data-driven mechanisms for achieving a short response time and high accuracy. 
Intelligent systems utilizing the advantages of Internet of Things (IoT) are emerg-
ing; however, they still require innovation. To design an intelligent system for a fault 
detection system, we propose a new fog-based IoT framework called cognitive Fog 
of Things framework, for achieving improved industrial fault detection and correc-
tion. The proposed framework comprises fog area networks including sensor nodes, 
fogs, and machine learning algorithms for detection and prediction. The proposed 
network operates on message queue transportation telemetry and cognitive learning 
fogs. The proposed concept is developed in a real-time scenario using Raspberry Pi 
with different case studies for implementation and using various parameters such as 
different types of faults, time of computation, detection time, and accuracy.
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1 Introduction

With the advent of globalization and distributed Internet of Things (IoT) computing 
frameworks, large-scale and small-scale manufacturers and even small and medium 
enterprises have formed complex networks for monitoring and fault detection sys-
tems. To perform effective intelligent operations, different features such as hard-
ware–software design communication protocols, effective handling of large data, 
and effective prediction and detection algorithms are required.

Even though there are different types of hardware and software designs, the pos-
sibility of improvement still exists. In the case of hardware, for the researchers, a 
lack of sensing units to be interfaced with and without legacy devices and the mode 
of integrating with the communication techniques such as RS-485, Modbus, Profi-
bus, RS232, Mcconnect, and MQTT are the major challenging parts. In the case 
of software, the associated problems are implementation of the machine learning 
algorithms, predictive analysis, parallel computing, and accuracy of detection and 
prediction. The above-mentioned problems can be overcome with the advent of 
new hybrid clouds and hybrid clusters using the IoT; however, their cost and time of 
maintenance are extremely high. The industry needs to invest more money for their 
maintenance and servicing. Moreover, the implementation of a hybrid cluster, inte-
grating clouds with multiple machine learning algorithms, and achieving high per-
formances in a real-time environment are most challenging to achieve and design.

To address the above-mentioned issues, cognitive Fog of Things (CfoTS) net-
works, which are fog-based networks, are proposed for fault detection and correction 
systems that can be implemented by any manufacturing plant. Based on the expan-
sion of cloud-based assembling, particular advantages of fog-computing-based cog-
nitive machine learning and process checking, determination, and prognosis incor-
poration were discussed in [1].

Available system framework with physical devices In fog computing, entryway 
gadgets (devices used for gateways) provide a communication interface between the 
processing floors and cloud. Simultaneously, an edge device generally interconnects 
the system infrastructure with various protocol systems.

The latency of the network A fog-based network decreases the latency by mov-
ing the network infrastructure topographically close to the servers and system edge, 
where the produced information is collected and stored. Manufacturers generally 
collect and break down the extensive information in the relatively closer edge cloud, 
without exchanging each information starting with a single server onto the next or 
starting with one location onto the next. The significant decrease in the information 
transmission is the reason for the data transfer capacity bottleneck issues [1].

Pervasive and moment remote access to close ongoing information without spa-
tial imperatives This enables clients to access and process information streams from 
numerous information sources, for example, sensor systems utilizing a personal 
computer or a mobile node in their area [2–5].

Enormous information storage and security A fog-based computing network pro-
vides the makers with a high capacity of dynamic and static information, versatility, 
and security. One of the advantages of fog computing is that the makers can store 
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sensitive restrictive information in a closely located edge cloud, without sharing into a 
remote open cloud.

High performance and scalability In contrast with conventional assembling 
standards, fog-computing-based assembling generally builds the registering limit 
and multiple core processors to supplement large information storage and rapid 
input and output interconnection. The system framework allows the designers to 
scale up the processing limits rapidly and cost-effectively during the development, 
the following scale down can be conducted as desired.

Analysis of big data This is generally achieved by using parallel registering sys-
tems; for example, in Map Reduce, the machine learning calculations and informa-
tion mining are parallelized for processing and dealing with the large volume of 
information streams in the cloud computing network infrastructure [5–8].

Although there is a problem in the implementation of smart fogs in industries, we 
focus on the implementation of fogs with efficient machine learning algorithms for 
fault detection and correction systems.

The important contributions of the present study are as follows:

1. A CfoTs system for fault identification and correction is presented. The system 
comprises of four essential components: philosophy stream, remote sensor sys-
tems, communication protocols, and prescient examination.

2. An online procedure checking framework that is suitable for collecting informa-
tion regarding the real-time condition of a machine, observing vibrations, and 
pump vitality utilization, as exhibited by alternate case analysis.

3. For different sensor nodes, fog nodes are designed using Raspberry Pi 3.
4. A machine learning algorithm (i.e., cognitive learning based on fuzzy logic) is 

implemented in the fogs for the scalable high-performance computing resources 
by using predictive models.

5. Different faults are considered for the analysis, and different behaviors of the 
CfoTS are analyzed.

2  Related works

Jiafu Wan, Shiyong Wang was introduced a technique for cloud computing known 
as scheduling and energy-aware load balancing. Here, the energy utilization work-
load model was established on a hub while using an optimization function for bal-
ancing the main cluster. Following this, particle swarm optimization (PSO) was uti-
lized to obtain the optimal solution, and there was a specific need for establishing 
tasks directed toward the main cluster. Finally, various frameworks were proposed to 
accomplish the appropriated scheduling for cluster assembling. The proposed strat-
egy was examined by trials utilizing a candy pressing line, and with the assistance of 
the load balancing technique, the proposed system results yielded ideal scheduling 
and mixing work robots [1].

Salvatore J. Stolfo characterized diverse methodologies that were proposed uti-
lizing offensive distraction innovation for securing information. Information access 
in the cloud was entirely observed to distinguish the irregular information access 
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system design. Immediately when unapproved information was suspected and subse-
quently affirmed using challenge questions, the disinformation attack was dispatched 
by restoring the imitation information to the aggressor. Generally, this secures the 
opposite utilization of the constant data of a customer.

Recently, examinations have been performed, affirming that in the cloud space, 
the proposed approach might generally provide a remarkable level of customer data 
security [2].

Ahmed Bader examined the difficulties and methods that were actualized for IoT 
frameworks and to produce intelligence in edge computing gadgets. The author dem-
onstrated the front-end knowledge subjectively in the improvement and execution of 
IoT applications. It leads to improved remote and spectrum management when misus-
ing a high density of networks by performing real-time productive routing, adapting to 
network congestion, and limiting the deficiency by outlining the under-lay coordina-
tion procedures. The design perspective exploits the concurrence of various manage-
rial areas in a particular geological territory so that the devices work together and are 
associated with the end goal of those assets. Moreover, the condition and local data are 
proficiently shared and misused to improve the device efficiency [3].

Manisha Verma, Neelam Bhardwaj, Arun Kumar Yadav proposed a protocol called 
load balancing protocol for a network based on fog computing. In this framework, an 
algorithm known as Real Time Efficient Schedule was proposed and executed using the 
Cloud Sim instrument. Finally, the outcomes achieved subsequent to actualizing the pro-
posed engineering and calculations were excellent. In particular, there was a reduction in 
the execution time, rapid response to the customer demand, and completion of the previ-
ously actualized task within the due date. Concurrently, the information consistency was 
maintained along with a legitimate resource and transmission capacity usage compared 
to that by other algorithms such as the multi-objective tasks scheduling calculation under 
a haze processing condition. Finally, under the system condition, the proposed algorithm 
was found to be 90% proficient [4].

Tushar S. Mane, Himanshu Agrawal proposed a single-end gadget for the alloca-
tion of tasks for computation and making as service providers rather than adminis-
trators for customers. The anticipated methodology was vigorously based on distrib-
uted communication, and it generally was reciprocal in characteristic with the cloud. 
In this particular paper, the authors clarified how effectively a driver could help a 
fine-grained driving in a probable scenario that interweaved all the three considered 
ideal models together [5].

Jian Xiao, Panglao Kou actualized a hierarchical system for various fault diagno-
ses using a hydropower device gear. This framework was utilized mist registering, 
which employed a figuring unit generally, based on a storm as an edge processing 
hub and a cloud. For the fault analysis framework and information preparation flow 
of the hardware, the hydropower plant was completely examined. This framework 
was used to arrange the fault type using a case-based reasoning model [6].

Bastien Confais, Adrien Lebre, BenoıtParrein proposed to revise the Inter Planetary 
File System proposition to adjust with a fog computing setting. Their recommendation 
used a structure known as the Network Attached Storage framework, which was passed 
on each site, recollecting the goal to diminish the Distributed Hash Table utilization 
when the test was available on a local site.
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The authors developed a concept generally utilizing RozoFS, a competent scale-
out structure record framework. The appraisal demonstrated that utilizing the scale-
out NAS on each site decreased the time of entry, and moreover, a proportion of the 
framework movement could be sent between the regions. The proposed system also 
displayed that the methodology did not impact the Inter Planetary File System adapt-
ability. To reach challenges from a remote site further diminish the entombed site net-
work traffic [7].

Robert Wenger presented another programming language and system for the Cloud 
of Things. This JAM script was generally based on a virtual machine (hierarchal dis-
tributed machine), which was used to identify a faulty model. Such models typically 
have a disconnection problem considering the device portability. The proposed system 
had an advantage that the programming language could consolidate a Java script bilin-
gually for forming “distributed frameworks.” The author actualized a proof-of-concept 
compiler, generally interpreting JAM script projects to C and Java scripts and subse-
quently making the JAM script executable [8].

Blesson Varghese, Nan Wang, Dimitrios S. Nikolopoulos characterized fog comput-
ing and differentiated it from a cloud. A web-based game was utilized to test the possi-
bility of the fog computing model. The key outcome was that the inertness of the corre-
spondence diminished for a client, thereby enhancing the Quality of Service in contrast 
to a cloud-only show. Additionally, it was observed that the measure of the information 
exchanged toward the cloud decreased. Fog computing can enhance the general pro-
ductivity and execution of utilizations. These advantages are currently exhibited when 
inquiring utilizing cases; however, there are no business fog computing services that 
coordinate the edge and cloud models. The various difficulties should be overcome 
before this combination can be accomplished and haze registering can be conveyed as 
a utility [9].

Gaolei Li, Longhua Guo assessed a fog Centralized Automatic Message Account-
ing System, which was proposed to send an expanded CAMA proposition to the hubs 
accessible in the network border for executing an upgrade. With fog CAMA, smart 
e-health applications can use the physical nearness to accomplish low latencies and 
deferrals and additionally apply a circulated approach to overcome the execution penal-
ties of the cloud computing arrangements. For this, the authors focused on assessing 
the execution upgrades permitted by fog CAMA in contrast to the frameworks with 
a regular arrangement. The investigation demonstrated that the fog CAMA network 
improved the accomplished rates to 77% for a transmitted load and 25% for a forgotten 
stack with 75% CPU utilization and 82% battery utilization [10].

3  System architecture

The system architecture is as shown in Fig.  1. The proposed CfoTS consists of 
a three-tier architecture achieved by combining sensor nodes, forming fog net-
works, and implementing the machine learning algorithms that are used for the 
proposed network. These are explained in the preceding sections.
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Tier I Tier I consists of sensor nodes combining sensors, a microcontroller, and 
communication media such as WIFI, Ethernet, and RS485. The role of the tier-I 
architecture is to collect the data and communicate with the fog gateways.
Tier II In this scenario, FAN gateways are formed with different sensor nodes and 
communication topologies, e.g., MQTT is used in a FAN for a short response 
time and reduced computational analysis.
Tier III Cognitive fogs are formed in which the machine learning algorithms are 
implemented for detection and correction.

3.1  CfoTS components

The CfoTS components for an industrial automation scenario are shown in Fig. 2. 
For the testing, sensor nodes with different specifications are used. The commu-
nication media are formulated with the above-mentioned different media. WIFI/
Ethernet is used for data transmission to the fog networks. Even though WIFI 
offers more latency and less reliability in terms of security, the emerging 4G LTE/
GPRS network can be implemented. However, owing to the high power consump-
tion [1] compared to that with WIFI, implementation of a GPRS network in fogs 
is slightly trivial. Hence, we integrate WIFI for the fog networks.

3.2  Communication protocol for FAN

To establish the communication protocol between the sensor nodes with the fog 
gateways, standardized protocols are needed. Several standard protocols such as 
Mconnect, SOAP, COAP, and MQTT are available for different scenarios of appli-
cation. We use MQTT for a relatively rapid response and short computational time.

MQTT is a machine to-machine (M2M)/IoT network convention [11] for use over 
a TCP/IP conventional stack. It was an incredible degree light-weight merchant-based 

COGNITIVE FOGS (DETECTION AND 
CORRECTION) 
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OF FOGS
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FOG GATEWAYS

S1 S2 S3

FOG GATEWAYS
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INTERFACING 
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TIER-2
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Fig. 1  Complete framework for the proposed CofTS architecture
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buy-in/distribution in advising tradition for small code impressions. In the center point 
and discussed model of a message arranged middleware, the educating server sends 
messages from the sensor contraptions to the screen devices [7]. In such a scenario, 
a sensor device whose guideline undertaking is to reliably produce and send data to a 
server is described as a distributer. The incorporated server, an MQTT dealer, assem-
bles the messages from the distributors and reviews which message must be sent. 
However, using a server, each device with an enlisted list of its interests will continue 
tolerating messages until the point where the participation is crossed out, as shown 
in Fig. 3. Utilizing this design, distributors and supporters do not have to know each 
other, which is a significant point of interest of this convention.

3.3  Cognitive learning fogs

Machine learning algorithms are generally used for fault detection, prediction, and pre-
diction mechanism. Typically, these algorithms are classified into two types, and they 
include supervised and unsupervised learning algorithms. Neural networks belong to 
the first category, whereas clustering mechanisms belong to the second one. Collabora-
tive filtering is a combination of a supervised and an unsupervised mechanism.

FEATURE 
EXTRACTION

FUZZY 
RULE 

ENGINE  
C1 C2

INPUT 
DATA 
FROM 
THE 
FAN

FAULT 
DETECTION 

C1- CLUSTERING

C2- Single Feed- Forward Classifier

Fig. 2  Cognitive learning framework implemented in the tier III layer of the proposed architecture

Fig. 3  Experimental set-up for the CfoTS network architecture
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Figure 2 shows the cognitive learning framework used in the CfoTS networks. The 
implementation of the learning algorithms involves training and testing information. 
The training information is used to train the fogs and test whether the information is 
from the real-time incoming data collected from a FAN. The cognitive machine learn-
ing algorithm consists of three important components: feature extraction windows, 
classifier, and decider mechanism.

The feature extraction phase extracts the raw data from the frames sent from FANS, 
as is shown in Fig. 2. Following the extraction of the data, features such as correlation, 
mean, and standard deviations are calculated based on the network. Subsequently, fog 
classifiers are formulated based on a single feed-forward classifier with intelligent rule 
engine systems. The description of a single feed-forward network is as follows:

The proposed network uses a single hidden layer whose mechanism provides numer-
ous advantages such as a high training speed, good generalization/accuracy, and uni-
versal function approximation capabilities. The proposed networks have L′ neurons in 
the hidden layer and are required to work with an infinitely differentiable activation 
function (for example, a sigmoid function), whereas that of the output layer is linear. 
In the proposed network, the hidden layer mandatorily need not be tuned [12, 13]. The 
weights of the hidden layer are randomly assigned (including the bias weights). For a 
single-hidden layer, the network output is given by Eq. (1).

where x represents the input and � is the output weight vector, and it is given as 
follows:

H(x) is the output hidden layer, which is represented by the following equation:

To determine the output vector, O, which is called the target vector; the hidden lay-
ers are represented by Eq. (4).

The basic implementation of the Extreme Learning Machine uses the minimal non-
linear least-square method, which is represented in Eq. (5).

where H* is a distinct form of the inverse of H, called the Moore–Penrose general-
ized inverse.The above equation can be alternatively represented as follows:

(1)fL(x) =

L∑
i=1

�ihi(x) = h(x)�,

(2)� = [�1, �2,… , �L]
T

(3)h(x) = [h1(x), h2(x),… , hL(x)]

(4)H =

⎡
⎢⎢⎢⎣

h(x1)

h(x2)

⋮

h(xN)

⎤⎥⎥⎥⎦

(5)�� = H∗O = HT(HHT)−1O,

(6)�� = HT
(
1

C
HHT

)−1

O
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Hence, the output function can be determined by using the above equation.

The proposed network Single-hidden layer feed-forward neural network uses a 
kernel function to produce the outputs with good accuracy. The major advantages of 
the proposed network are a minimal training error and good approximation. Because 
the SLFN uses auto-tuning of the weight biases and non-zero activation functions, 
its applications are in the classification and prediction of values. The pseudo-code 
for a single feed-forward network is shown in Algorithm 1.

Step 1 Training sets of ‘N’ features with normal and fault data with activation 
function and n hidden neurons
Step 2 Input weights and biases are assigned.
Step 3 The hidden matrix, H, is calculated
Step 4 The output weight matrix, β, is calculated.
Step 5 The values are classified and predicted.

The proposed network uses 50 hidden neurons as a single layer to realize the 
maximum accuracy of detection. Input features such as correlation, sensor ID, mean, 
standard deviation (SD), and time are calculated and given as inputs to the proposed 
Single-hidden layer feed-forward neural network. Accordingly, different fault detec-
tions are considered as the output layers.

Different thresholds are used for the classification of the faults, and errors are 
employed for the various corrections of the nodes, which are listed in the framework 
pseudo-code given below.

: 

(i) Let N be the number of sensor gateway values
(ii) Let T be the threshold values for the outliers
(iii) Let M be the previous values from the sensor gateways
(iv) Let U be the last updated Gaussian distributed values
Clustering and Classifier starts:
Application Load ():  The layer is initialized with the all values of N, T, U, and M
do

Obtain N, T,U, and M values and store in DB
While (data are Full);
Detection Create() :  This creates the detection threads for each and every stage.
µ,β are calculated for each iteration
If(β == 0),   L
{     Stuck at faults detected;
} 
If(β>T)
{ 
Spike detection Faults detected} Cognitive learning phase ()

{Providing the data from the user feedback; storing the data in the database for each time, in s; 
Clustering Data () starts // Clustering the data with the user feedback systems}

(7)fL(x) = h(x)� = h(x)HT
(
1

C
HHT

)−1

O
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4  Case study

4.1  Case study for smart automation

Based on the architecture described above, a prototype was developed using 
Raspberry Pi 3,with the fog nodes implementing the machine learning algorithms 
with the Thing Speak Cloud for monitoring the overall statistical data. In the first 
case study, we implemented smart automation techniques for the stuck-at-faults 
detection by implementing the above-mentioned architecture. The experimental 
set-up used for the case study and different specifications are shown in Fig. 3.

Raspberry Pi 3 Model B+ had an operating frequency of 1.4  GHz and an 
operating voltage of 3.3  V and was interconnected with four sensors using an 
MCP3008 ADC chip. The MQTT package was installed on Raspberry Pi 3, which 
can act as both a client and server (fog gateways).

For the experiment, ten fog Raspberry Pi nodes were used, in which 40 sensors 
were employed for collecting and transmitting the data. The MQTT protocol was 
achieved by the Paho clients on Raspberry Pi 3. For collecting the data, fog gate-
ways were installed with the Paho server model.

The Thing Speak Cloud was interfaced with the Fog Raspberry Pi Gateway. 
The concept behind using Thing Speak Cloud was to integrate the cognitive 
learning algorithms for the testing and training of the data.

MATLAB R2016 was interfaced with the Thing Speak framework for the clas-
sification and detection of the two different types of the above-mentioned faults.

4.1.1  Dataset description

As mentioned above, 60 sensors were used for the training and testing of the pro-
posed algorithm. These sensors stored data every 60  min, such that 1440 data 
points/day were used for training the cloud. Nearly 14,400 data points were col-
lected for 10 days and stored in the cloud. The format of the data that was used 
for the testing is provided in Table 1.

4.2  Performance evaluation

For the experimental set-up, different parameters such as the accuracy, fault 
detection time, computation time, and correction time are evaluated, which are 
explained below.

4.2.1  Methodology of evaluation

Accuracy The accuracy is calculated as the ratio of the actual fault diagnosis 
rate and theoretical fault diagnosis rate, as expressed below.
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Fault detection time The fault detection time is calculated by evoking timers in 
the fogs for the detection of the faults.
Computation time The computation time is calculated by two mechanisms, 
such as the times taken for the training and testing used for fault classification.
Correction time The correction time is calculated for the error correction at the 
nodes using the proposed architecture.

4.2.2  Mode of evaluation

The above parameters are used for the evaluation of the proposed architecture, 
with the evaluation conducted by two methods, as given below

Manual simulated faults method All the sensor nodes possess the feature of 
generating faults manually, usually by software-defined methods.

(8)
Accuracy (%) = Actual fault detection rate (fogs)∕Theoerycal fault diagnosis rate × 100

Table 1  Illustration of the datasets used for the training and testing of the sensor data

Node ID: Raspberry pi nodes interfaced with the sensors
Sensor data: Sensor data obtained from the nodes
µ = B = Correlation factor, which is determined from the difference between the previous (historical 
value) and obtained real-time values
STD stuck-at-faults detection, SD spike fault detection

S. no. Node ID Sensor data µ = 0/1 Β = T = 3 STD SD Fault label

1 Node_1 49.5(T) 0 0 0 1 Fault (1)
2 Node_1 44(S) 0 0 0 0 Normal (0)
3 Node_1 40(F) 1 1 1 0 Normal (0)
4 Node_1 221(X) 1 2 1 0 Normal (0)
5 Node_1 190(Y) 1 2 1 0 Normal (0)
6 Node_1 0(z) 1 0 1 0 Normal (0)
7 Node_2 40(T) 1 4 1 1 Fault (1)
8 Node_2 01(S) 1 4 1 1 Fault (1)
9 Node_2 49.5(F) 1 1 1 0 Normal (0)
10 Node_2 44(X) 1 1 1 0 Normal (0)
11 Node_2 40(Y) 1 1 1 0 Normal (0)
12 Node_2 01(Z) 1 1 1 0 Normal (0)
13 Node_3 44.5(T) 0 2 0 0 Normal (0)
14 Node_3 43(S) 0 2 0 0 Normal (0)
15 Node_3 10(F) 0 2 0 0 Normal (0)
16 Node_3 344(X) 1 6 1 1 Fault (1)
17 Node_3 300(Y) 1 5 1 1 Fault (1)
18 Node_3 44(Z) 1 5 1 1 Fault (1)
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Real-time faults method The experimental set-up is exposed to different envi-
ronmental and industrial scenarios for the generation of faults.

4.2.3  Results and discussion

Accuracy determination The accuracy is determined by Eq.  (1), and it is com-
pared with those of cloud loading data systems. Figures 4 and 5 show the accu-
racy comparison for the two scenarios that were explained in Sect. 4.2.2.

From Figs. 4 and 5 it is that for the simulated fault mechanism, the accuracy 
is 100%. Figures  6 and 7 show 95% accuracy for the corresponding real-time 
scenario.

Besides the accuracy, other parameters such as precision and recall have been 
calculated and subsequently tabulated in Table 2.

Table 2 clearly shows that the proposed architecture, which uses the SLFN, has 
a high accuracy, precision, and recall.

Fault detection time The fault detection time for the proposed architecture is 
calculated by evoking timers without considering the arrival time. The CfoTS net-
work fault detection time is given in Fig. 8.

Computation time calculation As described above, in this context, the computa-
tional time refers to the training time and testing time. In this case, the computation 
time is calculated by the expression given below.

The arrival time is the time taken to reach from the fog sensors to the cogni-
tive fogs. The uploading time is calculated based on the uploading of errors in the 
cloud, and the total computation time for the proposed architecture is shown in 
Fig. 9.

Correction time For the CfoTS architecture, the correction time is calculated 
by adding the downloading time and data received time from the fogs to the sen-
sor nodes. Figure 10 shows the fault correction time, which is given below.

(9)
Computation time = Arrival time + Fault detection time + Departure time + Uploading time
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Fig. 4  Accuracy detection for a real-time simulated scenario of stuck-at-fault detection
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Discussion and analysis Based on the above discussions, different QoS param-
eters are evaluated under both simulation and real-time scenarios. The accuracy 
of the proposed architecture remains 100% and 95%, as shown in Figs.  4 and 
5. The QoS time calculation clearly shows that the CfoTs architecture requires 
minimum time for the detection and correction of the different types of faults, as 
shown in Fig. 6, 7, 8 and 9.

Table 2  Accuracy, precision, and recall evaluation for the proposed architecture

Type of scenario Type of faults Accuracy (%) Precision (%) Recall (%)

Real-time scenario Spike faults 100 99 99
Stuck-at-faults 100 98.5 99

Simulated scenario Spike faults 100 99 99
Stuck-at-faults 100 98.5 98
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Fig. 8  Fault detection time of the CfoTS network for both the simulated and real-time scenario modes
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Yet again, the same parameters and same test bed were used for interconnecting 
directly with the clouds (without the usage of fogs). The results are compared with 
the proposed architecture.

5  Overall analysis of CfoTS architecture

The parameters that are used for the evaluation are also considered for the compara-
tive analysis, and the analysis results are provided in the preceding sections.

According to Figs. 11 and 12, for the cloud architecture and proposed architec-
ture, the accuracy remains at 100%. However, Fig.  11 clearly shows that the pro-
posed architecture outperforms the cloud Architecture. In this case, the accuracy of 
the cloud architecture is found to be 85% compared to that of 95% of the proposed 
architecture and it is shown in Fig. 13.   

Figure  14 clearly shows that the proposed architecture outperforms the cloud 
architecture by requiring a short computation time. The computation time can be 
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Fig. 10  Total fault correction time for the proposed architecture in both the modes
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Fig. 12  Comparative analysis for the cloud architectures and proposed architecture using the simulated 
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maintained in controllable manner even though there is no increase in real-time 
sensors.

6  Conclusion

In this study, for smart automation, the proposed CofTS architecture was successfully 
implemented. Based on the results obtained, the proposed architecture can share the 
burden of the cloud architecture, which deals with millions of data points. Even big 
data problems can obtain their solutions by using the proposed architecture. The pro-
posed architecture will find its application in health care, home automation, food indus-
try, and beverage industries. The future IoT device with the CofTS architecture will 
provide many advantages such as low power, secured and reliable data transmission, 
and most importantly rapid response.
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ABSTRACT
The design and tuning of controllers for the industrial process is an art, which plays a vital role in
many of the process control industries. The industries such as sugar, chemical, paper and other
process control-based industries hold thenature of non-linearity due to their unevendistribution
of load influence with disturbances. This paper highlights the study and investigation of differ-
ent controlling parameters associated with the sugar industry which is located in the southern
regionof Tamil Nadu, India. After the analysis of variousprocesses, the impact of controlling strat-
egy needs to be implemented in an advancedway tominimize the resource utilizationwith high
productivity. Thebehaviour of various process parameters, such as flow, temperature, level, pres-
sure, is studiedandoneof thesehasbeendiscussed indetail alongwith the controller design. The
controller, such as proportional, integral, derivative, has been modified with advanced control
phenomena andapplied toprocessmodelwith thepresenceof delay timeprovides the excellent
tracking of operating point to bring the stability of a certain process in a tremendous manner.
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1. Introduction

There are nearly more than 400 sugar industries are
available in India. The states in India that mainly con-
tribute in sugar production are Tamil Nadu, Andhra
Pradesh, Gujarat, etc. According to the survey of U.S.
department of Agriculture, India stands second place in
the production of sugar. Sugar industry process is the
combination of huge control loops, cascade as well as
multiloops and variable inputs to the system. It requires
continues monitoring and control of non-linear pro-
cess parameters such as level, flow, pressure, tempera-
ture, etc., to ensure the process stability, labour safety
with improving production rate. The process struc-
ture or process model is analysing the variables such
as input, output and other constraints. The alternate
method of processmodel identificationwill be based on
the nature of the system parameters. i.e. height, radius
and other system-dependent constraints. The mod-
elling techniques for various linear and linear processes
are dealt with in an extraordinary way by Bequette [1].
The flow chart of the sugar industry process is shown
in Figure 1. All the units have its individual control
loop architecture to have connectivity for its previous
and next process unit. The sugar production starts from
the extraction of cane juice from sugar cane in var-
ious stages at the sugar mill. The efficient extraction
of cane juice ensures the rate of sugar production and
minimizes the demand of sugar cane. Turker ozkocak

and Minyue fu have developed a mathematical model
along with a predictive controller for juice extraction
[2]. The white sugar is normally used in house as well
as food production. The size of the sugar particle is
usually in mm and the final stage of the sugar pro-
duction process is called as crystallization. J. Michal
and M. Kminek derived an expert system with the
process model and it was proved versatile [3]. Even
though some advanced controlling technologies have
been employed in industries, the fault occurrence is one
of the unavoidable issue. Silvio simani has undergone
the study of fault diagnosis at sugar cane crushing unit
and published an article using the fuzzy model [4]. The
control of pH value in the chemical process becomes
very complex and a challenging task to maintain in a
steady-state condition. In the sugar industry, pH neu-
tralization is an important criterion to yield the product
with good quality. O. Elfatni et T. Bounahmidi con-
ducted an experiment by determining the mathemat-
ical model for the acidification process on sugar extrac-
tion [5]. In the industrial process, the occurrence of
delay in run-time process has never been eliminated at
any controller action. Julio E.Normey-Rico andAlejan-
dro Merino proposed a compensation technique with
robust control in the evaporation process [6]. Astrom
K. J. and T. Hagglund have developed a method of tun-
ing PID controller with fuzzy rules for the interacting
process [7].
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Figure 1. Flowchart of sugar industry process.

Table 1. Few identified issue asmajor drawback of sugar industry if the controller are failure to control the certain process parameter.

Parameter Unit Identified problem Remedies

Level Raw juice tank level Consumption of heat energy is not in
balanced with input juice quantity
at heater, evaporation

Need to maintain raw juice tank
level by regulating the cane feeder
through crushing process

Flow Raw juice, steam or any fluid flow Process stability affected Raw juice pump speed control using
VFD drive

pH Final pH to be control It will affect clarification syrup colour Lime dosing through by VFD pump
Temperature Final heater juice temperature It will increase the process time Inlet heating vapour to be controlled

by a control valve
Pressure Super heater water wash pressure control It will affect sugar colour Shower pump control using VFD drive

2. Problem identification

The important task in sugar industry process is the con-
trol of process parameter at the right time. According to
this investigation at the sugar industry if any engineer
fails to notice some important issues or an abnormal
condition in process that affects the entire process cycle
since all the processes are sequential.

3. Process study

From Table 1, it is clear that we need to bring our
industrial process controlling technique with advance
control tuning. The cane juice extraction process has
been taken for case study. The schematic diagram of
crushing process is shown in Figure 2. The purpose
of this process is to maximum the extraction of cane
juice from sugar cane to produce sugar. This process is
an example of a cascade-type control system; they are
cane feeder, crushing mill and raw juice tank. The ini-
tial stage of the crushing process is to unload the cane

from truck and to load in a cane feeder. It consists of
four sequence processes such as chopper (C), leveller
(L), pusher (P) and fibriser (F).

The four different operations are the primary pro-
cesses in a sugar mill. In chopper, sugar canes are cut
into small pieces by using its knife-based arrangements.
The cutted pieces are regulated through the leveller and
by applying high pressure with the aid of a pusher. The
outer hard portion of sugar cane is removed by treat-
ing it with a fibriser. Finally, the sugar cane is fed to
the mill through an elevator from the fibriser. Five sets
of mills are consequently connected together and each
mill consists of three to six rollers made up of heavy
iron with high pressure. The cane juice from mills 1
and 2 is collected in tank-1 whereas the juice from
mills 3,4 and 5 is collected in their corresponding juice
storage tank and it will be recycled, as shown in the
schematic diagram, using a pump. The juice from tank-
1 is sent to a raw juice tank incorporated with a rotary
screen and a sand catcher tank for purifying the cane
juice. In the cascade process, the role of controller is to
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Figure 2. Schematic diagram for sugar cane crushing process.

Table 2. Level and speed calibration.

Level
transmitter
output in mA

Raw juice tank
level in %

Cane carrier motor speed with
respect to VFD output (RPM)

4 0 0
12 50 750
15 62.5 937.5
18 75 1125
20 100 1500

maintain the raw juice tank in optimum level by varying
the cane feeder or conveyor motor speed using variable
frequency drive.

3.1. Need of raw juice tank-level control

The raw juice tank is connected with a raw juice feed
pump and it will be connected to further processes such
as clarification and evaporation. Figure 2 demonstrates
the data acquisition process through a level transmitter.
The output of level transmitter is in the range 4–20mA
and this will be calibrated as tank level from 0% to 100%
by the data acquisition system. The actual height of the
tank is 4m and its radius is 3m. The controller has a
reference set point and it has to be compared with the
transmitter output. Sensors are playing the major role
for data acquisition with many check points.

The primary objective of controller is to drive the
cane carrier or conveyor motor at an optimum speed
and this will be discussed briefly in the controller design
session. Table 2 represents the theoretical calibration of
level and speed, but in practice, the value may get differ
slightly (Figure 3).

4. Controller design

Controllers act as the backbone of process control and
automation-based industries. PID controllers are the
only controllerswhere industries are often used because
of their robustness and easy accessibility. It is required

to develop new controller schemes to enhance the pro-
cess performance and in this paper, we investigate on
the process characteristics with controller design. The
various observations have been taken based on the sim-
ulation results and summarized in the following sec-
tions. Non-linear systems are highly occupied in chem-
ical industries, process control industries such as sugar
plant, paper plant and cement plant. The important
criterion in controller design is tuning of gain parame-
ters. Tuning is an art of any controller implementation
process and a few popular tuning methods for PID
controllers are certain methods like Ziegler Nichols
tuning method, Cohen-Coon method and reaction
curve method. K. J. Astrom and T. Hagglund et al.
clearly explained the basic characteristics of PID con-
troller and its compatibility with different controlling
issues [8]. T. Balasubramanian and N. Anandaraman
exclusively designed the same controller for FOPDT
and implemented successfully. The same controller has
been modified using fuzzy logic i.e. a knowledge-based
controller also gives better control and both simula-
tion and real-time results were compared [9]. One of
the critical tasks in petroleum separation process is to
isolate the oil and gas due to its complex mixing and
structure of molecule [10]. The controller requires an
advanced or intelligent system to yield the product with
maximum quality. R. F. Liao et al propose an intelli-
gent control system to constitute a knowledge-based
system i.e. fuzzy logic controller to the petroleum sep-
aration process. It was implemented in real time and
performedwell. The closed loop structure for level con-
trol is shown in Figure 4 and it was clearly explained
in the previous session. The mathematical model for
the above process was determined using system identi-
fication. The obtainedmodel is second-order plus delay
time (SOPDT).

G(S) = KeTdS

(1 + Tp1S)(1 + Tp2S)
. (1)
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Figure 3. Data acquisition system of raw juice tank.

Figure 4. Closed loop system for tank-level control.

From Figure 4, it is required to choose the controller
adopt to this process and its design procedure will be
continued in the following session.

4.1. PID controller design

The PID controller is a combination of proportional,
integral and derivative controller, which is widely
employed in most of the industrial control applications
because of its simplicity. Most of the closed loop-based
industrial process is controlled only with the help of
PID controllers here (r) is the reference input signal and
(e) shows the tracking error corresponding to the feed-
back signal (y) where the controller action is based on
the tracking error signal. Kp is Proportional gain, Ki
is Integral gain, Kd is Derivative gain, U is controller
output and G(S) is plant model. Among the traditional
tuning methods for PID controllers in control theories,
Ziegler Nichols tuningmethod, one of the conventional
controllers, is widely used in industrial PID tuning.

The controller equation of PID controller is gener-
ally expressed as follows.

C(S) = Kp + Ki

s
+ Kd . (2)

Figure 5. Closed loop system with PID controller.

Figure 6. Closed loop system with fuzzy – PID controller.

The signal from the controller (u) fed to the plant com-
prises the gains of proportional, integral and derivative
mode. It can be expressed as

u = Kpe + Ki

∫ t

0
edt + Kd

de
dt

. (3)

The gain values are obtained based on one of the Ziegler
Nichols where without integral and derivative action
slowly raise the proportional gain value till getting the
sustained oscillations. The value at which the sustained
value is denoted as Kcr (Kp = Kcr) and Pcr denotes the
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Figure 7. Two input and three output mamdani-type FIS editor.

Figure 8. a. Surface view of the output kp b. Surface view of the output ki . c. Surface view of the output kd .

time required for the period of oscillation. The meth-
ods of calculating PID controller gain parameters are
tabulated below.

With respect to the sustained oscillations obtained
the tuning rule Proportional gain (Kp) = 0.147, Inte-
gral gain (K i) = 5.265 and Derivative gain (Kd) =
1.316. The transient response of PID controller is short-
listed from Figures 10 and 12 and its performance
analysis has been discussed using transient response
characteristics in result and discussion (Figure 5).

4.2. Fuzzy-PID controller

Even though our conventional controller shows a bet-
ter response, the time domain characteristics are not
in a satisfactory level. The response exhibits more rise
time, settling time with peak overshoot. In order to
improve the system performance criteria, the conven-
tional controller should be driven by the knowledge-
based logical system. The various approaches like Neu-
ral network, fuzzy logic controller and optimization
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Figure 9. Rule viewer of the output kp, ki and kd .

techniques have to be invoked for designing intelli-
gent controllers. Among that fuzzy logic controller is
a knowledge-based rule base system which is coupled
with the PID controller tomake a hybrid control system
called Fuzzy-PID controller, as shown in Figure 6.

This kind of hybrid system is designed with error
feedback and it will ensure the system to reach an oper-
ating point in less time and reduce overshoot during
any external disturbance. The four main steps of the
fuzzy logic controller are Fuzzification, Fuzzy Inference
System with the knowledge base and Defuzzification.
Fuzzification is the process of converting the physical
variables into fuzzy variableswith appropriatemember-
ship functions. Fuzzy rules such as IF . . . THEN rules
are designed in the inference system along with knowl-
edge base. Finally, the fuzzy variables are converted
into real-world physical variables using defuzzification.
The design of fuzzy controller involves two inputs and
three outputs of mamdani-type fuzzy inference system,
as shown in Figure 7. The two inputs are error e and
change in error �e whereas the three outputs are kp, kp
and kd.

The input (e and �e) and output (kp, ki, kd) are
normalized into the interval [−1,1] and [0.1], respec-
tively. The fuzzy sets are constructed using linguis-
tic labels “Negative Large” (NL), “Negative Medium”
(NM), “Negative Small” (NS), “Zero” (ZO), “Positive
Large” (PL), “Positive Medium” (PM), “Positive Small”
(PS). Figure 8(a)–(c). shows the surface viewer gen-
erates based on 40 nine rules created for both error
and change in error. Figure 9 shows the rule viewer
that provides information of rules execution during the
simulation. The response of Fuzzy-PID controller is
shown in Figures 13 and 14. It has been observed that
when compared to conventional controller proposed

controller reduces the overshoot with minimum set-
tling time.

5. Result and discussion

As of the analysis on process control variable and con-
troller design from sugar industry process, the entire
controller design is based on process nature may be
linear or non-linear and its controller variable. PID
controllers are providing efficient control in most of
the industries. Many authors have investigated the
characteristics of various industrial processes and pro-
vided the solutions for better improvement in a certain
process.

Several research studies are carried out in the area
of process control and few of them have been discussed
in controller design and even though the controller is
the same, it was applied to various real-time applica-
tions. This paper describes how the controller reacts for
the author’s application considered in the sugar indus-
try. Among the various non-linear process available
in the sugar industry, the raw juice tank-level control
process is selected because of complex cascade sys-
tems associated with it. The PI, PID, Fuzzy-PID con-
troller are developed in the SOPDT system and its
transient response characteristics have been given in
Table 3.When compared withmy result and other cited
research article the choice of controller depends on the
application and not based on our choice.

As shown in Table 3, PI controller provides better
controlling compared to PID type. The settling time is
not finite with the derivative controller and it shows
continuous oscillations, as shown in Figure 10 and the
response curve, as shown in Figure 11, proves that pro-
portionality with integral action exclusively gives good
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Table 3. Controller design based on sustained oscillations.

Controller Kp Ti Td

P 0.5 kcr ∞ 0
PI 0.45 kcr Pcr/1.2 0
PID 0.6 kcr Pcr/2 Pcr/8

Figure 10. Response of PID controller.

Figure 11. Response of PI controller.

control stability with process delay. Since the process is
non-linear and an industrial application, the controller
should react with every set point change. Fortunately
for this process,my tuning parameter has given tremen-
dous response for every change in set point, as shown
in Figure 12. To improve the process performance, the
fuzzy controller has been designed and its responses
exhibit with less sustained oscillations and reduced set-
tling time, as shown in Figures 13 and 14, respectively
(Table 4).

Research works prove that the real-time output
through SCADA and the proposed controller gain
parameters are almost close to the actual controller
plant. It shows that the proposed PI controller has given
70% better result in real time and the following figure
has been taken by a trial test (Table 5).

The level and cane carrier motor speed are vary-
ing with a control action, when the level decreases
immediately, carrier motor speed increases to raise the
tank level and vice versa. Few experimental values for
different level and speed are tabulated.

Figure 12. Servo response of PI controller with set point
tracking.

Figure 13. Response of Fuzzy-PID controller

Figure 14. Servo response of Fuzzy-PID controller with an
operating point tracking system.

6. Conclusion and future work

Research works designed and implemented PI, PID
controller to enhance the performance of controller
and tracking provision under various operating points
with delay time and its output has been shown in
Figure 15. The research works identified that controller
performance need to be equipped well and to over-
come those controller demerits a fuzzy-PID controller
is designed to tune the gain parameters on knowl-
edge base with respect to error and change in error
with delay and its response is shown in Figures 13 and
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Table 4. Controller performance analysis based on transient response.

Controller type
Rise time (tr)

(min)
Settling time
(ts) (min)

Peak time (tp)
(min)

Overshoot (OS)
(%)

PID 1.8 > 60 2.7 19
PI 1.5 30 1.7 72
Fuzzy – PID 1.5 8 1.9 35

Table 5. Level and cane carrier speed.

S. no
Level (percentage of
process variable)

Cane carrier motor
speed in rpm

1 0 0
2 16 196
3 28 222
4 35 296
5 42 510

Figure 15. Real-time controller response with the proposed
PID controller gain values.

14, respectively. Added to that researcher deals with
the investigations of issues and fault occurrence in the
sugar industry which may affect the process perfor-
mance in various aspects. The proposed controller may
not give better response all time and it is required to
use sophisticated techniques for further excellent pro-
cess controlling strategy. The undergoing and future
assessment related to problem statement as discussed in
the problem identification session, new approaches like
fault optimization, hybrid controller design, prototype
model design are under progress.
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Electricity Price Estimation Using Advanced 
Deep Learning Model 

 
Annapoorani S Valarmathi N 

 
Abstract: Estimation of power price furnish is an emerging trend and analysis model of consumption. To handle those problems one of a kind deep 
learning strategies are used for load and fee prediction. For the estimation of power price it is mainly support for customer and distributor. On this paper, 
deep learning getting to know methods are used for estimation price for power energy. Regularized regression, Random Forest (RF), Linear Discriminant 
Analysis (LDA) are used for feature selection and extraction. Enhanced Convolutional Neural Network (ECNN) classifier method used for prediction. The 
proposed model well performed in different criterion. 
 
Index Terms: Power price prediction, Deep Learning, ECNN   

———————————————————— 

 

1 INTRODUCTION                   
In these times current is a powerful factor in public and 
commercial environment. The entire world is based on power. 
In the absence of power life has an tragedy for smart world. 
Power Utilization consist of many classification. It is mainly 
classified as business and home. Power generation practically 
half or more rate devours by home use. Comparing to tradition 
grid, the smart gird is an effective for managing power 
utilization, production and division. Specifically, while 
comparison with other commodities, power exchange consist 
of different features. Time factors, Business markets, due to 
these characteristics dynamic change of current rate. Power 
utilization may different for some circumstance such as 
function, holidays, weather, working days, electric device and 
number of users. Data Analytics (DA) is an emerging field for 
prediction analysis. DA is making the decision from the large 
amount of real time data sets. Data analyst predict the power 
price using statistical methods to get an meaningful 
information.    
 
1.1 DEEP LEARNING(DL) 
Deep learning is familiar as innovation field of neural network. 
Even as this achievement of dl models initiated in laptop 
technological know-how applications, like Photo recognition, 
speech reputation, or system translation, the advantages of dl 
have additionally unfold inside the remaining years to several 
strength-associated programs. Deep feature selection 
algorithm   and frame model improve the estimation of current 
air rate. Similarly, DL give the best an different field of power 
energy price and load estimation. DL consist of innovative 
approaches like Deep Auto encoders, Deep stacking network. 
Deep restricted Boltzmann Machine (DBM) is consist of many 
layers, which contain hidden layer to connect the different 
layers of input and output units. The DL important methods for  
forecasting  the large amount of variety data. Multilayer 
Perceptron (MLP):MLP is an supervised fully connected 
layers.  
 
 
 
 
 
 
 
 
 
 

Each node is connected with every other nodes. Convolutional 
Neural Network (CNN): It is an massive popular in DL.CNN not 
fully connected and multilayer output. Long short term memory 
network(LSTM): The main purpose of LSTM is sequence 
prediction problem. 

 
2    RELATED WORKS  
It is classified into two categories  power load forecasting and 
energy cost  forecasting.  
 
2.1 ELECTRICITY LOAD ESTIMATION 
Multilayer Neural Network model mainly focus on power 
estimation, but this model consist of time factors dependency 
and loss rate of nodes are high. LSTM to make the decision by 
splitting it into trained and sample data. While using the 
feature selection and extraction techniques give the accuracy 
for the different benchmarks schemas. Computing the data 
give an effective result of predictions. The primary data is not 
estimate the power plant precise.  The author  describe the 
method for utilization model  of electricity. They observe the 
model it varies from residential and business era.  
 
2.2 ELECTRICITY PRICE ESTIMATION 
The authors view point of predict price, novelty model using 
the DL approaches like ECNN,LSTM and Deep Neural 
Network(DNN). This technique will consider the  25 above  
benchmarks. It will bring the improvement in accuracy and 
computation time. The result look forwards to all benchmarks 
with a trained data. This is not appropriate for real time 
applications. The DL methods DNN and support vector 
machine not assure the electricity price forecasting. While 
power load balancing to avoid the excess availability of power 
and insuffiency. Forecasting also give the  meaningful 
information  for business statistics. 
 
2.3 PERFORMANCE METRICS 
To evaluate the forecasting performance using Symmetric 
mean absolute percentage error(SMAPE),Mean Absolute 
Scaled Error (MASE).SMAPE is used for calculate the error 
percentage in large amount of data. It criticize the below and 
above boundary in symmetric range. 

  

where k is no of points, Yt are the test data and  the predict 
data. It has give the error percentage between 0-100. 
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Calculate the absolute error in each sample, it will not give an 
infinity value. It is unsafe for outliers. Yt is an original data, 

 forecast error data,T time series. 

3 PROPOSED WORK 
The proposed model to expect the electricity rate. The 
following steps to require the predict charge 

• Feature Selection  
• Feature Extraction 
• Parameter tuning  
• Forecasting Engine  
• Performance Analysis 
 

 
 

Fig. 1. Electricity charge prediction model 
 

3.1 DATA ENGINE 
The household electricity power consumption has include the 
date ,time, voltage and some business information holds. 
Every other choose hourly consuming electricity facts. Those 
sources is useful to predict the price of the power. 
 
3.2 FEATURE SELECTION 
Random Forest method to address the relevant features from 
the processing data. This has to reduce time and improve 
accurate results. It has make decision through the tree 
structure based and produce good reliability. 
 
3.3 FEATURE EXTRACTION 
Principal Component Analysis (PCA)works as a dimensionality 
discount technique for classification problems. The goal of 
acquiring independent components to reduce the attribute 
selection of function area. To benefit the summarize information 
using dividing each function by way of its widespread deviation. It 
gets rid of the weakest function repeated until the it reaches the 
limit. 

 
3.4 PARAMETER TUNING 
The hyper parameter tuning select the optimize parameter that 
is control learning model. It has reduce the predefine loss 
function on given unconstrained data. Grid search trains the 
dataset for optimizing parameter function. 
 

3.5 FORECAST ENGINE 
Hourly price facts are used to educate the classifier and predicts 
the charge of future. Enhanced Support Vector Regression 
(ESVR) is then educated the use of training facts to get prediction 
results. Simulation consequences display that ESVR 
outperformed in our situation. ECNN is to train the model with 
using of label data. It produce a multiple layer that consist of input, 
hidden and output layer. The input layer consist of n x k neutrons 
matrix. This input passes through the hidden layer and number of 
neutrons. The bias weight and previous layer output calculation of 
matrix is an output. This process continue to output layer and that 
is produce probability score of each function. It is fully connected 
layer. The stopping function based on the loss rate value of 
function during connected layers. 
 
3.5 ATTAINMENT ANALYSIS 
The novelty model is evaluated through the performance 
evaluators like SMAPE and MASE. 

 
 
4. RESULTS AND DISCUSSION 
The following figure shows that prediction strategies applied in 
training dataset. 

 

 
 
DL performs in a massive volume of data for train samples. 
The efficiency and accuracy has consist of various kind of 
dataset. The data samples taken from three different 
categories. 
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The price forecasting for the upcoming month and load 
estimation also analyzed. RF and LDA for selecting and 
extracting the features of processing data. The dataset consist 
of 0.8 training data and 0.2 sample test data. 
 

 
 

 
 
5.CONCLUSION 
The number one intention is to boom the accuracy of 
forecasting the usage of those models. The result has analysis 
large amount of data in real time dataset This novelty method 
shows the improvement in RF,LDA relevant attribute selection 
and ECNN for accurate prediction in power energy price. 
These techniques remove the repeated data and missing 
values gives a effect in prediction for deep learning model. The 
reduction of attributes provide the decrease cost and time 
factor also improve. 
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  Jour of Adv Research in Dynamical & Control Systems, Vol. 11, Special Issue-08, 2019  2366 *Corresponding Author: Dr.R.Punithavathi ,Email: yujinujg@jejunu.ac.kr Article History: Received: July 03, 2019, Accepted: Sep 27, 2019  Early Detection of Lung Cancer using Optimized Convolutional Neural Network of Deep Learning Technique    Dr.R.Punithavathi1, Mrs.M.Sharmila2 Professor & Head1, Assistant Professor2, 1&2Department of Information Technology, M.Kumarasamy College of Engineering, Karur, Tamil Nadu, India E-Mail: r.punithavathi@gmail.com, sharmi28.it@gmail.com  Abstract— In the current scenario, cancer detection at earlier stage is still challenging in medical field but early detection of cancer is curable. Out of which, lung cancer is the main cause of cancer related death in today’s world. In spite of the significant diagnosis and method of treatment facility available for lung cancer, the overall 5 year survival rate is still from 2% to 15% only. Due to the rapid growth in number of cancer affected cases and its specific treatment methodology, diagnosis and identifying cancer stages has become difficult. The early prognosis of lung cancer will increase the survival rate of affected patients. Recent improvements in early detection, have led to a significant impact on early interventions where cancer is very easy to treat and make the patients to active surveillance, thereby reducing the costs of medication and risks of unnecessary treatment. Thus, efficient and accurate diagnosis techniques are necessary to enable the early detection of lung cancer.  One such technique is by using deep Learning. In the current study, we have attempted deep learning techniques to prognosis the lung cancer early, so that patient survival rate can be more. In this approach, Computed Tomography images (CT) and Magnetic Resonance Imaging (MRI) images are used to extract features and detect the stage of cancer. Results showed that compared to other lung cancer detection systems, the proposed Optimized Convolutional Neural Network in Deep learning technique has produced best results.   Keywords – Machine learning, Neural Network, Deep learning, Cancer detection, Decision tree, Back Propagation, Tomography  INTRODUCTION Cancer is one of the lethal diseases faced by human beings and it is a main challenge to the researchers. Cells in any part of the body can become cancerous and can spread to other organs of the body, depending on several factors. Key facts released by WHO says that Cancer is the second most important cause of death worldwide. Out of which, approximately 70% of deaths from cancer happened in low- and middle-income countries. In the current scenario, cancer detection at earlier stage is still challenging in medical field but earlier detection of cancer is curable (Priyanga, A and Prakasam, S, 2013).  As per the international 2007 Lung Cancer Staging Project, based on the size of tumor in the patient’s lung, the cancer can be separated into four stages (P Goldstraw et al, 2007). The various symptoms of lung cancer affected patients are as follows (Krishnaiah et al, 2013): dyspnea, hemoptysis, chronic coughing, wheezing, chest pains, cachexia, dysphonia, clubbing of the fingernails, dysphasia, Pain in shoulder, chest, arm, Bronchitis or pneumonia and unexplained weight loss. If any person has any one or more of the above symptoms, he/she has to get consulted with the doctor. It helps to diagnose as well as cure the disease completely. At first, the patient symptoms are collected and then matched the symptoms with the trained datasets. If maximum symptoms are matched then moved to CT image analysis or else moved to medical treatment. Images are acquired by PET. The following Table 1 explains the different stages of the lung cancer and 5 years survival rate based on the tumor size. Screening for lung cancer is crucial in the early diagnosis and treatment of patients, with better screening techniques leading to improved patient outcome (J S Saleema et al, 2014). From Table 1, one can infer that the early detection of lung cancer increases the survival rate of the patients. However, lung cancer screening in developing countries like India has unique challenges. Construction workers, factory workers, and day laborers work in environments ubiquitous with dust, industrial chemicals, and pollutants.  Tobacco  use  in the form of cigarettes, beedi (unfiltered handmade), and hookah is high in India. Second-hand smoke effects are also high due to sleeping in dormitories with poor ventilation systems. This presents a very high-risk environment for lung cancer in countries like India, where it is thickly populated also. Medical researchers are using new approaches to predict lung cancer at early stage with large amounts of lung cancer data that have been collated and are a valuable for the medical research community. But the accuracy of prediction depends on the technique used. Under such scenario, a technique like deep learning will help in early detecting the cancer, which can reduce cost and speed up screening at large scale. Consequently, deep learning techniques have grown as a well-liked instrument for medical researchers. Such methods can   
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Early Detection of Lung Cancer using Optimized Convolutional Neural Network of Deep Learning Technique   2367 determine and detect patterns and relationships among them, from difficult datasets where they are capable to predict efficiently prospect results of a lung cancer. Deep learning algorithms extort high-level, difficult abstractions as data representations via a hierarchical learning process. Deep Learning technique is the technology of the cutting-edge. The difference between machine learning (ML) and deep learning is that ML takes some core ideas of Artificial intelligence and focuses them on solving real-world problems with neural networks designed to mimic the decision-making. However, deep Learning focuses still extra narrow on a subset of ML methods, and applies them to solving on other issue that needs thought either it may be human or artificial. In deep learning, difficult abstractions are learnt at a known level based on reasonably simpler abstractions devised in the preceding hierarchy level. A main advantage of deep learning is the scrutiny and learning of massive amounts of unsupervised data. By keeping all these points, the present study was conducted to detect early lung cancer using deep learning techniques.  Table 1: Lung Cancer Stages And Survival Rates SNo Stage of Lung Cancer Size of the tumour 5 years Survival Rate 1 Stage 0 < 0.1 cm 100 % 2 Stage 1 0.1 – 5 cm 43% - 73% 3 Stage 2 5.1 – 7 cm 25% - 46% 4 Stage 3 >7 cm 7% - 24% 5 Stage 4 Other parts of the Body 2% - 13%    This paper provides an optimal solution for the key security and selection of optimal node in a heterogeneous environment. The paper is framed as follows. Section II briefs the related work in the field of Cloud Security and particularly in reduplication. The proposed system framework is presented in Section III. Algorithms and results are presented in Section IV and Section V concludes the paper.   RELATED WORK Miller et al, 2009 have used three data mining method such as Naive Bayes, the back-propagated neural network, and the C4.5 decision tree algorithm to predict the survivability rate of SEER (Surveillance Epidemiology and End Results)  breast cancer data set. They decided these three classification methods to discover the most appropriate to predict cancer survivability rate. The second method used artificial neural networks. C4.5 is based on the genetic algorithm. Monica et al, 2014 used SEER data for lung cancer prognosis prediction using balanced stratified sampling. Different classification methods types with several pre-processing techniques varieties had been used for the particular cancer types like lung, colorectal and breast.  Akshay et al, 2016 applied Histogram Equalization to the DICOM (Digital Imaging and Communications in Medicine) images for their enhancement. Following the image enhancement, feature extraction process had been performed. Later on the feature extraction method had been conducted by Rule-generation process and with the images were categorized cancerous or non-cancerous using Neural Network for the similar. Arulmurugan & Anandakumar 2018 presented wavelet feature descriptor and ANN for classification detection of lung cancer. The computed statistical attributes are obtained after applying wavelet transform and used as input parameters for ANN classifier. Yu et al., 2017 investigated the prediction of Non-Small Cell Lung Cancers (NSCLC) in CT images. A discriminative CNN to learn deep features for predicting Epidermal Growth Factor Receptor (EGFR) mutation states that are associated with cancer cell growth. da Silva et al., 2017 investigated a deep learning technique jointly with the Genetic Algorithm (GA) to classify lung nodules, without using the shape and texture features. The methodology was evaluated using Lung Image Database Consortium and Image Database Resource Initiative (LIDC-IDRI), with the best sensitivity of 94.66%, specificity of 95.14%, accuracy of 94.78% and area under the ROC curve of 0.949. The following Table 2 shows the comparison between the different techniques used for lung cancer detection. TABLE 2: Comparison Between Lung Cancer Detection Techniques S No. Lung Cancer Detection Approach Machine Learning Method Type of Data Review 1 Predicting Lung Cancer Survivability Using Data Mining Techniques Naive Bayes SEER Does not include records with missing data  ANN Decision-Tree 2 Lung Cancer Prognosis Prediction Using Balanced Stratified Sampling KNN SEER Fluctuates before the optimum results Naive Bayes 3 Detection of Lung Cancer Using Back propagation Neural Networks and Genetic Algorithm ANN Feature Extraction Smaller Training Datasets BP  
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  Jour of Adv Research in Dynamical & Control Sy *Corresponding Author: Dr.R.Punithavathi ,Email: Article History: Received: July 03, 2019, Accepted: Sep 27    PROPOSED SYSTEM FRAMEWORK In our system, deep learning technique is used to detect lung cancer early. The process of deep learning technique is like thof data mining technique. Both techniques search through the data to identify various patterns. In data mining application, method of extraction of data for human comprehension is used. Whereas in deep learning, patterns are detected in the data andthen the process is adjusted consequently. Deep Learning can be defined as building block to make computers learn to behave more intelligently. The following Figure 1 explains the deep learning technique and also in comparison with machine learning technique.    The following Figure 2 explains the visual representation of the deep learning architecture with artificial neural network fodetecting lung cancer.  Figure 2: Deep learning Convolutional Neural Networks (CNNs) that are motivated through human visual system are alike to traditional neural networks. The CNN architecture in particular is intended on the basis of precise supposition that rare data are included of tdimensional images that facilitate particular features to encode whereas also minimizing hyper parameters (Sarraf, Saman et al., 2016). The CNNs topology exploits spatial associations to minimize parameters that should be trained, hence enhancing ahead common feed-forward back propagation training. The gradient part is shown in Equation (1) for a known weight is computed in Jour of Adv Research in Dynamical & Control Systems, Vol. 11, Special Issue-08, 2019 Email: yujinujg@jejunu.ac.kr July 03, 2019, Accepted: Sep 27, 2019 In our system, deep learning technique is used to detect lung cancer early. The process of deep learning technique is like thdata mining technique. Both techniques search through the data to identify various patterns. In data mining application, method of extraction of data for human comprehension is used. Whereas in deep learning, patterns are detected in the data andhe process is adjusted consequently. Deep Learning can be defined as building block to make computers learn to behave 1 explains the deep learning technique and also in comparison with machine learning Figure 1: Deep learning System Flow  The following Figure 2 explains the visual representation of the deep learning architecture with artificial neural network foDeep learning Architecture with Artificial Neural Network Convolutional Neural Networks (CNNs) that are motivated through human visual system are alike to traditional neural networks. The CNN architecture in particular is intended on the basis of precise supposition that rare data are included of tional images that facilitate particular features to encode whereas also minimizing hyper parameters (Sarraf, Saman et al., 2016). The CNNs topology exploits spatial associations to minimize parameters that should be trained, hence enhancing ahead forward back propagation training. The gradient part is shown in Equation (1) for a known weight is computed in 2368 In our system, deep learning technique is used to detect lung cancer early. The process of deep learning technique is like that data mining technique. Both techniques search through the data to identify various patterns. In data mining application, method of extraction of data for human comprehension is used. Whereas in deep learning, patterns are detected in the data and he process is adjusted consequently. Deep Learning can be defined as building block to make computers learn to behave 1 explains the deep learning technique and also in comparison with machine learning  The following Figure 2 explains the visual representation of the deep learning architecture with artificial neural network for  work Convolutional Neural Networks (CNNs) that are motivated through human visual system are alike to traditional neural networks. The CNN architecture in particular is intended on the basis of precise supposition that rare data are included of two ional images that facilitate particular features to encode whereas also minimizing hyper parameters (Sarraf, Saman et al., 2016). The CNNs topology exploits spatial associations to minimize parameters that should be trained, hence enhancing ahead forward back propagation training. The gradient part is shown in Equation (1) for a known weight is computed in 
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Early Detection of Lung Cancer using Optimized Convolutional Neural Network of Deep Learning   the back propagation step, whereas error function (E)indices, number of neurons (N) in a given layer, and filter size (m).                                            ab ij ab ijE E Eω ω∂ ∂ ∂= =∂ ∂ ∂ ∂As revealed in Equation (1): The chain rule is used form weight computation in the the error for the cost function based on the weight are computed and employed to update the weight. Equation (2) explains theback propagation error for the earlier layer through the chain rule, where propagation consequences in convolution whereas the weights are rotated. The rotation of the win the CNN.                                                    1 1 1 11 10 0 0 0m m m ml l l la b a bij i a j b ij i a j bE E Ey x y x− − − −− −= = = =∂ ∂ ∂= =∂ ∂ ∂ ∂∑∑ ∑∑ The back propagation error for the previous layer Equation (2)convolution definition, however the weights are rotated.structure lowest layer. One of the significant CNN features are thscale and rotation, as the local receptive field permits the neurons or processing unit’s access to basic features, like orieedges or corners. This network includes neurons with learnof other structures such as layers like a pooling, normalization and illustrates the sample feature images for Convolutional Neural    Figures 3: Sample Feature detected images using Convolutional Neural Network Image collection:  For evaluation, images from multiple accessible databases were used. A particular database is accumulated for the necessitatwork. The images present in the database were engaged to train and examine the neural network such that the image of lung cancer is represented in .dicom or.jpg file format.Data Preprocessing:  Preprocessing is the primary phase in lung cancer detectiocreate more consistent feature extraction. The algorithm such as Lightness, Average, and Luminosity modifies the RGB input images as Gray-scale and Dark images to achieve the compacted illusExample of Training and testing:  Available data store is used to achieve training and testing model. For learning and to execute classification, the ArtificiaNeural Network (ANN) trained mainly with its data set. Then it is accessed with frequency or rate present in the classification. The errors are corrected through dataset weights. To initiate the training pprimary weights were selected haphazardly. Feature Extraction:  Large number of features is extracted from medical images and it is important to extract essential number of features for improving the performance of processing. The various features extracted from the image are area, perimeter, eccentricity, anddiameter, average gray level, uniformity, standard deviation, skewness, smoothness, contrast, correlation etc. The tumor is formed due to multiplication of cancer causing cells in the system. Classification:  Early Detection of Lung Cancer using Optimized Convolutional Neural Network of Deep Learning function (E), neuron ( ,i jN ), input (x), layer numbers (i), filter weight (w) windices, number of neurons (N) in a given layer, and filter size (m). 1( )( )0 0 0 0lN m N m N m N mij li a j bl li j i jab ij ab ijxE E E yx xω ω− − − − −+ += = = =∂∂ ∂ ∂= =∂ ∂ ∂ ∂∑ ∑ ∑ ∑                             As revealed in Equation (1): The chain rule is used form weight computation in the Convolutional layers. Partial derivatives of the error for the cost function based on the weight are computed and employed to update the weight. Equation (2) explains theck propagation error for the earlier layer through the chain rule, where ( )( )i a j bx + +  is replaced by ( )( )i a j bx − −propagation consequences in convolution whereas the weights are rotated. The rotation of the weights derives from a delta error 1 1 1 1( )( )1 10 0 0 0( )( ) ( )( )lm m m mi a j b abl l l la b a bij i a j b ij i a j bxE E Ey x y x ω− − − −− −− −= = = =− − − −∂∂ ∂ ∂= =∂ ∂ ∂ ∂∑∑ ∑∑                           he previous layer Equation (2) is computed by the chain rule. This equation is related to the convolution definition, however the weights are rotated. In CNNs, tiny image portions are given as inputs to the hierarchical structure lowest layer. One of the significant CNN features are that their difficult architecture offers a invariance level to shift, scale and rotation, as the local receptive field permits the neurons or processing unit’s access to basic features, like orieedges or corners. This network includes neurons with learnable weights and biases to create the Convolutional layer. It consists of other structures such as layers like a pooling, normalization and is completely connected one.images for Convolutional Neural Network (CNN) algorithm.   Sample Feature detected images using Convolutional Neural NetworkFor evaluation, images from multiple accessible databases were used. A particular database is accumulated for the necessitatwork. The images present in the database were engaged to train and examine the neural network such that the image of lung cancer is represented in .dicom or.jpg file format. Preprocessing is the primary phase in lung cancer detection. This phase is significant to enhance image quality in order to create more consistent feature extraction. The algorithm such as Lightness, Average, and Luminosity modifies the RGB input scale and Dark images to achieve the compacted illustration.  Available data store is used to achieve training and testing model. For learning and to execute classification, the ArtificiaNeural Network (ANN) trained mainly with its data set. Then it is accessed with testing dataset. The results check the error frequency or rate present in the classification. The errors are corrected through dataset weights. To initiate the training pf features is extracted from medical images and it is important to extract essential number of features for improving the performance of processing. The various features extracted from the image are area, perimeter, eccentricity, andlevel, uniformity, standard deviation, skewness, smoothness, contrast, correlation etc. The tumor is formed due to multiplication of cancer causing cells in the lungs, and this feature is used for extraction in the implemented Early Detection of Lung Cancer using Optimized Convolutional Neural Network of Deep Learning Technique 2369 ), input (x), layer numbers (i), filter weight (w) with a and b                         (1) layers. Partial derivatives of the error for the cost function based on the weight are computed and employed to update the weight. Equation (2) explains the ( )( )i a j bx − − . It reveals the back eights derives from a delta error                                (2) is computed by the chain rule. This equation is related to the In CNNs, tiny image portions are given as inputs to the hierarchical at their difficult architecture offers a invariance level to shift, scale and rotation, as the local receptive field permits the neurons or processing unit’s access to basic features, like oriented able weights and biases to create the Convolutional layer. It consists completely connected one. The following Figure 3  Sample Feature detected images using Convolutional Neural Network For evaluation, images from multiple accessible databases were used. A particular database is accumulated for the necessitated work. The images present in the database were engaged to train and examine the neural network such that the image of lung n. This phase is significant to enhance image quality in order to create more consistent feature extraction. The algorithm such as Lightness, Average, and Luminosity modifies the RGB input Available data store is used to achieve training and testing model. For learning and to execute classification, the Artificial testing dataset. The results check the error frequency or rate present in the classification. The errors are corrected through dataset weights. To initiate the training process, f features is extracted from medical images and it is important to extract essential number of features for improving the performance of processing. The various features extracted from the image are area, perimeter, eccentricity, and level, uniformity, standard deviation, skewness, smoothness, contrast, correlation etc. The tumor is this feature is used for extraction in the implemented 
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  Jour of Adv Research in Dynamical & Control Systems, Vol. 11, Special Issue-08, 2019  2370 *Corresponding Author: Dr.R.Punithavathi ,Email: yujinujg@jejunu.ac.kr Article History: Received: July 03, 2019, Accepted: Sep 27, 2019  Several methods for classification are fuzzy logic, Support Vector Machine (SVM), neural networks, association rule mining etc. In the proposed system, ANN are used for classification. In ANN, images are categorized by the Back Propagation Neural Network (BPNN) that which one is cancerous and not depending on the features extracted.    Design Methodology The following Figure 4 explains the step by step of process flow of cancer detection. Each step is explained systematically succeeded by the flow diagram.    Figure 4: Systematic Workflow of Lung Cancer Detection Process  Collecting Symptoms The data or information accumulated may be of various formats such as organized or formless, comprehensible and trivial or immense. Thus, the collected data is converted into CSV (Comma separated Variables) format for easy processing.   Processing Data The steps of processing data are as follows: 
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Early Detection of Lung Cancer using Optimized Convolutional Neural Network of Deep Learning Technique   2371  Process the data from .csv file Calculate the minimum value from patient data Assign separate weightage   for each data IF Symptom value is less than minimum value Then       Suggest Normal Medical Treatment     Else  Continue the Process.   Collecting CT Images  The Cancer affected CT image of lung is given in Fig 5.  The image is stored in binary format.    Figure 5: Cancer Affected CT image of Lung   Pre Processing Data In Preprocessing step, the quality of the image is improved to make feature extraction more reliable. The pre-processing of lung CT images includes Grayscale conversion, smoothing the image, Resize the image, Morphological operations. Feature Extraction  Feature extraction is the special function in deep learning. The features that are extracted in this function are Area, Perimeter, Eccentricity, and Diameter. Using these features, the lung cancer stage can be calculated. From the height and width of binary image, number of pixels in the binary image can be determined. Then from the number of pixels, the centimeter can be calculated using the following formula (Savan Dhameliya et al, 2016):                                                          Centimeter = (Pixels*2.54)/96                                                              (3) Comparison with Trained Datasets  The dataset is collected from https://www.kaggle.com/ecnuljc/data-science-bowl-2017/lun-cancer.The dataset is provided by National Cancer Institute for experiment purpose. GSE2034 is used as a training data set and GSE2990 as a test data set. The input is compared with trained data set and result is produced. The PET image data modality is used. Tools used The system has been implemented using R Programming. EBImage is an open source, open development software project to provide tools for the analysis of image processing of high-throughput genomic data. Bio-conductor, an open source advanced software development that offer implementation tools to examine and understand about the high-throughput genomic data. Both the software packages are based primarily on the R programming language for the specific purpose.   Implementation And Results The error rate (E) in (4) and the accuracy (Acc) in (5) are widely used metrics for measuring the performance of learning systems.                                                                  ( )( )c bE a b c d+= + + +                                                                   (4)                                       ( ) 1( )a dA c c Ea b c d+= = −+ + +                                                           (5) Where true positive (a), false negative (b), false positive (c) and true negative (d). In this work, 10 fold cross validation were used on 60 cancer image and 140 normal image. The following figures 6, 7,8 and 9 shows the screenshots of stage 1, 2, 3 and 4 lung cancer detection. The upcoming Table 3 shows the comparison between the different machine learning methods with deep 
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  Jour of Adv Research in Dynamical & Control Sy *Corresponding Author: Dr.R.Punithavathi ,Email: Article History: Received: July 03, 2019, Accepted: Sep 27 learning technique and its accuracy rate. The proposed system has produced 97 % accuracy for detecting lung cancer. Whereas the naïve bayes with SEER data produced 84%; ANN with SEER data produced 86%85%; KNN with SEER data produced69%; ANN with Feature detection produced 92%; BP with Feature detection produced 91%; Figure 10 shows the comparison between the different machine learning methods with deep learning taccuracy rate. The proposed deep learning has higher accuracy for predicting lung cancer survivability using data mining techniques (SEER) by 14.36% than naive bayes, by 12.02% than ANN and by 13.18% than decision tree. The proposed deep learning has higher accuracy for lung cancer prognosis prediction using balanced stratified sampling (SEER) by 33.73% than KNN and by 20.45% than naive bayes. The proposed deep learning has higher accuracy for detection of lung cancer using back propagation neural networks and genetic algorithm (feature extraction) by 5.29% than ANN and by 6.38% than BP.                             Figure 6. Screenshot of Stage 1 Cancer Detection                       Figure 8. Screenshot of Stage 3 Cancer Detection  TABLE 3: Comparison Of Different Machine Learning Methods With Deep Learning Techniques  S.NO Lung Cancer Detection1 Predicting Lung Cancer Survivability Using Data Mining Techniques 2 Lung Cancer Prognosis Prediction Using Balanced Stratified Sampling3 Detection of Lung Cancer Using Back propagation Neural Networks and Genetic Algorithm4 Proposed MethodologyJour of Adv Research in Dynamical & Control Systems, Vol. 11, Special Issue-08, 2019 Email: yujinujg@jejunu.ac.kr July 03, 2019, Accepted: Sep 27, 2019 learning technique and its accuracy rate. The proposed system has produced 97 % accuracy for detecting lung cancer. Whereas the naïve bayes with SEER data produced 84%; ANN with SEER data produced 86%; Decision tree with SEER data produced 85%; KNN with SEER data produced69%; ANN with Feature detection produced 92%; BP with Feature detection produced 91%; Figure 10 shows the comparison between the different machine learning methods with deep learning taccuracy rate. The proposed deep learning has higher accuracy for predicting lung cancer survivability using data mining techniques (SEER) by 14.36% than naive bayes, by 12.02% than ANN and by 13.18% than decision tree. The proposed deep earning has higher accuracy for lung cancer prognosis prediction using balanced stratified sampling (SEER) by 33.73% than KNN and by 20.45% than naive bayes. The proposed deep learning has higher accuracy for detection of lung cancer using back neural networks and genetic algorithm (feature extraction) by 5.29% than ANN and by 6.38% than BP.                   Screenshot of Stage 1 Cancer Detection                    Figure 7. Screenshot of Stage 2 Cancer             Screenshot of Stage 3 Cancer Detection                   Figure 9. Screenshot of Stage 4 Cancer DetectionComparison Of Different Machine Learning Methods With Deep Learning Techniques And Its Accuracy Rates Lung Cancer Detection Machine Learning Method Type of DataPredicting Lung Cancer Survivability Using Data Mining Naive Bayes ANN Decision-Tree Prediction Using Balanced Stratified Sampling KNN Naive Bayes Detection of Lung Cancer Using Back propagation Neural Networks and Genetic Algorithm ANN Feature ExtractionBack                   Propagation  Methodology Optimized CNN algorithm in Deep learning Feature Extraction 2372 learning technique and its accuracy rate. The proposed system has produced 97 % accuracy for detecting lung cancer. Whereas ; Decision tree with SEER data produced 85%; KNN with SEER data produced69%; ANN with Feature detection produced 92%; BP with Feature detection produced 91%; Figure 10 shows the comparison between the different machine learning methods with deep learning technique and its accuracy rate. The proposed deep learning has higher accuracy for predicting lung cancer survivability using data mining techniques (SEER) by 14.36% than naive bayes, by 12.02% than ANN and by 13.18% than decision tree. The proposed deep earning has higher accuracy for lung cancer prognosis prediction using balanced stratified sampling (SEER) by 33.73% than KNN and by 20.45% than naive bayes. The proposed deep learning has higher accuracy for detection of lung cancer using back neural networks and genetic algorithm (feature extraction) by 5.29% than ANN and by 6.38% than BP.   Screenshot of Stage 2 Cancer Detection  Screenshot of Stage 4 Cancer Detection And Its Accuracy Rates Type of Data Accuracy Rate SEER 84% 86% 85% SEER 69% 79% Feature Extraction 92% 91%  Feature Extraction 97% 
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Early Detection of Lung Cancer using Optimized Convolutional Neural Network of Deep Learning Technique   2373 Conclusion The final outcome of this proposed system is beneficial to the doctors, medical learners and also the patients to take right resolution about the diagnosis and prediction of the Lung cancer disease. Wide use of neural network as an imaging approach enables early detection of tumor formation in the lung. So, this prediction provides great convenience for eliminating the cancer tumors with a necessary deadline promoting conservation of healthy lung parenchyma volume as possible. An Optimized Convolutional Neural Network deep learning Method has been executed to detect lung cancer at earlier stage because the human existence rate can be increased by curing the disease at initial stage. Consequently the experimental analysis of different machine learning algorithms such as, K-Nearest Neighbor (KNN) and Decision tree Algorithm, Artificial Neural Network (ANN), Back Propagation technique and Naïve Bayes are compared in order to exemplify the optimal efficiency of the proposed approach.   REFERENCES: [1] Akshay Jadhav , Jennifer D’Cruz , Virendra Chavan , Ashvini Dighe , Jayashree Chaudhari, “Detection of Lung Cancer Using Backpropagation Neural Networks and Genetic Algorithm”, International Journal of Advanced Research in Computer and Communication Engineering Vol. 5, Issue 4, April 2016, (2016). [2] Goldstraw P, Crowley J, Chansky K, Giroux DJ, Groome PA, Rami-Porta R, Postmus PE, Rusch V, Sobin L, “Lung Cancer Staging Project: Proposals for the Revision of the TNM Stage Groupings in the Forthcoming (Seventh) Edition of the TNM Classification of Malignant Tumours”,Journal of Thoracic Oncology August 2007 2 (8) 706-714,(2007). [3] V.Kirubha, and S.Manju Priya, “Survey on Data Mining Algorithms in Disease Prediction”, International Journal of Computer Trends and Technology (IJCTT) – Volume 38 Number 3 - August (2016). [4] V. Krishnaiah, Dr. G. Narsimha, Dr. N. Subhash Chandra, 2013, Diagnosis of Lung Cancer Prediction System Using Data Mining Classification Techniques, International Journal Of Computer Science and Information Technologies,Vol.4(1),39-45, (2013). [5] Doris kumadoh, kwabena ofori-kwakye (2017) review article dosage forms of herbal medicinal products and their stability considerations-an overview. Journal of Critical Reviews, 4 (4), 1-8. doi:10.22159/jcr.2017v4i4.16077 [6] PV Kamala Kumari, S Akhila, Y Srinivasa Rao and B. Rama Devi. "Alternative to Artificial Preservatives." Systematic Reviews in Pharmacy 10.1 (2019), 99-102. Print. doi:10.5530/srp.2019.1.17 [7] Mohammad Alibakhshi Kenari, “Ultra Wideband Patch Antenna For Ka Band Applications”,National Journal of Antennas and Propagation, Volume 1, issue 1, 2019 [8] J S Saleema, N Bhagawathi, S Monica, P Deepa Shenoy, K R Venugopal, L M Patnaik“Cancer Prognosis Prediction Using Balanced Stratified Sampling”, International Journal on Soft Computing, Artificial Intelligence and Applications (IJSCAI), Vol.3, No. 1, February 2014, pp 9-18, (2014). [9] Savan Dhameliya, Jay Kakadiya and Rakesh Savant, “Volume Estimation of Mango” International Journal of Computer Applications (0975 – 8887) Volume 143 – No.12, June (2016). [10] Sarraf, Saman, John Anderson, and Ghassem Tofighi. "DeepAD: Alzheimer′ s Disease Classification via Deep Convolutional Neural Networks using MRI and fMRI." bioRxiv: 070441, (2016). [11] Arulmurugan, R., and H. Anandakumar. "Early Detection of Lung Cancer Using Wavelet Feature Descriptor and Feed Forward Back Propagation Neural Networks Classifier." In Computational Vision and Bio Inspired Computing, pp. 103-110. Springer, Cham, (2018). [12] Yu, Dongdong, Mu Zhou, Feng Yang, Di Dong, Olivier Gevaert, Zaiyi Liu, Jingyun Shi, and Jie Tian. "Convolutional neural networks for predicting molecular profiles of non-small cell lung cancer." In Biomedical Imaging (ISBI 2017), 2017 IEEE 14th International Symposium on, pp. 569-572. IEEE, (2017). [13] Da Silva, Giovanni LF, Otílio P. da Silva Neto, Aristófanes C. Silva, Anselmo C. de Paiva, and Marcelo Gattass. "Lung nodules diagnosis based on evolutionary convolutional neural network." Multimedia Tools and Applications 76, no. 18, 19039-19055, (2017).        
Page 871 of 3066Page 871 of 3066



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 08, 2020 

ISSN: 1475-7192 

Received: 21 Dec 2019 | Revised: 18 Jan 2020 | Accepted: 05 Feb 2020                          13283  
 

PERSON RE-IDENTIFICATION BASED ON 

VIDEO FACE FEATURES IN REAL TIME 

FRAMEWORK 
 

1Mrs. C. Thilagavathi ,2MsA.Anjali, 3MsM.Dhivyadharshini, 4MsD.Dhanalashmi, 

5MsR.Pavithra 

 

 

ABSTRACT--One of the main tasks is to distinguish a person captured in a police work event, such as a 

face recognition, picture or video. This means matching the faces in each still pictures and video footage. 

Automated facial acknowledgment for pictures with principle quality can perform palatable execution, aside from 

video-based facial acknowledgment, whichishardtoaccomplish.Recognition compared to still images, many 

disadvantages of their area unit video footage. Facial picture varieties, for example, enlightenment, introduction, 

posture, impediment and movement, are halfway genuine in video scenes. During this undertaking, we will 

actualize a video coordinating way to deal with coordinate pictures by giving up recordings Grossman Multiple 

Learning Approach and Convolutional Neural Network formula to understand unknown competition. Finally, 

givevoice alerts in real-time situations unknown. Combine SMS alert and email alert at unknown facedetection. 

KEYWORDS-- person re-identification based on video face features in real time framework 

 

I. INTRODUCTION 

The identity verification system can be unique or a technical one. A video outlines from a computerized 

picture to an individual or video circulation. There are numerous methodologies that recognize personality check 

frameworks, in any case, when all is said in done, they work by looking within reach chosen signals from a given 

picture with faces at the interims of data. It combines biometric computing into a primary application that can 

undoubtedly determine a person to analyses the patterns thatsupporttheirfacialstructureandshape. While there is a 

kind of laptop application atfirst, ithasseenwidespreaduseinmobile platforms and alternative technologies like AI. 

It is most ordinarily utilized as access the executives in security frameworks and can be contrasted with elective 

biomarkers, for example, unique finger impression or eyeball acknowledgment frameworks. Recently, it has 

become common as an advertising signage and marketing tool. Alternative applications include advanced 

human-computer interaction, video police work, automated segmentation of images and embrace video 

information, among other things, face acknowledgment isdone 
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in two steps. The first includes highlight extraction and determination and the second is the characterization of 

articles. 

 

II. LITERATURE REVIEW 

M.Ayazoglu,P.Theroleofa.Li,c.Diggle, 

M. Snyder, and o. Camps. "In this paper they have primarily introduced the particle filtering technique for 

accuracy and cannot predict future target locations. Distributed police frameworks utilize numerous cameras to 

cover tremendous regions and make totally alternate points of view of targets. 

D. Baltieri, R. Vezzani, and R. Cucciyara. “In this paper they plan a distance metric calculation. Detecting 

multiple instancesof a similar person captured from completely different reading points or from a larger temporal 

space. Options such as colourand texture histograms are deeply tested and used in lieu of shape and geometric 

properties, resulting in reduced viscosity of the calculatedsignatures. 

D. Baltieri, R. Vezzani, and R. Cucciyara. In this they have created the 3D Body Model Framework. 

Deciding if an individual chose as a query has just been followed somewhere else and at an alternate time on the 

camera arrange or video archive remains a challenging task in surveillance and forensic use. 

B. Barbosa, M. Kristani, b. Kabuto, A. Rognhaugen, and D. Theoharis. "It has been proposed the Soma net 

framework. With the obvious limitation that switching apparel between camera acquisitions drastically reduces 

authentication performance, most of the re-IT approaches focus on modelling people's appearance based on their 

clothing. 

 

III. EXISTING SYSTEM 

The term multi-view phase recognition, in the strictest sense, refers only to the location of multiple cameras 

at a time. However, the term often does not acknowledge faces that produce variations. This ambiguity does no 

harm to being recognizedwithstillpictures.Thegaggleof pictures at the same time has numerous cameras and the 

people gaga is a camera though the equivalent of creatingvariations on completely different readingangles. 

However, in the case of video knowledge, the two cases differ. The multi-camera framework ensures the 

securing of multi- see information at some random time, and the chance of increasing equal information by 

utilizing a camera is erratic. Such contrasts are significant in non-agreeable validation applications, for example, 

police work. 

 

IV. PROPOSED WORK 

Face identification is the underlying phase of the face acknowledgment framework. Much of the analysis 

have exhausted the space, most of which is only for complex films and cannot be used directly for video footage. 

Face acknowledgment in recordingshasbeenanamazingpointinthe field of picture preparing, PC vision and 

measurements for certain years now. There is more easy data than an image compared 

tostillfacerecognitionvideos,sothevideo has spatial-temporaldata. 
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Improving the precision of face acknowledgment inrecordings to accomplish increasingly strong and 

predictable acknowledgment can be accomplished by consolidatinginformation from multiple frames and 

temporal data, and the multiple facets of the faces in the videosanalysethefaceshapedataandalign with the 

structure of the face. Video-based authentication has more advantages than image-based authentication. To begin 

with, thetransientinformationofcountenancesis utilized to encourage the well known undertaking. Second, basic 

portrayals, for example, a face model or super-goals pictures, are acquired from the video succession and can't 

improve acknowledgment results. At long last, video-based for the mostpart acknowledgment permits you to 

learnoralter the header model after some time to improve the acknowledgment results for future casings. In this 

way, video-based for the most part face acknowledgment is the most troublesome negative, which is trailed by 

irritation factors, for example, mediocrity pictures, size varieties, light changes, causal varieties, movement 

obscure, and occasions. 

 

V. ARCHITECTURE 

 

 

 

 

 

VI. MODULE 

i.) Face imageacquisition 

One of the approaches to doing this is by distinguishing the facial features and facial database selected from 

the image. Recognition computations can be divided intotwoprimarymethods,geometry,which has a great impact 

on recognitionof Features, or photometric, which is a factual method that depicts qualities and contrasts qualities, 

and layout to destroy differences. Facialimagesarefundamentaltointelligent vision-based human PC 
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collaboration. Face-making depends on the nature of a customer's ability to remove data from 

imagesandthewayPCsbehaveinthesame way. 

ii.) Features extraction 

By using human visual assets in acknowledging faces, individuals are able to distinguish a face from a 

distance, even the intricacies of a face. This implies that the balance is sufficient to feel the trademark. The 

human face has nose, eyes, jaw and mouth. There are contradictions as a fiddle, size, and structure of those 

elements, so that appearances can vary in many habits and can be portrayed by the shape and structure of the 

organs. A common technique is to confiscate the position of the eyes, nose, mouth and jaw, 

andthentorecognizetheappearancebythe separation and size of thoseorgans. 

iii.) Register the face 

The face list isthe path to converting differentcoursesofdataintoasingleentity. 

Facialfeaturesarenotedwithnames.Image list or image game project calculations can be portrayed as power-based 

and combine with the basics. Face validationsystemsrecognize people by their facial images. Instead of verifying 

whether a truly unique verification or key is being used or the customer understands confidential personal 

identification numbers or passwords, face- to-face configurations are created by the approver. 

iv.) Face classification 

Due to the wide range of applications face recognition has increased a lot of importance, for example, fun, 

smart cards, data protection, law enforcement and observation. This is an important lesson in design 

approval, PC vision and film making. Face discrimination is a one-to- many integration process that 

analyses a query face image against all design images in the face database to determine the nature of the 

hearing face. 

v.) Alert system 

Given the large number of entry control applications, for example, the gateway is open, the size of the 

collection of individuals that need to be realized is usually limited. Facial images are additionally obtained under 

normal conditions, for example, front postures and internal brightness. Component vectors are not integral 

methods, in the sense of being treated as ambiguous counts. Be alert for vague references. Give long-term 

voicealarm and SMS alert, email alert to authorized person 

 

VII. FUTURE SCOPE 

In future work, we can stretch out the structure to actualize different calculations to furnish still to video face 

coordinating with improved precision rate. Recordings give a programmed and proficient route for highlight 

extraction. And furthermore, actualize in different applications with the continuous ready framework 

 

VIII. CONCLUSION 

Right now, I checked on the face acknowledgment strategy for still pictures and video successions. A large 

portion of these current methodologies need all around adjusted face pictures and just perform either still picture 

face affirmation or video-to video facilitate. Our results show that higher affirmation rates are procured when we 

use video progressions rather than statics dependent onGrossmann and Convolutional Neural system calculation. 
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Assessment ofthis methodology is accomplished for still picture and video-put together face acknowledgment 

with respect to constant picture datasets with an SMS ready framework. 
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Abstract 

A smartphone application is employed to manage and monitor home functions using wireless 

communication techniques. We discover the concept of clever home with the mixing of IoT services and 

cloud computing to that, by way of embedding intelligence into sensors and actuators, networking of smart 

things using the corresponding technology, facilitating interactions with smart things using cloud 

computing for straightforward access in several locations, increasing computation power, space for 

storing and improving data exchange efficiency. In this paper, we present a composition of three 

components to create a strong approach to a complicated smart home concept and implementation. 

Introduction: 

Essentially,IoT is a community in which all physical objects are linked to the net through community 

devices or routers and change information.IoT is a superb and wise method that reduces human attempt in 

addition to easy get admission to physical gadgets. This approach additionally has a self-reliant manage 

feature via which any tool can manage with none human interplay. These days, net utility improvement 

demand is very excessive. So IoT is a first-rate era with the aid of which we will produce numerous useful 

internet programs. Agencies want to be aware of the distinct IoT protection threats and put in force a 

cybersecurity approach to protect themselves. Companies need to be aware of the following safety threats 

like Botnets, Denial of provider, guy-in-the-middle, identity and data theft, Social engineering, superior 

persistent threats, Ransomware and far-flung recording. In recent years, the security founds the most 

important part of the human life. In this paper, a real-time recognition system is proposed that will arm for 

handling images very quickly in a secure manner. 

We need to offer excessive-stage protection to domestic through the use of IoT technology. IoT is a brand 

new generation that has made a large effect on the modern-day international. In trendy, the IoT can make 

things self-instructed. Home protection has grown to be an excessive difficulty inside the society. 

Everybody may be distraught in its residence. Older protection structures can’t throw some situations like 

hacking, spoil down within the system. To keep away from the sort of scenario, we ought to expand the 

device in such a way that no person must get an intrusion to the machine. The usage of IoT will beautify a 

few safety levels as well as it will assist in having access to and controlling the machine remotely. 

Consequently, we are looking to increase a face reputation computerized door unlocking machine the use of 

an IoT. IoT will enable sensing, actuating and communique inside the system. The gadget can be made 

computerized without problems. 

IoT Security 

The net of things buddies billions of devices to the online and includes the use of billions of data focuses, 

all of which should be made certain approximately. Due to its prolonged assault surface, IoT safety and IoT 

protection are referred to as large concerns. As of overdue, IoT has gotten involved in rivalry recognized 

with protection troubles. The foremost well-known safety risks include commandeering, releases, unbound 

gadgets, and even home interruption. Today, numerous houses and places of labor became savvy with IoT 

availability. Whilst domestic computerization is a few things to be glad about, but not anyone knows 

approximately the prescribed methods that ought to be taken off for IoT security. Regardless of whether or 

not the IP addresses get exposed, this might set out a presentation of private vicinity and other contact 

subtleties of the client, Attackers or invested individuals can utilize these facts for underhanded functions. 
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This leaves smart houses at capacity chance. The house computerization framework contrasts from other 

frameworks by permitting the patron to figure the framework from anyplace around the world through net 

association. 

Implementation of IoT in domestic Automation: 

Homes of the twenty-first century will become increasingly self-controlled and automatic because of the 

consolation it provides, particularly whilst hired at some stage in a non-public home. A home automation 

machine ought to suggest that it allow users to adjust electric powered home equipment of various types. 

Many present, well-mounted home automation systems are supported througha wired communique. This 

doesn't pose a drag until the device is deliberate properly before and installed all through the bodily 

production of the construction. Besides already current homes, the implementation value is going very 

excessive. 

In comparison, wireless structures are often of outstanding assist to make the systems with automation. 

With the advancement of wi-fi technologies like wireless, cloud networks inside the recent beyond, wi-fi 

systems are used daily and anywhere. In recent years, wi-fi structures like wireless have become an 

increasing number of commonplace in domestic networking. Additionally in domestic and structurethe 

computerization systems, the utilization with wi-fi technology providessome blessings are need not be 

accomplished through employing the stressed-out grid simplest. 

Services in Smart Home 

Computing Home Environments: 

A standard smart residence is ready through a collection of devices for determining domestic situations, 

inclusive of heat, moistness, graceful, and vicinity. Respectivelydevice is committed to taking pictures of 

one or greater measurements. Heat and moistness also are stately by lonedevice, different devicesestimate 

the sunshine fractionon behalf ofcertain area and therefore the gap thenrespectively object uncovered to 

that. All sensors permit loading the information and imaginingthe user can vision it anywhere and every 

time. To accomplish that, it consists of sign processor, a verbal exchange edge and a range of 

thefogstructure. 

 Preserve Home Machines: 

Creates the cloud provider for coping with domestic home equipment that can be hosted on a cloud 

infrastructure. The coping with service allows the man or woman, controlling the outputs of clever actuators 

related to domestic home equipment, like lamps and enthusiasts. Smart actuators are gadgets, like valves 

and switches, which perform actions like turning matters on or off or adjusting an operational system. 

Actuators offer a selection of functionalities, like on/off valve company, positioning to percent open, 

modulating to control changes on drift conditions, emergency shutdown (ESD). To activate an actuator, a 

digital write command is issued to the actuator. 

Tracking domestic get admission to: 

Home access technology is typically used for the public to get entry to doorways. A standard gadget makes 

use of record with the IDcharacteristics of legal people. While a man or woman is drawing near get entry to 

machine, the character’s identity traits are accumulated right away and compared to the database. If it fits 

the database records, the get entry to is permitted, in any other case, the get right of access to is denied. For 

a huge distributed institute, we can also additionally hire cloud services for centrally accumulating humans’ 

records and processing it. A few use magnetic or proximity identity playing playing cards, exceptional use 

face reputation systems, fingerprint, and RFID. 
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In an example implementation, an RFID card and an RFID reader are used. Each legal character has an 

RFID card. The character scanned the cardboard through an RFID reader positioned near the door. The 

scanned id has been sent via the internet to the cloud gadget. The system posted the identification to the 

controlling carrier which compares the scanned identification in competition to the authorized IDs inside 

the database. 

Various security algorithms in IoT: 

RSA algorithm 

Toidentifies RSA form the three founders of RSA fact protection (Rivest, Shamir, and Adelman). 

RSA encryption services a public-key encryption era licensed by way of RSA statistics protection, 

in additionally to  accompanyingprogresstools. 

 

RSA encryption lets the customer send encrypted statistics deprived oftaking formerly percentage 

the cipher with the inheritor. It’s a public-key encryption, and therefore the opensecret's often 

shared the data. Though, the facts of information can be decrypted by another private key.Each 

RSA user has the common public key, but only electedinheritorsstay aware of the private 

key.Indeed, since the RSA algorithm uses a key of a minimum of 1024 bits, and it's a compatible 

asymmetric cipher and security during this algorithm is assured at the expense of speed (6). This 

algorithm provides excellent safety within the IoT and MQTT (Message Queuing Telemetry 

Transport) systems; however, due to some issues like high energy consumption and 

sophisticated computing, it is not compatible with working at IoT devices (5). RSA for encrypting 

and decrypting plaintext makes use of the personal key and public key. That through the 

consecutively of this at higher speed, mass encryption-decryption operations are often administered. 

RSA is usually applied to secure sensitive data. The protection of RSA relies on the IFP (Integer 

Factorization Problem) (7) 

 

Hybrid Encryption Algorithm 

The hybrid encryption technique may be a new model to be used in IoT. The hybrid encryption approach is 

for records integrity, confidentiality, being non-repudiation in data change for IoT. This paper analyzes the 

hybrid encryption set of rules with the call of HAN. The cautioned set of rules has unique features in 

encryption and decryption in terms of velocity even in constructing keys and it can also enhance internet 

security by using several structures all through a set of rules implementation and using a virtual signature. 

Via default, equipment and gadget for a practical domestic are considered as shown in the following 

flowchart. Steps of a sensible home cryptography are as follows: 

• The soulof the  resident functions are able to generate public key via symmetric encryption. 

• Nowadayscommunications and whatever we need to be encrypted information are going tosent to the 

symmetric system via public key. 

• At that time, the communication is encrypted and the set of rules can be despatched to the receptor inside 

the internet environment. 

• Receptors (fridge, spot, storage access, and so forth...) similarlywith non-public key  for the user or sender 

is blind to it. 

Domestic automation set of rules 

The principal objectives of this study are to fashion and put into effect a domestic automation device the 

usage of IoT it's able to controlling and automating the maximum of the residence home device via a simple 
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conceivable net boundary. The future device functions a exquisite tractability by the use of the wi-fi 

technology to transfer its dispensed devices to home computerization server. This may lower the 

distribution value and might grow the strength of improvement, and device reconfiguration. 

Automation machines are often edited from the net browser with any local computer inside the identical 

LAN of server IP, or at all from any computer or cellular handheld tool related to the net with a suitable 

browser via server. Wi-fi era is chosen to the network structure that links servers with consequently the 

devices. Wireless is selected to beautify device protection (via way of the use of a cozy wireless 

construction), and to raise system mobility and scalability. 

Elliptic Curve Cryptography (ECC) 

In IoT applications, the top nodes require performance optimization of the device concerning improving 

computing speed and reducing power consumption with none security compromising on the connected 

devices (3). The problem of ECC makes it tough for the attacker to grasp the ECC and breach the 

safety key. The safety level provided by RSA needs1024-bit key but in ECC it is often obtained with a 160-

bit key. It is, therefore, appropriate for resource limitation devices like smart cards, mobile 

devices than on. The choice of the acceptable elliptical curve is additionally not simple. Standardization of 

ECC is important for effective and practical implementation. National Institute of Standards and 

Technology (NIST) presents the specifications for ECC that are considered secure to use within 

the cryptographic application (4). 

ECC can provide security services like Confidentiality, Integrity, follows: 

1. Confidentiality: Any unauthorized connection is rejected from access to the info via this Security Service. 

2. Integrity: to make sure that messages received through a destination aren't altered. 

3. Authentication: It can also be achieved by using the general public key, if any anonymous/malicious 

node wants to interact with network nodes, it requires the general public key pair from the authorizednode. 

4. Authorization: This service provides a singular key pair (private and public) to every node to form the 

decryption and encryption process (2). 

Performance Metrics: 

Both Elliptical Curve Encryption (ECC) and Adleman algorithm (RSA) are broadly used within the IoT 

environment. Lack of stored power and computational strength is the number one constraint for IoT 

gadgets, This segment is that specialize in a technical contrast between ECC and RSA algorithms in 

phrases of reminiscence requirement, strength consumption, key length, signature era and verification 

generation, key era and Execution time, and encryption and decryption time. Primarily based on the 

evaluation and dimension, reminiscence requirement, strength intake, key size, signature technology 

time, key technology and execution time, and decryption time in ECC are less than RSA. Furthermore, 

RSA walking faster in signature verification and encryption records.We can gift a replacement hybrid 

set of rules for cozy get entry to an increasing velocity of construction a key, encryption, and decryption 

and subsequently a smaller amountof memory necessities in IoT via mergingprocedures of ECC and 

RSA. 

Algorithms 
Keysize 

(bits) 

Memory 

Requirement 

ECC 106 108 

RSA 512 157 

HCA 345 125 

HAA 245 140 

Table 1: Analysis of diverse fields of home automation algorithms 

Results and discussions 
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As are often visible, the amount of IoT devices besides the amount of records to be generated is growing 

notably, consequently, foremost targets are assuring the security of IoT gadgets, statistics, and customers. 

Deciding on a set of rules that offers all confidentiality, privacy and availability performs a critical position 

inside the safety of users and information. All through this paper from distinctive components each 

ECC,Hybrid Encryption Algorithm, Home automation algorithm, and RSA, algorithms are reviewed 

comprehensively, and altogether parameters, The contrast has been made in phrases of a few Metrics like 

memory requirement, strength intake, key size, signature technology and verification time, key technology 

and execution time, encryption and decryption time. The result suggests that ECC is extra successful in 

terms of a few parameters like reminiscence necessities, power intake, key sizes, and Signature generation 

time, key era and execution time, and decryption time. Regarding memory requirement, ECC surpasses 

RSA in terms of protection and operational efficiency in small gadgets and confined useful resource.  

 

Figure 1: Comparison of different encryption algorithms in terms of key size (bits) 

For the reason that strength consumption of the battery is quicker in RSA, ECC saves 47% electricity and 

overcomes RSA. ECC additionally saves the bandwidth quite RSA. It's been estimated that inside the 

future, the important thing size in RSA won't be realistic for a better security level and ECC will ready to 

keep IoT deployments. As RSA applies the numerous countermeasure and additional computational load, as 

a result, calls for greater reminiscence and is slower than ECC to get the signature, generate the key, and 

execute. But, on confined embedded gadgets, ECC has a few barriers regarding reduced battery backup, 

minor CPU capacities and little reminiscence that make it difficult to put in force successfully.  

 

Figure 2: Comparison of different encryption algorithms in terms of memory requirement 

Conclusion 

The above-mentioned issues should be solved to deliver an in particular optimized implementation in 

embedded devices. Therefore, ECC has been more recommended that gives more security and higher speed. 

Even as RSA plays higher in verifying the signature and encrypting. Therefore we can finish that 
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considering ECC uses smaller key sizes (its computational price is ready ten instances however RSA) and 

performs quicker and greater green, is greater probably supplied for devices in IoT. Mainly in gadgets like 

embedded systems or smart playing cards that require cryptography to transfer information securely than 

on. Furthermore, RSA is often greater appropriate to use in some application that needs to confirm 

messages pretty generating a signature. Through the usage of the Hybrid Encryption set of rules, the 

hackers can't bet the passwords of equipment and clever home equipment due to the private key and the IoT 

machine can protect the information throughout a keen domestic, as well as the receptor,as well as the 

message was decoded from the dispatcher by way of  personal key and encrypted textual content. 
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Secure Verifiable Outsourcing Collection of Big 

Data in IoV using Cloud Environments 

N. Valarmathi, S. Annapoorani 
 

Abstract-By the growth of vehicular communique technology, 

international gadgets can live interactive and are associated with 

the Internet. Normally, cars in VANETs have to periodically 

transmit protection messages. Since safety messages encompass 

net web page visitor’s associated data and are subtle to locality 

privacy, it's far essential to make certain obscurity, reliability, 

and traceability the posted. Supportive verbal exchange is a lively 

method for vehicular transportations to development Wi-Fi 

transmission capability and trustworthiness in fifth-technology 

(5G) trivial-mobile set-ups. In this paper, we check protection 

conversation approximately internet net web page net page 

website traffic associated information, accidents or particular 

privacy aware information are inside the shape of video reporting 

commercial enterprise organization. This company is completed a 

machine  to proper now the report films to fantastic authorities 

and ambulance in a well timed way. Conversely, due to 

immoderate besides at ease avenue website online visitors 

information, the vehicular cloud is built scheduled lively 

belongings; as in keeping with a surrender very last results, it 

critiques numerous intrinsic traumatic situations, which growth 

the complexity of its implementations. Therefore, we are able to 

format relaxed communiqué tool using cryptography approach 

and furthermore located into effect greater applicable function-

based completely get admission to control mechanism (ERBAC) 

to offer the functionality to the authority for viewing the video 

files in cloud storage device. 

Keywords:VANET, Internet of Vehicle, Vehicle security, 

Cloud storage system, Video reporting service 

I. INTRODUCTION 

The expression "big data" regularly alludes basically to the 

utilization of prescient examination, client conduct 

investigation, or certain other propelled data examination 

strategies that concentrate an incentive from data, and 

sometimes to a specific size of data set. "There is little 

uncertainty that the amounts of data now accessible are in 

fact expansive, yet that is not the most significant normal for 

this new data biological system." Analysis of data sets can 

discover new connections to "spot business patterns, avert 

sicknesses, battle wrongdoing et cetera. 
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A.AN ON-BOARD UNIT (OBU) 

Relate with the using pressure through the use of 

showing the symptoms, warnings, providing vehicle 

services and conversation with the atmosphere of the auto. 

Innovative Prevailing OBUs performances as a system for 

manipulative and coping with duties which may be 

maintained via sufficient stowage abilities. Vehicle to 

vehicle verbal exchange calls for the subsequent 

components for conversation. 

B. SENSOR 

The sensors discover the defective of the factor, their harms, 

provide help to the usage of, and provide warning and alert 

at the record approximately road traffic, roads dangers and 

the occasions of the weather situations. CarMote is one of 

the awesome avenue watching structures. 

C.SECURITY IN VANET 

Vehicular Ad-hoc Networks (VANETs) are gaining 

developing hobby and studies efforts over modern-day years 

for it gives higher safety and enriched tour consolation. 

However, protection troubles which might be each cutting-

edge visible in ad-hoc networks or precise VANET gift 

extremely good traumatic situations. Recent advances in 

research that desires to bolster protection from an 

architectural and systematic approach. Proposals on precise 

safety problems are also supplied and their key 

consequences summarized. Safety in VANETs is of unique 

trouble because of the reality human lives are continuously 

at stake whereas in traditional networks the primary safety 

problems include confidentiality, integrity and availability 

none of which includes in popular with existence safety. 

Vital information can't be neither changed nor deleted 

through the use of an attacker. Nonetheless, protection in 

VANET also suggests the ability to decide the driving force 

duty at the same time as preserving the use of pressure 

privateness. Information about the motors and their drivers 

inner ought to be exchanged securely and additional 

importantly, well timed in that the eliminate of message 

exchange might also additionally additionally cause 

catastrophic results which encompass collision of vehicles. 

The deployment of a complete protection machine for 

VANET can be very tough in exercising. Cryptographic 

attacks in VANET are categorized inside the subsequent 

segment.[5] Besides giant networks protection troubles, 

specific protection demanding conditions rises due to the 

proper trends of VANET collectively with immoderate 

mobility, dynamic topology, short connection length and 

common place disconnections. 
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  Fig1 security in vanet 

D. LOCALIZATION 

Vehicles can be taken into consideration capability property 

for discovering gadgets. Through their sensing and 

communication talents, they may perceive and discover 

gadgets, and deliver this statistics.[3][2] They may be used 

to discover and become privy to the neighboring motors for 

assessing the space to those motors or informing them close 

by their positions on behalf of correctness capabilities. 

Vehicle-to-Vehicle Transportations for Safety is 

thru the lively Wi-Fi exchange of the facts amongst nearby 

motors which provide the benefit for huge improvement 

inside the protection. By replacing nameless, automobile-

based totally surely information regarding pace, feature, and 

area (at a minimal), V2V communications permit the motors 

to experience dangers and threats with the eye of the vicinity 

of the alternative car through inspection in 360 degree.[5] It 

moreover analyzes the risk and subjects the cause pressure 

advisories or warnings. It furthermore permits the 

automobile to take preventive sports to moderate and elude 

crashes. The facts message it is a vital software is at the 

coronary center of V2V conversation. Using the non-

vehicle-based actually actually technology which encompass 

GPS, this be aware can be derived to apprehend tempo and 

place of a car, or through the usage of the automobile-based 

truly sensor records wherein the location and pace 

information is obtained from the computer of the auto and is 

blended with super statistics which incorporates longitude, 

range or perspective to offer away a richer and in addition 

unique situational reputation about the area of other 

vehicles. 

 
Fig 2  VANET framework 

II. RELATED WORK 

B. Li, C. Zhao[1]et al.., In this paper practice the perceived 

groups going with inferred PDP adaptation to flag 

discoveries, and propose an appealing low-many-sided 

quality recipient for UWB sensors, which additionally can 

simultaneously set up a down to earth splendid for the 

assessments of channel displaying. By translating the entire 

obtained multipath motion as a data bearing waveform, the 

envelope of bunched PDP, filled in as a type of coordinated 

getting format, is related with gotten join a semi-intelligible 

system. It is plain that, the more prominent exact the 

extricated bunch PDP is, the greater discovery favorable 

position might be finished in contrast with power 

identification (ED).  

N.Kumar[2] ,V2S Is the verbal trade amongst cars and 

locally available sensors which may be utilized for data 

taking pix from particular land territories. V2G is the 

correspondence among autos to brilliant framework for 

quality oversees related issues. The transfer hubs sidestep 

the records got from their companions as quick as they find 

the correct outing spot for the equivalent. The conventional 

general execution of the group is genuinely influenced, if 

the hand-off hubs do never again participate and hold the 

measurements with them for longer term.  

Dua,[3] et..alThe correspondence among OBUs and AUs 

with RSUs ought to be conceivable using remote models, 

for instance, IEEE802.11p. The vehicles generally have 

OBUs presented introduced of the vehicles, which can be 

used for outfitting correspondence among various OBUs or 

with RSUs. Moreover, OBUs in like way outfit 

correspondence with AUs. OBUs are used for prevent up 

control, internet protocol flexibility agency, and statistics 

assembling and taking care of.AUs are the mind boggling 

devices, which give security applications and pass on to 

RSUs by using OBUs. They may be separate units or may 

be consolidated with OBUs as a single unit. RSUs are 

passed on as settled units close-by the road streamssslinedly 

to secure and They provide correspondence among the 

vehicles using Dedicated Short Range Communication 

(DSRC) or with alternate RSUs and OBUs utilizing 

IEEE802.11p.  

III. EXISTING METHODOLOGIES 

In this calculation, authentication can be issued by 

declaration expert. Every vehicle hub has open key and 

private key and go about as symmetric keys. Huge server 

farm checks the mark and ID of sink hubs.[8][2] At the 

point when the vehicle hubs leave the locale of its first logon 

sink hub, it needs to access to the new arriving sink hub with 

another logon. Hubs in the framework are verified utilizing 

authentications .endorsements in proposed conspire battle 

against the animal power assault. Symmetric key secures the 

data to be sent to suitable element. Proficiency and security 

might be less in the current calculation. Can't be actualize 

expansive number vehicle hub exchanges. Reenactment 

based execution just accessible. Hard to execute in 

redesigned form of future age (5G) systems.  

A.  SYSTEMS ACCESS 

In , get legitimate of access to systems are relied upon to be 

particularly heterogeneous and complex together with in 

excess of one exact radio get appropriate of get right of 

section to age and fabulous progressed get right of motivate 

admission to plans which incorporates femtocells all 

together for association 

accessibility to be certain.  
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For instance, inside the nonappearance of 4G people group 

scope, the UE must have the capacity to set up an 

association more than 2G or 3G systems. [7][10]In LTE 

systems, an aggressor can make the most the cradle 

notoriety reports, which is likely utilized as information 

records for parcel planning, stack adjusting and 

confirmation oversee calculations, to pick up his noxious 

aims.  

The wellbeing plans in current fine art as takes after:  

B. GATHERING MARK BASED UNQUESTIONABLY 

APPROACH: 

In a set mark primarily based absolutely strategy, 

an person from a fixed can signal a message for the 

advantage of the overall established order and the 

personality of the marking element remains mysterious 

inside the business enterprise all collectively that no man or 

woman inward or outdoor the office is aware of the real 

character of the sender while it's far potential to locate the 

commercial enterprise that the sender of the message has a 

place with. A commercial enterprise association project 

chief in every business business enterprise can essentially 

open any signature signed thru a member of that unique 

business corporation the use of its corporation supervisor 

mystery key (gmsk). In case of any dispute at the same time 

as it's miles vital to trace down the signing member, the 

corresponding organization manager is intervened. Note that 

it's far computationally infeasible to calculate the identity of 

a hard and fast member truly from its signature at the equal 

time as no longer having the gmsk. 

IV. PROPOSED METHODOLOGIES 

A.VIDEO DATASETS ACQUISITION 

Observation camcorder checking framework has picked up a 

great deal of enthusiasm among the examination group 

particularly in observing vehicle speed. In this module, we 

can transfer the movement recordings and Convert the 

recordings into outlines in light of video document peruser. 

Edges are considered as single picture. The different 

parameters, for example, number of casings, outline rate, 

shading group, outline estimate are separated. There are part 

of edges in this video. It has outline rate 2 outlines for each 

second. The edge measure is of 640x480 pixels. 

Additionally at this stage the casings are changed over into 

twofold information arrange i.e. required for future activity. 

Set time interim as 0.5 seconds at the time allotments 

transformation. 

 

 

  Fig 3 System Architecture 

 

B.VIDEO ENCRYPTION: 

 In this module, encrypt the videos using 

asymmetric encryption algorithm. 

Calculation 1 : cipher 

Input: Parameters from the elliptic curve domain (p, E, P, n), 

Public Key Q,  

Raw Text m Output: cipher text (g1, g2) begin  

1. The data l as a point L in E(Fp)  

2. Select N∈S[1,n−1].  

Three. Compute g1 = kP 

4. Compute g2 = L + kQ.  

5. Return (g1, g2) quit. 

C. ACCESS POLICIES 

Access regulate is by and large an extension or machine that 

gifts, denies or limits get fitting of section to a contraption. 

It can moreover likewise, as honestly, show and record all 

undertakings made to get right of access to a device. Access 

Control may moreover what's more come to be aware of 

customers wanting to get to a structure unapproved. It is an 

instrument which can be amazingly tons imperative for 

security in workstation prosperity. Distinctive get right of 

rouse admission to direct models are being utilized, together 

with the most extraordinary fundamental Mandatory Access 

Control (MAC).Every single one of those plans are called 

conspicuous confirmation based thoroughly move admission 

to control styles. In those sorts of pick up admission to 

control models, solitary (subjects) and impacts (devices) are 

broke down by using technique for specific names. ID may 

be done well now or through parts designated to the 

subjects.[8] These move admission to control frameworks 

are compelling in unchangeable relegated instrument, in 

which there are handiest a course of action of Users with a 

predefined game plan of organizations. To format 

advantages to see, down load or transmit the video 

chronicles develop totally generally in light of individual 

parts. 

D.VIDEO RETRIEVAL 

Video take the easiest course of action getting ready need to 

cause radical loads on the servers which are dealing with 

and also giving over the video data inside the cloud.In any 

case, our proposed tradition handiest usages the cloud as 

limit with respect to tolerating, securing and passing the 

video archives to normal vehicles. In this way, the cloud 

itself does never again approach the video records as they 

may be mixed. Regardless of the way that there are several 

making strategies for taking care of the mixed documents, 

they may be profitable beneficial accommodating resource 

irritating and inefficient. Regardless, to satisfy the over the 

best goals of 5G compose clients in favored, it is 

acknowledged that the cloud organize completes particular 

courses of action including virtual video transcoding inside 

the cloud for better-comprehensive execution and higher-

thickness video getting ready. In this module, we're prepared 

to down load or disentangle the films the utilization of ECC 

based completely certainly essentially unscrambling in a 

general sense in light of executive certified rolesvte. 
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Calculation 2: Decryption  

Info: Parameters from the elliptic bend space (p, E, P, n), 

Private key d, Encrypted content (g1, g2) Output: Raw Text 

m start  

1. Register L = g2-dg1 and extricate m from L.  

2. Return (l) end.  

 

Power Consumption 

S.no symmetric ECC 

1 13 9 

2 25 20 

3 29 27 

4 40 38 

Fig 4: Power Consumption 

 

Fig 5:Power Consumption 

Time Consumption 

S.no symmetric ECC 

1 5 4 

2                    10 9 

3 16 12 

4 27 25 

Fig 6: Time Consumption 

 

Fig 7: Time Chart  

V. RESULT 

In this paper, we check protection conversation 

approximately internet net web page traffic associated 

information, accidents or particular privacy aware 

information are inside the shape of video reporting 

commercial enterprise organization. Instead of retrieving 

and re-encrypting the Video,  owners only send policy 

updating queries to cloud server, and let cloud server update 

the policies of encrypted video directly, which means that 

cloud server does not need to decrypt the video 

before/during the policy updating. Our scheme can not only 

satisfy all the above requirements, but also avoid the transfer 

of encrypted video back and forth and minimize the 

computation work of video owners by making full use of the 

previously encrypted video under old access policies in the 

cloud. The contributions of this paper include: Formulate the  

updating problem in VANET systems and develop a new 

method to outsource the video reteriving policy updating to 

the server. Propose an expressive and efficient  time and 

space complexity  of data access control scheme for big 

data, which enables efficient dynamic policy updating. 

VI. CONCLUSION   

Video correspondence inside a Vehicular Ad Hoc Network 

(VANET) has the ability to be of enormous advantage in a 

town crisis, as it grants crisis autos gravitating toward the 

scene to higher comprehend the character of the crisis. We 

outfitted protection convention for 5G vehicular dispatch in 

video detailing guarantor that offers cryptographically-

unquestionable evidence of an announcing organization 

inside the state of advanced video. Video verbal trade 

internal a Vehicular Ad Hoc Network has persistently an 

amazing capacity to be of huge favorable position in a city 

crisis, since it licenses crisis engines gravitating toward the 

scene to better secure the idea of the crisis. We offered 

privateness convention for 5G vehicular dispatch in video 

revealing supplier that gives cryptographically-undeniable 

proof of a detailing transporter inside the type of advanced 

video. To comfortable video detailing gadget, we have got 

provided an insurance foundation that expands the country 

of the work of art in VANET security. We have made an 

appraisal of this security framework to exhibit its vigor and 

effectiveness. It furthermore advances brilliant endeavor site 

guests trade in a VANET with none framework manual.  
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A  Multibiometric Authentication System Using 
Fusion Level Techniques 

 
.E.Balraj,, Dr.T.Abirami 

 
Abstract : Biometric Systems are highly used for authentication & identification process of an individual trait. Earlier days, unimodel biometric systems 
are used for authentication process. In which, A single biometric trait of an individual person is used for authentication process. Several problems are 
identified in unimodel biometric verification system such as non compatibility, noisy data, attacks, hijacking. To overcome the above mentioned problem 

is to provide multi biometric verification system. In which we can combine more than two individual models. This paper mainly focuses to study about the 
various multibiometric authentication systems along with their features. We also discussed about the various fusion level methods used for pattern 
matching of the authentication process. This paper also stated 

Various researchers result 
———————————————————— 

 

I.INTRODUCTION 
Biometric systems are the most secured system to identify 
the person based on their physical and behavioural 
components. Nowadays many bio metric systems are used 
for authentication purpose. Since Physical components 
never change at life time(finger print,iris,etc).Biometric 
systems are more secured than any other traditional 
security systems. Generally Unimodel systems are based 
only one entity of human. So it causes problems like 
attacks, noisy data, unaccepted error etc. To overcome the 
above problem only, we came for multi biometric system. It 
is good option that two physical traits of human can be 
combined together in multi biometric system. Evolutionary 
algorithms plays main role in multibiometric systems 
.because it gives optimal solution among large population 
and final optimal solutions are achieved through the 
updating and searching of the past features of ACO, PSO, 
and Genetic Algorithms. Normalization of score is difficult in 
fusion process when we are combining different type of 
biometric modalities. Even after authentication process, the 
output score obtained by each individual model are need 
not be same in nature and may not be in same numerical 
range. So our normalization technique must convert the 
output score in common range that can be used for further 
decision process. 
 

II. BIOMETRICS – OVERVIEW 
A biometric system is most securable component rather 
than other security models. Because every human is having 
unique characteristics. Every biometric feature is having 
their own limitations and advantages. Normally all the 
biometric systems are used for authentication or verification 
process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Significantly if it is not possible to conclude that one bio 
metric system is best among all the available systems. 
Because it depends upon the application, where it is being 
used. The following comparison table shows comparison  of 
characteristics of different biometric features. 
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DNA 1 3 1 1 3 3 3 

Ear 3 2 2 2 2 3 2 

Face 3 1 3 3 1 2 3 

Facial 
Thermogra

m 
3 3 1 3 2 1 3 

Fingerprint 2 3 2 2 3 3 2 

Gait 3 1 2 3 1 1 2 

Hand 
Geometry 

2 2 2 3 2 2 2 

Hand Vein 2 2 1 2 2 2 2 

Iris 1 3 1 2 3 3 3 

Keystroke 2 1 2 2 1 1 1 

Odor 2 3 1 1 1 3 3 

Palm Print 2 3 2 2 3 3 2 

Retina 1 3 1 1 3 2 3 

Signature 3 1 3 3 1 1 1 

Voice 3 1 3 2 1 1 2 

3 – High , 2-Medium, 1-Low 
 

III.LITERATURE SURVEY 
There are so many researchers have done multibiometric 
authentication system based on the score level fusion 
algorithms. In this section,we will discuss some of the 
related works based on the evolutionary algorithm.

 [1]
 

GianniFenu et al proposed A multi-biometric system for 
continuous student authentication in e-learning platforms 
which is based on the various biometric responses are 

_______________________ 
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combined based on the interaction and devices used by the 
student. It uses Score Level Fusion algorithm for analyzing 
the behaviours of past users learning experience.

 

[2]
Shubhangi D. C. et al, proposed ―Artificial Multi-Biometric 

Approaches to Face and Fingerprint Biometrics‖ which 
employs method PCA and Feature extraction. It uses 
forward back propagation Neural Network for recognition. 
The above said algorithm uses face and finger recognition 
sequence. In this method, All the input pixels are combined 
into different set of clusters based on the trained ANN set. 
These clusters are providing results. The input pixels are 
grouped by the trained ANN into different clusters which 
provides the results.  Their finger print authentication was 
based on the Core and minutiae detection. Core and 
minutiae detection is used for the fingerprint authentication. 
Bank of a gabor filter was used for denoising. The 
recognition is done based on the Euclidian Distance 
formula. The input fingerprint image is compared with the 
finger print image stored in the database based on 
Euclidian Distance Formula. If it is zero, then the input 
images matches exactly. Information Theory coding and 
encoding techniques were used to face image recognition. 
[3]Nayak P.K. and Narayan D. (2013) proposed  work 
―Multimodal Biometric Face and Fingerprint Recognition 
Using Adaptive Principal Component Analysis and 
Multilayer Perception‖ which is the combination of eigen 
face approach and ridged based approach for parallel 
execution. This paper uses APEX( PCA based neural 
algorithm)  developed by Kung and Diamantaras. 
Normalized Hebbian Learning rules was used to train the 
model. This method uses back propagation learning 
techniques combined with the fusion level matrix. They 
used MLP with back propagation learning technique and 
combined various fusion levels. Neural Network Classifier is 
used to differentiate the face from non face which was 
employed with the matching of score level fusion. They 
utilized parallel execution of  both face and fingerprint. The 
major shortfall of the research work is speed and low 
recognition rate. 
[4] Sheetal Chaudhary  et al., describes a new multimodal 
biometric system that integrates multiple features such as 
iris, face and voice. The authors developed a multimodal 
biometric system which is able to improve the problems 
faced by unimodal biometric system. They compared their 
proposed method with three individual biometric by plotting 
ROC curves. In the experimental evaluations on a public 
data set the authors also demonstrate its accuracy. The 
ROC curves shows in this paper improve the recognition 
performance compared with single biometric systems. The 
authors also check the effectiveness of this system 
regarding FAR (False Accept Rate) and GAR (Genuine 
Accept Rate) is demonstrated with the help of MUBI 
(Multimodal Biometrics Integration) software. 
 

IV.WHY MULTI BIOMETRIC SYSTEMS IS 
BEST? 
Due to some issues in unimodel biometric authentication 
models, multibiometric authentication system is introduced. 
It addresses many problems like accuracy, privacy, security 
issues and recognition issues that exist in unimodel. Multi 
biometric systems are categorised into two categories. 
Synchronous and Asynchronous.  If a single authorization is 
done based on the combination of two bio metrics is known 

as synchronous. If authorization is done one after another 
in multi biometrics is known as asynchronous. 
A. Modes of Multi model Biometrics 
Multi model Biometrics can be operated in three modes. 
a. Cascaded Mode: 
The recognition process will take place one after another of 
each model.Each model is verified before the next model is 
going to verified. 
b. Non Cascaded Mode: 
The recognition process will perform based on the datas 
captured from multimodel.In this model, the final decision 
will be taken based on the datas collected from both the 
models. 
c.Hierarchical Mode: 
When large number of classifiers are used in the model, the 
decision will be taken based on some hierarchy. 
B.Types of Multi model 
Multi Biometric system is classified based on the nature of 
resources. It is classified into six categories: Multi 
Sensor,Multi modal,Multi Instance,Multi Sample,Multi 
Algorithm,Hybrid Systems. 
1.Multi Sensor : A single biometric trait of every individual 
person are captured from the multiple number of sensors. 
For Ex,  Face recognition can use different sensors to 
capture the images of iris,eye,face. Data  captured from this 
model are integrated by using any one of the fusion level 
scheme. 
2.Multi Model: More than one model is used for recognition 
process. The data collected from multiple biometric trait of 
an individual are integrated to identify the individual person. 
It is very costliest method among all the types. 
3.Multi Instance Systems:Multiple Instances of a single 
biometric trait can be collected for recognition process. For 
Ex,finger print recognition system will take multiple fingers 
finger print of an same person for authentication process. 
Since it does not requires multiple number of sensors to 
collect the data, it is one of the cost effective mechanism. 
 4.Multi Sample:Multiple samples of  a single biometric trait 
collected from the single sensor is used for recognition 
process.For ex, Face recognition system will collect the 
different angles of images of an individual trait from the 
single sensor to identify the person.The recognition rate of 
this system very low. It is also complex processing. 
5.Multi Algorithm:Multiple feature extraction methods and 
matching algorithms are applied to a same bio metric trait to 
improve the performance of the system. It does not require 
any additional devices to capture the data.But it is 
application dependent. 
6.Hybrid System: A system which integrates more than one 
of the above five mechanism is known as Hybrid Systems. 
The integration of the models will be choosed based on the 
parameters like number of trait,number of sensors,number 
of samples.It is application dependent. 
 

V.QUALITY MEASUREMENTS 
I.False Acceptance Rate(FAR) 
It is measured from the number of false acceptance out of 
the number of attempts. 

FAR=
                          

                  
 

2.False Rejection Rate(FRR) 
It is measured from the number of rejections out of the 
number of attempts. 
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FRR=
                     

                  
 

3.Genuine Acceptance Rate(GAR) 
Percentage of genuine users accepted by the systems is 
called GAR. 

GAR=% of genuine users 
VI.RESULT COMPARISON 
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Gayatri et al[7] Feature Level 
Fusion 

1 1.6 99.2% 

Anil et al  Score Level 
Fusion 

0.1 - 98.6% 

Mohamed et 

al[6] 

Decision Level 

Fusion 

2 2 98.3% 

Lahane at al[8] Match Level 
Fusion 

0.3 0.5 99.5%(Thres
hold is 1) 

Sumit et al[11] Feature Level 
Fusion 

0 0 98.7% 

Ahamed et 

al[09] 

Score Level 

Fusion 

1,2

3 

2.46 97% 

Sasidhar at 

al[10] 

Decision Level 

Fusion 

0.1 - 94.9% 

Ujwalla et. 
Al[12] 

Match Level 
Fusion 

1.4
6 

6.87 94.07% 

Uday et. al [13] Match Level 
Fusion 

1.4
6 

6.87 94% 

Bhavesh et. 

Al[14] 

Decision Level 

Fusion 

0 0 77% 

 

VII.CONCLUSION 
Generally Multibiometric system is the combination of more 
than one biometric trait of human. It is also one of the 
effective authentication mechanism compare to uni model 
biometric system. Because Matching Techniques, 
increased population, security from attacks are significant 
advantages. There are various levels of fusion mechanism 
can be used for matching. But choosing best among all 
these are based on the application. In this paper, we have 
discussed about various methodologies and their 
characteristics. The comparison results of the various 
algorithms also discussed. By reducing false acceptance 
rate , we can get better result. 
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Examination Of RFID Datasets Pertaining To 
Smart Developing Shop Flooring Surfaces 

 
K. Kalaiarasan, M. Sharmila 

 
Abstract: Radio frequency identification (RFID) technology provides a wide-spread interest thanks to their flexibility. With the large implementation of 
RFID technology in manufacturing sites such while store flooring, typical creation could end up being converted into smart production environment 
exactly where even more plus more data are accumulated and collected. Big data stats offer a good great way to process and analyze information in 
assisting developing administration. This paper presents a case research of the given RFID dataset coming from making store floors and understands 
the information cleaning and data clustering algorithms in Python. Important results and findings are acquired, which can become utilized intended for 
further analysis. 
 
Index Terms: Radio Frequency Identification (RFID), Big Data, KMean, Data cleaning, Python, Matlab, Pandas 

——————————      —————————— 

 

1. INTRODUCTION 
Radio rate of recurrence recognition (RFID) technology is 
widely utilized in developing store flooring to automatically 
determine items and catch data [1-8]. With inlayed chips, RFID 
tags may end up being attached to the particular items and 
respond to radio indicators from RFID visitors [9]. In this real 
way, a big quantity of production-related data such as batch 
number, quantity, creation day or additional info may end up 
being transmitted and kept during making course of action 
[10]. As these data sets grow quickly, using conventional 
methods to analyze data evidently cannot meet the 
requirements. Big data systems, want data mining and 
machine learning, have got been developed to handle 
enormous data more effectively and [11-13] [11-13] accurately. 
There is some obtainable software program for big data 
evaluation such while L, Python, Matlab, SPSS, etc [14]. This 
paper seeks to procedure and analyzes a specific dataset from 
RFID enabled production store ground simply by Python. The 
dataset consists of thousands of info from daily procedures 
with 9 columns and 413, 472 rows. The 9 column titles are: ' 
Identification ', 'BatchMainID', 'UserID', 'ProcCode', 
'ProcSeqnum', ' Amount ', 'Great Quantity ', ' Period ' and ' 
Area '. After having an initial statement from the natural data, 
top features of every line may end up being found out while 
follow: 
 

 ID: auto-generated ID; 

 BatchMainID: signifies a set of item; contains more 
entries in this column; multiple 'UserID', 'ProcCode', 
'ProcSeqnum', 'Quantity', 'Good Number', 'Time' and 
'Location' data every single ‘BatchMainID’; 

 UserID: indicates a particular worker; includes 
duplicates; multiple 'BatchMainID', 'ProcCode', 
'ProcSeqnum', 'Quantity', 'Good Number', 'Time' and 
'Location' info per solitary ‘UserID’; a worker may go 
at multiple locations; 

 ProcCode: represents a normal process; consists of 
duplicates and null ideals; multiple 'BatchMainID', 

'UserID', 'ProcSeqnum', 'Quantity', 'Good Number', 
'Time' and 'Location' data every single ‘ProcCode’; 
may perform the same handling at multiple locations; 

 ProcSeqnum: indicates the sequence of processing; 
includes duplicates; multiple 'BatchMainID', 'UserID', 
'ProcCode', 'Quantity', 'Good Number', 'Time' and 
'Location' info per one ‘ProcSeqnum’; a few data 
happen to be out of sequence when compared with 
'Time' line; 

 Quantity: the whole pieces for any batch; is made up 
of duplicates; the most value is definitely 180 as well 
as the minimum can be 0; the amount value may 
possibly change during processing also for the same 
set; 

 Good Number: volume after inspection; contains 
doubles; the maximum worth is a hundred and eighty 
and the minimum amount is zero; 

 Time: displays the time of processing; is made up of 
null beliefs; 

 Location: signifies a specific equipment; contains 
doubles; multiple 'BatchMainID', 'UserID', ‘ProcCode’, 
'ProcSeqnum', 'Quantity', 'Good Number' and 'Time' 
data every single ‘Location’; 

As a result of complex relationship among these kinds of 
columns, the analysis is normally carried out by development 
in Python in this paper, which will mainly comprises of two 
parts: data detoxing and information clustering. This kind of 
research is centering on the following two problems: 1) How to 
choose quality with respect to batches, staff, processes and 
machines? 2) How to gauge worker’s capabilities and skill?
 The rest on this paper is certainly organized as 
follows. Section 2 presents the methodology. Section 3 
illustrates the outcomes and posts. Section 4 gives the finish 
by showcasing the additions and potential research 
recommendations. 

 
II. METHODOLOGY 
 
1. Assumptions: 
Presumptions are made prior to data research as adhere to: 

 All ‘null’ ideals are considered to be missing info. 

 ‘0’ values in Quantity happen to be regarded as 
incorrect data. 

 All noise data to be removed rather than being 
remedied and the lines contain noises data are 
actually deleted totally in information cleansing. 
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 The ‘Time’ for each strip is the start moments of a 
control. The end period is identified as time of 
following strip following being categorized in climbing 
order in a same location. For every position, the finish 
time of the final line is usually neglected. 

 The handling time of every strip is understood to be 
the time difference among begin time and end period. 
For every single location, the handling moments of 
the last line is definitely missed. After an initial 
remark, the processing period can vary coming from a 
few seconds to a couple days and nights. A great 
excessively lengthy refinement period is irrational. 
Consequently, the assumption is that the digesting 
period is at 2 hours, or else it truly is planned 
downtime. 

 The employees are actually divided into 3 abilities (0: 
junior, 1: advanced, 2: senior) in accordance with their 
digesting time and top-quality behaviors. 

 
2. Description of the proposed algorithm 
Data analysis is carried out using Python 3.7.2 under an 
Intel(R) Core I5 3.40GHz system with 8.0GB RAM on 64-bit 
Windows 10 operation system. The key procedures and 
algorithms are presented in the following sections: 
 1) Read inside the raw information from CSV sheet. In 
Python, the syntax of ‘pandas. read_csv()’ is used to read  
CSV table in a pandas Dataframe. The input of this process is 
the uncooked data as well as the output is named as ‘out1’. 
 2) Data detoxification. The purpose of this process is 
to discover and take away the noise details such as imperfect, 
inaccurate, replicated, and lacking data. In Python, the syntax 
of ‘Dataframe. drop_duplicates()’ is used to return the 
Dataframe with repeat rows eliminated. The file format of 
‘Dataframe. drop()’, ‘Dataframe. dropna()’ and specific 
variables are used to come back the Dataframe with 
unfinished inaccurate and missing info removed. In addition, 
the format of ‘Dataframe. describe ()’ is utilized to return 
synopsis statistics that the noises data could be identified 
immediately. The insight of this treatment is ‘out1’ plus the end 
result is ‘out2’. 
 3) Information clustering. This process aims to split 
workers in to three capabilities (0: junior, 1: advanced, 2: 
senior) based on their very own performance of processing as 
well as quality by applying KMeans protocol. The KMeans 
algorithm divides data in k groupings based on characteristic 
similarity. Features iteratively to locate a minimum within-
cluster sum-of-squares, understood to be: 

 
Where E is the within-cluster sum-of-squares; p is the sample 
level; ci is a centroid of cluster cj; dist(p,ci ) is the Euclidean 
distance amongst p and ci. The quantity of clusters is needed 
to be chosen in this formula. For this analysis, k is usually 
fixed since 3. In Python, the syntax of ‘sklearn. group. 
KMeans()’ is utilized to implement KMeans protocol and its 
characteristic ‘. labels_’ returns product labels of each stage. 
The input of this process is a raw DataFrame from prior 
results, which can be named ‘k1’. The output continues to be 

‘k1’ DataFrame but with a new column of clustered level (0, 1, 
2) produced after KMeans clustering. 
 
To sum up algorithms, the outcome information can be set for 
additional assessment. Concerning the two study queries of 
quality and employee ability, they are described in a typical 
method. Top quality is normally examined by determining the 
certified item price, which is usually the ratio of ‘Great 
Quantity’ to ‘Amount’. Worker’s ability can be related to two 
elements: 1 can be to assess if the employee can be multi-
skilled, and the other one is to evaluate performance with 
regard to processing efficiency and quality. By using 
‘Matplotlib’ bundle and KMeans criteria, the outcomes may 
become visualized and the employees with numerous abilities 
and high functionality can end up being known. 
 

III. RESULTS AND DISCUSSIONS 
 
1. Data cleansing result 
Pursuing reading inside the raw information, duplicate 
information are to begin with inspected. Simply by comparing 
the design of out2 DataFrame with out1 DataFrame, it is 
identified that the dataset remains similar to the raw dataset 
and no repeat data is usually removed. Pursuing dropping the 
null beliefs, the series decrease by 413,472 to 376,740, 
meaning 36,732 rows made up of missing information are 
erased. Furthermore, a syntax of ‘DataFrame[].isnull(). 
value_counts()’ is used to count the amount of null principles 
for each line. The null values in column ‘ProcCode’ and ‘Time’ 
are 6 and 36,726, correspondingly. It is noticed that there is 
9% of the null data with no time which may be caused by the 
long transmitting of RFID data coming from manufacturing 
web page to the central database. 

 
Fig. 1. Statistics Results 

 
The summary figures results present the circulation of the 
dataset in every column, since shown in Fig.1 particular 
(without ‘Time’ data because of ‘datetime’ info type). By these 
outcomes, abnormal beliefs and intense values is available 
immediately. The minimum no in ‘Quantity’, which indicates 
absolutely no total items for a group, is irrational and should 
end up being removed. By utilizing ‘Dataframe. drop()’ syntax 
coupled with filtered index, 904 series containing no values in 
column ‘Quantity’ are erased and the total rows will be 
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reduced to 375,836. To validate the reasonable validity of 
column ‘Quantity’ and ‘Good number’, an easy arithmetic 
process is used and it turns out the fact that value of ‘Quantity’ 
is definitely greater than the cost of ‘Good number’ in every 
single row. Through this section, all of the noise information 
has been eliminated and the end result is ‘out2’ DataFrame 
with 375,836 lanes and being unfaithful columns. With regard 
to even more procedure, the number of exclusive principles in 
column ‘BatchMainID’, ‘UserID’, ‘ProcCode’ and ‘Location’ can 
also be calculated after info detoxification and shown in Stand 
installment payments on your There are entirely twenty, 274 
batches, 1353 staff, 282 processes and 547 places. 
 
2. Quality evaluation results: 

 
To begin with, the competent product level of each set can be 
used Fig.2 (top left). In  
 
Firstly, the certified product rate of each batch can be plotted 
in Fig. 2 (top left). In general, the high quality is definitely 
unpredictable, and even possesses zero significant amount in 
some amounts. Following keeping track of the figures, it truly 
is discovered that 83 pots (0.4%) obtain zero significant 
amount and 13431 batches (66.2%) reach totally experienced 
item rate. This kind of end result is most likely related to the 
amount of every single group, for some pots with low quality, 
the quantity is extremely low. Second of all, the certified 
merchandise price of each employee is definitely 
demonstrated in Fig.2 (top right). It really is evident the great 
most of staff acquire good results, whilst many people don’t. 
UserID 19831 does not produce worth it goods. In most, there 
are 12-15 personnel (1.1%) in whose certified merchandise 
rate will be below 90%. Thirdly, the skilled item rate of every 
method is portrayed in Fig. 2 (bottom left). The best four 
procedures are ProcCode 362, 359, 208 and 37 with values 
below 92%. Finally, the experienced product level of each 
position is sketched in Fig.2 (bottom right). A great outlier at 
area 41605 with 50.2% trained merchandise rate is usually 
uncovered. After further analysis, as it occurs that UserID 
40099 is definitely the only employee who grips the process of 
ProcCode 172 and 174 with this location plus the result is 
principally caused by ProcCode174. Comparing to other spots 
at which UserID 40099 gets results and other places at which 
ProcCode 174 is completed, there is no related poor-quality 
concern as position 41605 will. Thus, a preliminary conclusion 

could be drawn that issue just occurs for location 41605 for the 
precise process code 174, which can implicate equipment 
failures, just like exclusive segments for ProcCode 174. 
Consequently, additional inspection or repair is needed to 
identify the root reason for this problem. 
 
3. Performance evaluation 
A multi-skilled employee is assessed based on the amount of 
handled techniques. There are 26 workers (1.9%) who is 
going to handle above 10 procedures, and the almost all multi-
skilled staff member is UserID 5855, with all the number of 
twenty-three processes. Prior to data clustering, the control 
time of every single row is usually calculated plus the 
processing coming back each staff member is the ratio of total 
processing time for you to total volume, which is the 
processing period per part. A new DataFrame is created with 
two articles of handling time and high quality of each 
employee. By K-means clustering, a new column of ‘Level’ is 
definitely generated on the far best, which divides workers in 
to 3 quantities (0: junior, 1: advanced, 2: senior) 
 

 
Fig. 3. KMeans clustering results 

 
The quantity of each group is assessed, with four workers in 
level 0, 659 in level 1 and 673 in level 2.This type of 
distribution of levels may well not match with the actual case, 
that ought to convey more workers in junior level. It could be 
brought on by one from the drawbacks of K-means formula, 
which is delicate to outliers. From the above physique, it truly 
is apparent that an outlier level (160, 0%) and many outliers at 
the very top middle is much away from remaining points, 
which could impact the clustering leads to a large level. To 
enhance the result, several outliers will be removed (these 
four factors can be given into junior level subjectively) and the 
second clustering is definitely plotted in Fig 3.. This time, the 
amount of three quantities is 314, 665 and 353, 
correspondingly. The comparison of two clustering show up in  
Table 1. The second make an effort is far more affordable than 
the former. Relating to outliers, a variety of K-means can be 
utilized for further analysis, which is sometimes called K-
medoids. This algorithm works better to cope with outliers 
when compared with K-means since it computes a couple 
sensible likeness matrix rather than Euclidean range, but it 
costs far more period than K-means. 
 

Level 0:Junior 1:advanced 2:Senior 

Numbers – first 
time 

4 659 673 

Numbers – 
Second Time 

318 665 353 

Table 1. Comparison of two clustering 
 

Additionally, it really is observed the 3 organizations lined over 
the back button axis, which means the disparity is primarily 
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from digesting period instead of qualified item level. It might 
attain an identical end result in the event the groups are 
merely grouped based on the length of control period. This 
kind of suggests that additional review is required for the 
method variety and clustering performance evaluation of K-
means algorithm. 

 

IV. CONCLUSION 
This paper shows a case analysis for a RFID dataset via 
manufacturing store floors with realization in Python. The 
complete research is centering on the research of top quality 
and worker’s capability, which can be processed and analyzed 
by simply data cleanse and information clustering codes. As 
the first thing, data healing removes 40, 636 lines of 
unfinished, inaccurate, replicated, and absent data altogether. 
Upcoming, top quality behavior with esteem of numerous 
batches, staff, operations and machines happen to be 
considered, from where several poor-quality concerns are 
identified, such as low skilled merchandise rate for site 41605. 
Finally, worker’s functionality is examined from two sides. A 
part of multi-skilled workers will be selected, mainly because 
they can deal with multiple processes. 3 amounts happen to 
be divided based upon worker’s developing time and top 
quality patterns employing K-means clustering criteria. Yet, 
some downsides of K-means algorithm are normally found in 
the benefits of two clustering. As stated before, its awareness 
to outliers may lead to a great hard to rely on clustering. For 
further analysis, K-medoids or perhaps other versions of K-
means algorithm may be used to boost the effect. As for 
clustering functionality analysis, there are some obtainable 
capabilities in Scikit-learn plans in Python, like homogeneity 
and completeness, which go back results to get quantitative 
examination. In addition, the obtained conclusions using this 
analysis are based on the investigation presumptions. Several 
assumptions have got superb effect on outcomes. For 
instance, in case the assumed application period runs 
increases to numerous hours or perhaps decreases to at least 
one hour, the distribution of clustering changes, since the 
taking moments of each and every worker alterations. 
Basically, the processing period big difference among two 
series is made up of several kinds of time, just like slated 
outages, change as time passes, malfunction period, 
maintenance, and so forth The techniques can be adjusted in 
line with the genuine circumstance. 
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Optimized Text Summarization Methodology Using 

Hill Climbing Algorithm 
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Abstract—- In this current scenario, teaching and learning process has been supported by various electronic methods 

through World Wide Web. The concepts made in short texts for understanding are always more ambiguous. Some of the online 

formative assessment activities for students really helpful for the teachers to know about the grasping capacity of learners 

which in turn also used for tailor the next level accordingly. In spite of several teaching materials and methodologies, a learner 

expects to recommend short passage or extracts of teaching records based on their needs. For efficient semantic analysis few 

traditional methods are used for text segmentation, part-of-speech tagging and concept labeling. Hence Summary 

recommendations are customized to student's needs according to the results of comprehension tests performed at the end of 

frontal lectures. In this paper a new methodology referred as Hill Climbing algorithm based text summarization approach for 

recommending summaries of potentially large teaching documents is proposed. Such that Hill Climbing word alignment is the 

natural language processing task of identifying translation relationships among the words in a bi text, resulting in a bipartite 

graph between the two sides of the bi text, with an arc between two words if and only if they are translations of one another. 

Word alignment is typically done after sentence alignment has already identified pairs of sentences. Specifically, students 

undergo multiple-choice tests through a mobile application. In parallel, a set of topic-specific summaries of the teaching 

documents is generated which consist of the most significant sentences related to a specific topic. According to the results of 

the tests, summaries are personally recommended to students for quick and easy way of enriching knowledge in particular 

concept and thus show the optimal level among the traditional techniques 

Keywords— Support Vector Machine, Document Clustering, Text Summarization, Hill Climbing algorithm, Data 

Analysis. 

 

I. INTRODUCTION  

THERE is an increasing demand for automated text summary systems, with a large amount of electronically accessible 

information. A summary of the text is automatically drawn up by summarizing up the natural language document. The 

summaries that are genuinely useful within the context of data mining, and it involves abstracted text data in addition to text 

derived sentences. Separating significant sentences implies removing an archive just those sentences that have significant data. 
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The separated sentences will expel the undesirable words and gives the catchphrase. These Sentence extraction [1] is one of 

the essential advances that are helpful for people to peruses. Text summarization is treated as supervised machine learning 

problem. The predictive analytics and data mining are the new frontier based on text mining. So that the automatic 

summarization of texts are calculated by the word frequencies to the entire document. These text document has lengthy 

document ,so there we find difficulty to take key points. For this type of situation we using the text summarization process for 

clustering the document and finally it will give simple and easy group of words. Text mining is the domain of unstructured data 

mining. For this mining concept we introduce a method to extract method key phrases from the source document. Support 

vector machine algorithm is not ideal for large data sets, and when the data sets overlap, it is not doing well. As the support 

vector classifier is worked out by putting the data points, there is no probabilistic explanation for the classification above and 

below the classifying hyper plane..There is no space related issues while using the Hill climbing algorithm and it does not 

suffer a lot. It looks only the current state. Previously explored paths are not stored. For most of the problems in Random restart 

Hill climbing technique is used as an optional solution that can be achieved in polynomial time.  

 

II. Overview of Data Mining 

Data Mining is a research technique [2] aimed at analyzing information (normally a lot of information-typically 

business or market-related) finding predictable examples as well as specific links between variables, and then approving the 

findings by applying the examples found to new knowledge subsets. A definitive objective of information mining is predicted-

and prescient information mining is the most widely recognized type of information mining and one with the most immediate 

applications for businesses. The knowledge mining process consists of three phases: (1) the underlying inquiry, (2) approval 

checked model structure or instance ID and (3) sending. The probability of Data Mining is continuously well known as the 

board gadget's business experience in which it is reliant on disclosing data structures that can manage decisions under restricted 

conviction conditions. Starting late, the excitement for the creation of new logical approaches specifically intended to convey 

the business data mining issues. Data Mining is up to now dependent on and showing on the determined principles of bits of 

knowledge, including the ordinary Exploratory Data Analysis EDA, [5] and it gives both a few sections of its general 

philosophies and unambiguous methodology. Report bunching and multi-archive synopsis are two basic instruments for 

understanding record information. Probabilistic Latent Semantic Hill Climbing Approach Analysis is a broadly utilized 

technique for report grouping because of the straightforwardness of the plan, and effectiveness of its EM-style computational 

calculation. The straightforwardness makes it simple to join Hill Climbing [6] into other AI details. There are many further 

improvements of Hill Climbing, for example, Latent Dirichlet Allocation and other subject models see audit articles Blei. The 

fundamental detailing of Hill Climbing is the extension of the co-event likelihood P(word, doc) into an idle class variable z 

that isolates word circulations from the report dispersions given inactive class. Be that as it may, as it is right now planned, Hill 

Climbing carefully requires the quantity of word inert classes to be equivalent to the quantity of record inactive classes (i.e., 

there is a coordinated correspondence between word bunches and archive groups). In pragmatic applications, be that as it may, 

this exacting prerequisite may not be fulfilled while thinking about archives and words as two unique kinds of articles, they 

may have their own bunch structures, which are not really same, however related. Data information is based on open-completed 

customer queries. The immense advancement of information by extension has created separate trade and analytical systems. A 
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few kinds of organized computer writing programs like    Statistical, AI, neural networks, are available. 

Data mining methods [7][8]are possible outcomes of a far-reaching research arrangement and progress of things. This 

trend started when customer data was first dealt with on PCs, updated information was accomplished, and much later begins 

developments that enabled customers to reliably explore their information through. Information mining brings this 

technological strategy to the coordinated and systematic creation of data, beyond the analysis of knowledge access and course. 

For application within the bosses, knowledge revealing is set as it is maintained by three advances that start at the moment with 

sufficient experience: 

• Massive assortment of information 

• High performance multiprocessor PCs 

• Tallies for the data mining 

Business domains [9] are being created at superb rates. Those numbers can be significantly higher in specific 

undertakings, for example, retail. Going with need for better computational engines will now have the option to be fulfilled in 

an informative way with equivalent production of multiprocessor PCs. Data mining highly exemplify methods that have existed 

for in any occasion 10 years, anyway have starting late been executed as full developed, strong, sensible gadgets that 

dependably defeat increasingly prepared quantifiable procedures. 

 

III. Document Clustering 

In document clustering there will be more huge amount of data so the slow learners students and teachers cant able to 

easily understand the huge amount of data so in this we are using the document clustering method. By using this document 

clustering method [3] [4] when we   are using the huge amount of data it will summarize and give the key points of the 

document. By using this key points or key words its very easy to understand for the users. In document clustering there will be 

different of methods used in that. Clustering algorithm mostly give importance to one way clustering. While they are clustering 

words or document they will clustered upon their specific. Document clustering means cluster application is clustered into the 

textual documents. The clustering of documents involves the use of descriptors and the extraction of descriptors. The 

descriptors are the set of words that can describe the content within the cluster. This type of clustering of documents is generally 

regarded as a centralized process. The clustering of text documents may be used for various purposes , for example grouping 

related documents Most clustering algorithms are specialized in one-way clustering For example, documents could even be 

clustered based on their word distributions or words could even be clustered based on their distribution because it is also 

desirable to co-cluster or cluster both dimensions of a contingency simultaneously by exploiting the simple duality between 

rows and columns. For instance, finding comparable reports and their interaction with word bunches will be fascinating. 

Surprisingly, it's interested about grouping along one measurement, when dealing with meager and high-dimensional 

information it is by all accounts gainful to utilize co-bunching. 
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IV. Related works 

   A .Extractive Text Summarization Using Sentence 

 The strategy extraction of sentences, which gives the possibility of the input message in a short structure, is 

introduced. Sentences are positioned by allotting loads and they are positioned dependent on their loads. Profoundly positioned 

sentences [10] are separated from the information archive so it separates significant sentences which coordinates to a top notch 

rundown of the information report and store synopsis as sound. Low Clarity result. Misclassification ascertaining the total of 

weighted frequencies. Every rundown handled by sub task that takes additional time. 

B. Extractive Text Summarization utilizing Deep Learning Bolster content to rundown on web content expansion. 

The amount of time it takes for the clients to analyze and break down the huge information is extended. The answer for decrease 

perusing time [11] of the client is delivering a brief record synopsis. It is high in Computation time. Need execution on 

phenomenal sentences are arranged position shrewd and half some portion of unprecedented arrangement of sentences are 

included last synopsis. Low synopsis exactness.  

C. Query-oriented Text Summarization utilizing Sentence   Extraction Technique 

This activity prompts the revelation of concealed measurements that are identified with the different points examined 

in the record. Better outcome .Term-by-Sentence framework [13] is first made from the unique content may lead point astute 

synopsis. Complex question situated highlights to the essential list of capabilities .Normal review and Precision esteems .Each 

removed highlights takes the significance of sentences from an alternate point of view may lead deferred process.  

D .Extractive Text Image Summarization 

Dictionary learning [14] [15] with picture set Summary outcome. Need picture Pre-handling (sentence division, 

tokenization, stop words expulsion), Low precision in picture Feature Extraction. Low Sentence Scoring, Sentence Ranking 

and Summary Extraction. 

 

V. Proposed OTS Methodology 

In this task of approach it will be processed as rundown of word or expressions. In this content synopsis we are 

utilizing the hill climbing calculation as when it is grouped the word it will consequently download the documents. By utilizing 

this technique it will be more helpful for educator and students. Instead of giving enormous archive these content rundown 

ideas and then it will group for giving the significant watchwords to the client. 
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Figure 1. Systematic Work Flow 

 

There are numerous strategies used to pack the archive which will be proposed to diminish the extra room and circle 

of information and yield times. Any way this pressure will build the CPU time. In this paper it presents an increasingly effective 

list structure utilizing Hill Climbing calculation, which consolidates sequential IDs in transformed records into interims to 

spare extra room. A straight forward strategy that sorts a page in lexicographical request dependent on their Hill Climbing 

calculation. This calculation based record outline is a satisfactory answer for the issue proposed. Tests on this exhibition and 

adaptability of Hill Climbing datasets will improves the catchphrase search execution contrasted and customary altered lists. 

 

Hill Climbing Algorithm 

Function  HILLCLIMBING (problem) restore 

an answer state 

input: issue, an issue 

static: current , a dataset  

next , a dataset 

current <-MAKE-NODE(INITIAL-STATE 

[problrm]) 

       next do 
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 next-a most elevated esteemed replacement of current on the off chance that VALUE[next]<VALUE[current], at 

the point bring current back 

current *-next 

end 

 

VI. Experimental Results and Analysis 

This proposed Optimized Text Summarization Methodology using Hill Climbing Algorithm has been examined with 

document datasets for extracting the text summaries from several domains. This Hill Climbing Approach was examined in 

NetBeans Application Tool through Java language. The Illustration of the proposed approach is shown in the following screen 

shots. 

 

 

Figure 2. Document Clustering Screenshots 
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Figure 3. Summarized Text document extracted from different Clusters 

The proposed Hill Climbing approach has been compared with K-Means algorithm for efficiency. The extracted 

results show that the accuracy rate of the Text summarization is higher and optimized.  

 

VII. Conclusion 

In this we are supporting the understudies and educators to do the shrewd works in it. It will have the enormous 

learning reports so the moderate students and the low information individuals can't ready to examine. So in this venture we 

will do this when we are giving the enormous archives it will sum up and give the significant words to us. From this, moderate 

students and low information individuals will get more advantage to comprehend and to pick up information and the significant 

words will be download and it will make one envelope. When contrasted with different procedures, the idea here is significant 

and proficient with the assistance of avaricious methodology. Here it manages the mining of money related content from bundle 

of information and records. The current framework has less effectiveness in dealing with the pack of information, however in 

the proposed framework the slope climbing calculation decreases unpredictability and gathers the money related information 

productively. So the intricacy in the preparing of information is decreased and builds the productivity. It is likewise reached 

out to fuse the sentence data for the synchronous grouping and rundown of report. From a logical point of view, the utilization 

of reference allotments for assessing information grouping calculations is viewed as a principled methodology. In controlled 

test settings, reference parcels are generally acquired from information produced artificially as indicated by some likelihood 

disseminations. It is encountered that various executions of similar calculations could even now bring about altogether unique 

execution results. As a result, a few cases that were introduced in certain articles were later negated in different articles. This 

is principally because of contrasts in the usage of a portion of the pre-owned information structures and techniques. Without a 

doubt, various compilers and diverse machine designs once in a while indicated distinctive conduct for similar calculations. 

They found diverse execution conduct of the calculations as was recently asserted by their separate creators. In this overview, 

an in depth examination of a great deal of calculations which made a noteworthy commitment to improve the effectiveness of 

continuous thing set mining is introduced. When compared to other techniques, the concept here is valuable and efficient with 
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the help of greedy approach, here it deals with the mining of financial related text from bunch of data and documents. The 

existing system has less efficiency in handling the bunch of data, but in the proposed system the hill climbing algorithm reduces 

complexity and collects the financial related data efficiently. So that the complexity in the processing of data is reduced and 

increases the efficiency. It is also extended to incorporate the sentence information for the simultaneous clustering and 

summarization of document is highly useful in educational domains. 
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Implementation of Dual Stage Multi-rate Filter  

Latha R, Sharmila.M, P.T.Vanathi
 
 

  Abstract— In this work, an effort is made towards the design 

and implementation of dual stage multi-rate digital filter 

architecture which is suitable for digital receivers and satellite 

applications with reduced VLSI cost function. The proposed dual 

stage decimation filter architecture consists of Higher Order 

Filter (HDF) as first section. To remove the droops created by the 

HDF section in the pass band and to get the smooth pass band 

frequency response characteristics, HDF filter is followed by a 

Corrector/Compensating Finite Impulse Response (FIR) filter 

network. The compensating FIR is designed using conventional 

Multiplier and Accumulator (MAC) unit.  Initially, the filter 

architectures frequency response are obtained as per the given 

specifications using MATLAB. Then, Field Programmable Gate 

Array (FPGA) based performance metrics are captured and 

analyzed with respect to area, dynamic power dissipation, delay 

and power delay product. Based on the FPGA performance 

metrics, it is observed that the proposed dual stage filter leads to 

22% of area saving and 9.5 % reduction in dynamic power 

dissipation. Mainly these filters are best suited for Digital Signal 

Processing applications in wireless receivers. 

    Keywords—Digital Receiver, Multirate Filter, Frequency 

Characteristics, VLSI Cost Function, FPGA. 

I.   INTRODUCTION 

In many applications of communication and signal 

processing systems, a narrowband signal of interest is 

extracted from a wideband signal using filter circuits of 

receivers. In wireless communication receivers, the multi-

rate filter circuits used for this purpose become more 

complex due to the usage of analog components for its 

design. Therefore, these multi-rate filter networks are 

designed and implemented with its equivalent digital 

counterpart. This eliminates the need for expensive analog 

components which reduces the overall system cost. 

Furthermore, the overall system performances of such multi-

rate digital filter designs are enhanced by the wide range of 

recent Digital Signal Processing (DSP) techniques. Recent 

trends in Very Large Scale Integrated (VLSI) fabrication 

technology particularly Complementary Metal Oxide 

Semiconductor (CMOS) techniques merged with DSP filter 

architectures provides a single chip based digital domain 

solutions for the implementation of complicated subsystems 

of digital receivers.  

In recent years, design and implementation of low 

dynamic power and high speed multi-rate filters of digital 

receivers are becoming more popular. Multi-rate digital 

filters are widely used in portable equipment’s like cellular 

phones, portable computers etc. These filter networks must 

be capable of receiving the signals from multiple 

communication standards like WCDMA, GSM, WiMAX 

etc. The programmable multi-rate digital filter acts as an  

important component in the design of digital receivers. 
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 In order to meet the multi-standard digital receiver 

requirements of low dynamic power, area and increased 

speed, it is essential to reduce the area and dynamic power 

dissipation of digital filters. In the current VLSI 

technologies, VLSI cost function refers to the optimization 

effects of area, power and delay of digital circuits. 

In multi-standard digital receivers, the received analog 

signal is converted to an equivalent digital signal by use of 

oversampled Sigma Delta Analog to Digital Converters 

(∑∆-ADC). Therefore, the ∑∆-ADC’s of receiver must be 

capable of adapting to various sampling rates of the 

standards that are implemented. In order to extract the 

original information signal and for further processing in 

receivers, it is necessary to reduce the sampling rate from 

oversampled value to nyquist rate. This process of reducing 

the sampling rate is called as decimation process. The filter 

network which performs this process is called as Decimation 

Filter. At the same time, it is required to keep the 

quantization noise of digitizing process away from the 

desired frequency band of interest. To achieve the above 

said twin purpose, the decimation filters are used in digital 

receivers followed by ∑∆-ADC’s. The decimation filter is a 

class of multi-rate low pass Finite Impulse Response (FIR) 

filter circuit and its main function is to reduce the sampling 

rate with minimum quantization noise. This work mainly 

focuses on the design of dual stage multi-rate decimation 

filter architecture which is suitable for multi standard digital 

receivers. Section 2 describes the proposed dual stage filter 

architecture. Section 3 concentrates on design aspects of 

HDF Filter section in detail. Section 4 deals with the 

frequency response characteristics of HDF. Section 5 

focuses on design parameters of Correction FIR stage. 

Section 6 covers the simulation results of dual stage filter 

and Section 7 provides the conclusion.  

II.  DUAL STAGE MULTIRATE FILTER 

ARCHITECTURE 

In this dual stage filter architecture, a decimation filter with 

the decimation factor of 32 is designed using two Finite 

Impulse Response (FIR) filter stages. This architecture 

consists of first stage as Higher order Decimation Filter 

(HDF) and second stage as Compensating Filter (CF). CF is 

implemented using conventional Multiply and Accumulate 

(MAC) unit. The first filter stage is designed with high 

decimation factors and its architecture is implemented with 

a Cascaded Integrator Comb (CIC) filters [1]. In the digital 

receivers, the noise spectrum of the sigma-delta conversion 

can be easily removed by the CIC filters. CIC filters 

structure is constructed using high sampling rate integrator 

sections followed by the low sampling rate comb sections. 
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Fig.1. Architecture of Dual Stage Multi-rate Filter 

 

 

CIC structure is a recursive filter network and it is 

designed without multipliers and presents low complexity 

properties. In addition, the CIC filter permits the 

reconfigurability features to the entire architecture. It 

implements a low pass filter function using only adders and   

delay   elements   instead   of a large number of MAC units 

as that of a standard FIR filters. The fifth order CIC filter 

structure is considered for the design with the 5 stages of 

Integrator section followed by 5 stages of differentiators [2]. 

Thus the CIC filter structure leads to the design of low 

dynamic power filter circuits of digital receivers. The 

integrator and the comb filter operations are performed 

using registers and adders only. Using CIC filters, the 

amount of pass-band aliasing or imaging error can be 

limited. In addition, the passband width and the frequency 

characteristics outside the passband are severely limited. To 

overcome these limitations of decimation filter architecture, 

normally CIC filters are used as a first stage to perform high 

sampling rate reduction and it will be followed by the 

corrector FIR filter which operates at lower sampling rates. 

The corrector FIR provides smoother frequency response of 

the entire dual stage filter architecture [3].  

 

 

Fig.2. HDF - Control Section 

 

 

Fig.3.  HDF - CIC Filter Section 

 

The block diagram of dual stage multi-rate filter comprising 

of HDF and CF is shown in “Fig. 1,”. As per the block 

diagram, the first stage HDF utilizes an efficient sample rate 

reduction technique to obtain decimation up to 1024 through 

a course of low pass filtering process. The second stage of 

dual stage decimation filter, is structured as transversal FIR 

circuit up to 512 symmetric taps which can implement filters 

with sharp transition regions [4]. The FIR can perform 

further decimation up to 16 if required while preserving the 

96dB aliasing attenuation obtained by  HDF. The combined 

total decimation factor capability of this architecture comes 

to 16,384. The decimation filter accepts 16-bit parallel data 

in 2’s complement format at higher sampling rates [5]. 

Additionally, to provide configurability, the entire dual stage 

architecture have an option to bypass either one of the filler 

stages. To satisfy the need of digital receiver requirements 

such as minimum power, area and greater performance, 

suitable decimation filter architecture is designed and it is 

implemented.  

III.  HDF SECTION 

The two sections of the HDF is named as HDF-control 

section and  CIC filter section as shown in “Fig. 2,” and 

“Fig. 3,”. 

A. HDF Control Section 

HDF control section consists of four control registers. 

Those registers are called as HDF_Register 1, 

HDF_Register 2, FIR_Register and FIR Coefficient 

Register. 

  The bit positions of HDF_Registers control the internal 

operations of HDF stage of the dual stage decimator.  

 

 

Higher Order 

Decimation       

Filter      16 

Decimation Factor 
Decimation Factor 

64 MHz  

Control & coefficients 

Data Input  

Data out  

16 

24 

FIR 

Decimation 

Filter       2 

16 

FIR Clock 
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FIR_Register  control bits are  used to decide the decimation 

factor  and the order of the CF stage of the dual stage 

architecture. The filter coefficients of CF stage is stored in 

FIR Coefficient Register for computations.  If Chip Select 

(CS) and Write (WR) control signals are enabled, the data 

present in the Control Bus (C_BUS) will be loaded into the 

control register addressed by A0 and A1 bits.i.e: A0 and A1 

are the two control signal bits used to select the control 

registers of HDF stage. Table I describes the selection 

process of the control registers in detail. 

The main purpose of clock divider logic is to generate 

the appropriate clock signals for the effective operation of 

the HDF sub sections. The input clock CK_IN of the HDF 

stage is divided by its decimation value and produces the 

output clock signal called as CK_DEC. The decimation 

factor of HDF stage is stored in the Hdec bit positions of the 

HDF_Register1. CK_DEC acts as a clocking signal for the 

decimation register, comb filter and the output register. 

RESET signal clears the clock generator logic and is not 

enabled until the HDF is started by an internal start signal.  

The start signal is generated by Start Logic Unit which  

is used to synchronize the internal operations of the dual 

stage decimation filter. When ASTARTIN is activated the 

Start Logic synchronizes it to CK_IN by using two D  

latches as indicated in  “Fig. 4,”. The NAND gate in “Fig. 

4,” passes this synchronized signal to be used on chip to 

provide a synchronous start. When STARTIN is enabled, 

the NAND gate passes STARTIN which is used to provide 

the internal start, ISTART for the dual stage decimator.  

B. HDF-CIC Filter Section 

The CIC filter section acts as a second section of HDF 

stage. Main task of this section is to perform sampling rate 

reduction by large decimation factors. CIC section provides 

decimation upto 1024 due to its reconfigurability feature.  

After being latched into the input register, 

 

Table I   HDF Control Register Logic 
A0 A1 Selection of Control 

Register  

0 0 FIR_Register 

0 1 FIR Coefficient Register 

1 0 HDF _Register 1 

1 1 HDF _Register 2 

 
Fig. 4. Start Logic Circuit 

the data moves into the data shifter. The data shifter is used 

to prevent overflow errors due to high sampling rate 

conversion of the HDF stage. The number of bits to be 

shifted is controlled by H_GROWTH control signal of 

HDF_Register 2.  The transition band and the stop band of 

the HDF section consists of several side lobes due to its 

SINC characteristics, which limits its stand alone operations 

in mobile networks. The basic structure of the CIC 

decimation filter is shown in “Fig. 5,”. The integrator 

section of CIC filter consists of N digital integrator stages 

which operate at the high sampling rate, fs. The transfer 

function for a single integrator stage of CIC is given by 

“(1),”. 

                       HI (z) =1/(1-z
-1

)                    (1) 
The comb section operates at the low sampling rate fs/M, 

where M represents the decimation factor of HDF stage. 

This section consists of N comb stages with a differential 

delay of R samples per stage. The frequency response of the 

filter is controlled by the differential delay parameter. In 

normal design, the differential delay will be set to either 1 or 

2. The transfer function of a comb stage with low sampling 

rate is denoted by “(2),”. 

                       HC (z) = (1-z
-RM

)                        (2) 

     where M- Decimation ratio,  

                           R- Differential delay 

                           N - Number of stages 

 

Considering  Equation (1) and Equation (2) that the 

overall transfer function of the  CIC filter section with the 

input sampling rate, fs is given by “(3),”. 

 

                H(z)= HI
N
(z) * HC

N
(z) = (1 - z

-RM
)

N 
/ (1-z

-1
)

N
 

                        =  [z−kR.M−1
k=0 ]N            

(3) 

                       where k ranges from 0 to R.M-1    

From Equation (3) it is evident that the transfer function of 

the CIC-HDF filter section is equivalent to a cascade of N 

uniform linear phase FIR filter circuits. Thus the CIC filters 

act as the exact replacement for the high sampling rate FIR 

filter where the design involves multiplier less solution and 

with reduced filter coefficient storage.  The order N of CIC 

filter of HDF stage is considered as 5 and it is implemented 

using only integrators and differentiators (Combs). The 

equivalent digital circuit of the fifth order CIC filter 

comprises of 5 stages of accumulator section followed by 5 

stages of comb sections for this design. The low power 

digital FIR  circuit can be realized using the cascaded 

structure of integrators and differentiators. 

The advantages of using CIC/ Sinc filters are: 

 Multiplier less filter design approach and filter 

coefficients do not require any storage space. 

 The structure is very “regular” consisting of two basic 

building blocks. 

 In CIC structure, the operation of accumulation is done 

at high sampling rate and low sampling rate is used for 

comb sections, it leads to reduction in intermediate 

memory elements when compared   to the design and 

implementation of conventional FIR filter structures. 

The shifter output data enters into the integrator network and 

the low pass filter operation is achieved by five cascaded 

accumulator stages. The digital equivalent circuit of an 

integrator stage is implemented as an adder followed by a 

register in the feed forward path. The integrator sections are 

driven by the sampling control signal designated as CK_IN. 

The output bit width of the first integrator stage is 

considered as 66 bits and it goes down to 26 bits at the 

output of the last accumulator stage.  
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Bit truncation is performed at each integrator stage because 

the data  in  the  integrator  stages is being accumulated and  

growing and therefore  the  lower  bits become insignificant 

and can be truncated without losing significant data. The 

output of the integrator section is latched onto the 

decimation register by CK_DEC. The HDF decimation rate 

is fixed by H_DRATE +1, which is named as Hdec control 

signal [6]. The decimation register output data is fed into the 

comb filter section. The comb section consists of five 

cascaded comb filters. Each Comb filter section calculates 

the difference between the current and previous integrator 

output. Individual Comb filter stage is realized using a  

register  unit-controlled by  CK_DEC signal followed by an 

subtractor where the subtractor calculates the difference 

between the input and output of the register. The bit width 

of the first comb stage is taken as 26 bits and the output of 

the fifth stage falls to 19 bits. In the design of dual stage 

decimator, the input data of the HDF filter section is limited 

to 16-bits wide and to provide good accuracy, the output 

data of the comb section is rounded to 16 bits by the rounder 

network stage [7].           

IV.  HDF FREQUENCY CHARACTERISTICS 

 CIC filters have a low pass frequency characteristic 

and its frequency response can be evaluated from “(4),” 

                                             

Z=e
j(2f/R)   

         (4) 

  

where f is the frequency relative to the low sampling rate 

fs/M. The filter design parameters R, M and N are chosen to 

provide acceptable passband characteristics over the 

frequency range from zero to a predetermined cutoff 

frequency fc=fB, Equation “(4),” can be expanded as 

described by Equation “(5),”. 

 

              H(e
i

)  = [(sinM/2) / (M sin /2)]
N
           (5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

--N Integrator Sections--  --N Comb Sections-- 

Fig. 5. Structure of CIC Filter 

 

Frequency response of “(5),” clearly describes a linear phase 

low pass FIR filter with sinc characteristics. Additionally, 

the sinc filter frequency response produces nulls  at integer 

multiples of fs/M. where fs is the higher rate input sampling 

frequency [8]. Thus, the frequency bands that are aliased 

into the desired baseband signal by the decimation operation 

are centered around nulls. This provides natural alias-

rejection. For CIC decimation filters, the region around 

every null is folded into the passband causing aliasing 

errors. “Fig. 6,” shows the frequency response 

characteristics of CIC filter with a decimation ratio of M = 

16. The CIC filter has a very wide transition band and the 

pass band of interest (0 to fc in “Fig. 6,”) is typically a small 

portion of the resulting bandwidth after the decimation. To 

extract the  pass band signal of Interest and to eliminate the 

aliasing error frequencies (due to decimation process) which 

lie on the wide transition band of the CIC filter, it is usually 

followed by a second CF decimator stage. The decimation 

factor of the CF stage is usually lesser than that of the CIC 

stage and it is designed as that of conventional FIR filter [9]. 

V.  COMPENSATING FIR  SECTION 

As per the block diagram of dual stage decimation filter, the 

second stage is a compensating /corrector FIR filter. This 

filter stage performs the final shaping on the desired signal 

spectrum and removes the aliasing components of the HDF 

section which leads to a narrow passband and sharp 

transition band for the dual stage decimator. The CF -FIR is 

designed using a Multiplier/Accumulator (MAC) unit and 

Random Access Memory (RAM) units as shown in “Fig. 7,” 

[10]. The RAM units are used to hold the data and 

associated filter coefficients of CF stage. The symmetrical 

FIR filter stage can be designed with reconfigurable  

implementation up to 512 symmetric taps and with 

decimation factor  up to 16. The coefficient RAM stores the 

coefficients for the current FIR filter being implemented 

[11]. The coefficients are loaded sequentially into the 

coefficient RAM through the control bus and coefficients 

are stored from starting memory location zero. The rising 

edge of CK_DEC control signal  latches the 16-bit output 

data of the HDF output register into the data RAM . RESET 

signal initiates the write operation process of the data RAM.  

 

VI.  SIMULATION RESULTS 

The dual stage decimation filter network is designed for 

GSM standard specification with the decimation factor of 

32. Using MATLAB filter design toolbox, the frequency 

spectrum of the dual stage decimator is obtained and its 

filter coefficients are derived. In order to implement the 

entire architecture in FPGA using VHDL language, the 

derived filter coefficients are converted into its digital 

equivalent.  
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 FPGA mapping reports of the dual stage decimator in terms 

of  area, total gate count, dynamic power and its speed are 

analyzed. Table II describes the FPGA mapping report of 

dual stage decimation filter. “Fig. 8,” shows the 

Table II FPGA Mapping Report 

S.No. 

FPGA  

Mahesh et 

al  

Proposed 

Parameters 

Dual 

Stage 

Decimator 

1.          Number of 
Slices 

1087 545 

2.           Flip-flops 

used 

648 456 

3.          LUTs 2016 782 

4.          Logic 956 722 

5.          IOB’s 128 207 

6.          Total Gate 

Count 

22581 17624 

7.          Dynamic 
Power 

(mW) 1274 828 

8.          Delay (ns) 33.64 27.801 

 sinc characteristics of HDF section of the decimator. The 

HDF section of the dual stage decimator operates at 64MHz 

of input sampling frequency and its decimation factor is set 

to 16. The output frequency of HDF section is obtained as 

4MHz, since its input frequency is divided by its decimation 

factor. The comb filter stages response of HDF section 

resembles to CIC (Sinc) characteristics. “Fig. 8,” shows that 

the aliasing components of CIC filter occurs at fs /16 and at 

the integer multiples of fs /16. Hence, first null occurs at 

4MHz, 8MHz, 12MHz and so on. The corrective FIR filter 

section response is shown in “Fig. 9,” with the decimation 

factor of 2 and it specifies the output frequency of the dual 

stage decimator falls to 2MHz. 

 
Fig.7. Compensating FIR Section using MAC 

 

 
Fig.8. Frequency Response of  HDF Filter with  M=16  

 
Fig.9. Dual Stage Decimator Response, M=32 

 
HDF filter section is implemented in VHDL by five stages 

of CIC structure. The input is represented by its equivalent 

2’s complement form and  by 16-bits value. “Fig. 10,” 

shows the VHDL simulation result HDF filter section.  After 

rounding process, the comb filter section output comes to 

0800H.FIR Filter is implemented as even symmetry filter in 

and its simulation results is shown in “Fig. 11,”. Entire dual 

stage filter architecture simulation results are shown in “Fig. 

12,”.  and “Fig. 13,”. respectively. 

 

 
Fig.10. Simulation Result of HDF Filter 

 

 
Fig.11. Simulation Result of CF Stage 

 

 
Fig.12.Simulation Result of Dual Stage Filter  

 

Fig.13.Simulation Result of Dual Stage Filter 
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VII.  CONCLUSION 

 The dual stage decimator is designed to meet the 

GSM standard and its performance is tested with a 

decimation factor of 32. The first HDF stage is implemented 

in VHDL with a decimation factor of 16 and its performance 

is tested using Spartan FPGA. The HDL implementation of 

multiplier–less CIC filter leads to FIR filter realization with 

more sidebands and with lesser flat response in the pass 

band of interest. To smoothen the frequency response and to 

get the desired pass band cutoff, CIC filter is followed by 

the corrector FIR filter. The total gate count and the power 

consumption of the proposed dual stage decimator are 

measured to be 17,624 and 828mW. The time delay of the 

proposed dual stage filter is observed to be 27.801ns. The 

implementation results of proposed dual stage decimator 

provides 22% of area saving and 9.5 % decrease in dynamic 

power dissipation when compared with the existing 

literature survey. In addition, the speed of the proposed dual 

stage architecture is increased by 17.36 % with reference to 

existing work. Future work focuses on implementation of 

multi-standard multistage filters using different encoding 

schemes. 
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Abstract: The wireless device systems are definitely the tiny 

systems composed of wireless device goods. The device tools catch 

environmentally friendly information. Information catch, the 

information receives and data gears are the three main 

procedures of the device products. The information morals will be 

sent through the radio rate of recurrence. Protection is the most 

important obligation for the purpose of the cellular device 

systems. Necessary administration is extremely important for 

anyone protection applications. The distribution procedure in 

administration has been changed drastically over the years.   The 

self-key establishment process for cellular device sites (SKEW) is 

utilized to handle the crucial administration activities in terms of 

security. The effective self-key restaurant standard protocol 

provides essential administration with much less important 

storage space, conversation, transmitting regularity and 

computational expenses. The crucial circulation can be 

performed with minimal message transmitting procedure. The 

self-key store process with regards to cellular device systems can 

be the foundation process for everybody protection protocols. The 

self-key establishment protocol is mainly created for the 

single-hop communication environment. The proposed platform 

enhances the self-key organization process for numerous jump 

conversation environments. The SKEW process can be sustained 

for unreserved multiple bottom train station environment without 

groupings. The self-key business process shall be built-in with 

additional protection protocols to offer a comprehensive option 

for essential distribution and guaranteed conversation procedure. 

 

Keywords: SKEW, Protection, WSN.  

I. INTRODUCTION 

Cellular Device Sites (WSNs) will be quickly gaining interest 

credited due to less cost of different challenges. 

These may be divided into scattered and ordered since proven 

at Number one particular [9]. An ordered WSN offers a 

system chain of command midst the list of device nodes 

structured issues properties just like power and storage. 

Group brains tend to be used to gather and combination 

neighborhood or perhaps received information from various 

device nodes and transfer to bottom channels [9]. Records 

marketing transportations in many of these systems may 

become (1) pair-wise (unicast), (2) group-wise (multicast) or 

perhaps (3) system-wise (put out). 

We have some management protocols [7-1] pertaining to 
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WSNs. Cryptography tips during these protocols happen to be 

sent within just nodes by way of communications. Therefore 

they bear high conversation expenditure [6-2]. Let us assume 

that two interacting nodes within a protected program. The 

device node needs to transfer two text messages to a recipient 

node, a single for sending its symmetrical essential and 

another meant for the communication text message alone, or 

simply transfer one meaning comprising the text message of 

its subject matter if it understands ( provides kept ) the 

symmetrical secrets of its fellow nodes. 

Scattered and ordered WSNs designs [9] need distinct 

essential division procedures. In scattered WSNs designs, 

device nodes will utilize pre-distributed, generated pair-wise 

or group-wise keys. Virtually any essential the distribution 

system has to end up being suit and effective for the kind of 

essential uses. 

 

Fig1: Scattered versus ordered WSNs. 

In ordered WSNs, a few reliable nodes, like station mind. 

Reliable spread tips [10] by a protected program business. 

The proposed method considers scattered and ordered 

designs. At the first level a ordered structure, having one 

foundation train station and lots of groupings, is normally 

regarded as. The bottom train location is definitely the system 

planner to whom the radio selection group can speak. Since 

system nodes possess reduced attention of the location, the 

system is usually grouped using the method that every bunch 

mind can converse to the bottom place within one jump; 

common nodes in the group speak to the group mind within a 

solitary jump as well. Subsequently, a sent out structure that 

does not have a priorly described grouping is definitely 

regarded. The method, possess one foundation train location 

and several device nodes, therefore every single node can 

easily transfer at the bottom place to one jump.  A good 

customizable grouping under essential scattering can  

bereleased  just for these structures as well. 
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II. RELATED WORK 

The primary detail controlling protocols for WSNs 

maximum relevant to SKEW might be SPINS, leather, 

BROSK and bounce protocols. 

A. SPINS 

SPINS (Security Protocols for Tool Structures) is a 

security protocol that includes procedures, SNEP, μ- TESLA. 

SNEP presents information secrecy, twin-birthday 

celebration information verification, and information 

brilliance, and μ- TESLA affords authenticated broadcast for 

critically aid-limited environments. Through the procedure, a 

camp location designates a single step with each procedure 

between the connections virtually with a couple of nodes.  

All cryptographic primitives, i.e. encryption, message 

authentication code (MAC), hash, and arbitrary number 

maker, are created out of one block cipher code for reuse. 

This sort of, together with the balanced cryptographic method 

is used to minimize the value and try to do the business of 

reference controlled device system. 

Within a transmission method like the device system, 

information verification by using asymmetric device cannot 

be utilized the dimensions of the strategic about the system. 

μ-TESLA hypotheses verified transmission via symmetric 

method   

B. SNAKE 

SNAKE is a standard protocol that can make a deal with the 

time strategic of the device approach. Nodes don't have an 

essential strategic storage space for essential organization [1]. 

Node 1 which is used to transfer the data to node 2 and sends 

a request message with the nonce number (12) to 2. 2 

responses the mutual message: S and MACK [S]. S includes 

the identifier of 1 (ID1), the identifier of itself (ID2),  N1 and 

N2 is called data freshness, and MACK [S] acts as an 

announcement of confirmation code for 1. Every time it 

receives the message out of 2, that instructs the MAC and 

recognizes the M is a legal node to transfer. To expect the 

validity at any point the node 1 will perform the transmission 

to F, which holds the ID1, an arbitrary number from node 2 

and an identity code MACK [ID1|N2]. As of now 1 as well as 

2 turns into genuine to one more. Now a public trial key is 

made by equally nodes (K12 = MACK [N1|N2]) which is 

often used in their very own further promoting the 

communications. 

 

Fig 2: A key introduction sequence of SNAKE. 

C. LEAP 

LEAP means Localized Encryption and Authentication 

Protocol is a set of key administration procedures intended for 

device systems considered for system handling. To every 

single node is merely involved having a limited quantity for 

its nearby nodes for developing the needed keys away from 

the immediate nodes. The sophistication of the path is moved 

by the statement and find the various kinds of data changed 

among device nodes that will vary safety necessities and also 

just one inputting system will not be sufficient to satisfy the 

security necessities. In future, It maintenances the creation of 

4 kinds of solutions for every device client and a single code 

present within Bottom station, a pairwise key shared with a 

further device client, a set key sprinkled with numerous 

nearby nodes, also a link key which can be opened with the 

nodes in the system. 

On the whole, the creation and up-gradation of secrets are 

power effective and also reduces the contribution of the base 

station. JUMP contains a proficient procedure to get 

mediator-node invitees validation with the help of marked 

key. An evident piece in the validation protocol is that this 

supports resource validation without stopping system 

processing and inactive involvement. 

D. BROSK 

BROSK is alternative strategic managing procedure that 

stands for BROadcast Session Key Arbitration Procedure. 

Using this procedure, every one node may transfer the listed 

selection strategic using their neighbor's nodes simply by 

transmitting message. BROSK could be arranged within a 

significant device systems.In this standard procedure each 

device node, like a, broadcasts ID1| N1||MACK (ID1|N1) 

message to any or all its neighbors as demonstrated in Fig 3. 

Each single delivery client responds by simply broadcasting 

an answer communication at the client contacts the ID2| 

N2||MACK (ID2|N2) communication. A common program 

strategic then can be created properly;  With sample, the next 

meeting truth is created and recognized among 1 as well as 2 

nodes: 

Node 2: ID2| N2||MACK (ID2|N2) 

 

Node 1: ID1| N1||MACK (ID1|N1) 

Fig 3: Communication distribution in BROSK  
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III. SKEW APPROACH 

In this method, refer two approaches such as ordered 

WSNs and assigned WSNs. Privileged the original 

occurrence, the system is a ordered WSN and each one device 

has a distinctive ID as well as a pseudo-random function (F) 

intended for creating added key in series.  

The opponent device can take data that can be full-time 

encryption and not risky memory areas then again it is not 

able to take information from the RAM. In the event that an 

invader wants to entrance the MEMORY data, the node 

preferences up and doing based on the environments and can 

reset. Therefore RAM details resolve may be inaccessible. In 

this method, the data is to be in decision-making code to be 

transformed. 

Every client in the ordered approach transmits a protected 

data with the group which is produced occasionally by F task 

in every group. Such kind of task may be usually raised such 

as  unique period: 

Kvi -Fvi (Kvi-1) 

Every cluster key element has an exclusive version quantity 

named Mire. This edition in every single cluster provides a 

order amount to the following group, one after another, 

constantly. 

The bottom terminal node will direct the data created from 

the primary group strategic (Kvi) and also the chaos range, 

protected by the set key, for any or every node of the  panel; 

those secrets shall be sent to the system as pre-shared keys 

additionally. Again most destination nodes previous to the 

transportations to all or any nodes of the group. If some nodes, 

state H, among a cluster area unit unable to reach the Kv1, it 

delivers a requirement data protected by the set key to the 

adjacent nodes among a similar group  that have already 

received the initial chaos key (Kvi). The demand contains the 

in agreement quantity of amount. Precise currently H might 

confiscate the primary group (Kv1) for anyone of the reacting 

neighbors in whose group amount is that the identical as H’s 

group amount 

Cellular sensor systems are broken in to several grouping. 

The group mind is also a sensor client used to gather and get 

of inferior quality local or feasibly received information. All 

the information comes about to be relocated to the camp 

station. Cryptography systems are adapted to secure the 

information. 

 
Fig 4: Grouping Method in SKEW. 

Agents separate keys with a protected database creation. In 

hierarchical WSN the nodes are distributed with the bottom 

station making the use of cluster head. The self-key 

establishment process is designed for hierarchical WSN and 

distributed WSN. In hierarchical WSN plan cluster 

identification is used intended for the key era process. In 

distributed WSN the distributed key is immediately received 

from your base stop. The Self-key establishment standard 

protocol is designed for a solitary base rail station 

environment. WHIRL protocol needs a key machine for 

crucial management. Computational overhead is rich in 

SNAKE. JUMP protocol deals with the limited quantity of 

neighbor nodes only. BROSK protocol acquires high 

conversation overhead. The self-key establishment process 

for WSN supports the necessary controlling below a single 

jump communication environment. 

IV. PROBLEM DEFINITION 

Mobile device structures are damaged into a group and an 

identical node is used to collect data nearby the systems. All 

the data values may be shifted to the bottom station. In this 

paper, we outline the Pair-clever, Institution-wise and 

Community-Clever statistics communication strategies are 

utilized in WSN. Cryptography methods are familiar with 

secures the statistics transmission machine. Key 

administrations protocols are more comfortable with transfer 

the nodes through messages. Base channels or reliable nodes 

prefer to distribute important values in hierarchical WSN. 

The trustee's disperse keys are used to create comfortable 

application nodes among the systems. In hierarchical WSN 

the nodes are distributed with the inspiration station utilizing 

the cluster notice. SPIN, FISH, jump, and BROSK protocols 

are used for important manipulate techniques. The SKEW 

way is used to consider the hierarchical and Scattered WSN. 

In hierarchical WSN group identification is used for 

technology procedure. In Scattered WSN the key is obtained 

in the base location. The SKEW in procedure is designed for a 

non-public base break region. WHIRL protocol is used to 

desires a key for a critical machine. In SNAKE the 

computational overhead is high and LEAP protocol deals with 

a delimited the neighbor nodes ineffective. BROSK protocol 

acquires stated exchange overhead. The SKEW status 

procedure is used to manipulate data among the 

transmissions.  

V. ENHANCED SELF KEY ESTABLISHMENT 

PROTOCOL 

The proposed strategy is designed to manage multi hurdle 

message. The essential thing management plan is improved to 

deal with multiple foundations station environments. Unicast, 

multicast and transmission record conversation schemes are 

furnished with the aid of the program.RC4 components are 

used meant for the records protection process. 

The tool is designed to deal with key organization and 

scattering procedures. The device node application is 

developed for the system with the help of the Pairwise key, 

cluster key, and collection key. 
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A multicast communiqué is accomplished with the cluster 

key. The institution secret is used for the transmission 

process. This device is designed with four modules inclusive 

of Key generation, key distribution, unicast transmission, and 

multicast distribution modules. The gadget generates three 

sorts of keys. Random capabilities are used for the key era. 

The key generation is initiated by the conversation type. The 

key values are maintained inside the nodes. The key values 

are allotted among the nodes. The cluster key is shipped 

among the nodes in the same coverage. The organization key 

is sent for all nodes. The unicast communication done 

between two nodes. The pair strategic is used for the 

encryption and decryption process. The pair strategic is to 

transfer the collection of strategic and group strategic values. 

The key is used for the message session only. The multicast 

communication is carried out between a set of nodes. The 

rekeying process is carried out for key updates and the session 

time is used for key updates. 

VI. RESULT AND DISCUSSION 

SKEW is light in weight protocol for the purpose of key 

supervision in WSNs. It attempts to control to take a moment 

with a minimum amount of communication, fundamental 

transmission, and garage utilization. 

The method implies the basic strategic management 

procedure that preserves system protection prior to begin up. 

Table 1: Performance evaluation of various algorithms 

S.N

o. 

Name of the protocol 

used 

Performanc

e 

1 SPINS 65% 

2 LEATHER 74% 

3 BROSK 83% 

4 LEAP 80% 

5 ENHANCED SKEW 93% 

Additional protocols may be fixed on the major role in this 

process [8]. The standard procedure has an exciting device is 

to supply sophisticated protection. This protection demands a 

particular main server with appreciate to key transmissions 

and every consumer in every single consultation can without 

problems generate an integral, and different nodes need to 

transfer and want to update the strategies. The training route 

reduces the verbal exchange cost. Memory want is very low 

for a crucial management method. 

The wireless device security program can be increased with 

a breach of privacy detection systems. The final results show 

that the enhanced skew protocol shows a satisfiable 

improvement in terms of throughput when compared to 

several other protocols. The graph below shows the 

throughput rate of algorithms. 

 
Fig 5: Graphical representation of the performance of 

algorithms with respect to throughput. 

VII. CONCLUSION 

In recent days, researchers are concentrating more on 

various machine learning and deep learning methodologies 

and technologies to solve various real world problems. 

Researchers also focuses on giving solutions to various 

security constrains with respect to various domains such as 

wireless adhoc networks, wireless sensor networks, artificial 

intelligence, machine learning and deep learning concepts. 

This paper discusses on various approaches and existing 

protocols in WSN and enhanced Skew protocol for WSN to 

improve the authentication and security. Performance 

evaluation of proposed protocol along with existing protocols 

has been tabulated and comparison graph has been plotted to 

show the effectiveness of the proposed protocol. 
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Abstract: Data is being created in great extend in the current era. The challenge is to handle the huge amount of data and to work with the same. The 
existing system provides a system to identify the frequent itemsets in the accurate manner but if the data is huge and for transactional databases it is 
difficult to identify the frequent itemsets. The proposed system uses the systolic tree mechanism in which the frequent pattern extraction process for the 
transaction database is done easily and accurately. Systolic tree based rule mining scheme is enhanced for weighted association rule mining (WARM) 
process. Automatic weight estimation scheme is used in the system. The proposed system improves the weight estimation process along with the 
utilized span time, number of request passed and the amount of details accessed in sequence. 

——————————      —————————— 

1 INTRODUCTION                                                                     

Mining high application itemsets from a transactional 
database refers to the discovery of itemsets with high 
software like income. Although some of applicable 
algorithms had been proposed in current years, they 
incur the hassle of producing a massive range of 
candidate itemsets for high software itemsets. Such a 
large quantity of candidate itemsets degrades the 
mining performance in phrases of execution time and 
space requirement. The scenario may additionally 
come to be worse while the database contains masses 
of lengthy transactions or lengthy excessive 
application itemsets. Association rule mining with 
object set frequencies are used to extract item set 
relationships. Frequent pattern mining algorithms are 
designed to locate generally going on sets in 
databases. Systolic tree shape is a reconfigurable 
structure used for frequent sample mining operations. 
High throughput and faster execution are the highlights 
of the systolic tree primarily based reconfigurable 
architecture. 

 
ASSOCIATION RULE 
Traditional Association rule learning (ARM) model treat 
all the items in the database equally by only 
considering if an item is present in a transaction or not. 
When compared with the non-frequent itemsets the 
frequent itemsets will contribute only a small portion of 
the overall profit. Non frequent itemset contribution 
towards the overall profit is always high. Even though 
the frequency is not sufficient to answer the questions 
like profitability gain of an itemset and strong or less 
impact of the itemsets. Frequency will provide the 
good association rule mining from the itemset which is 
used in the transaction purpose 
 
SCOPE 
Utility mining plays the key role in identifying the high 
utility itemsets from the available databases. The aim 
of the project is to find the high utility itemset with the 
faster process for large transaction dataset using 
systolic tree algorithm. 

 
 

RULE LEARNING 
In information mining, affiliation rule learning is a 
famous and all around investigated technique for 
finding intriguing relations between factors with 
regards to enormous databases. Piatetsky-Shapiro 
depicts breaking down and introducing solid principles 
found in databases utilizing various proportions of 
intriguing quality. In light of the idea of solid guidelines, 
Agrawal et al. Presented affiliation rules for finding 
regularities between items in enormous scale 
exchange information recorded by purpose of-offer 
(POS) frameworks in stores. 
 
PATTERN ANALYSIS 
The reiteration investigation is viewed as finding every now 
and again happening examples in the content. Visit design is 
an example (for our situation a word, or expression) that 
happens much of the time in the informational index (for our 
situation the record set). Basically visit design examination 
looks at each thing to each other thing. Calculations have 
been advanced to cutoff this examination when certain 
conditions are met. These regular examples can likewise be 
viewed as a mechanized theory age. Be that as it may, the 
examples should be assessed by the area master. Visit design 
examination produces parts and loads of examples. Some are 
not fascinating in light of the fact that they report known or 
potentially regular events, however different occasions they 
may locate a novel design. 
 
EXISTING SYSTEM 
Utility mining becomes as an important topic in the field of data 
mining. Finding the itemsets with high profit is the process of 
mining high utility itemsets from databases. The word utility 
means the pattern identification which provides profit to the 
users. The major aspects of utility of items in a transaction 
database  are: 

1. The distinct items in the database.(External utility) 
2. The items which are involved in the transactions 

which is the internal utility. 
Utility of an itemset can be calculated by multiplying the 
external utility and internal utility. An itemset should have the 
value greater than the user specified threshold if it is high then 
it is known as high utility else it is said to be a low utility 
itemset. With the effect of transactional databases the existing 
system consists of two algorithms and a data structure for 
identifying the high utility itemset. 
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Features of the existing system works are: 
1. UP Growth and UP Growth+ are the two algorithms 
used in the existing sytem and UPTree data structure is used 
to mine the high utility itemset. By scanning the original 
database twice this can be identified easily and so it is an 
effective methodology. 
The strategies involved in this process are all the process of 
UP Growth and UP Growth+ and essential information of UP 
Tree is considered. The major work is to reduce the utility 
itemset which is less used but this do that and also reduce the 
number of unwanted candidates in the available system. 
  
Drawbacks 

 Two scan mechanism is used to 
store the database transactions with 
UP Tree algorithm. 

 Vast memory requirement. 

 Very low searching process in the tree 
architecture. 

 
PROPOSED SYSTEM 
Ecommerce-oriented Data mining will be a very promising 
area. It can automatically predict trends in customer spending, 
market trends which guide company to build personalized 
business intelligence web site, bring huge  business profits. 
We give a high level overview of a proposed architecture for 
an e-commerce system with integrated data mining. The data 
mining concept must be merged with the e-commerce systems 
and the mechanism must be proposed in such a way that data 
warehousing and transaction process should be bridged 
together. Discovering the large database variables and the 
interestingness relations between the large variables must be 
identified with the use of association rule learning method. 
When compared with the UP growth and FP growth this 
systolic tree algorithm is very much efficient and time 
consuming is very less in implementing the large dataset. The 
proposed system is designed in such a way that the 
transaction dataset uses the weighted rule mining. Each item 
in the system is assigned with a weight value with reference to 
the request count and sequence. In the systolic tree the 
multidimensional tree pattern is followed and all the process 
will be moving in the pipelined manner. The  systolic tree 
mapping is similar to the process of FP tree and the equivalent 
technique the tree will be mapped with the FPGA hardware. 
The count update operation and candidate item matching 
contents are updated into the tree structure. Systolic tree is 
utilized to mastermind applicant sets with recurrence esteems. 
Because of the constrained size of the systolic tree, a value-
based database must be anticipated into littler ones every one 
of which can be mined in proficiently. A superior projection 
calculation which completely uses the benefit of FP-
development is utilized. It diminishes the mining time by 
apportioning the tree into thick and extra parts. Systolic tree 
based rule digging plan is improved for weighted rule mining 
process. 
                 
Advantage 

 Dynamic reconfiguration 

 Faster process 

 Processor connected by  buses in 
both directions. 

 
 SYSTEM ARCHITECTURE 

 

 
 
CONCLUSION AND FUTURE ENHANCEMENT 
Thus the two algorithms provides efficient utility mining 
algorithms. Additional usage of UP Growth+ provided 
better mining of the high utility itemsets. For 
maintenance the data structure UP tree is best. The 
strategies involved in the systolic tree have provided 
the  entire transactional database within two scans of 
the original database which is available. Making two 
database scans along with UP-Tree can efficiently 
generate the PHUIs. The experiment has been 
performed with both real and synthetic data sets. 
When compared with the existing system the result of 
the proposed system is highly efficient with the search 
space and reduction in the number of candidates. 
When the long database transaction and low utility 
itemset is used then this algorithm and data structure 
provides efficient output. When the time factor is 
compared with the existing and proposed system 
eventhough the search space is reduced the time is 
also efficient in the proposed system. In this current 
concept of data mining the most interesting and 
challenging research problem is mining of high utility 
itemsets. In future two  efficient one-pass algorithms 
for mining  a set of high utility itemsets form a 
transactional data stream.  Existing  algorithms for 
mining high utility itemsets from data set. Further this 
work can be extended by mining top-k high utility 
itemsets from data streams with constraints. 
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Figure 1. Time Variation 

 

REFERENCES: 
[1] C.F. Ahmed, S.K. Tanbeer, B.-S. Jeong, and Y.-K. Lee, 

―Efficient Tree Structures for High Utility Pattern Mining in 
Incremental Databases,‖ IEEE Trans. Knowledge and 
Data Eng., vol. 21, no. 12,pp. 1708-1721, Dec. 2009. 

[2] R. Chan, Q. Yang, and Y. Shen, ―Mining High Utility 
Itemsets,‖ Proc. IEEE Third Int’l Conf. Data Mining, pp. 19-
26, Nov. 2003. 

[3]  C.Jun and G.Li,―An improved FP-growth algorithm based 
on item head table node,‖ Information Technology,vol.12, 
pp.34-35 2013. 

[4] N.Xinzheng and S. Kun, ―Mining maximal frequent item 
sets with improved algorithm of FPMAX,‖ Computer 
Science,vol.40, no. 12, pp. 223–228, 2013. 

[5]  Chee, CH., Jaafar, J., Aziz, I.A. et al. Artif Intell Rev (2019) 
52: 2603. https://doi.org/10.1007/s10462-018-9629-z 

[6]  Chin-Hoong Chee, Jafreezal Jaafar, Izzatdin Abdul Aziz, 
"FP-NoSQL: An Efficient Frequent Itemset Mining Algorithm 
Using the FP-DB Approach", Big Data and Analytics 
(ICBDA) 2018 IEEE Conference on, pp. 80-86, 2018.  

[7]  Jamsheela O  and Raju G, ―Frequent itemset mining 
algorithms: A literature survey‖ IACC 2015 IEEE 
Conference. 

 [8]  K. Rajeswari, ―Improved Apriori Algorithm – A 
Comparative Study Using Different Objective Measures,‖ 
IEEE International Journal of Computer Science and 
Information Technologies, Volume 6, Issue 3, 2015. 

[9]  Yu Shaoqian, ―A Kind of Improved Algorithm for Weighted 
Apriori and Application to Data Mining,‖ IEEE 5th 
International Conference On Computer Science & 
Education(ICCSE), pp. 507-510, 24–27 August 2010. 

[10]  Manal Alharbill, Sudipta Pathak and Sanguthevar 
Rajasekaran, ―Frequent Itemsets Mining On Weighted 
Uncertain Data,‖ IEEE International Symposium On Signal 
Processing and Information Technology (ISSPIT), Pp. 
000201- 000206, 15-17 December 2014. 

[11] A. Ehsan, and N. Patil, ―Normalized Weighted and 
Reverse Weighted Correlation Based Apriori Algorithm,‖ 
IEEE International Conference On Advance in Computing, 
Communication and Informatics (ICACCI), Pp. 841-847, 
10-13 August 2015. 

[12]  J. Agarwal, and A. Singh, ―Frequent Item Set 
Generation Based On Transaction Hashing,‖ IEEE 
International Conference On Confluence the Next 

Generation Information Technology Summit (Conflence), 
Pp. 182-187, 25-26 September 2014 

[13]  Zhiyong Zeng, Hui Yang, Tao Feng, ―Using HMT and 
HASH_TREE to Optimize Apriori Algorithm,‖ IEEE 
International Conference On Business Computing and 
Global Informatization, Pp. 412-415, 29-31 July 2011. 

[14] S. D. Patil and Dr R. R. Deshmukh, ―Review and 
Analysis of Apriori Algorithm for Association Rule Mining,‖ 
IEEE International Journal of Latest Trends in Engineering 
and 

Technologies (IJLTET), Volume 6, Issue 4, March 2016. 
 

Page 917 of 3066Page 917 of 3066

https://doi.org/10.1007/s10462-018-9629-z


International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 03, 2020 

ISSN: 1475-7192 

Received: 03 Dec 2019 | Revised: 21 Jan 2020 | Accepted: 18 Feb 2020                          4167  

EFFICIENT SYSTEM FOR COMPLAINT 

PORTAL MANAGEMENT USING 

CLASSIFICATION TECHNIQUE IN DATA 

ANALYTICS 
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ABSTRACT – Mobile based application has been developed for handle multiple complaints in one portal. 

This mobile application is used to post complaint about EB, Water, transport and so on. In this mobile application, 

the user can register  and login the system using his/her user  name and password. After login process the user can 

post the complaint and forward to appropriate departments 

Keywords – Android, Global Positioning System (GPS), Mobile internet 

 

I. INTRODUCTION 

Reporting complaints such as transportation, EB, and water issues are not an easy process for the peoples. They 

have more procedure and formalities to act such problems like drainage, road damage, infrequent water supply or 

in short everything is  supervised of public places .It is not guarantee that the complaints will be examined by the 

relevant authority. The complaints are generally not listened to or answered.This is  big enough to worry about a 

small complaint because it is unresolved. To facilitate this grievance process, we are implementing an Android 

application plan that allows citizens to report infrastructure problems to relevant authorities. In this mobile 

application, the user can register and login the system using his/her user name and password. After login process 

the user can post the complaint and forward to appropriate departments.Therefore,people can share, discuss, and solve 

problems in urban infrastructure in the event of emergencies, or disruptions in everyday life. This complaint 

application have GPS location tracking .This app is used to resolve the problem and the user provides the ratings 

based on authority performance.All complaints automatically forward to concern authority based on user locations. 

Finally provide intimation about complaints in the user login. 

 

II. LITERATURE REVIEW 

Several kinds of research and techniques have been proposed to complaint portal system 
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S . Anjali et al. [1] has proposed complaint management system is used to the call log collects information 

about issues. It is a web application that is designed to track complaints registered by college department or 

laboratory staff, so this system must provide a platform less web application.Melina Fernandez et al. [2] has 

proposed complaint management system based on Android. Active citizen involvement can occur when an MC 

solves their problems and complaints. These government agencies are often called MC (Municipal Cooperation). 

This is practically possible only  with  the  installation  of  sensors  or cameras  or  allowing  citizens  to approach 

have to go through, such as going to the office and staying there for a while. monitor their time and effort. So, to 

bridge this gap, we have created an online service that provides a new way for sharing issues between organizations 

and the people  in two words that citizens are used in this way them. 

 

III. ARCHITECTURE OF EXISTING 

Devika Radhakrishnan et al. [3] provide an intelligent management system based on this application to simplify 

the complaint for the relevant community and make it more accessible and cheaper. It gives simple idea for 

registration and status of our complaints.whether or not your complaint has been resolved, and show you how to 

make a complaint. 

Pritam Tandel At. [4] Discussed the model of complaint management system using Android architecture. The 

site will have a mobile phone where users can submit their complaint and check the status of their complaint. 

 

IV. EXISTING SYSTEM 

With the system in place, you must visit the office with a written complaint. Depending on your priorities, 

complaints can be filed in the paper or department authorities, and also take time . With this system available, no 

one can accept the complaints received. Solution warranty is provided by oral communication. So this is not 

intended to solve the problem. Because complaints are an important source of information for improving the basic 

services and living conditions of our city. Residents may have complaints about the environment and their urban 

environment, but may not like the traditional grievance process, which they 
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V. SYSTEM 

 

 

Fig.1.Architecture of Existing System V.PROPOSED SYSTEM 

 

This proposed system will save people time by initiating the complaint directly . The people don't want to go 

government office directly . People could solve their issues / posting directly on the complaint application and also 

people can post their complaints in their login. 

This proposed system currently has the following functions: 

1. people can post their complaints through mobile 

2. People capture complaint images and post their login. 

3. GPS function for users to easily monitor their location and their complaint and also check the status of 

their complaint. 

A. Functional modules: 

The whole process is divided into four modules. They are 

1.Registration or Login Module. 2.Complaint module. 

3.Report module. 4.Rating Module. 

 

VI. ARCHITECTURE OF PROPOSED 

SYSTEM 
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Fig.2.Architecture of Proposed system 

VII. ADVANTAGES 

I. In the world of technology, this system helps people make complaints with the help of cell phones 

II. Reduce the time and effort to get complaints by making online complaints 

III. You can follow the pattern of your complaint. That is, you can follow whether they have been rejected, 

Waiting, processed about their complaint 

IV. The individual logging feature for all users and employees, you can see the full extent of the complaint 

and also resolve 

 

VIII. CONCLUSION AND FUTURE ENHANCEMENT 

The software was successfully implemented and validated in a "test case". It is easy to  use and requires a choice 

that allows the user to do the required job. Customized methods have been developed to respond to and meet current 

and future needs. The goals of the software include fast communication, better use of resources, data security, 

performance tuning, timeliness and access to useful information, users, mobile devices and tolerance. The system 

is much easier to access because it was developed as a application, allowing users to maintain good relationships 

with the users. This project provides direct communication between citizens and governmental organizations. This 

will help solve problems faced in specific areas and by continuing to be creative. To create a good, clean and 

efficient environment .In the future, this will be able to expand the framework applied to all departments of the 

central government. The Android app uses the GPRS and sensor system to detect complaints from women and 

identify when women and children are being harassed. 
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ABSTRACT 

Email spam is operations that send different email clients to undesirable messages. Email spam is one of the 

problems for every individual. email spam is adware for any company/product or any type that receives any notification 

without an email client mailbox. The spam filtering techniques were used to solve these kinds of problems. Thus the spam 

filtering technique will protect or mailbox from spam mails. Here, we use the Support Vector Machine it is a Classifier 

structured as three-layered frameworks that include bulk emails for spam classification for obfuscator, classifier, and 

anomaly This Support Vector Machine is so simple and highly efficient method for spam. Here we will use the 

classification of spam and non-spam emails for real-time. The extraction technique consists of features such as it is used 

to extract the features of the digestive that is based on the bucket. So that the result of this system is to increase and 

implementing the Self-Acknowledgeable Intranet Mail System that had been designed and it is made for the benefit of the 

status of the sender. When the mail is sent, the recipient's activity is known by the sender until the mail system is reviewed. 

And at last, here we provide a pop-up window it is used to identify the spam emails at the time of the mail content. 

KEYWORDS: Visual Studio, Mobile internet 

 

I. INTRODUCTION 

Reporting complaints such as transportation, EB, and water problems all the citizens. They have to undergo a long 

procedure and formalities to report such situations as drainage, road damage, infrequent water supply, etc. In other words, 

everything that comes under the surveillance of public places. Though there is no guarantee that the complaints that have 

reported will be resolved by the authority concerned. So that the complaints are generally not listed, unanswered, and 

generally unresolved because the company is Reporting complaints such as transportation, EB, and water problems that 

have been no longer as an easy process for citizens. So that they must undergo a long procedure and formalities to report 

such situations as drainage, road damage, infrequent water supply, etc. Also, everything that comes under the surveillance 

of public places. There is yet no guarantee that the complaints reported will be resolved by the authority concern. So that 

the complaints that are generally not listed to, not answered, and generally not resolved because the company is 

excessively very large to worry about even little complaint from a single person. To facilitate this kind of complaining 
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procedure, this project is to implement an android application that lets citizens report problems with infrastructure in their 

city to the relevant So whenever people come across any defects in the city`s infrastructure, emergencies or any daily life 

disturbances, they can share, discuss and get resolved the problems by the concerned authority utilizing this complaint 

app using GPS location tracking. This app is used to resolve the problem and the user provides the ratings based on 

authority performance. There is no need to post the complaints individually. All complaints automatically forward to the 

concerned authority based on user locations.  

Finally, provide intimation about complaints to worry about one little complaint from a single person. 

To facilitate this complaining procedure, this project is going to implement an android application that lets 

citizens report problems with infrastructure in their city to the relevant So, when people come across any defects 

in the city`s infrastructure, emergencies or any daily life disturbances, they can share, discuss the problems get 

resolved by the concerned authority utilizing this complaint app using GPS location tracking. This app is used 

to resolve the problem and the user provides the ratings based on authority performance. There is no need to 

post the complaints individually. All complaints automatically forward to the concerned authority based on user 

locations. Finally, provide intimation about complaints. 

 

II. RELATED WORK 

Several kinds of research and techniques have been proposed to complain portal system S. Anjali et al. [1] have 

proposed a complaint management system is used to gathering Call Registration about the issues to provide services. It is 

a web-based application and it is designed to keep track of complaints that will be registered by the college department/lab 

staff, so this system needs to have a distributed platform-independent web application. Melina Fernandez et al. [2] have 

proposed a complaint management system based on Android. Active citizen involvement can occur when an MC solves 

their problems and complaints. These government agencies are often called MC (Municipal Cooperation). This is 

practically possible only with the installation of sensors or cameras or allowing citizens to approach them. Devika 

Radhakrishnan et al. [3] provide an intelligent management system based on this application to simplify the complaint 

about the relevant community and make it more accessible and cheaper. This page gives you a basic idea of how to register 

your complaint and check the status of your complaint, whether your complaint has been resolved, and show you how to 

make a complaint. Pritam Tandel At. [4] Discussed the model of complaint management system using Android 

architecture. The site will have a mobile phone where users can submit their complaints and check the status of their 

complaints. 

These are the techniques required: 

1.Social Filter architecture framework 

2.Support Vector Machine (SVM)  

3.Structured abstraction generation 

4.FP-Tree construction 

 

III. EXISTING SYSTEM 

With the system in place, must visit the office with a written complaint. Depending on your priorities, complaints 
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can be filed in the box or directly to the commissioner or department concerned and may take time and effort. With this 

system available, no one can accept the complaints received. A solution warranty is provided through oral communication. 

So, this is not intended to solve the problem. Because complaints are an important source of information for improving 

the basic services and living conditions of our city. Residents may have complaints about the environment and their urban 

environment, but may not like the traditional grievance process, which they must go through, such as going to the office 

and staying there for a while. monitor their time and effort. So, to bridge this gap, we have created an online service that 

provides a perfect platform for sharing problems between service organizations and the public in two words that citizens 

will use in this way. it is best not to inform them of their origin. steps and details. 

DISADVANTAGES 

 Difficult to handle the flood of emails. Email content may be revealed by the third person. Time complexity 

can occur. Accuracy is less 

3.1 ARCHITECTURE OF EXISTING SYSTEM 

 

 

Fig.1: Diagram denoting the existing system 

 

IV. PROPOSED SYSTEM 

This proposed system will save people time by initiating the complaint directly with the help of the 

proposed system. They don't have to go to the government office to start complaints. People can solve their 

problems / posting directly on the specific system and people can post their suggestions. The proposed system 

currently has the following functions: 1. People can initiate complaints from anywhere with the help of mobile 

devices. 2. People can copy images. 3. GPS functions for users to easily monitor their location and their 

complaint and check the status of their complaint. A. Functional modules: The whole process is divided into 

four modules.                They are, 

     1.Registration or login module. 
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     2.Complaint module. 

     3.Report module. 

     4.Rating module.
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4.1 ARCHITECTURE OF PROPOSED SYSTEM 

 

Fig.2: Diagram denoting the proposed system 

4.2 ADVANTAGES 

 In the world of technology, this system helps people make complaints with the help of cell phones. 

Reduce the time and effort to get complaints by making online complaints. We can follow the pattern of our complaint. 

That is, we can follow whether they have been rejected, Waiting, processed about their complaint. The individual logging 

feature for all users and employees, you can see the full extent of the complaint and resolve 

 

V. PROBLEM DESCRIPTION 

Spam is unwanted data so we can do it for you. You should use this spam to send unsolicited large messages before 

an unquestionable set of search results for advertising purposes. Spam — these spam messages not only increase web 

browsing and memory space but can be used by any opposition. Here is what we have to say to make a difference. Spam 

emails are return times when the recipient does not want to receive it. So that the service may get rejected. An email server 

receives huge traffic from the spammers, so, there arises a delay of legal messages to be reached by the targeted recipients. 

We need to know that we can get it, and you can do so with your password. A very difficult task is dealing with spam and 

Classic time. This problem cannot be handled by a single model, because of that a new spam is continuously evolving and 

these are frequently configured and so they are not detected by furthermore hindrance to accurate detection. Spam doop 

is a platform that can be multiple for collaborating on the faster detection of bulk spam campaigns. In that case, you need 

to click on the Snapshot, then we need to return to content. The best thing you can find is that we are looking for something. 

Eventually, give the email recognition system to identify the recipient's visual status with the pop-up windows for email 

content. 

 

VI. FUTURE IMPLEMENTATION 

In the future, we can extend the framework to implement various classification algorithms with 

multiple datasets. The email tracking system can improve the accuracy results in real-time environments. 
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VII. CONCLUSION 

The e-mail is an efficient, fast, and it is also a low-cost approach. Email Spam is that the unsolicited data 

sent within the mailboxes. Spam might be a large disadvantage for users and ISPs. In today's investigation, a user 

receives plenty of spam emails. To avoid those irrelevant emails, we would like effective to perform some spam 

filtering strategies. This spam messaging unit is used for spreading the virus, for banking the fraud, for publishing 

and advertising. Spam messages are a large problem for many persons as they gather their mailboxes and waste their 

time for deleting all trash messages before reading them. It also costs money for persons through dial-up connections, 

bandwidth, and space. The Bayesian classifier is one which is the most important and widely used one, and it is also 

the best method of classification thanks to its chip handling capabilities for the one among the associated problems 

through the user. Categorization conclusion and during this project, we have implemented the analysis system of 

every e-mail. Using a privacy-based system allows the digest system to encrypt the emails. In our upcoming years, 

we have an idea for implementing another algorithm for our classification method to satisfy the usability of the 

persons and to realize better performance. 

  

RESULT ANALYSIS 

 This project deals with spam messages in email and shows pop-up notification denoting whether we 

received spam messages or not. And sender knows whether the receiver reads the message.  
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CRIME DETECTION FOR ID BLOCK IN 

SOCIAL MEDIA 
 

1E.Balraj,2R.Balaji,3K.Manojkumar,4R.Nandhakumar,5C.Nitheesh Kumar 

 

ABSTRACT--This project shows that online social networks can be used to learn some issues related to 

detection. It is portrayed as a demonstration that is hurtful not exclusively to the individual in question yet in 

addition to the whole network. Violations are social disturbances that put an overwhelming weight on society. The 

use of data accompanied on online social networks analysis to detect trends of detect. Twitter is informal real-time 

long-range communication and also a smaller blogging platform that allows clients to post brief updates of content, 

commonly known as "tweets". Those updates will pass on significant data about the creator. A channel was 

developed to remove tweets and viewed as either the best or the most risky in the U.S. A regional study showed a 

connection between those data and the crimes in the respective places. More than 100,000 tweets accordingly to 

the crime gathered for pass 20 days. Methods of analysis were performed on these message to determine the severity 

of a crime committed by a specific places. The research type is aid in revealing the rate of a city in real-time. 

Although the findings from this study helped forecast crime patterns, the methods of evaluating emotions did not 

always guarantee the right results. They end by applying media with implementations of this form of study to text 

processing techniques and how it can be improved. The current user location is also identified when we connect to 

the projects.     

Keywords-- crime detection for id block in social media 
      

I. INTRODUCTION 

The national security issue is that the main point of any country. Criminology examines target distinguishing 

hoodlum attributes. The applying of measurements mining procedures can help with this distinguishing proof. 

Wrongdoing assessment, a district of criminology, possibly an authorization trademark that incorporates the 

deliberate assessment of recognizing and examining the two examples and improvements in wrongdoing and 

confusion. 

In the front line world, hoodlums have developed as mechanically complex, normally communicating their 

sentiments on the net. The planet Wide Web's amazing increment has brought about extra clients communicating 

their scrutinizes on the web. Clients utilize these feelings to purchase an item, direct promoting research, at that 

point forward. 

Twitter is one among the preeminent mainstream online interpersonal organizations along these lines far, where 

clients distribute their investigates in an exceedingly snappy literary substance called "tweets". These tweets are 
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typically confined to a hundred and forty number. Twitter has roughly 500 million clients; around 340 million 

tweets are despatched a day. 

Twitter is utilized, essentially, for the ensuing four reasons. 

• Day by day Prattle (e.G., status messages on what the buyer is doing)  

• Discussions (e.G., tweeting to both an individual or a gathering of clients inside a  

network)  

• Sharing data (e.G., present connections on site pages)  

• Revealing new (e.G., notices on cutting edge issues). 

As indicated by Bollen, "a tweet can be an infinitesimal, transiently credible launch of notion". Since tweets 

are fresh and brief, open slant can be without trouble investigated. Twitter likewise gives the capacity of Retweet 

(RT), which permits clients to level of substance posted by another client. 

Analysis (also referred to as opinion mining) alludes to the work of tongue handling, content assessment, and 

semantics to spot and concentrate emotional realities in the source. it is familiar with choosing a creator's mentality, 

in regards to a chose topic or the logical extremity inside the literary substance. Social media's growth has sparked 

sentimental hobby. Different types of online expressions have become the main sources of expertise for 

organizations that are plugging their products and manipulating their reputations. 

The initiative to identify trends of crime lies in geographically analyzing tweets linked to crime, thereby 

appearing sentiment assessment to become conscious in nearly real-time of the crime-prone areas. The majority of 

the examinations that focused wrongdoing design location [8, 9] utilized data preparing procedures to raised 

perceive memorable realities. This look at utilized online internet based life to discover wrongdoing slanted areas 

in practically continuous 

 

II.        LITERATURE REVIEW 

2.1 A semantic model for academic social network analysis 

Authors: JiHu ; Mengchi Liu; Junchi Zhang 

Approach 

Different approaches have been suggested to examine them and deal with social networks. What has not been 

achieved is to reflect, handle and use the different social networks correctly and efficiently. We propose a linguistic 

model in this paper that can generally represent different social academic networks , especially the different 

complex linguistic relationships between social actors. This model can be used as the basis for the management, 

manipulation, and querying of social academic networks. We also introduce a concise language for representing 

and inquiring social academic networks. 

 

2.2 Predicting Social Network Measures Using Machine Learning Approach 

Authors: Radoslaw Michalski; Przemyslaw Kazienko; Dawid Król 

Approach 

In the field of social analysis tools, the issue of relationship prediction in social networks identified as a 

challenge to predict whether it will be a link between two network devices in the future remains a highly researched 

subject. Nonetheless, the paper does address another important issue instead of individual connection forecasting: 
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the estimation of main network attribute values, a more time-saving solution. Two techniques: forecasting time 

series, and classification. Both were tested on two datasets with real-life social networks. 

 

2.3 Priority rank model for social network generation  

Authors: Mikołaj Morzy ; Przemysław Kazienko ; Tomasz Kajdanowicz  

Approach 

Software currently available for the generation of artificial networks are distinguished by stability and low 

variance owing to the rigidity of the underlying assumptions of the software. The networks created from these 

models are usually too normal and do not include the noise and instability inherent in human behaviorinduced 

networks. An important consequence is that abundant analysis on social network analysis given in recent years 

used idealistic artificial networks that failed to change to reality to resolve this issue we tend to area unit introducing 

a brand new paradigm of network creation which will simulate a large spectrum of networks. In our model the 

method of network formation isn't hard-coded into the model. Instead, we recommend a basic network construction 

method targeted on priority classification, and that we write as a distance methodology the tenet of network 

development. solely by dynamic the definition of the space perform and exploitation a similar mechanism for 

ranking priorities will we tend to model terribly various networks. Our preliminary results indicate that we tend to 

ar ready to imitate the behaviour of common artificial network creation models, just like the random network model 

Erdös-Rényi, the little world model Watts-Strogatz or the favored affiliation model AlbertBarabási, but we tend to 

ar ready to in addition generate new varieties of networks. exploitation Open Science standards we tend to share 

the ASCII text file accustomed conduct experiments and publish ends up in a shared archive. 

 

 

III. PROPOSED SYSTEM 

1. CRIME DISTRIBUTION  

The fundamental test behind wrongdoing information mining is to comprehend designs in criminal conduct to 

foresee wrongdoing and anticipation. Any examination that may aid goals violations is generally mainstream to 

shield individuals. A few examinations analyzed information acquired from either a sheriff's office or a 

Wrongdoing Investigation Unit. Grouping and Arrangement Discoverer calculations, individually, were applied to 

the information to foresee wrongdoing. Twitter, a solid on-line informal organization, was utilized in this 

investigation to locate wrongdoing in for all intents and purposes period.  

 

 

 

 

IV. SENTIMENT ANALYSIS 

 

Investigation of the state of mind was utilized to assess the manner of an essayist/speaker toward either a 

subject or the general subjective extremity of a letter. Utilizing this investigation , analysts measure feelings in 

online texts.The ascent of internet based life powered enthusiasm for exploitation supposition examination to spot 
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popular sentiments and premiums. A few open-source registering applications use machine insight, measurements, 

and regular language handling procedures to disentangle feeling investigation on an expansive assortment of 

writings from differing outlets. that involves both subjectivity detection and classification of emotions. Paragraphs 

that gift facts area unit generally removed that the investigator will concentrate on those paragraphs within which 

the author expresses opinions.  

The term slant arrangement is characterized as distinguishing slant extremity of the abstract sentences. This 

notion grouping is moreover isolated into 2 classes: twofold opinion characterization and multi-class assessment 

arrangement. Multi-class assessment grouping includes characterizing suppositions into one among 5 

classifications: solid positive, positive, unbiased, negative and incredible negative. 

Neural network, maximum likelihood, and help vector machine are the most popular machine learning methods 

used for feeling classification. Most calculations for dissecting assessment utilize basic terms to communicate the 

inclination. The social impacts, etymological complexities and different foundations, be that as it may, block 

scientists from accurately drawing the assumption. 

 

Deep Analysis.  

Richard, Alex, Jean and Jason presented the nonlinear model, a condition of craftsmanship in the examination 

of suppositions. The algorithmic Neural Tensor Systems (RNTN) and consequently the svm calculation Treebank 

were presented together each. The Treebank incorporates fine-grained notion marks for more than 200,000 

expressions in the parse trees of more than 11,000 sentences. At the point when the RNTN model is prepared on 

the new Treebank, it beat every past ways on numerous measurements. This strategy mirrors the portrayal of 

emotions in various classes; it figures 5 sentiments classes: Horrendously positive, gainful, negative and skeptical. 

The precision of the opinion forecast can arrive at 80.7 percent. A case of the RNTN precisely anticipating.  

 

V. SYSTEM ARCHITECTUR 
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VI. CONCLUSION 

A crime design are regularly identified, almost in timeframe, once on-line online life is observed. Crime will 

happen whenever. Past insights don't precisely set up the crime power of a specific area. extra right outcomes are 

regularly drawn from internet based life. Results from geographic data examination led on changed tweets gave a 

straightforward picture of the criminal patterns in numerous very surprising urban communities. The crime force 

day-wise totally connect with crime measurements from cops, that at last demonstrate the theory. .The Ferguson 

shooting relevant investigation obviously isolates the city's shielded and dangerous model. To be extra exact, we 

tend to investigated the exact twitter accounts that tweet exclusively in regards to the crime circumstances occurred 

inside the town bolstered harmony official data and unbelievable.  

The outcomes assembled from this examination were sure. an entangled assessment investigation algorithmic 

standard can help in separating an evil slayer from tweets inside a specific area. Video-to-content procedure, picture 

to-content procedure, and data from differed on-line sources would conjointly encourage improve exactness. this 

kind of study would encourage with advising others regarding the crime design each inside and around their area, 

at last helping them with remaining in an exceedingly sheltered zone. viewing differed web based life retailers 

(e.g., Facebook, Google+, Tumblr, and Myspace) would improve precision. 

In the Existing technique, they need been developed fifty fifth accuracy to research the info. In this, we've got 

developed social media to research the info, even more, the prevailing technology. 
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Abstract 

 Multimodal biometric authentication methods have been introduced to provide accurate and 

safe solutions, integrating both soft and hard biometric schemes. This paper suggests a new 

hybrid strategy that guarantees the user's loyalty to the device, as well as checking whether the 

user has passed the biometric test as a regular or spoofed one. The suggested scheme is two 

modules: Module I combines fingerprint, and face recognition to suit the relevant databases, 

while module II incorporates models based on fingerprint, and face anti-spoofing convolutional 

neural networks (CNN) to identify spoof. The hash of a fingerprint is correlated with the 

fingerprint database at beginning level. Following a successful fingerprint match, it is checked 

on a fingerprint model based on CNN to check whether it is a fake or actual. A same process is 

repeated for the face recognition, and the system allows users to log in to the system based on 

cumulative proof. In the system introduced, utilizing Squeeze Net to provide accurate and 

reliable test results align with previous systems, challenging the restrictions of usual 

authentication and spoofing activities. 

 

I. INTRODUCTION 

Traditional methods such as passwords and tokens are used to safeguard our data and 

information. But it can be replicated, exchanged, misplaced, overlooked, hacked or faked. To 

prevent this security issue, we later used a biometric authentication scheme utilizing human 

biometric identities such as iris, thumb, voice recognition, fingerprint, facial recognition, retina, 

and finger veins, which can be classified as unimodeled systems because they depend on  a 

common biometric source to identify all, hence it is difficult to spoof it. 

Identification of fingerprints includes the analysis of two samples of traction ridge skin 

sensation from human fingers, palms or toes. A technology for facial recognition is a system that 

can determine or validate a person by capturing their image, or from a source of film. There are 

several forms identity verification systems work, but usually they function by comparing a 

specified image's chosen face expression with image stored in  a database. It is also characterized 

as a Biometric Artificial Intelligence based research that can uniquely identify individuals by 

analysing behaviors based on the texture and shape of a person's face. 

 

Neural networks is currently the most powerful machine learning algorithms for 

machines. Neural networks were shaped by the human brain's neural structures and, like in a 

human brain, the building blocks is labelled the Neuron. The current approach  uses the 

multimodal biometric recognition system that combines fingerprint and face images using 

convolutionary neural network architecture.  

 

 2. LITERATURE SURVEY 

 Mohamed Hammad et al.[1] Suggested fingerprint and ECG-based multimodal 

biometric authentication schemes utilizing Q-Gaussian multi-support vector machine and neural 

convolution network. Two fusion algorithms built this system: a decision level fusion and a 

feature level fusion. This system offers the advantage of predicting liveness by detecting ECG 

signals which helps us to prevent spoof assaults. The feature extraction for every modalities are 

done by using CNN. To achieve the highest accuracy, they selected two layers from CNN. They 

applied QG-MSVM classifier to improve authentication performance in the system. 
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  D. Jagadiswary, D. Saraswady.[2]  Proposed fused multimodal authentication 

system based on fingerprint, retina and finger vein that includes two modules: Conscription 

module and authentication module. Conscription module that integrating the biometric sensor to 

record the raw biometric data of individual. The feature extraction of fingerprint, retina and 

finger vein are fused using feature level fusion and the secret key is generated by using 

asymmetric cryptographic algorithm RSA. Authentication module, the users uniqueness are 

captured and validate whether it is genuine or spoofed. 

 

N. Lalithamani and M. Sabrigiriraj.[3] Experimentation to generate palm and hand vein-

based fuzzy vault for multi-biometric cryptosystem that consist of four phase: Pre-processing 

phase, feature extraction phase, fuzzy vault generation phase and recognition phase. Phase I 

resize the input image size to standard image size and then converted to double precision format. 

Phase II, the unique points are extracted from the palm and hand veins and it added with chaff 

point to generate the combined feature vector. Phase III, the secret key is generated depend on 

the number of feature vector points that form the fuzzy vault. Phase IV  users palm  and hand 

vein images are captured and extracted input future is compared with fuzzy vault if it matched, 

then it authenticate. 

P Appala Naidu  et al.[4]  proposed “fingerprint and palm print multi-modal biometric 

security system” in which they identify the palm and the finger print and then the authentication 

process is carried out. They used three process in it to scan the finger print binarization, thinning 

and minute extraction. The binarization will be identifying the ridges of finger print, thinning 

will remove the repetitive pixels and minute extraction will be choosing the specific area of the 

images. After they have used fussy extraction to generate the secrete key and store in fuzzy vault. 

While user authenticate the same process is repeated and the key generated and the key stored are 

same then authentication will be success otherwise authentication will be failure. 

ZhendongWu et al.[5]  proposed “Multibiometric Fusion Authentication in Wireless 

Multimedia Environment Using Dynamic Bayesian Method” In this system they have used finger 

print and voice print to do the two- step authentication system. They have used they dynamic 

Bayesian method to recognize the voice print which has the higher level of accuracy. The voice 

print is compared with the voice which is stored in the authentication system and the stability 

will be gently  increased. 

 

3. PROPOSED SYSTEM           

Architecture:  

 
Figure1: Architecture of Proposed System 

 

Layers in the proposed system: 

I.Convolution layer: 

Images are basically referred as pixel. Most of the values of the grayscale pixels are 

range between 0-255 and it consist of 6*6 matrix. For the coloured image  is referred as RGB and 

it consist of 6*6*3 matrix. There are various layer like V1, V2, V3, V4, V5 and V6 that each and 
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every layers are responsible for finding information from the images and that layers are acting as 

filters. When the particular image is passed To the respective layer is responsible for finding 

vertical information. After that we can retransform the image by using Min-Max scaler in that we 

need to find the min value and the max value after that change the all min value to 0 and convert 

the max value to 255. 

 

II. Max-Pooling Layer: 

Max-pooling layer is basically referred as location invariant what is says that we should 

try to make our convolution neural network or kernel that are basically using should make 

automatically triggered where it able to detect the image. Usually after the convolution layer 

takes place after we can apply another filter called max-pooling filter and it can be of 3*3 or 2*2. 

The max pooling operation basically takes of the which of the value is higher in this pixel and it 

repeated for each and every pixels. The image has been properly detected because we are taking 

the high pixel values with the help of max-pooling filter.   

 

III. Drop Out Layer: 

When the Artificial neural network which is very deep that time we will understand that 

many weights and bytes parameters. When we have huge amount of weights and bytes parameter 

what will happen is that the Artificial neural network tense to overfit  the dataset  problem or 

particular use case. First we need to select our dropout ratio and the ratio is between 0<=p<=1. 

We need to select the subset of features in each and every hidden layer along with input features. 

According to the drop out ratio it randomly select the some activation function and it will 

deactivate it and it simultaneously moves to next layer and perform same function. And during 

backward propagation which ever neurons gets activated their weights will gets updated and 

every time features gets randomly selected and deactivate it. 

 

IV. Flatten Layer: 

The flatten layer is also called as fully connected layer. In this layer converting the pixel 

or data into a single dimensional array then the converted array is inputting to the next layer. In 

the flatten layer we need to create the single long feature vector using the output of the 

convolutional layer and the flattening is completed then the single long feature vector is pass 

through the artificial neural network as a input data and it has processed further. 

 

4. RESULT COMPARISION 

 

Table1 :  Comparison of Proposed System with the existing system                         

           Algorithms                      Accuracy 

FingerprintANN & FingerveinANN & 

FaceANN (Rajesh & Selvarajan) 

            

                    99.23% 

Fingerprint and Palmprint Multi-Modal 

Biometric Security System P Appala Naidu  et al. 

                         

                  97.18% 

Multimodal Biometric Authentication 

Systems Using Convolution Neural Network 

Based on Different Level Fusion of ECG and 

Fingerprint 

                

                  99.12% 

Proposed system using Convolutional 

neural network 

           

                 99.58% 

 

5. CONCLUSION 

Multimodel biometric authentication device essentially is the combination of several 

human biometric identities. Compared to uni model biometric system, it is an efficient 

authentication method. The experiment results in the overall performance of the proposed 

multimodal system being higher than the other CNN-based multimodel biometric system. We 

may also infer from the results that we obtained that the effect of the pre-processed algorithm 
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improved the precision rate of the proposed method. Dropout technique plays an significant role 

in increasing the efficiency of the recogintion, it also helps to lower the system's error rate. 

Future research can be expanded further by accurately modeling  feature extraction techniques 

and handling the database more efficiently and using different levels of fusion to perform 

biometric method. 
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Detection of Malicious Intrusion Using R Based 

Random Forest Algorithm in Machine Learning 

1Vinotha R, 2Seethamani.P 

 

ABSTRACT  

The need to secure networks has increased as the number of people connecting to the network are 

increasing rapidly and using networks for storing or accessing critical information.An assessed and compared 

various machine learning algorithm and then propose a system based on the best performing algorithm.A system 

is an intrusion prediction system with low error rate and can be implemented in real world. The dataset utilized 

in the project comprises of a lot of information to assess, remembering an assortment of reproduced intrusion for 

a military system condition.The dataset contains mainly the normal state, DDoS and some other attacks. The 

system will not only predict a malicious network, but will also indicate exactly what type of attack the network is 

on. 

   Keywords: learning, decision table, random forest, network intrusion.   

 

I. INTRODUCTION  

With the far reaching utilization of the Internet and expanded access to online substance, cybercrime is 

happening at an expanding rate [1-2].Intrusion detection is the first step in preventing security attacks. Accordingly, 

security arrangements like the firewall, the Intrusion Detection System(IDS), the uniform risk model (UTM) and the 

intrusion prevention System(IPS) get a great deal of consideration in examines. IDS recognizes assaults from different 

frameworks and system sources by gathering data, at that point breaks down the data to identify any security ruptures 

[3]. System based IDS investigates information bundles that disregard a system and this examination is acted in two 

different ways. As of not long ago, abnormality based identification has falled a long ways behind mark based location, 

and in this way peculiarity based discovery stays a significant region of research [4-5]. 

The difficulties of irregularity based interruption discovery are that it faces another assault for which there is 

no earlier information to distinguish the inconsistency. Therefore, the framework should by one way or another have 

the insight to isolate which traffic is innocuous and which is destructive or unusual and thus AI procedures have been 

investigated by analysts as of late [6]. IDS isn't a response to all security issues, in any case. For instance, IDS can't 
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2 Department of Information Technology, M.Kumarasamy College Of Engineering 
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make up for feeble recognizable proof and confirmation components or if there is a shortcoming in arrange 

conventions. 

With the headway in the innovation, a great many individuals are currently associated with one another 

through one or other type of system where they share bunches of significant information. Subsequently the need of 

security to defend information trustworthiness and privacy is expanded quickly. In spite of the fact that exertion have 

been made to make sure about information transmission and yet, assault method for rupturing the system kept on 

developing. Accordingly it prompts the need of such a framework which can adjust with this consistently changing 

assault strategies. Right now, have purposed a framework which depends on machine learning.The aim is to find the 

based suitable machine learning algorithm which can predict the type of network attack with highest accuracy and 

then develop a system which uses this algorithm to detect network intrusion. The algorithms which we have compared 

are Naïve Bayes, Decision Table, K Nearest Neighbor, Random Forest and Adaboost. The dataset used for training 

the model is KDD 99 dataset. The reason why we have used machine learning is the flexibility that it provides to the 

system for example, if any new type of attack is developed in future the system can be trained for predicting that 

attack. There are a few types of intrusion detection system out of which this is a knowledge-based IDS which is also 

known as the anomaly-based system. It registers the anomalies and in future predicts such malicious network to send 

out an alert. This way the network can disconnect to the such a connection and then have only secured connections. 

The guarantee and commitment of machine learning to date are interesting. There are numerous genuine 

applications that are utilize today offered by machine learning. Machine learning seems to overwhelm the world in 

the coming days. Consequently, estimated that the test of recognizing new or zero-day assaults that associations with 

innovation today face can be overwhelmed by utilizing machine learning procedures. Here, built up an administered 

machine learning model that can arrange undetectable system traffic dependent on what has been gained from the 

traffic seen. 

 

II. LITERATURE SURVEY 

 The intrusion detection system is classified into two types namely Network-based IDS and Host-b ased IDS. 

The latter monitors activities of inspected packets and resources that are being utilized by the programs. In the event 

of a network change, the user receives a network alert. HIDS is integrated into the IT architecture to protect 

information against the intruder. On the other hand, the attribute function of the target system is NIDS. Use anti-

threading software to check incoming and outgoing texts. It has a signature classification that helps identify anomalies 

by comparing log files and previous signatures. In [2], the authors proposed a ML-based Intrusion detection system 

using a deep neural network. Neural networks consisting of four hidden layers and 100 hidden units was used for the 

intrusion detection system. They used non-linear ReLU as the activation function for the hidden layer neurons to 

enhance the model’s performance. They adopt stochastic optimization method for learning in DNN.  For the training 

and testing of their model they used KDD CUP 99 dataset. They were able to reach the accuracy of 99% for all the 

cases. In [3], they proposed a NIDS (Network Intrusion Detection System), which is based on the feature selection 
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method, the addition of recursive features (RFA) and the Bigram technique. They tested the model on the ISCX 2012 

data set. In addition, they proposed a bigram procedure to encode the highlights of payload strings into a useful 

representation that can be used in feature selection. They also proposed another evaluation measure called a 

combination of precision, detection rate, and false alarm rate, which helps examine the modified tables and choose 

the best one. 

The question of versatility in the field of new intrusion detection system and interference detection has been 

addressed [4]. The proposed IDS is a versatile arrangement that will give us the ability to identify mentioned and new 

occupations, as well as be renewed in a financially interested manner by the new contribution of human experts. [5], 

This is a statistical evaluation and analysis of the tagged flow-based CIDDS-001 data set used to evaluate anomoly-

based network intrusion detection systems (NIDS). Basically, they used two techniques, the most significant k-

clustering and the nearest k-class classification, to measure the degree of complexity of the prominent data. Based on 

the assessment, they concluded that both the closest k-mean classifications of the cluster performed well on the 

CIDDS-001 dataset of the outstanding data used.Based on anomalies,the dataset can be used to evaluate network IDS. 

The IDS is based on anomaly detection method[6]. In such technique, a system tries to estimate the ‘normal’ 

state of the network and generates an alert when any activities deviate from this ‘normal’ state. The main advantage 

of the anomaly-based system is that it can detect new intrusion events. They classify detection techniques into three 

categories: statistical, knowledge-based, and machine-based.In statistical based technique, a random viewpoint is used 

to represent the behavior of the system. While knowledge based technique, utilize the available system data to capture 

the behavior of system.Finally, the machine learning-based technique uses a clear or implicit model to allow 

categorization of the analytical model. In [7], different machine learning techniques can lead to higher detection rates, 

lower false alarm rates, reasonable calculations, and communication costs of detecting interference. In this article, 

Mahdi Zamani and Mahnush Movahedi studied some of these techniques and patterns to compare all their 

performances. They divide the diagrams into methods based on classical computer intelligence (CI) and artificial 

intelligence (AI). They explain how various aspects of CI techniques can be used to create modern and effective IDSs. 

In [8], first, network attacks are identified and the performance of the algorithms is compared. Dimension 

reduction focuses on using the data in the obtained KDT 99 file to select the properties used to identify the type of 

attack. Dimension reduction is carried out first according to the best first search method in attributes 41 to 14 and 7, 

then the two-class algorithm is used. 

In [9], Mohammad Saiful Islam Mamun and A.F.M. Sultanul Kabir proposed an intrusion detection system 

based on a hierarchical architectural design that meets the current restrictions and requirements of the ad hoc wireless 

sensor network. In their proposed intrusion detection system architecture, they followed a clustering mechanism to 

build a four-tier hierarchical network that increases network scalability to a large geographic area and uses both 

detection techniques. anomalies and abuse for intruder detection. They introduced the intrusion response with the 

GSM cell concept, as well as a policy-based detection mechanism for the intrusion detection architecture. 

 

Page 942 of 3066Page 942 of 3066



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 03, 2020 

ISSN: 1475-7192 

 

Received: 03 Dec 2019 | Revised: 21 Jan 2020 | Accepted: 18 Feb 2020                       3621 

III. PROPOSED WORK 

The dataset being used is the KDD99 dataset for network intrusion. It’s a famous dataset being used by many 

researchers for the purpose of intrusion detection applying various learnings. The dataset contains many attack types 

like the DOS, U2R, R2L, Probe and normal (no attack). 

Table 1.KDD99 Dataset 

 

The dataset taken from the Kdd99 is a huge dataset and the one that  used in research is under the folder 

corrected. The goal is to not only to find the best algorithm suited for the intrusion detection but also to implement it 

using the programming language R. The first process of applying learning is to pre-process the data. First,convert the 

files to CSV format. Then we have to remove the redundant rows from the dataset. Then next step is to see whether 

there are any missing values and then to remove those corresponding rows too. The next process is to use this dataset 

and put it across various machine-learning algorithms that might give good results by correctly classifying the 

instances. The tool that used is the Weka. Weka is an open source Java platform for processing, classifying, clustering 

and visualization. It is considered as one of the better data mining tools and therefore it can be used. Steps involved 

in using Weka are 

1. Importing the dataset  

2. Classifying and choosing the algorithm.  

3. Using the 10 Fold method   

4. Again testing using the Percentage Split (70%) 

 5. Checking the Correctly Classified Instance Percentage.  

The values are observed and tabulated shown in the Results below. It can clearly be seen from the above give 

values that the best algorithm that can be used for the network intrusion detection is the Random Forest. Random 

Forest algorithm is a classification algorithm based on ensemble learning. It works by building multiple decision trees 
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at training and the developed decision trees forms the output function. The algorithm is elected and now the 

implementation using the R programming language is to be done. The drawback of this intensive and the accurate 

algorithm in this case is that the computation time is very high. To lessen the computational time,use feature selection 

algorithm. The feature selection algorithm used is the InfoGainAttribute using the Weka tool. Information gain is a 

feature selection method uses entropy of the class variable and then assess the feature. Using this method,expect no 

considerable drop in accuracy in terms of the percentage of correctly classified classes and a great reduction in time 

taken to detect intrusion in the network. This makes the system for intrusion detection more efficient. The attributes 

elected are used in the R program to predict the error rate and in future to predict if a network is bad or normal. This 

program when developed fully will act as a filter to determine if a network is secure and will continuously learn from 

its own series of data making it better and stronger with each type of attack. 

 

IV. IMPLEMENTATION  

4.1 Modules 

 The project mainly consists of 2 main modules: i) The Algorithm testing using WEKA ii) Feature/Attribute 

selection using the InfoGain Algorithm iii) The implementation on the Algorithm using R. 
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                     Figure 1:R Output 

 

V. CONCLUSION 

The Random Forest, KNN and the Decision Table give high accuracy but the accuracy achieved in case of 

the Random Forest is the highest. Therefore, to further project choose the Random Forest algorithm, use it practically 

to find out the error rate using the R Programming language.   

 

Table2:classification based on ML algorithm 
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Figure 2:ML algorithm evaluation using Cross Validation 

The graph in Figure 1 shows that the accuracy for the Random Forest algorithm is 99.40%, the highest. It has 

been evaluated using the 10 Fold Cross Validation method. In this method the dataset for training is divided into 10 

parts and for each part the other 9 parts acts as the training set and the 1 part as the testing set. Average of all such sets 

gives the 10 Fold validation. 

 

Figure 3: ML algorithm evaluation using Percentage Split 

The graph in Figure 2 shows that the accuracy for the Random Forest algorithm is 99.37%, the highest. It has 

been evaluated using the Percentage split (70) method. In this method the dataset for training is divided 70 percent for 

training purpose and the other 30 percent for the testing purpose.  Before directly using all the 41 attributes onto the 

R do feature selection to select the attributes using the InfoGain method to reduce the time of computation whereas 

the accuracy is not much compromised. The attributes elected are  

 • SrcBytes - number of bytes of data from source to destination 

  • DstBytes - number of bytes of data from destination to source  

 • DstHostSameSrvRate – Destination host same server rate.  
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• Number - The no. of connections with a similar host of the present association over the most recent two 

seconds 

• DstHostDiffSrvRate - Destination host different server rate.  

The number of attributes reduce from 41 to 5 using the InfoGain method which makes it much faster in terms 

of execution time. The R language is then used to see the OOB Estimate of Error that is retrieved after using the 

Random Forest machine-learning algorithm. The OOB Estimate of Error was found to be 1.46% when the half of 

dataset was used in training and the other half in testing the algorithm. For each of the testing dataset need to predict 

if the connection setup is normal or malicious and even pin point to the particular type of attack (example – Neptune, 

smurf, Saturn, teardrop, rootkit etc.) This means that we can be 98.54% sure of the prediction value shown by the 

algorithm running on R. 
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Performance Analysis Of Ensemble Feature 
Selection Method Under SVM And BMNB 

Classifiers For Sentiment Analysis 
 

M.Gunasekar, Dr.S.Thilagamani 
 
Abstract: The process of sentiment analysis identifies whether a given piece of text is positive, negative or neutral. It helps the business organizations 
to make use of the data in an effective way and to take informed decisions. It also saves human time and effort since this is an automated process. To 
automate the sentiment prediction the comment or review of a user has to be synthesized accurately. Since the feature selection is an important factor in 
sentiment prediction, this paper uses composite n-gram model with two feature selection methods mRMR (Minimum redundancy and Maximum 
Relevance) and improved Gini index. Then the sentiment prediction is carried out using SVM (Support Vector Machines) and BMNB (Binary multinomial 
Naïve Bayes) classifier. Experiment results shows that BMNB classifier performs better under both feature selection methods. 
 
Key words: Text classification, feature selection, Gini index, Naïve Bayes, mRMR, SVM 

———————————————————— 

 

INTRODUCTION: 
Now-a-days social networks has become a common 
platform for the public to share their  opinions, express their 
views and give their comments on a product, brand name 
or service, etc.. These opinions are of great use for 
business organizations to know about their customer‘s 
feedback. But it is not possible for organizations to read 
such huge data. Here comes the need for proper monitoring 
and organization of such huge data into easily 
understandable form. The process of identifying reader‘s 
attitude towards a brand, or a product or a service is called 
Sentiment Analysis. It is also called Opinion mining 
because it acts on the opinions of the public. Sentiment 
Analysis is of great importance in today‘s world because; it 
gives an idea about the opinion of the general public. The 
opinion of the users can be computed using different 
methods; supervised learning is one such method which 
shows better performance comparatively. Feature selection 
is an important task in sentiment analysis, which rightly 
picks the most contributing feature for the sentiment 
prediction. The research in sentiment analysis is 
progressing in a perspective to capture the opinion 
intuitively from user. Varela et.al. [7] Compared the 
performance of feature selection methods for classifying the 
polarity of a document. In his work SVM and Multinomial 
Naive Bayes classifiers are applied at two situations. first 
without using feature selection method and using feature 
selection in that the latter method shows 10% more 
accuracy that the former. Then among the two classifiers 
Multinomial naive bayes shows better result. Harun et.al. [8] 
Created two step feature selection and extraction 
mechanism. In first step the important feature in the 
document are identified using its Information gain value. 
The step two involves Genetic algorithm to further optimize 
the feature selection method and using Principal 
component analysis the promising features for the 
classification is extracted. KNN and Decision tree are 
applied to classify the polarity. 
 

RELATED WORK: 
Sufficient research works are being carried out on 
sentiment prediction, still a space is available to improve 
the accuracy of the sentiment prediction models. 
Understanding the data is a crucial task and data has to be 

transformed into a format which allows the classifier models 
to capture the sentiment more accurately. Preprocessing 
enhances the performance of the model. Angiani et al. [4] 
have converted the emoticons into simple positive and 
negative opinion for better classification. Since stemming 
process converts a word to its root word capturing the 
essence of words like "couldn't go good", "wouldn't 
sufficient" are difficult. Negation in words influences the 
meaning of the word which surrounds it. Omitting these 
words would lead to misclassification. These words are 
synthesized by appending 'not' (negation) before it. Michelle 
Annett [5] compared the Lexical and ML approaches to find 
the accuracy of the classifier. They have proved that 
Machine Learning approach provides high accuracy than 
Lexical methods. Among SVM, NB and ADtree Machine 
Learning algorithms, SVM shows better result. Wenqian 
Shang, et al. [6] modified the gini index equation to improve 
the feature selection result. Here the probability function 
P(W) is replaced with posterior probability P(W|Ci)

2
 which 

finds out the presence and absence of the text feature in 
the document. Narayanan, et al. [9] developed a fast 
sentiment classifier model using Enhanced Naïve Bayes 
algorithm. Vivek et.al uses laplacian smoothing to classify 
the word which is not found in the training data. Negation 
words are handled by appending ‗not‘ before the word. 
Mutual information is used to calculate the dependence of 
the random feature and its classes. [10] used two feature 
selection method based on unigram, bigram and composite 
feature. Information Gain and minimum redundancy and 
maximum relevance are applied on an IMDB dataset for 
feature selection. SVM and Multinomial Naïve Bayes are 
used to classify the text polarity. 
 

PREPROCESSING: 
Text categorization research area has gained its 
importance since the inception of social media. Before 
analyzing the data, the data preprocessing is an essential 
task, as not all data in the dataset are going to contribute 
for knowledge discovery. We consider movie review dataset 
prepared by Pang & Lee, which is one of the Dataset much 
explored by the researchers.  
 
Preprocessing involves the following steps: 
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1) Removing the stop words from the document to 
make the dataset more clear for data processing. 

2) Converting the documents into tokens and 
transforming the upper case alphabets to lower 
case and removing the high frequency words. 

3) Stemming process transforms the words in the 
document to its original or root word, which helps in 
identifying the similar words in the document. The 
words with similar meaning are removed from the 
document.  

 
Categorization of text: 
In this module the data in the document are modeled based 
on the n-grams model. In n-gram model n represents the 
sequence of words to be grouped from a given dataset. In 
this experiment n are assigned with values 1 and 2. 
Example: In unigram model (1-gram) text data ―every 
people has unique dream‖ is modeled as ―every‖, ―people‖, 
―has‖, ―unique‖, ―dream‖. In bigram model (2-gram) ―every 
people‖, ―people has‖, ―has unique‖, ―unique dream‖. 
 
Feature selection: 
The efficiency of the classifier can be improved by removing 
the words which do not contribute for the text classification. 
Feature selection is an important task in sentiment analysis. 
In this paper two feature selection algorithms, novel gini 
index and minimum redundancy maximum relevance 
algorithm are used. These two methods calculate the 
dependency of words towards the class and words with low 
dependency are removed from the document.  
 
Improved gini index: 
Gini index method was widely used to calculate the 
influence of a word in a document. This algorithm was first 

coined in 1984 by Breiman. In general, Gini index computes 
the impurity of the words in text categorization. The general 
form of Gini index is, 
 

Gini(S) = 1-∑   
  

   
 

Where S is the sample set and there are m classes, each si 
belongs to a class ci. P is the probability of each sample 
si/s. This suffers from the default maximum value problem 
i.e. when all the samples are equally distributed to classes. 
[6] The following formula depicts the modified gini index 
algorithm, 
 
GiniT(W) = ∑ P(W/Ci)

2
 P(Ci/W)

2
 

The above formula replaces   
  with P(W/Ci)

2
, which 

considers the unbalanced class distribution. This new 
formula considers posterior and condition probability of all 
the features to reduce the unbalanced class problem. 
 
mRMR: 
This feature selection method reduces the redundancy in 
the dataset. mRMR is a heuristic approach which matches 
the maximum relevancy among the data‘s in the dataset 
and removes the redundant data‘s from the dataset. 
mRMR algorithm [10] finds the discriminant attributes of a 
class. It works by grouping the features having high 
relevance. The maximal relevance among data‘s in a 
dataset is identified using the following  

max R(S,c), R = 
 

| |
∑             

The features with maximum relevance would have high 
redundant feature set. This redundancy can be minimized 
by 

considering only the mutually exclusive features in the 
above dataset. This can be achieved with the help of 
following, 

min L(S), L = 
 

| | 
∑                 

max ɸ(R,L), ɸ = R – L 
The condition merging the maxR and min L is called 
mRMR. The above max ɸ optimizes the R and L, it also 
finds the near optimal value when incremental search is 
applied. 
Classifiers: 
BMNB: 
Naive Bayes is one of the classification model used widely 
for text classification. The classical NB is a simple 
probabilistic model which utilizes the bayes theorem for its 
computation. In Multinomial NB model [9] frequency of a 
term in the document is considered, whereas in the binary 
MNB it considers only the occurrence of a feature not its 
frequency. 
At first the documents are labeled with its class using P(ci) 
and to restrict the more than one occurrence of the feature 
P(Wk/cj) is calculated. 

P(ci) = 
|     |

|          |
 

P(Wk/cj) = 
     

    |          |
 

Where the docs represents the documents in the corpus 
and P(ci) calculates the probability of each documents 
belonging to class i. nk refers to the frequency of Wk in textj. 
all the duplicate words in the dataset is removed and NB is 
computed using the following equation, 

CNB =              ∏   
  

  
              

SVM: 
The SVM classifier has been adopted by many researchers 
for sentiment classification. This [5] works on both 
regression and classification problems. The non-linear 
inseparable problems are well addressed. The non-linear 
inseparable data‘s are transformed into linear data‘s using 
the kernel of SVM. This kernel transforms the data into 
linear separable by building hyperplanes in a 
multidimensional space that distinguishes data‘s belonging 
to different classes. The following minimizes the error 
function, 

 

 
       ∑   

 

   

 

Follows the constraints, 
yi(w

T
 ɸ(xi) + b) >= 1-   and              

where b, c are constant and capacity constant respectively. 
   handles non separable inputs. N represents the training 

cases and i labels the training cases and w is the vector of 
coefficients. ɸ transforms the input non-linear data to an 
independent feature space. 
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 EXPERIMENTS AND RESULTS: 
The experiment is on the IMDB movie review dataset 
prepared by pang et.al. This study is based on sentiment 
classification on movie review dataset. Dataset consists of 

2000 reviews which are equally segregated as 1000 
positive and 1000 negative reviews. Experiment follows the 
process flow shown in figure 1.  

 
Figure 1: Process flow diagram 

 
The preprocessing methods such as tokenization, stop 
word removal, transformation to root word are applied on 
the dataset. Feature vector is generated using the n-gram 
model. Feature selection methods mRMR and improved 
Gini index are used identify the influencing features in the 

dataset. Then two classifiers BMNB and SVM are applied to 
classify the sentiment in the document. The performance of 
the classifiers is captured using the confusion matrix 
constructed from the results of the classifiers. Precision, 
Recall and F-score are the parameters considered for 
analyzing the performance of the model.  

This study clearly shows that the feature vector generation 
based on composite model (unigram + bigram) shows 
better performance. Feature selection methods both mRMR 

and improved gini index shows significant improvement 
than classical n-gram methods. The performance of the 
classifiers SVM and BMNB are below. 

 
Table 1: Results of the proposed model 

Method 
SVM BMNB 

Precision Recall F-Score Precision Recall F-Score 

Unigram 83.7 83.4 83.55 87.2 83.2 85.22 

Bigram 82.1 81.7 81.79 86.4 84.8 85.62 

Composite (unigram+Bigram) 85.9 82.4 84.14 85.9 84.2 85.04 

Composite modified GI 88.5 89.2 88.84 92.1 89.6 90.84 

Composite mRMR 89.7 88.4 89.04 90.2 89.3 89.74 

DataSet 
Text 

Preprocesing 

•Removal of stop words 

•Tokenization 

•Removal of high frequency words 

•Transform to root word 

Feature 
selection 

•n-gram 

•Composite (unigram + 
bigram) 

• Improved GI 

Classifier 

•SVM 

•BMNB 
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Figure 2: comparison of Feature selection methods on  

SVM 
 

 
Figure 3: comparison of Feature selection methods on 

BMNB 

 
Figure 4: Performance comparison of SVM and BMNB 

 
The results shows that the BMNB classifier performs better 
than SVM under both improved and mRMR feature 
selection methods.  

 
CONCLUSION: 
Sentiment analysis becomes an important research area 
because of the increase in the use of social media by 
people. Opinion of the customers has great impact in the 
profit of an organization. So capturing customer‘s feedback 
and understanding their opinion is an essential task for 
organizations. In this study we proposed a model which 
uses two feature selection methods improved Gini index 
and mRMR. The results of feature selection methods are 
fed into machine learning classifiers SVM and BMNB for 
opinion mining. BMNB performs better than other classifier 
model. Since the feature selection method has a great 
influence in the performance of classifier models, in future 
the study can be enhanced by including the

 
optimization method with the classical feature selection 
method to improve the overall performance of the classifier 
model. 
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Ensemble Feature Selection to improve the 

classifier Performance in Sentimental Analysis 
 

1Mr. M. Gunasekar ,2S. Naveen Kumar ,3K. Sakthi Gnanesh ,4T.A.Salman Syed Mukthar 

,5K.Shribalaji 

 

ABSTRACT-- Pre-trained word embedding’s are used in several downstream applications as well as for 

constructing representations for sentences, paragraphs and documents. One improvement area is reducing the 

dimensionality of word embedding. Reducing the size of word embedding can improve their utility in memory-

constrained devices, benefiting several real world applications. Therefore, in this paper, we focus on how to classify 

textual information  and it consist of online comments from Wikipedia talk page edits where an unsupervised 

learning approaches are used to obtain better performance of sentimental analysis. To this end, we first analyse 

the dataset for pre-training by using a phenomenon called glove word embedding, and giving some unique 

dimensions to each comments. Then we reduce the dimensions of the comments using dimensionality reduction 

approach and propose an iterative algorithm called t-SNE to visualise the high dimensional data. Finally, a 

Bidirectional LSTM model is built using keras to classify the sentences into appropriate types of toxicity. To the 

best of our knowledge, this work is first to the study of negative online behaviours, like various types of toxic 

comments.  

Keywords-- Sentimental Analysis,Word Embedding Dimensionality Reduction, Visualization, Toxicity 

 

I. INTRODUCTION 

 Holding constructive and inclusive conversations online is a vital task for providers of platforms. Automatic 

detection of toxic remarks, such as hate speech, assaults and threats, may lead to positive discussions.  

Additionally , new legislation to enforce the deletion of illegal content in less than 72 hours have been 

implemented in some European countries. Recent research on the topic tackles common problems in natural 

language processing, such as long-range dependencies or misspelled and idiosyncratic words. The solutions 

suggested include carefully bidirectional, recurrent neural networks and the use of pre-trained embedding terms. 

It is vital for future work to know which problems are already being solved by state-of-the-art classifiers and for 

which problems are still vulnerable to error in current solutions. This examination was done by python. 

 

II. RELATED WORK 
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Text arising from immersive online contact conceals many threats, such as fake news, online abuse and 

toxicity[6]. Toxic comment is not only verbal abuse but a rude, insulting or something likely to make someone 

leave a conversation. The personal assault, online threats and bullying attitudes may also be called negative 

commentary.Unfortunately, it is a common trend in the world of web and causes many problems and the risk is 

increased with the growth of social media sites and the proliferation of online communication. The Wikimedia 

foundation suggested that 54 per cent of those who had encountered online were   Abuse has resulted in a reduction 

in participation in a given project.A 2014 Pew Report also highlights that 73 percent of adult internet users saw 

someone harassed online and 40 percent experienced that personally. While efforts are being made to improve the 

safety of online environments based on crowdsourcing voting schemes or the ability to denounce a comment, these 

techniques are inefficient in most cases and fail to predict a potential toxicity. 

 The first layer of NN architectures integrates the one-hot token representations into a lower-

dimensionality vector space, which it then fine-tunes by back-propagation. This layer yields word embedding as 

the first layer's weights, and is generally referred to as the embedding layer. In recent years, word embedding learnt 

without supervision has seen considerable progress in various NLP tasks.Embedding layer pre-training using a 

dedicated word embedding technique such as Word2Vec (Mikolov et al . , 2013) or Glove (Pennington et al . , 

2014) has proved to be an efficient method of spreading broad corporate information. We compile a collection of 

pre-trained word embedding from various online sources, and use them to initialize the classifiers' word embedding 

layer.Such pretrained embeddings differ in text source, size, amount of tokens next to the training method. 

 GloVe 7 Pennington et al . ( 2014) show that the ratio of the probabilities of co-occurrence of two terms 

(rather than their probabilities of co-occurrence itself) is what comprises information and therefore try to encode 

this information as vector difference.To accomplish this, they propose a weighted objective of lesser squares which 

aims directly to reduce the difference between the dot product of two word embedding and the logarithm of their 

number of co-occurrences. We use GloVe embedding trained on three separate text sources: Twitter text (200 

dimensions), WikiNews (300 dimensions), and Popular Crawl Corpus(300 dimensions) general web text. 

 One area of improvement is reduction of word embedding dimensionality. Reducing the size of word 

embedding in memory-constrained devices can improve their utility, benefiting several applications in the real 

world. In this study, we present a novel technique that effectively incorporates PCA-based reduction in 

dimensionality to create efficient lower-dimensional word embedding.Empirical tests on several benchmarks show 

that our algorithm effectively reduces the size of the embedding while achieving comparable or (more often) better 

performance than original embedded content. 

 Neural networks for the classification of toxic comment use recurrent neural network (RNN) layers, such 

as long-term memory (LSTM) or Gated Recurrent Unit (GRU) layers, similar to other text classification tasks. 

Standard neuronal networks suffer from the problem of fading gradients.With the increasing number of time 

measures, back-propagation over time may cause the gradients used for weight updates to become vanishingly 

small. With gradients close to zero, no updates are made to neural network weights and therefore there is no training 

process. With the aid of gates, layers LSTM and GRU overcome the vanishing gradient problem.The status of each 

cell is transmitted to the next cell and gates that control changes to those states. For an unspecified number of time 

measures, long-range dependencies can be transmitted if the gates block changes in the states for the respective 
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cells. An extension to standard layers of LSTM and GRU are bidirectional layers of LSTM or GRU, which process 

the sequence of words in the correct and reverse order. 

III. PROPOSED SYSTEM 

 The emphasis is on researching online negative attitudes, such as derogatory comments (i.e. remarks that 

are disrespectful, insulting or otherwise likely to cause others to exit a discussion). There are so many templates 

providing toxicity by using the Perspective API.Nonetheless, the modern frameworks also make mistakes because 

they do not allow users to pick the categories of toxicity they are interested in seeing (for example, some sites may 

be fine with profanity but not for certain toxic material types).Compared to existing models of Insight, the model 

should be better able to discern various sources of hostility, such as bullying, obscenity, threats and identity-based 

hatred. Changes to the current model will ideally allow the online dialogue to become more positive and respectful. 

The Sentimental Analysis Model used in this project is for analysing toxic comments online.The main challenge 

is to classify the remarks into various forms of toxic remarks, such as poisonous, serious poisonous, harmful, 

threatening, assault and identity hate. The inclusion of the word Golve pertains to our dataset. Terms are then 

translated into vector formulae. We were using an unsupervised approach for research.We suggested an important 

method called reduction of dimensionality to lift the proportions out of huge volumes. For data exploration and 

visualization of closely related dimensions we used Distributed Stochastic Neighbor Embedding (t-SNE) 

algorithms.In the end, a Bidirectional LSTM model is built using keras to classify the sentences into correct 

categories. Finally we used the Bidirectional LSTM model to classify the phrases into different toxicity groups. 

 

IV. IMPLEMENTATION 

The implementation contains pre-training and analysis of the dataset. 

The implementation of this project involves the process of loading the dataset, classifying the data and 

presenting visual representation. 

A. Algorithm: 

We have used the following Algorithm 

1) t-SNE Algorithm: 

We used t-SNE(Distributed Stochastic Neighbour Embedding) in this proposed sense. We also had very good 

visualization tests for data, because we used pre-trained weights. When we train ourselves to embed this technique 

is important. 

 

B. Module Description: 

The following system flow is the procedure used in our analysis 

Page 955 of 3066Page 955 of 3066



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 03, 2020 

ISSN: 1475-7192 

Received: 03 Dec 2019 | Revised: 21 Jan 2020 | Accepted: 18 Feb 2020                          4129  

 

Work Flow 

1) Word embedding – Glove Technique: 

 GloVe is a pattern dependent upon count. Count-based models learn the vectors with a co-occurrence on 

matrix counts, reducing the dimensionality. Formulate this matrix into a lower-dimensional matrix of terms and 

attributes, where each row gives a representation of the vector for each word. Pre-processing the count matrix is 

achieved by standardizing the counts and smoothing them for long. 

 The corpus, as we are all aware, is a raw document, and thus must be pre-processed before our model is 

fed. I used Glove pre-trained Word embedding to construct raw data vectors which were provided. Designed here 

the Term Vectors have 100 dimensions. Which is every word has been defined as a vector of 100-dimensions. 

2) Descriminator – Dimensionality Reduction:  

 Improving the word vectors that have been pre-trained will make the research process more accurate. The 

removal of the word embedding dimensionality is one area of transition. Reducing the size of word embedding in 

memory-constrained systems would improve its performance, benefiting many applications in the real 

world.Reducing the dimensionality of the widely used pre - trained word embedding (word2vec, glove, fast text) 

and demonstrating that we can easily control half of the usual dimensionality of the embedding space geometry. 

 The prediction problem is given by, 

 

bw and bc are bias term 

• The objective of the function  

 

f(Xi,j) is a weighting function to penalize rare co-occurrence 

• The model generate two sets of words vectors W and  W̃  

• W and  W̃  are equivalent and differ only as a result of their random initialization 

   Two set of vector should be perform equivalently  

• Authors proposed to use (W + W̃ )/2  to get word vector  

 

Components: 
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There are two components of dimensionality reduction: 

•Feature selectionIn this we are attempting to find a subset of the original set of variables or features that can 

be used to model the issue..  

•Feature extraction: This reduces the data to a lower dimension space in a high dimensional feature space, i.e.  a 

space with lesser no. of dimensions. 

 In this project, before using them, we need to imagine our word embedding vectors to see if similar terms 

are placed next to each other. Since our word vectors have 100 dimensions, visualizing them is not easy. So, we 

used an unsupervised (Dimensionality Reduction) approach to reduce the dimensions to 2 and then map these 

terms. 

3) Classifier: 

 Bidirectional LSTMs are given at Keras via the wrapper of the Bidirectional layer. This wrapper takes a 

standard layer (e.g., first layer of LSTM) as a reference. It also helps you to decide the merge mode, which is how 

to combine forward and backward outputs before moving on to the next step. Long Short Term Memory 

Networks (LSTM) are an RNN subclass, Specialized in the long-term processing of information. More over the 

Bidirectional LSTMS hold the contextual details in both directions. Finally, a Bidirectional LSTM model is built 

using keras to classify the sentence into correct toxicity categories. 

 

V. RESULTS 

 Hence the project result includes visualization of the sample datasets, which can be interpreted by all 

individuals. Datasets which all people can understand. The statistical outcome of analyzing the data shows the 

likelihood of each statement in the dataset having various types having toxic levels.The statistical result also 

provides further visualization of closest meaningful words. Depending on the classification of harmful, extreme 

harmful, offensive, personality hatred, danger and provocation, a statistical review is carried out. 

 

 

 

VI. CONCLUSION AND FUTURE WORK 

 In this paper , the problem of posting toxicity comments on the Wall of Wikipedia has been regulated. 

Using the T-distributed Stochastic Neighbor Embedding(t-SNE) algorithm, the high dimensional data was 
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visualised. In one specific statement, we can estimate the probability of toxic categories. In doing so, we can see 

the vulgarity level inside a group of comments.Yet existing models only classify negative comments. This work 

also aims to capture the kinds of toxic comments. Reduction of Dimensionality is used to reduce statement 

dimensions. Bidirectional Short term memory model is used to classify the sentences into appropriate toxicity 

categories.In our method we achieve the 98.9012 level of accuracy. We plan to analyze the technique of emotional 

classification such as Sad, joy, fear , anger, Surprise with the toxic comments in future study. We intend to 

incorporate not only the framework of the Wikipedia but also of the social media site. 

 

REFERENCES 

1. Revati Sharma, Meetkumar Patel.September 2018. Toxic Comment Classification Using Neural Networks 

and Machine Learning:International Advanced Research Journal in Science, Engineering and Technology 

5,9 

2. Betty van Aken, Julian Risch, Ralf Krestel, and Alexander Löser.2017. Challenges for Toxic Comment 

Classification: An In-Depth Error Analysis. 

3. Mujahed A. Saif, Alexander N. Medvedev, Maxim A. Medvedev, and Todorka Atanasova. 11 December 

2018. Classification of Online Toxic Comments Using the Logistic Regression and Neural Networks 

Models: AIP Conference Proceedings 2048. 

4. Spiros V. Georgakopoulos, Sotiris K. Tasoulis, Aristidis G. Vrahatis, and Vassilis P. Plagianakos. 2018. 

Convolutional Neural Networks for Toxic Comment Classification. In SETN ’18: 10th Hellenic Conference 

on Artificial Intelligence, July 9–12, 2018, Patras, Greece. ACM, New York, NY, USA. 

5. Björn Gambäck and Utpal Kumar Sikdar. 2017. Using convolutional neural networks to classify hate speech. 

In ALW1@ACL. 

6. Anna Schmidt and Michael Wiegand. 2017. A survey on hate speech detection using natural language 

processing. In SocialNLP@EACL. 

7. Combination of Convolutional and Recurrent Neural Network for Sentiment Analysis of Short Texts 

Xingyou Wang1 , Weijie Jiang2 , Zhiyong Luo3. http://www.aclweb.org/anthology/C16-1229 

 

 

 

 

Page 958 of 3066Page 958 of 3066



International Journal of Future Generation Communication and Networking 
Vol. 13, No. 2, 2020 pp.1530-1535 

 

1530 
ISSN: 2233-7857 IJFGCN 

Copyright ⓒ2020 SERSC 

Improving the Accuracy of Sentiment Classification using Optimized 

Word Vector 

 
M Gunasekar 1, K Kalaiarasan2 

1guna18it@gmail.com, 2kalaiarasank.it@mkce.ac.in 

 

Abstract 
Sentiment Analysis is emerging research area under Natural Language Processing 

(NLP). Sentiment Analysis has wide range of applications such as finding Customer opinion, 

digital marketing, politics etc., NLP tries to understand the meaning of the word from human 

perspective. Developing a Sentiment Classification model is a challenging task, as it involves lot 

of computation and memory requirement is high. Even then number of researchers has tried to 

simplify the model construction. There are numerous methods to capture the Sentiment from 

corpus, in which word embedding is showing better results. The word embedding models such as 

word2vec and Glove are widely used today. The disadvantage of the word embedding model 

does not perform well on small corpus. The proposed optimized word vector model improves the 

accuracy of the word embedding models. In our approach, we create vectors on the results of 

traditional Lexicon, POS tagging, word position algorithm and concatenate those vectors. The 

result shows that optimized word vectors has improved the accuracy of Sentiment classification. 

 

Keywords: Sentiment Analysis, Natural language processing, Word Embeddings, Deep Learning 

 

1. Introduction 
Sentiment Analysis is an approach to identify the interest of the people on products, 

movies, politics etc., computing sentiment from a huge corpus is a complex process. There are 

numerous and tools available to capture the Sentiment from a document. The traditional methods 

of Sentiment classification are Lexicon based approach, using POS tagging, Statistical approach 

and deep Learning. Although these approaches use different strategies to capture sentiment from 

document, identifying the correct meaning of a word in a sentence is difficult. Researchers have 

worked on lot methods to improve the accuracy of sentiment classification. Word embeddings 

[2] are the pre-trained word vectors which works fine comparing to other traditional methods. 

The representation of the words from a document is important for Sentiment classification. 

Semantic lexicon and corpus [3] are jointly used for word representation. The relation 

between the words are computed using the semantic lexicon and also identifies the co-occurrence 

of words. This incorporation method eases the word representation using sentiment lexicon 

process. In the distributed word to vector representation [4], the skip-gram model in word2vec is 

used to precisely capture the relationship among words. This approach also subsamples the more 

frequent words quickly and also shows that more phrases in the corpus can be easily identified. 

Input to Machine Learning models are fixed length feature vector [7], which reduces the 

efficiency of model since ordering and semantics are ignored. Paragraph vector representation 

learns the feature from the variable length texts from documents; paragraphs etc., and converts 

that to fixed length feature vector. Paragraph vector improves the text representation compared to 

legacy bag-of-words model. 

 

2. Related work 
A Deep contextual word vectors [8] are generated using the bidirectional language 

model. Bidirectional model consists of two layers and on top of this model Embeddings from 

Language model is built. ELMo model differs from traditional word embedding. Continuous 

space representation [9] uses the neural network to construct the word vectors. This model learns 

the relationship between the words automatically, for example King - Man + women compute a 

vector close to queen. This method answers the 40% of the analogy questions. 
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Word Embedding: 

The vector learning technique Glove [11] works on word co-occurrence to generate word 

vectors. From the co-occurrence matrix, the relationship between the words is identified and here 

the matrix constructed with the statistical information about words in corpus. The hybrid 

approach [13] on sentiment prediction combines the Word2Vec and sentiment lexicon method. 

The hybrid approach benefits in understanding the semantics of the documents much better. This 

approach works fine with most of the classifiers and better results are achieved with SVM 

classifier. 

Sentiment Lexicon: 

  In vector representation statistical information is used to construct the word vector. 

Vector representation model may disregard the proper relation between the words. The vector 

space refining [12] model uses the relational information based on semantic lexicon to improve 

the vector representation. Semantic representation [14] method captures the relationship between 

words more precisely. The documents in the corpus are converted into word vector 

representation using word embedding algorithms, and then the semantic of the words in the 

vector space are defined using the lexicon based method. The extraction of semantic from the 

vector space further optimizes the results of the sentiment analysis. The unified model [15] for 

word representation works better than a single word vector representation. The word sense 

representation and word sense disambiguation complements one another to achieve a better word 

representation. This method eliminates the words with less importance from the word 

representation. 

Deep Learning Method: 

Deep learning [16] methods are helpful in doing the tasks in a hierarchical approach. The 

Deep learning models can work on both labeled and unlabelled data. The accuracy of the model 

relies on the hidden layers. There are different algorithms in deep learning which follows 

different strategy to implement the tasks. Distributed representations of word vectors [17] using 

feed forward and Recurrent Neural Net language model unveils the complex patterns between the 

words in the documents. 

 

3. Proposed System 
The works related to improve the accuracy of word vectors are being combined in our 

approach. In our work the different approaches such as Lexicon based method, PoS tagging, 

word position vector and other NLP techniques are combined to achieve optimized word vector. 

The optimized word vector architecture is being represented in Figure 1. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 
Figure 1: Optimized word vector architecture 
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Lexicon based vector: 

The lexicons are set of words with its polarity score values providing the insights of the 

word. Lexicon model consist of word and its sentiment values. There are lots of Sentiment 

lexicons available, choosing the lexicon having high impact for our problem is more important. 

We choose NRC Emoticon Affirmative Context Lexicon and NRC Emotion Lexicon, which 

groups the lexicons into 4 categories namely anger, fear, Joy, sadness. 
 

Table 1: An Example of Lexicon based vector 

 

S.no Term 

NRC Emoticon Affirmative 

Context Lexicon and NRC 

Emotion Lexicon 

1 People [0.121] 

2 Spend [0.297] 

3 More [-0.031] 

4 Time [0.234] 

5 With [-0.179] 

6 Family [0.515] 

 

PoS Tagging: 

 
The fundamental process in NLP is Parts-of-speech tagging. This method consigns a pos 

tag to every word in the document. This method carries more information about the neighbors of 

every word. PoS tag generated document is converted into vectors and combined with Glove 

vectors. Words with similar meaning will have the same vector. In figure 2 every word in the 

document (W0 to W5) is mapped with its corresponding PoS tag and converted into vectors. 

Word Position Algorithm: 

 

This algorithm calculates the relative distances between every word with other words in the 

document. The proximity of the words in the document provides a better knowledge to find the 

similarity between the words. In our example “people spend more time with family” the relative 

distance between more to spend and family are -1 and 4. In figure 2 depicts the relative distance 

between the words in the example and its corresponding vector representation. 

 
             W0             W1                        W2                        W3                       W4                   W5 

Words [   People       spend more  time  with         family 

 

PoS tag [<NNS>      <VB>         <AVB>         <NNS>           <WITH>       <NNS> 

  

Vectors [dNNS     dVB  dAVB  dVB  dWITH             dNNS 

  
Rel.distance [[0,5]    [-1,4]  [-2,3]   [-3,2]   [-4,1]           [-5,0] 

 

Vector  [P0=[d0,d5]   P1=[d-1,d4] P2=[d-2,d3]       P3=[d-3,d2]      P4=[d-4,d1]     P5=[d-5,d0] 

 

Figure 2: An example of PoS tagging and Position to vector 

 
Word2Vector Model and Glove: 

 

Word2vec provides the good quality word embeddings constructed based on CBOW and 

Skip-gram model. The vector generated using the word2vec model contains the words in the 

close proximity in the document. Our method takes a sentence form the corpus and returns 
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optimized word vector of the sentence. If the input sentence is “people spend more time with 

family”, then input is divided into set of words W ={ people, spend, more, time, with, family. In 

the next step POS tags are assigned to the words and constant vector is generated as the result of 

second phase. In the third step the word2vec method is used to generate the word vector for 

every word in the sentence. If the word is not present in the NRC lexicon then its vector is 

assigned as zero. Finally all the vectors from the previous steps are concatenated. The optimized 

word vector representation is as follows, 

 

OWVpeople = (dPeople, dNNS, P0, dlex-people), 

OWVspend = (dspend, dVB, P1, dlex-spend), 

OWV more= (d more, dAVB, P2, dlex-more), 

OWVtime = (dtime, dNNS, P3, dlex-time), 

OWVwith = (dwith, dNNS, P4, dlex-with), 

OWVfamily = (dfamily, dNNS, P5, dlex-family), 

OWVpeople, dpeople, dNNS, P0 and dlex-people represents the optimized word vector of 

people. 
 

Dataset: 

We use IMDB and Rotten tomatoes movie review dataset prepared by Pang and Lee, 

which contains 2000 and 10662 reviews respectively. Both the dataset contains equal number of 

positive and negative reviews. 
 

4. Results 

 
We used two sentiment lexicons and bigram score in our approach. The Lexicon scores 

are normalized. Our method is tested on two different deep learning models. 

 

Table 2: Results of our approach 
 

Model  Dataset Word2Vec Glove OWV 

Model 1 

(static) 

IMDB 80.2 79.7 81.5 

RT 80.5 80.1 81.9 

Model 2 

(non-

static) 

IMDB 80.4 80.1 81.7 

RT 80.9 80.3 82.1 

 

The dataset is tested under two different models and the proposed approach shows better results 

compared to the existing word embedding models. The optimized word vector outperforms the 

Word2vec and Glove methods in both the conditions. 
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Figure 3: Performance of RT dataset 

 

 
 

Figure 3: Performance of IMDB dataset 
 

The above chart shows that the proposed optimized word vector method has high accuracy than 

the word2vec and Glove methods. 

 

5. Conclusion 
In this paper, we created the vectors for every model. Then the vectors are concatenated to form 

the final word vector. The performance of the two well known word embedding methods is 

compared with the proposed method OWV. The results show that the proposed method 

outperforms the traditional methods. The proposed method has improved the accuracy of 

sentiment identification task under all models. The accuracy of the pre-trained vectors can be 

increased by concatenating with other vectors. The correct selection of Lexicon method also 

improves the accuracy of the sentiment analysis technique. Our proposed approach increases the 

accuracy of the sentiment classification technique 
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Abstract 

As Industry 4.0 becoming the present pattern of mechanization and information trade 

assuming responsibility over the current way of working. The prologue to Internet of Things in 

industry has prompted numerous different prerequisites for the shrewd business to shift towards 

mechanization. Industries have felt a necessity of getting an expanded reality based mobile 

application to adhere to the status of automated arms employed in the keen business. A smart 

framework for android stage dependent on increased reality to display the status of robotic arm 

which incorporate subtleties like complete amount of items handled, wide range of faulty item 

prepared and its own rate, blunder rate, accuracy rate, and so on. The computerization can help 

in enhancing the effectiveness regarding the robotic arm and maintaining a continuing watch 

from the procedure that is total. Right off the bat, the application that is android open camera to 

catch ongoing perspective and recognize the robotic arm which will be likely to process further. 

Google vision API should be utilized to perceive the image of automated arm which will be 

appeared as high implication portrayal. The results will soon be fond of the server site to process 

and return the total investigation put away in the server .for example amount of faulty glasses, 

complete quantity of glasses and so forth. 

Keywords: Augmented Reality, Cloud Computing, Data Virtualization, Robotic Arm, Android 

Application, Industry 4.0 

1. INTRODUCTION 

Generally individuals in the enterprises have pivotal job for the growth of the company 

regarding scale manufacturing that is large. The pretended was the significant one however these 

days human mediation is less. The significant part is mechanized plus the framework can be 

checked progressively upgrading the creation and furthermore productivity is augmented. 

Creation frameworks are perplexing structures made out of substances originating from various 

innovative territories, for instance, mechanical designing, electrical building and data innovation. 

They truly are constantly developing to match market that is current to permit creation 

organizations to keep serious.  

The goal of this paper is always to portray the encounters with advancement of an AR 

application for expansion of a mechanical robot. The paper focuses on the portrayal for the 

application prerequisites and model execution [1].  

Enlarged reality mixes this reality that is present aided by the virtual components that are made 

by the PC [2]. The virtual components created because of the PC are essentially planned to draw 

in, engage and totally drench the client to the framework. The increased reality focuses on 

making a framework where client is able to see the entire world in a way that is totally 

extraordinary. This expands the opportunity of improving feel for the clients who love messing 

around and application identified with signals. Cellular phones and computer games will be the 

earlier components which prompted the improvement of increased reality. Expanded reality 

centers around making a scenario where client wouldn't normally discover any distinction 

between this reality that is present the virtual components. 

The expression "Android" is known to any or all either from sci-fi or from their advanced cell 

phones or tablets. "Android" in sci-fi implies a robot having a appearance that is human 
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"Android™" is an open source and Linux based working framework for tablets and advanced cell 

phones. Today it very well can be said that a significant populace of advanced cell clients use 

Android telephones and so this application varies according to Android in order to connect with 

greatest individuals. Information perception is an over-all term that depicts any push to aid 

people who have knowing the essentialness of data by setting it in a setting that is visual. 

Examples, patterns and relationships that will go undetected in content based information may be 

perceived and uncovered simpler with information perception programming. 

 Information representation programming furthermore considers a significant job in large 

information and advance examination efforts. As organizations amassed monstrous troves of 

information through the early long periods of this information that is large, they required a 

technique for rapidly and effectively get overview of their information. Perception devices were 

a fit that is characteristic. 
 

2. CLOUD COMPUTING 

2.1. Review of the Cloud Computing Technology 

It gives likewise the distributed computing definition, talks about accessible cloud 

structures in the same way administration driven and organization models. Additionally, it offers 

a prologue towards the edge cloud arrangement that may bolster administrations with severe 

prerequisites regarding inertness that is low.  

2.2. Cloud Computing Implementation Design:  

Distributed Deployment that is computing Model on its sending, Cloud processing 

engineering when you look at the fig beneath demonstrates the game plan of administrations to 

be used by which authority.  

Android Application: End User (At Application layer).  

Java Platform: Software Developer (At Platform Layer).  

 

Fig - 1: Structure of Cloud Computing  

3. SIMPLICITY OF USE 

Android application is exceptionally simple to utilize and effective. Info is gotten when 

you look at the backend .The exceptional id associated with robotic arm permits your client to 

obtain the particular insights in regards to the particular arm. The proficiency is set on the web 

and showed. The records associated with the last five tasks is appeared relating to client's 

prerequisite. The human machine collaboration is basic segment associated with business [3] [4].  
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Client can validate the id and play the activities out like make client, update client, 

discover client by id, find by email, erase clients and acquire subtleties of client due to the fact 

chairman. The adaptability is given regarding accessibility for the information for the automated 

arm .The information is accessible 24x7 that being said from the cloud.  

Fig - 2: Industry 4.0 along with its ideal effectivity 

 

Fig - 3: Lifecycle Android of activity 

4. SPECIFICATION AND DESIGN OF AR APPLICATIONS FOR 

MANUFACTURING AUTOMATION 

Run of this mill assignments in Industry 4.0 conditions have to consolidate a few angles:  

 The separation of the increased item through the client can fluctuate from a couple of 

centimeters to a few meters.  

 The expanded article can fluctuate in proportions from a couple of centimeters to some 
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meters and may have different shapes and materials.  

 The errands that the client is performing might need usage of one or two hands, or 

require client consideration for quite a while.  

 Support the perception and examination of the client collaboration through information 

assortment.  

 Take into consideration information nature that is multifaceted of assembling forms for 

high loyalty prototyping.  

 Allow prototyping and opportunities for iterative turn of events.  

An essential AR application structures planned in view of these viewpoints and necessities. 

The AR application contains 3 layers and that can be main an individual server structure. Your 

client layer includes client AR applications running on gadgets like higher level mobile phones 

or tablets, contingent upon the errand necessities like free hands or size of show. These customer 

AR applications supply the representation of AR information to your customer, and based on the 

sort of show, they might permit likewise the customer input (e.g., contact connection in the 

eventuality of cell phones and tablets). A form that is specific of AR applications could be the 

assessment customer that must be actualized as PC application as a total result regarding the 

exhibition reasons. The assessment customer need to allow control for the undertaking stream 

during analyses and information assortment this could be undoubtedly significant for 

comprehension of AR application issues. The layer this is certainly next of a server offering 

when it comes to  part synchronization that is the greater part of data among customers. 

Furthermore, the server layer talks due to the layer that is third which speaks to information that 

is outer like data sources/yields through the CPS that is being enlarged. This encourages 

specialists in order to make task credible and improves the character of the assessment. 

 

Fig -4: Layout of Multilayer structure of AR Application. 
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Fig -5: AR application operate on Android cell phone 

5. RELEVANT WORK  

A substantial wide range of the momentum explore ventures, for example, [11] , cause to 

note the relocation of administrations from the processing plant floor level to the cloud space 

with all the goal that more command on the creation plant from a remote site can be 

accomplished. The examination of existing works is classified and introduced based on structure 

improvement and prerequisites of Industry 4.0 in this area  

VR and AR applications might be utilized with numerous kinds of showcases, for 

instance, head-mounted presentations (HMD), handheld showcases, spatial transparent 

showcases or projectors. A rundown that is far reaching of advancements is written by Bimber 

[12] and van Krevelen [13]. HMD and transparent glasses permit AR/VR information 

representation while saving hands that are void. Also, they may be utilized in stereoscopic mode, 

which permits better dream of 3D enlarged representation in space. Hand-held presentations 

require that the  point is just one hand holds the showcase. Spatial showcases are simply like 

hand-hold shows or transparent glasses, however they are often greater and joined, so no hands 

must be employed to carry them. On the other hand, their utilization is restricted by their 

position. Projectors can be used for projection of enlarged information regarding genuine articles 

which are then seen by clients.  

The fundamental sort of AR show utilized is HMD in most of undertakings identified 

with industry situations. A far reaching diagram of tasks AR that is utilizing industry was 

introduced by On et al. furthermore, exceptional research was likewise done by Garcia et al. 

Among the tasks that concentrated regarding the improvement of AR applications in industry is 

ARVIKA venture [14]. The goal of the duty was to create AR advancements and applications to 

enlarge field that is certifiable of on different callings in car and aviation enterprises, force and 

handling plants and machine apparatuses and creation hardware. A lot more than 30 types of AR 

applications were created in convenience client and building driven methodology. In Rainers et 

al. explored the usage of AR and VR for gathering of lock in car entryway industry. Explicitly in 

airplane business, De Crescenzio et al. demonstrated how assignments that are upkeep be 

improved by expanded reality.  

This writing survey shows that present methodologies center when it comes to most part 

around AR or VR applications in conditions where in fact the client is normally staying or sitting 

at explicit spots. The emphasis is on explores different avenues regarding AR/VR applications 

that are utilized in situations where the client is moving around a genuine or virtual item that is 

being enlarged or imagined by the application in this work.   
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Existing System:  

In Existing system RFID are appended to your machines (automated arm) which gives 

remarkable character to it. In enterprises it isn't followed on mass still there clearly was 

enormous populace which operates manual procedure of glass coating .This must be robotized 

for huge scope to upgrade the creation as well as the quality of application.  

6. EVALUATION FACTOR 

In this area, we depict the score that is last and also the method used to dole out 

evaluation. Work process mix: we appraised each gave framework reference to joining to an all 

around characterized methodology that is modern. We think about the way that the present day 

issues are very much characterized and that the info information and yield result can without 

much of a stretch be incorporated in a procedure that is worldwide. This will be significant once 

the closer to the mechanical procedure the framework is the simpler it should be to understand 

hidden issue and non-trifling arrangements. 

 Scalability: We made a decision concerning the chose frameworks relying upon their re-

convenience and their pertinence into the genuine size situation that is full. This 

considers the innovation utilized, the crude expense as well because the establishment, 

support, expulsion cost. This is certainly a substantial angle because it directly affects 

AR more pertinence that is extensive.  

 Cost valuable: we appraised the income saving advantage part of the introduced 

arrangement. This isn't implied as a scale that is full at it can drop out of the extent for 

this paper. It essentially assesses the contentions (assuming any) written by the creators 

to legitimize the main advantage of their framework on the other hand with current (non 

AR) practice. 

 Out of the lab: State can be measured wherein the current framework was when it 

comes to possibility that they need to at last leave the lab and be found in the actual 

mechanical setting. This evaluates in the event that situation utilized reasonable 

information and is utilized the objective application condition. As it permits an end-client 

to appropriately assess it for us, this is a significant quality for a framework to have. 

7. ENCROACHMENT OF EXISTING SYSTEM 

AR application can be employed which will make automated arm increasingly 

productive and quicker. Industry 4.0 may be the present pattern [5].It is necessity for productive 

administration [6]. AR may be inserted utilizing the android mobile application which utilizes 

your mobile's camera. The application database is put AWS that are away utilizing can be 

recovered whenever the client wants it.  

8. CONCLUSION AND FUTURE WORK 

This paper depicts the improvement of an AR mobile application that increases a robot 

that is mechanical shop floor undertakings like support or agreeable work of robot and human. 

The program will not operate on other versatile frameworks that are working than Android 

Operating framework, for example, the application is OS-subordinate. It provides answer when it 

comes to all kind of businesses for example little, medium and enormous scope.  
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Upcoming work is committed to conduct further subjective and quantitative assessment 

in conditions where an AR application is from the robot controller, so the representation can 

appropriately imagine robot position and states. Reality of applications can be increased by using 

Vuforia SDK and Unity 3d in several and developing manners. [8]. 
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Abstract 

A patient’s scientific file identifies the patient and it includes statistics concerning the patient’s case 

history information along with medical records, care or remedies received, take a look at results, 
diagnoses and medications taken They contain highly secured private information and thus, must be kept 

securely. This information regarding the patient records can be misused or stolen or even lost because of 

the third party access. If the medical information is not updated on time, the patients have to face 
problems while applying insurance. Normally, we store our records using cloud storage or in a database. 

But the demands and usage is getting increased now a days, they became the major targets for hacks and 

data breaches. Thus, the data can be misused or tampered. Since the keys will be stored with cloud 

service provider during encryption, the security provided by the encryption is also reduced. Also the data 
will not be encrypted during transmission. Hence it may be misused when it gets transmitted from user to 

cloud. So to overcome these issues and to make it more secure and faster we store the patient records on 

the Blockchain. Thus, by implementing the patient records on Blockchain we can overcome the various 
issues on integrity and security. The data encryption is been done before transmitting so that security of 

the records can be improved. 

Keywords:Medical Records, Blockchain, Encryption, Mining Highly Sensitive, E-Health, Integrity, 

Access Control, Privacy, Hashing. 

1. INTRODUCTION 

 

A patient's individual medical report identifies the affected person and consists of information concerning 

the affected person's case history statistics which includes clinical records, care or treatments obtained, 

test consequences, diagnoses, and medications taken. It could be both recorded in a paper or may be saved 

electronically in a computer. 

2. RELATED WORK 

 

In the current machine emergency clinics were completely digitalized, wherein records along with 

delicate patient insights are put away carefully. This realities might be without issues shareable, adaptable 

and moreover spares sources. The put away realities needs security. Virtual clinical data and pictures are 

additionally normally been traded throughout the field each second by means of net. While moving this 

measurements, outsider individual can without trouble get right of section to and control the patient's 

records. Anyway the present answers can ensure the patient information over the span of transmission, yet 

can't forestall the inside ambush where the director of the patient database uncovers the sensitive patient 

records 
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As portrayed by the focal point of Medicare and Medicaid administrations, "an electronic wellbeing 
record is an electronic adaptation of a patient's logical records, that is kept up by means of the backer as 

the years progressed, and may comprise of the entirety of the key authoritative clinical data appropriate to 

that man or lady's consideration underneath a specific organization, comprising of socioeconomics, 

advancement notes, issues, prescriptions, critical signs, past clinical records, inoculations, lab data and 
radiology reports" while it is expressed that electronic wellbeing records are the following stage inside the 

development of human services, the digital security procedures related with the reception of EHRs should 

furthermore be completely comprehended before moving ahead. Because of the delicate idea of the 
records put away inside EHRs, various security shields have been included through the clinical medical 

coverage Portability and responsibility Act (HIPAA) and the wellness records age for budgetary and 

clinical wellness (HITECH) Act.  
 

In 2009, the HITECH Act troubled the significance of announcing realities breaks. The HITECH Act 

keeps novel convention this is to be seen when announcing information penetrates. 

 
As a case, if an element experiences an insights penetrate wherein the records of 500 or more noteworthy 

individuals is undermined, the HITECH Act requires that the element give explicit data of the break 

basically dependent on said convention. The HITECH Act also ordered places for Medicare and Medicaid 
contributions (CMS) beneficiaries to place in power and use EHRs by 2015 to have the option to get full 

repayments. Motivations had been offered to merchants who followed EHRs preceding 2015 and results 
are forced for the individuals who do now not starting this year. 

3. PROPOSED SYSTEM 

 

A methodology using Block chain is designed to maintain the integrity in patient medical records by 

using AES Encryption algorithm, SHA-256 algorithm and Consensus algorithm. The dataset of patient 

medical records are stored in the MongoDB. 

Methodology steps: 

 Collection of datasets 

 Encryption 

 Hash value generation 

 Insertion of hash values in to block. 

 User roles creation 

 Integrity verification 

 

4. IMPLEMENTATION 

 

Platform used: 
We used Java Platform and MongoDB database. The first step is to install JDK, Java and MongoDB. 

 

 
 

Collecting Medical records: 

 

The datasets are downloaded from kaggle site. Then those datasets are been inserted into the database. 

The database we use for this system is MONGODB. After inserting the datasets into the database 

encryption is applied. 
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Applying Encryption: 
 

To provide security to the data we use AES Encryption. 

 

AES Encryption: 
 
Each round in AES Encryption undergoes for steps. The first round process is shown in figure  

 

Figure 1 : AES Encryption 
Decryption: 

 

The technique of decryption of cipher textual content is just like the encryption process within the reverse 

order. Every round includes the 4 steps which is the reverse order of encryption.  

• add round key  

• mix columns  

• Shift rows  

• Byte substitution 

Digital Signature using SHA-256: 

 
SHA-256 is the hashing used to hash the data and store it in the block chain. Here the database collection 

is not directly hashed instead the encrypted data is been stored in another collection. Mining and integrity 

verification concepts are also included in this decryption. 

 

 

5. RESULTS 

 

In this work we have ensured integrity for patient medical records and assigned user roles for the 

accessing of the data. We have used SHA-256 and MD5 for hashing and compared the results and for 
encryption we have used AES encryption. 
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Figure 2 :  Comprasssion of SHA-256 and MD5 for hashing 

6. CONCLUSION AND FUTUREWORK 

 

In this work, we have implemented the block chain technology for ensuring integrity in patient medical 

records by using hashing and encryption algorithms. Medical record is hashed and added as a block with 

digital signature. Hence, the threats can be avoided. If a new record comes, it will be added as a new 

block. For creating a new block, the record is verified and validated by the consensus algorithm – proof of 

work. Since we use Block chain technology we can find immediately whether the data is been modified. 

Our future work is to implement it as a mobile application and to include the concept of smart contracts. 
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Abstract 

A study on various mathematical models for networks have been done along with the concepts of 

wireless network, optical communication, radio communication, acoustic communication and 

issues in networks are identified. The best three mathematical models stochastic network 

calculus, deterministic network calculus and wireless network calculus are taken and the 

analysis was made. The important 28 parameters in networks are identified and the best three 

models are analyzed with all these parameters are addressed. The other existing models are 

Queuing theory, queuing network theory, Markov fluid model, Markov poisson model and sensor 

network calculus. The main significance of the work is to identify whether model is available for 

the identified parameters. 

 

Keywords: Deterministic Network Calculus, Markov Poissson Model, Stochastic Network 

Calculus and Queuing Theory 

 

1. Introduction 

 

Wireless Network 

 

 
Figure 1. Wireless Network 

 

 Wireless Network is a type of network in which the sender and receiver will be 

communicating with each other through waves without any physical cable connection. The main 

advantage of this wireless network is to reduce the flexibility, migration, convenience, increased 

efficiency, no installation problem, easy setup and cost saving. Wireless network transfer the data 

using packet switching which is connectionless. There are four different types of wireless 

networks they are Wireless Local Area Network(WLAN), Wireless Wide Area 

Network(WWAN), Wireless Metropolitan Area Network(WMAN) and Wireless Personal Area 

Network(WPAN). Examples of wireless network are satellite communication, television remote, 

Bluetooth, mobile phone communication and wave communications. The major disadvantage of 

wireless network is speed, based on the location file transfer speed will be slower. 
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Optical Communication 

 

 

 
Figure 2. Optical Communication 

 Optical Communication is a type of passing information between sender and receiver 

through light using the small photon particles with fiber optic cables. Total internal reflection is 

the principle used behind this communication with negligible loss of energy. The three major 

components used are light signal transmitter, the optical fiber, and the photo detecting receiver. 

The major advantage of optical communication is bandwidth will be high for fiber optic, amount 

of information transmitted will be more and power loss will be less. There are three different 

types of fiber optic cable they are single mode, multi mode and plastic fiber cable. The major 

disadvantage of the optical communication are they are expensive to install and cannot be curved 

it will break if it is bend too much. 

   
Figure 3. Principle of optical communication 

 

Radio Communication 

 
Figure 4. Radio communication 

Radio communication is a type of communication which transfers data between sender and 

receiver through radio waves. The transmitter and receiver antennae make the flow of 

information, the transmitter antennae produces the radio waves by pulling the electrons up and 

down and passes to the receiver antennae. Analog radio is of two types Amplitude Modulation 

and Frequency Modulation. The major advantages of using radio communication is it is faster, 

more efficient, more secure, provides real time information even across the borders and can 

connect more members across various sites. The major disadvantages of radio communication 
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are it provides only audio, more affected by weather conditions and only fewer frequencies are 

available. 

 

 

 

Acoustic Communication 

 
Figure 5. Acoustic Communication 

Acoustic communication is a type of communication which will be transmitted through the 

compressed waves. It is generally produced using the acoustic signals and which will be created 

by physical object vibrations or an animal which resides in underwater. There are two basic types 

one is one way communication and the other is two way communications. The components used 

in acoustic communication are User PC, Acoustic modem and transducers with required 

instruments. The major advantages of predict the natural disasters, rescue missions, health sector, 

modern inventions, marine biology and oceanology. The major disadvantage of acoustic 

communication is long propagation delay and high error probability. 

 

Issues in networks regarding backlog, QoS, Delay and Jitter 

 
Figure 6. Issues in Networks 
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The five major area under which the issues occur for networks and communication between the 

networks are Performance degradation, Host identification, Security issues,  Configuration 

conflicts and  Network performance issues. The two major types of networks are packet switched 

networks and circuit switched network. QoS is a technology which is considered in networks to 

avoid the packet loss, improve delay and latency, provide high efficiency, sets priority for 

various data in the network to avoid traffic in communication, considers four common methods 

to share the resources in effective manner and the characteristics are given by reliability, delay, 

jitter and bandwidth.  

Reliability issues in networks will be caused when the system is rebooted or turned on and off 

often. Since the communication between networks this factor causes impact on an issue in 

network. Delay is a factor which occurs in network due to the reasons like latency issues, 

processing, congestion, queuing, traffic and transmission. 

There are two different types of delay in networks they are transmission delay and propagation 

delay. Transmission delay is the time to transmit all the data from sender to receiver. Propagation 

delay is the time taken to transmit one bit from one router to the other. Delay is the main factor to 

reduce the throughput of the network. Jitter is an issue in network which occurs due to 

congestion mainly in audio and video conferencing. The irregular fluctuations in data transfer are 

acceptable jitters in networks. Jitter can be minimized to some extend by the continuous and 

fixed Ethernet usage instead of WiFi, when large files are transmitted in the network and number 

of nodes connected to the same channel can be limited. Packet loss occurs maximum due to the 

jitter. Bandwidth refers to the number of data transferred from the internet. The bandwidth issues 

affect the network due to large file download and transfer between computers. By reducing the 

network load bandwidth can be increased in network.  

 

2. Mathematical model for network 

Queuing Theory 

 Queuing theory is a part of operational research which deals with the study of queues. It 

often deals with queue length, waiting time, arrival time, response time and efficiency. Now a 

days queue concepts are available in the entire place as a real time applications like ration shop, 

banking etc.., Types of queues available are First In First Out, Last In First Out, Priority, Shortest 

Job First and Processor Sharing. Types of servers used for the queuing theory are Single server, 

Parallel servers, Tandem queue, Balking, Reneging and Jockeying. The standard symbols used 

here are λ: the mean arrival rate, μ: the mean service rate and n: the number of people in the 

system.  

Applications  

Traffic in vehicles 

Patients in hospitals 

Banks 

Jobs on a machine 

Programs in computer 

Advantages 

The queues used in queuing theory have infinite length, access can be made fast and flexible, 

data traffic can  be reduced, identification of data is easy, maintenance is easy and simple and 

provides multiple data types to be stored in the same location. 

Disadvantages 

The two main drawbacks are the waiting space provided in queuing theory is very limited and if 

a process arrive when the queue line is lengthy then the time taken to process it will be more 

even though it is important process. 

 

Queuing Network Theory 

Queuing network theory consists of computers as a network of queues. The analysis can be done 

by evaluation. Networks of queue consist of the combination of service nodes, system resource 

and packets. There are three types of states in the queuing network theory they are transient state, 

steady state and explosive states. There are three networks they are open queuing network, closed 

queuing network and mixed queuing network. In the open network new jobs arrives from the 
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outside and get serviced and leave the network. In closed network no new job can enter inside the 

queue only the available jobs will be serviced inside the system. In the mixed network there will 

be two types of classes one will perform like the open network and the other will perform like the 

closed network. 

Applications 

Traffic Tolls 

Railway management Systems 

Hospitals 

Banking Systems 

Advantages 

For real time application this model provides good accuracy and efficiency. 

System can be modeled with low cost with very high efficiency. 

Disadvantages 

The waiting space provided in queuing theory is very limited. 

If a process arrive when the queue line is lengthy then the time taken to process it will be more 

even though it is important process. 

 

Markov Fluid Model 

Markov Fluid model is a type of mathematical model which is similar to the tank in home. The 

main components in this model are tank, pipe and pumps. The fluid will be filled in the tank and 

it will be distributed to various pipes by the pump. The capacity of the tank will be infinite. The 

fluid arrival and leakage speed of the fluid will be made by the operator. The operator is known 

as the background process which will be always continuous and the fluid buffer can hold only the 

non negative values. The model can be equated, 

 
The average fluid level can be given as, 

 
The busy period can be given using Laplace–Stieltjes transform, 

 
Hence busy period will be, 

 
There are three different types of model for Markov chain process they are homogeneous, 

heterogeneous and semi Markov model. 

Application 

Data mining and classification 

Multiple alignment 

Structural analysis 

Pattern discovery 

Gene prediction 

Modeling protein domain 

Advantages 
Strong with the usage of statistical functions. 

Even the sequence of  raw data can be used to develop the efficient learning algorithm directly. 

Allow easy acess with both insertion and deletion works. 

Easy to combine with libraries. 
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Disadvantages 

Constructing and validating Markov model is difficult. 

Applicable only for very small model if the model is big then it will have more error prone. 

Debugging the Markov model is comparatively very difficult. 

 

Markov Poisson Model 

Markov Poisson Model is used in the oldest traffic control management. The main characteristics 

of this model are it is independent and exponentially distributive. It is used for various 

frameworks effectively. The Poisson process can be decided by measuring the inter arrival time 

in the networks. The main technique to identify the Poisson process is to use the histogram. The 

main application of Markov poisson model is in old telephony networks and web information 

transfer. 

Advantages 
Time dependent Poisson process can be applied. 

Even for random batches of process arrival can be implemented using the Compound Poisson 

model. 

Disadvantages 

The inability to maintain the traffic burstiness the important disadvantage of Poisson process 

model. 

 

Effective Bandwidth 

Bandwidth is known as the maximum amount of data transfer. Effective bandwidth is defined as 

the difference between start and end frequencies of the particle is equal to half of its velocity and 

always it will be denoted as 3dB bandwidth. Consider RB as the number of bytes read per kernel 

WB as the number of bytes written per kernel and t be the elapsed time then the effective 

bandwidth can be calculated by the formula, 

 

 

Effective bandwidth can be calculated using 

the two methods one by analytical expressions and another one by the usage of effective traffic 

data determination. Effective bandwidth will allow the user to improve the upload and download 

the large amount of data transfers. The major application of the effective bandwidth is in the 

website for data transfer. 

Advantages 

Faster data transfer speed 

Increased data transfer capability 

Simultaneously allow more users at a time 

Decrease the number of crashes, bounces or busy signals 

Multiple concurrent sessions can be supported 

Streaming of videos can be done faster 

Disadvantages 

Affects the rate of data transfer 

Occurrence of internal and external noise will affect the network data transfer  

 

Sensor Network Calculus 

Sensor Network Calculus will provide the worst case provision for the performances of the 

model designed.  

BW Effective=((RB+WB)/109)/t 
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Figure 7. Model of Sensor Network Calculus 

In the sensor network calculus there will be only one base station and surrounded by various 

sensor nodes. Data communication will happen in between the nodes through the single base 

station, it forms the structure in the sink tree model. Each sensor connected in the tree will senses 

its environment and sends to the sink and any traffic in the data has to be managed by itself. 

Sensor network calculus customizes and extends various features to attain the benefits in the 

wireless networks an example is in-network processing.  

Application 

Home and health monitoring 

Animal tracking 

Agriculture 

Healthcare 

Traffic 

Military 

Flood 

Advantages 

Effective in Hostile Environments 

Offer an Easily Scaled Solutions 

Enable Long-distance Data Collection and Transmission 

Can Anticipate in Natural Disasters 

Can Protect Hardware and Data Assets 

Disadvantage 

Battery life and transmitting capabilities is less 

Inexpensive to purchase and operate 

 

Deterministic Network calculus 

Deterministic Network calculus is a type of mathematical model which can be implemented in 

the worst cases of data flow in end to end delay. The two main classifications on accuracy of 

DNC are classical algebraic analysis and optimization based analysis. Most of the model in 

existence uses the optimization based analysis methods. Both models shares the same network 

models but uses different tools to derive the delay with accuracy. Already DNC work wit end to 

end delay systems but it has been a hard problem to generate the accurate results. The common 

network calculus models are data arrivals and forwarding services, network model for both 

arbitrary multiplexing and feed forward property. The main operations of (min,+) algebraic DNC 

model are aggregation, convolution and deconvolution.  

Application 

 Packet Scheduling 

Formation of network with best accuracy and cost 

GPS implementation 

Traffic modeling 

 

Advantages 

Algebraic DNC can be considerably improved the accuracy and computational cost of the system 

Maximizes the aggregation of cross-flows 

Minimizes the segregation 

Optimization DNC can be used to identify the end to end delay accurately 
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Disadvantages 

Formulation is not accurate for the various network sizes 

Optimization based DNC will not provide fast heuristics for bounded delays 

 

Stochastic Network Calculus 

Stochastic network calculus is a combination of effective bandwidth and deterministic network 

calculus. The main goal of this model is to design and control the queuing networks and it is also 

used to deal with non-Poisson arrival systems. When there are more number of jobs arriving in 

same time in non-poisson distribution manner then this method can be used faster. The main 

operations performed in SNC are multiplexing, subtraction, convolution and deconvolution . The 

difference in various stochastic network calculi can be identified by two methods they are 

Moment Generation Function and Tailbounds cut off unwanted outcomes. In tailbound method 

the two operations available are envelop function and error function. The  only tool that is used 

for SNC is Stochastic Network Calculator. This method can be accessed directly or by creating 

classes as interface between optimizer, analysis and network. 

Application 

Queuing systems for internet 

Communication surveys 

Performance evaluation in internet 

Automatic telephone exchange 

Quantitative finance 

Modeling and analyzing the fading channels 

Advantages 

Implemented for hard problems since it is combination of effective bandwidth and deterministic 

network calculus. 

When there are more number of jobs arriving in same time in non-Poisson distribution manner 

then this method can be used faster. 

Disadvantages 

Difficult to analyze the loss analysis 

Packet loss 

Feedback control 

Wireless channels 

 

Wireless Network Calculus 

 Wireless network calculus is a type of mathematical model in which wireless channels will have 

the features of stochastic network calculus. The channels will work in two states one is good and 

the other is bad. When it functions in good state then more amount of data will be transmitted 

between the sender and receiver. When it function in bad state then it undergoes various 

impairments.  Wifi, Bluetooth and Zigbee are the scenario in which the wireless network calculus 

works effectively. For emergency response monitoring system wireless network calculus can be 

preferred for more accuracy and efficiency.  

 

Application 

WiFi 

Bluetooth 

Disaster area monitoring 

Healthcare monitoring 

Advantages  

Increased mobility and collaboration 

Improved responsiveness 

Better access to information 

Easier network expansion 

Enhanced guest access 

Disadvantages 

Wireless propagation channel along with antennas and cognitive radio is difficult 
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Wireless communication link for modulation and receiver  

Implementation of multiple access control 

         Finally the best models are Stochastic Network Calculus, Deterministic Network Calculus 

and Wireless Network Calculus and these three models are currently implemented for real time 

applications with high accuracy and efficiency. 

 

3.Analysis of Mathematical model for SNC, DNC and WNC 

Table 1. Analysis of Stochastic Network Calculus for network parameters 

S.No Parameters 

Stochastic 

Network 

Calculus 

in 

Wireless 

Networks 

Stochastic 

Network 

Calculus in 

Wireless Radio 

Communication 

Stochastic 

Network 

Calculus in 

Wireless Optical 

Communication 

Stochastic 

Network 

Calculus in 

Wireless 

Acoustic 

Communication 

1 

Effect of mapping 

between NL Packets 

and DL frames on 

arrival at DL 

Yes Yes No No 

2 

Effect of mapping 

between NL Packets 

and DL frames on 

service at NL 

Yes Yes No No 

3 

No interference 

between neighbour 

hops 

Yes Yes Yes Yes 

4 

Having interference 

between neighbour 

hops 

Yes Yes Yes Yes 

5 
Single Sender - 

Receiver pair 
Yes Yes Yes Yes 

S.No Parameters 

Stochastic 

Network 

Calculus 

in 

Wireless 

Networks 

Stochastic 

Network 

Calculus in 

Wireless Radio 

Communication 

Stochastic 

Network 

Calculus in 

Wireless Optical 

Communication 

Stochastic 

Network 

Calculus in 

Wireless 

Acoustic 

Communication 

6 Content based MAC Yes Yes Yes Yes 

7 
FIFO downlink 

Scheduling 
Yes Yes Yes Yes 

8 
MAX SNR 

Scheduling 
Yes Yes Yes Yes 

9 
Markov channel 

models 
Yes Yes Yes Yes 

10 Error probability Yes Yes Yes Yes 

11 
Shannon capacity 

and outrage capacity 
Yes Yes No Yes 

12 
Effective capacity 

and Cumulative 
Yes Yes Yes Yes 
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capacity 

13 Modulation Yes Yes Yes Yes 

14 Retransmission Yes Yes Yes Yes 

15 SISO / MIMO Yes Yes Yes Yes 

16 Cognitive Radio Yes Yes Yes Yes 

17 
Source coding 

Channel coding 
Yes Yes Yes Yes 

18 Reciever Yes Yes Yes Yes 

19 Diversity Yes Yes Yes Yes 

20 Network coding Yes Yes Yes Yes 

21 Rayleign fading Yes Yes Yes Yes 

22 Rician fading Yes Yes Yes 

 

 

Yes 

 

 

S.No Parameters 

Stochastic 

Network 

Calculus 

in 

Wireless 

Networks 

Stochastic 

Network 

Calculus in 

Wireless Radio 

Communication 

Stochastic 

Network 

Calculus in 

Wireless Optical 

Communication 

Stochastic 

Network 

Calculus in 

Wireless 

Acoustic 

Communication 

23 Nakagami fading Yes Yes Yes Yes 

24 Weibull fading Yes Yes Yes Yes 

25 
Additive White 

Guassian Noise 
Yes Yes Yes Yes 

26 Antennas Yes Yes Yes Yes 

27 Gilbert Fading Yes Yes Yes Yes 

28 Noise Yes Yes Yes Yes 

  The   above  table shows the major 28 issues in networks and  whether any model has been 

implemented using Stochastic Network Calculus in four major types of communication like 

wireless networks, wireless radio communication, wireless optical communication and wireless 

acoustic communication. 
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Table 2. Analysis of Deterministic Network Calculus for network parameters 

S.No Parameters 

Deterministic 

Network 

Calculus in 

Wireless 

Networks 

Deterministic 

Network 

Calculus in 

Wireless Radio 

Communication 

Deterministic 

Network 

Calculus in 

Wireless Optical 

Communication 

Deterministic 

Network 

Calculus in 

Wireless 

Acoustic 

Communication 

1 

Effect of mapping 

between NL 

Packets and DL 

frames on arrival at 

DL 

No No No No 

2 

Effect of mapping 

between NL 

Packets and DL 

frames on service at 

NL 

No No No No 

3 

No interference 

between neighbour 

hops 

Yes Yes Yes Yes 

S.No Parameters 

Deterministic 

Network 

Calculus in 

Wireless 

Networks 

Deterministic 

Network 

Calculus in 

Wireless Radio 

Communication 

Deterministic 

Network 

Calculus in 

Wireless Optical 

Communication 

Deterministic 

Network 

Calculus in 

Wireless 

Acoustic 

Communication 

4 

Having interference 

between neighbour 

hops 

Yes Yes Yes Yes 

5 
Single Sender - 

Receiver pair 
Yes Yes Yes Yes 

6 
Content based 

MAC 
Yes Yes Yes Yes 

7 
FIFO downlink 

Scheduling 
Yes Yes Yes Yes 

8 
MAX SNR 

Scheduling 
No Yes Yes No 

9 
Markov channel 

models 
Yes Yes Yes Yes 

10 Error probability Yes Yes Yes Yes 

11 

Shannon capacity 

and outrage 

capacity 

No No No No 

12 

Effective capacity 

and Cumulative 

capacity 

Yes Yes Yes Yes 

13 Modulation Yes Yes Yes Yes 

14 Retransmission Yes Yes Yes Yes 
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15 SISO / MIMO Yes Yes Yes Yes 

16 Cognitive Radio Yes Yes Yes Yes 

17 
Source coding 

Channel coding 
Yes Yes Yes Yes 

18 Reciever Yes Yes Yes No 

19 Diversity Yes Yes Yes Yes 

20 Network coding Yes Yes Yes Yes 

21 Rayleign fading Yes Yes Yes Yes 

22 Rician fading Yes Yes Yes Yes 

23 Nakagami fading Yes Yes Yes Yes 

24 Weibull fading Yes Yes Yes Yes 

25 
Additive White 

Guassian Noise 
Yes Yes Yes Yes 

S.No Parameters 

Deterministic 

Network 

Calculus in 

Wireless 

Networks 

Deterministic 

Network 

Calculus in 

Wireless Radio 

Communication 

Deterministic 

Network 

Calculus in 

Wireless Optical 

Communication 

Deterministic 

Network 

Calculus in 

Wireless 

Acoustic 

Communication 

26 Antennas No Yes Yes Yes 

27 Gilbert Fading Yes Yes Yes Yes 

28 Noise Yes Yes Yes Yes 

   The   above table shows the major 28 issues in networks and whether any model has been 

implemented using Deterministic Network Calculus in four major types of communication like 

wireless networks, wireless radio communication, wireless optical communication and wireless 

acoustic communication. 

 

Table 3. Analysis of Wireless Network Calculus for network parameters 

S.No Parameters 

Wireless 

Network 

Calculus 

in 

Wireless 

Networks 

Wireless 

Network 

Calculus in 

Wireless Radio 

Communication 

Wireless 

Network 

Calculus in 

Wireless Optical 

Communication 

Wireless 

Network 

Calculus in 

Wireless 

Acoustic 

Communication 

1 

Effect of mapping 

between NL Packets and 

DL frames on arrival at 

DL 

No No No No 

2 

Effect of mapping 

between NL Packets and 

DL frames on service at 

NL 

Yes No No No 

3 
No interference between 

neighbour hops 
Yes No Yes No 

4 
Having interference 

between neighbour hops 
Yes No No No 
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5 
Single Sender - Receiver 

pair 
Yes Yes No No 

6 Content based MAC Yes No Yes No 

7 
FIFO downlink 

Scheduling 
Yes No No Yes 

8 MAX SNR Scheduling Yes No No No 

9 Markov channel models Yes No No No 

10 Error probability Yes Yes No No 

11 
Shannon capacity and 

outrage capacity 
No No No No 

S.No Parameters 

Wireless 

Network 

Calculus 

in 

Wireless 

Networks 

Wireless 

Network 

Calculus in 

Wireless Radio 

Communication 

Wireless 

Network 

Calculus in 

Wireless Optical 

Communication 

Wireless 

Network 

Calculus in 

Wireless 

Acoustic 

Communication 

12 
Effective capacity and 

Cumulative capacity 
Yes Yes No Yes 

13 Modulation Yes Yes No Yes 

14 Retransmission Yes Yes No No 

15 SISO / MIMO Yes No Yes No 

16 Cognitive Radio Yes No Yes Yes 

17 
Source coding Channel 

coding 
Yes No No No 

18 Reciever Yes No No No 

19 Diversity Yes No No No 

20 Network coding No Yes No No 

21 Rayleign fading Yes No No No 

22 Rician fading Yes No No No 

23 Nakagami fading No No No Yes 

24 Weibull fading Yes No No No 

25 
Additive White Guassian 

Noise 
No No No No 

26 Antennas Yes No No Yes 

27 Gilbert Fading No No No No 

28 Noise Yes Yes Yes Yes 

   The   above table shows the major 28 issues in networks and whether any model has been 

implemented using Wireless Network Calculus in four major types of communication like 

wireless networks, wireless radio communication, wireless optical communication and wireless 

acoustic communication 

 

Conclusion 

In summary of the research article the best three mathematical models among the others has been 

identified based on the current usage.  The introduction to the various network communication 

and issues are presented. Major parameters in the network layers have been identified and 

analysis for the best mathematical models available features has been tabulated. In future the area 

in which solution has not been identified can be modeled.  

Page 990 of 3066Page 990 of 3066



International Journal of Future Generation Communication and Networking 
Vol. 13, No. 2, 2020 pp.1508-1521 

1521 
ISSN: 2233-7857 IJFGCN 

Copyright ⓒ2020 SERSC 

 

References 

1. A. V. Sutagundar. "Energy Efficient Data Aggregation and Routing in Wireless Sensor 

Networks", Communications in Computer and Information Science, 2011. 

2. Guowei Wu, Jie Wang, Lin Yao. "Performance Evaluation in WSNs Based on Max-Plus and 

Time-Domain Stochastic Network Calculus", IEEE Trustcom/BigDataSE/ISPA, 2015. 

3. Hemani Kaushal, Georges Kaddoum “Underwater Optical Wireless Communication”, IEEE 

Access       

4:1518- 1547 · April 2016. 

4. https://doi.org/10.3390/app10062173  

5. Lin, C., Deng, Y. & Jiang, Y. On applying stochastic network calculus. Front. Compute. 

Science 7, 924–942 2013. 

6. M.R.Christhu Raj “Drill System based Hierarchical Trust Calculation to detect Selfish nodes 

in Wireless Sensor Network”, International Journal of Engineering and Technology 

5(1):366-375 · February 2013. 

7. Markus Fidler,Senior Member, IEEE, and AmrRizk, Member, IEEE, “A Guide to the 

Stochastic Network Calculus”, IEEE COMMUNICATION SURVEYS & TUTORIALS, 

VOL. 17, NO. 1, FIRST QUARTER 2015. 

8. Schmitt, J.; Bondorf, S.; Poe, W.Y. “The Sensor Network Calculus as Key to the Design 

of Wireless Sensor Networks with Predictable Performance”, Journal of Sensor Actuator 

Network 2017, 6, 21. 

9. Steffen Bondorf, Paul Nikolaus, Jens B. Schmitt. "Quality and Cost of Deterministic 

Network Calculus", Proceedings of the ACM on Measurement and Analysis of Computing 

Systems, 2017. 

10. Zhang, Jiayi & Chen, Lihao & Wang, Tongtong & Wang, Xinyuan. (2019). Analysis of 

TSN for Industrial Automation based on Network Calculus. 

10.1109/ETFA.2019.8869053. 

 

 

Page 991 of 3066Page 991 of 3066

https://www.researchgate.net/profile/Hemani_Kaushal
https://www.researchgate.net/profile/Georges_Kaddoum
https://www.researchgate.net/journal/2169-3536_IEEE_Access
https://www.researchgate.net/journal/2169-3536_IEEE_Access
https://doi.org/10.3390/app10062173
https://www.researchgate.net/scientific-contributions/2086389591_MR_Christhu_Raj
https://www.researchgate.net/journal/0975-4024_International_Journal_of_Engineering_and_Technology


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 02, FEBRUARY 2020                  ISSN 2277-8616 

947 
IJSTR©2020 
www.ijstr.org 

Grassmann: Face Based Recognition Using 
Convolutional Neural Network In Deep Learning 

 
R.Elankeerthana  K.Kokila  

 
Abstract: Individual re-distinguishing proof is a key subject in the field of the computer vision innovations. The conventional (traditional) strategies for 
individual re-identification proof experience issues in taking care of the issues of individual brightening, impediment and frame of mind change under 
complex foundation. Then, the presentation of profound learning opens another method for individual re-recognizable proof research and turns into a 
problem area in this field. In any case, pictures got by CCTV cameras are generally of low quality. Second, an image objective is regularly lower for 
video progressions. If the subject is far from the camera, the certifiable face picture objectives can be as low as 64 by 64 pixels. Last, face picture 
assortments, for instance, light, appearance, stance, obstruction, and development, are dynamically genuine in video progressions. The philosophy can 
address the uneven movements between still pictures and chronicles overwhelmingly by creating various "ranges" to interface the still pictures and video 
traces. So in this endeavor, we can complete still to video planning approach to manage coordinate the photos with accounts using Grassmann manifold 
learning approach and Convolutional Neural system calculation to know darken matches. Utilizing Grassmann learning calculation to scrutinize the 
features vectors and organizing segment vectors reliant on significant learning draws near. Finally give voice alert at the t ime darken organizing 
continuously circumstances and besides give SMS alert and Email alert at the period of cloud face area. 
 
Keyword: Face recognition, Traditional methodology, C-NN, Grassmann manifold learning approach. 

———————————————————— 

 

INTRODUCTION: 
The camera arrange is progressively conveyed in open 
places like air terminals, railroad stations, school grounds 
and places of business. These cameras normally length huge 
geospatial territories and have non-covering fields-of-
perspectives to give improved inclusion [1], [2]. These 
cameras give an enormous measure of video information 
which is physically checked by law requirement officials. 
Along these lines, individuals need to break down this video 
information through the PC vision advances. Individual re-
identification (Re-ID) has gotten progressively famous in 
network because of its application and research importance 
[2]. Individual Re-ID means to coordinate individual over 
various camera sees. Utilizing a picture layer cover, 
everything except the parts to be combined are escaped the 
layer, giving the feeling that these parts have been added to 
the foundation layer. Image Acquisition: This is the initial step 
or procedure of the central strides of computerized picture 
preparing. For the most part, the picture obtaining stage 
includes preprocessing, for example, scaling and so on. 
Image Enhancement: Picture improvement is among the 
least difficult and most engaging territories of advanced 
picture preparing. For example, evolving splendor, 
differentiate and so forth. Image Restoration: Picture 
reclamation is a region that manages improving the presence 
of a picture. Color Image Processing: Shading picture 
handling is a region that has been picking up its significance 
due to the critical increment in the utilization of computerized 
pictures over the Internet. Wavelets and Multi-resolution 
Processing: Wavelets are the organization for speaking to 
pictures in dissimilar degrees of goals. Compression: 
Pressure manages methods for decreasing the capacity 
required to spare a picture or the data transfer capacity to 
transmit it. Morphological Processing: Morphological handling 
manages apparatuses for separating image parts that are 
useful in the portrayal and representation of shape. 
Segmentation: Division methodology segments a image into 
its component parts or articles. Distinctive character division 
methods has been proposed until like [10], Dissection 
Techniques, Recognition Based Hidden Markov Models and 
Non-Markov Approaches, Holistic Strategies. Object 
recognition: Acknowledgment is the procedure that appoints 

a mark, for example, "vehicle" to an article dependent on its 
descriptors [10]. Feature Extraction: In design 
acknowledgment and in picture preparing, highlight extraction 
is an uncommon type of dimensional decrease. Changing the 
info information into the arrangement of highlights is called 
feature extraction.  

 
EXISTING SYSTEM 
The astute video observation framework, which requests 
video catch equipment and PC vision advancements to 
recognize and follow moving items, is fundamental to open 
wellbeing. A shrewd video reconnaissance framework can 
spare a lot of work to relieve the harm, because of the quick 
reaction and 24 hours eager checking [8], [9]. In any case, 
distinguishing suspicious moving items, e.g., meandering 
individual or a particular article, among covering or non-
covering cameras is as yet a test since the presence of 
individuals picked up from various cameras is commonly 
assorted. It is a difficult assignment, in light of the fact that 
there are many elements, for example, stance of body or 
camera and surrounding lighting conditions. 
 

APPEARANCE-BASED MODEL: 
Appearance-based strategies for human re-distinguishing 
evidence can be isolated into two classifications;  

 Single-shot techniques  
 Multi-shot techniques  

Single-shot Methods: Highlight extraction dependent on 
shading and edge highlights were applied to shape an 
appearance descriptor and connection based comparability 
measure was utilized for coordinating, for example, shading, 
surface and shape in their works. They portioned the picture 
of human into locales and enrolled their shading spatial 
relationship into co-event framework. Multi-shot Methods: It 
can isolate the human picture into ten even stripes to 
manage present variety issue. They extricated Median Hue, 
Saturation and Lightness (HSL) shading from these ten 
stripes. Direct Discriminant Analysis (LDA) was applied on 
the highlights so as to decrease its dimensionality [4].The 
proposed methodology is just appropriate when the human 
appearance doesn't change (comparable) in various 
cameras.  
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DISTANCE METRIC LEARNING-BASED 
METHODS  
The techniques have been intended for learning the best 
measurement between appearance highlights of a similar 
individual crosswise over camera sets. In addition, worldwide 
measurement learning techniques center around learning the 
vectors of a similar class to be nearer while pushing vectors 
of various classes further separated and need to proposed 
the Large-Margin Nearest Neighbor metric (LMNN), [3]which 
has a place with the regulated nearby separation metric 
learning class, to help improving the customary k-NN 
grouping made.  

 

RGBD-BASED APPROACHES  
RGBD-based methodologies for Person Re-ID as the RGB 
appearance-based individual Re-ID expect that people wear 
a similar garments and adventure just 2D data[7], another 
idea dependent on profundity is presented. These strategies 
can be separated into two kind of strategy; Primary kind: 
Appearance based techniques - incorporate appearance and 
profundity data together. Secondary kind: Geometric based 
techniques - Re-ID is performed by coordinating body shapes 
as far as entire point mists distorted to a standard posture 
with the portrayed strategy.  
 

PROBLEM DESCRIPTION 
The term multi-see face affirmation, in a demanding sense, 
just suggests conditions where various cameras secure the 
subject (or scene) simultaneously and estimation agreeably 
utilizes the acquired pictures/chronicles. This vagueness 
doesn't cause any issue for acknowledgment with (still) 
pictures; a gathering of pictures all the while taken with 
numerous cameras and those taken with a solitary camera 
however at various view points are comparable to the extent 
present varieties are concerned [5],[6]. For clarity, we will call 
the various video courses of action got by synchronized 
cameras a multi-see video and the monocular video 
gathering got when the subject changes speak to, a single 
view video. Given two or three face pictures to affirm, they 
look upward in the grouping to "alter" the face part's 
appearance in one picture to a comparable stance and 
lighting up of the other picture.  

 

PROPOSED SYSTEM 
The video-based acknowledgment has more preferences 
over the picture based acknowledgment. In the capture 
scenes, human being appearances can have endless 
presentations and positions, so its distinguishing proof is of a 
grouping of challenges to investigators. In video based face 
affirmation, mind boggling accomplishment has been made 
by addressing accounts as immediate subspaces, which 
normally lie in an exceptional sort of non-Euclidean space 
known as Grassmann manifold. INPUT layer: Holds the 
rough pixel estimations of the image, and make the image for 
promote processing by successive layers. CONV layer: 
Figures the yield of neurons that are related with 
neighborhood areas in the data, each handling a spot thing 

between their heaps and a little region they are related within 
the information volume.  
RELU layer: Applies a segment canny incitation work, for 
instance, the most extreme (0, x) thresholding at zero.  
POOL layer: The function is to shrink the amount of the 
spatial estimations (width, stature), achieving volume.  
FC (Fully-Connected) layer: 

Procedures the class score, achieving limit of size [1 
× 1 × 10], where all of the ten numbers identifies with a class 
score. In like manner with traditional Neural Networks and as 
the name derives every neuron in this layer is related with all 
of the neurons in the past volume and moreover outfit CNN 
count to arrange faces with improved exactness in prepared 
structure. 
 

METHODOLOGY 
Video based face organizing method fuses two images for 
features extraction and game plan computation. Features are 
expelled and build up the vectors subject to Grassmann 
estimation and besides described using convolutional neural 
framework count.  
 

GRASSMAN ALGORITHM  
Each packaging in a video gathering, we at first recognizes 
and edits the face territories. We by then package all the cut 
face pictures into K particular portions. We bundle the cut 
faces by a Grassmann complex sort of computation that is 
persuaded by video face organizing estimation. In order to 
figure feature luxuriousness, first the data (perceived face) 
picture I is preprocessed to a typical size and altered over to 
grayscale. Given two or three face sorts out; we choose a 
great deal of relative parameters for geometric 
institutionalization. The relative change maps the (x, y) 
orchestrate from a source picture to the (u, v) encourage of 
an institutionalized picture. 
 

 
Figure 1: Proposed Framework 

EXPERIMENTAL SETUP: 
 
Input: A set of E points on manifold 

{  +   
   (   ) 

 
Output: Karcher mean    

1. Set an initial approximate of Karcher mean       
by indiscriminately picking one point in *  +   
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2. Calculate the average tangent vector, P 

=
 

 
∑      (  )
 
    

3. If ‖ ‖     then return    stop, else go to Step 4 
4. Move    in average tangent path    

     (  )  where      is a parameter of step 

size. Go to Step 2, until    meets the termination 
conditions (reaching the max iterations, or other 
convergence conditions). 

Thus, the video is altered on a direction that joins distinctive 
focuses on Grassmann manifold algorithm.  
 

EXPERIMENTAL RESULT: 
The bogus dismissal rate is the proportion of the probability 
that the biometric security framework will mistakenly 
dismiss an entrance endeavor by an approved client. A 
framework's FRR normally is expressed as the proportion 
of the quantity of bogus dismissals isolated by the quantity 
of recognizable proof endeavors. 
FALSE REJECT RATE = FN / (TP+FN) 
FN =Genuine Scores Exceeding Threshold  
TP+FN = All Genuine Scores 

 
GRAPH 1: False Reject Rate 

 

CONVOLUTIONAL NEURAL NETWORK 
ALGORITHM 
CNN removes highlights from the crude picture and 
afterward a classifier groups separated highlights. So as to 
remove various sorts of neighborhood includes, a 
convolutional layer is composed in planes of neurons called 
highlight maps which are mindful to distinguish a particular 
element. In a system with a 5×5 convolution bit every unit 
has 25 information sources associated with a 5×5 territory 
in the past layer, which is the neighborhood open field. Sub 
examining is utilized to decrease the goals of the element 
map, and consequently diminish the affectability of the yield 
to movements and contortions. 

 
MODULES 

1. FACE IMAGE ACQUISITION: 
  Face might be caught through web cameras or 
transferred as still pictures, in this module. In picture, client 
faces without impediment, straight posture and typical light 
conditions.  

2. FEATURES EXTRACTION 
 One basic strategy is to remove the state of the 
eyes, nose, mouth and jaw line, and afterward recognize 
the countenances by separation and size of those organs. 
This module, facial highlights are removed and built as 
highlight vectors. Facial highlights incorporate nose part, 
eye parts and lip part. These qualities are put away is as 

grid. The framework can be shaped by utilizing Grassmann 
manifold learning computation.  

3. REGISTER THE FACE 
 Face acknowledgment frameworks set up the 
nearness of an approved individual instead of simply 
checking whether a legitimate (ID) or key is being utilized or 
whether the client knows the mystery individual ID numbers 
(Pins) or passwords. At the point when the main two 
coordinated countenances are exceptionally like the inquiry 
face picture, manual audit is required to ensure they are to 
be sure various people in order to take out copies.  

4. FACE CLASSIFICATION 
 Information is as continuous video catching. Video 
pictures are part into still pictures. Face recognition is done 
simultaneously. The fleeting data in video successions 
empowers the investigation of facial powerful changes and 
its application as a biometric identifier for individual 
acknowledgment. For example, eyes flickering or potentially 
mouth and face limit developments. This module is known 
as login stage or testing stage.  

5. ALERT SYSTEM 
 The face pictures are additionally gotten under 
common conditions. Make alert for obscure marking. At 
long last furnish ready framework to grouped understudies 
with SMS caution and Email alert. 

 
RESULT AND DISCUSSIONS: 

 
FIG 2: Features Extraction, Unknown Face Identification 

 
FIG 3: Alert Message to Mobile number 

 
FIG 4: Alert Message to Mail ID 

 

CONCLUSION: 
A large portion of these current approaches need well-
adjusted face pictures and just performs either still picture 
face acknowledgment or video-to video coordinate. They 
are not appropriate for face acknowledgment under 
reconnaissance situations in view of the accompanying 
reasons: 1) confinement in the number (around ten) of face 

0
0.2
0.4
0.6

FRR 

FRR

Page 994 of 3066Page 994 of 3066



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 02, FEBRUARY 2020                  ISSN 2277-8616 

950 
IJSTR©2020 
www.ijstr.org 

pictures extricated from every video because of the 
enormous variety in posture and lighting change; 2) no 
assurance of the face picture arrangement came about 
because of the poor video quality, limitations in the asset for 
computation impacted by the ongoing handling. So we can 
propose a nearby facial element based system for still 
picture and video-based face acknowledgment under 
observation conditions. Our outcomes show that higher 
acknowledgment rates are acquired when we use video 
successions instead of statics dependent on Grassmann 
and Convolutional Neural system calculation. Assessment 
of this methodology is accomplished for still picture and 
video put together face acknowledgment with respect to 
constant picture datasets with SMS ready framework. 
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ABSTRACT: Biometrics can offer better identity accuracy than other authentication system, so it's greater 

suitable for some real-time person identification system that need higher-standard security. A biometric 

technology describes a hard and fast techniques to analyses certain individual's biometric features, store and after 

which using the ones patterns to identity of a person. Among numerous biometrics methodologies, palm print 

identity has received greater attention due to its excellent performance. In palm print image a large amount of 

unwanted minutiae present, those are presence of main positions, crinkles, folds, and other clatters. The 

computational need of palm print identity is also high and it precedes a large amount of period to locate 

identification of a palm print in massive databank. Here a new efficient palm print identification has been proposed 

that will help to increase the accuracy of recognition process. The palm print images are delineated and pre-

processed with the assist of adaptive histogram equalization. ROI extraction is used for extract the particular 

location in pre-processed image. Therefore, the important factor of this effort become to confirm best arrangement 

of the nearby areas, called image chunks, as this may also talkthe problem ofdistortions in the contactless palm 

print images. The methodology that used for ROI imageries may be divided into 3 steps, (i) figuring out the grid 

plotfor palmprint image (ii) extracting neighborhood blocks that present around the selected grid points, and (iii) 

relating the extracted regions from the dual images to predict the similar score. Based on this matching score 

decision making was performed.  

KEYWORDS: Biometrics, Palm Print, Region of Interest, Deep learning, Matching Score. 

 

I. INTRODUCTION 

Biometrics are usually refers to metrics associated with human traits. Biometric authentication also called sensible 

authentication is working in today technology world as a form of credentialsof user and access control 

methodologies. Biometrics are also identified to become know the individuals person in clusters which might be 

present surveillance process. Then the Biometric identifiers are, assessable characteristics used to tagthe physical 

characteristics of individual person. Biometric factors are regularly labeled as physical versus behavior 

characteristics. The physiological traits are associated with the shape features of the human body. Instances 

encompass fingerprint, face verification, palm veins, DNA, palm print, retina, hand geometry, iris recognition and 

odour. The behavioral traits are connected with the behaviour of the creature, which include however not 

restrained to typing gait, rhythm and voice. Some researchers have handled the behavior-metrics periodto explain 

the last class of biometrics. 

The conventional way of access control process includeidentity-based method, that connected with a passport or 

driver's license, and then knowledge-based structures, connected to a password or private identification wide 

variety. The biometric identification factors are precise factors to every people; they are more connected in 

verifying identity than above mentioned techniques called token and knowledge based techniques. The more 

number of biometric identifiers increases privateness concerns about the use of these facts. Biometric Systems are 

computerized strategies of verifying or spotting the identity of an individual on the basis of some physiological 

characteristics, like a fingerprint or face sample or some elements of behavior, like handwriting or keystroke styles. 

Page 996 of 3066Page 996 of 3066

mailto:kokilak.it@mkce.ac.in
mailto:kishanthinitommy@gmail.com
mailto:rvpriyanka15@gamil.com
mailto:yamunaveerakumar@gmail.com


JOURNAL OF CRITICAL REVIEWS 

ISSN- 2394-5125                    VOL 7, ISSUE 19, 2020 

 

3702 
 

Some of the most used biometric characteristics are shown in below figure. A biometric system based on 

physiological traits is greater dependable than one that adopts behavioral characteristics. 

 

 

Figure 1: Biometric System 

Using biometric trends is the efficient way to authenticate the presence of the correct person when a 

communication is made. At present, the amount of applications using bio-metric systems to secure transactions is 

constrained. On one aspect, some limitations are decided with the lack of familiarity (and in a few cases, of 

acceptability) of the people, however, probably, the most crucial reasons of the underdevelopment of biometrics 

in the beyond were the quantity of the desired hardware/software program and the inadequate overall performance. 

Nowadays technology results in design decreased cost structures whose performance makes them well-appropriate 

for a wide range of applications. 

 

II. RELATED WORK 

Syed alitariq, et.al,…[1]carried out the framework for palmprint recognition may be very favourable, as it's far 

reliable and it's far easily obtained without any issue to the authenticator. In current scenario, the most typically 

used biometric verification are based on fingerprint, thepalmprint identity systems are now gaining a more interest 

from users. This makes more correct idof palmprints in crucial mission. However, the palmprint identification 

methodologies are composite and interval taking process due to great size of imageries and also hugenumber of 

noise capabilities present in palmprint images. A novel solution method for palmprintverification is proposed with 

efficient preprocessing techniques and minutia neighborhood based algorithm called parallel encoding and 

matching. The further extension ofmatching algorithm is used for parallel structure furnished via graphical 

processing units (gpus). The frequency estimation process is commonly makes errors because of damaged ridges 

in image, excessive ridge curvature of image, and scars present in the palmprint image. Therefore, implement 

preprocessing and enhancement based on improved frequency estimation and extraction of a confined range of 

excessive nice minutia functions based on place satisfactory. 

Michałchoras, et.al,…[2]analyzed the Palmprint identity that is a one type of biometric identity, which currently 

important work for many researchers, especially palmprint combined with face identification to be able to be 

applied inside the airport security system to hasten knowing individual identification. To turn the formalities of 

verification function of palms, dimension reduction is one of the dominant approaches that help to extract the 

featuresfrompalmprint image. The dimension reduction mechanism will increase the performance when ROI 

images are processed prior to attain the normalize picture enhancement techniques. In everyday condition, to 

extract function of palm ROI cannot be at once benefited, because the palmprint images consist of large unwanted 

information. To overcome the above problem, the image enhancement technique regularly used to benefit nearby 

pattern, so it allows improving strengthening the output of features. The essential issue in biometric recognition 

system is the amount of data endured increased considerably. For that the dimension reduction technique is truly 

important. In an effort to make the records into smaller data, the PCA approach is broadly utilized in palm print 

popularity. However, this method also has drawbacks to renowned the function in a single image that hasmuch 

variation orientation. It is more essential to apply non-linear technique and kernel PCA (KPCA) effectively used 

in biometrics to overcome the above mentioned problems. Therefore the KPCA is one of the suitable 

techniquesused in dimension reduction to attain the function of verification and identification of palmprints. 

Page 997 of 3066Page 997 of 3066



JOURNAL OF CRITICAL REVIEWS 

ISSN- 2394-5125                    VOL 7, ISSUE 19, 2020 

 

3703 
 

Muhammad kusban, et.al,…[3]proposed a normalizedpalmprint identity framework based onmore 2D and 3D 

palmprintrecognition methods. Using this framework, prove that the techniques providing one-to-one matching 

approach and binary representation function are more powerful for identity of palmprint. The evaluation for the 

first argument is one of the type of features matching model and is supported by way of outperforming effects on 

numerous publicly to be had 2D palmprintimage databases. The arguments of 2D images are then evaluated for 

3D palmprintimage matching and also used to introduce a solution method for encoding 3-D palmprintimage 

feature also. The 3-D feature proposed here is binary and more correctly computed. This algorithm encodes the 

3-D form of palmprint to either in the form of convex or concave. The results on experimental work to be had, 

from contactless camera and get in touch with-base 3-D palmprintimage database of 177 and 2 hundred subjects, 

it is outperformedusing state-of-the-art strategies. The approach is promising and essentially combines 3-D 

palmprint surface codes in with the methods inside the literature. It is sudden that reference does no longer offer 

any ROC (Receiver Operating Characteristics) or CMC (Cumulative Match Characteristics), best uses one of the 

publicly available databases, and consequently increases many questions about the performance assessment.  

Qianzheng, et.al,…[4]this work was using palmprint verification that very effective modalities for the bio-metrics 

identification. Here exists excessive highest range of similarity such as spatial arrangement of important flexion 

increases, among different hands left- and right-hand palmprint images. The matching such left palmprint images 

with the right palmprint image has many problems, so it is considered hard and has lower attraction of the research 

work. Here proposed palmprint matching with images of same hand. First of all palmprint images are aligned to 

ensure that any similarity presents between the principal lines of the image and creases may be obtained for the 

matching algorithm. This proposed work used publicly available palmprintimage databases and route alignment 

between any two different left and right palmprint images is done by using left-to-right turn operation. The spatial 

domain technique in turned into selected because the baseline as it achieves higher accuracy than numerous 

techniques for identical palmprint matching. The frequency domain technique has shown to provide maximum 

accuracy, among other techniques to be had for the same palmprint matching. 

 

III. EXISTING METHODOLOGIES 

The contactless palmprint images are captured using camera, where user-peg is not used to report the location of 

the hand during image acquisition. The contactless palmprint images are basically differ on the factors such as 

rotations, scales, illuminations, translations and effortlessly be afflicted by noise. When the lines and textures also 

are the maximum enormous functions of them, the contactless palmprint images are considered as low resolution 

palmprint images. The misalignments and intense intra class differences among contactless palmprint images 

leads the conventional effective palmprint popularity methods are poor performance in contactless palmprint 

recognition. A general approach used to improve the accuracy and efficiency of contactless palmprint images is 

to extract some additional features from palmprint images. And also, the subspace learning approach and 

collaborative techniques also can be implemented to extract the region of contactless palmprint recognition. Due 

to the functions of illumination, translation, rotation, and scale variances of contactless palmprint images, the 

features with excessive robustness need to be useful for contactless palmprint recognition. Completely 

computerized comparison of palmprint images, performed using the image processing techniques, has obtained 

more interest from the researchers and a palmprint recognizer has been brought the survey. That image are 

generally show curved palmprint traces, creases and scars of various thickness, in preference to flexion ridges, 

and consequently various textured matching techniques had been investigated to improve accuracy in matching 

the images. Such strategies to start with generate aligned region of interest images with the aid of the usage of the 

finger joint places because the reference points. This area of interest is used to extract neighborhood palmprint 

functions and matching is finished the use of the incredible Hamming distance rating generated from numerous 

translations or shifting of binarized templates. 

The existing system consists of six parts: acquisition unit, pre-processing, feature extraction, thresholding, 

matching and decision based on fusion. The colour RGB images of the right hand are scanned at 180 dpi / 256 

grey levels in the acquisition unit. In the pre-processing module the following steps are performed: conversion to 

grey-scale image, binarization of the grey-scale image with thresholding, border following of the contour of the 

hand, detection of the stable points, rotation of the hand in the normal position and finally, a determination of the 

region of interest (ROI). After that, the ROIs are cropped separately from the colour-palmprint image R, G, B and 

resized to 64 × 64 pixels. The primary spectral components R, G and B of each ROI are processed independently. 

The feature extraction is based on a 2D Gabor filter. The binarization of the features is made with a zero threshold. 

Palmprint authentication is usually based on texture analysis.  

The palmprint matching is based on a generalized Hamming distance. Fusion at the matching-score levels for all 

three primary spectral components is made. Matching a pair of palm print means to measure how different they 
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are or to decide whether they belong to the same individual or not. As our goal is to verify palmprint by classifying 

between imposter and genuine users, pattern matching can be performed using the Hamming Distance (HD). The 

effectiveness of the method is done with the help of other distance measures also.  

In existing Hamming Distance calculation algorithm wasselected as recognition metricwhere bit-wise 

comparisons necessary. Two templates are considered to have been generated from the same palm print if the HD 

is less than a user specified threshold value which is defined as, 

𝐻𝐷 =
1

𝑀
∑𝑥3

𝑀

𝑗=1

(𝑋𝑂𝑅)𝑦2 

and calculates the amount of different bits in binary sequences X and Y over total number of M bits by the sum 

of the exclusive-OR between X and Y. 

 

IV. PROPOSED METHODOLOGIES 

In current years, a number of automated biometric based verification techniques have been evolved together with 

fingerprint, palmprint, iris sample, voice, and many others. In those biometric identifications, palmprint has a 

superior similarity over the fingerprint. Palmprint is defined as an image captured from the palm area of the hand. 

Palmprint based structures have end up sparkling research areas in recent years. The major advantage of palmprint 

is the accessibility of large space for extracting biometric features. In fashionable, palmprint images ought to be 

standardized and orientated before characteristic extraction.  

One of the maximum successful biometric based verification systems is the palmprint verification method. This 

approach recognizes on the premise of the palm print of someone. It is dependable because of the reality that the 

print patterns are normally precise, even within the monozygotic twins.  

The proposed implementation ofpalmprint recognition using contactless palmprint images suggests great ability 

of biometric recognition for more number of security applications. 2D images based contactless palmprint 

recognition requires less expensive withcomfortable image acquisition technique which can be integrated in a 

more consumer applications and devices. The frequent improvement of the accuracy of palmprint matching 

algorithms over the last years, need more efforts to develop improved  accurate recognition algorithms which 

could realize overall efficiency from this biometric, mainly for matching palmprint images gathered from large 

number of subjects under real time image capturing process. The palmprint images are delineated and pre-

processed with the assist of adaptive histogram equalization. ROI extraction is used for extract the unique region 

in preprocessed image.The proposed layout is shown in fig 2. 

 

 

Figure 2: Proposed framework 

 

Since the process of enrolment, the palmprintimage was captured is saved somewhere (on a card or inside a 

database or each). In matching process, the currently captured palmprintimage was transferred to a matcher 
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function that compares it with different templates, and then identifies the palm print matching with the assist of 

neural networks. The matching algorithm compares the input image with stored template. Then the image will be 

used for output of any particular use or reason (e.g. user authentication for security applications). Selection of 

biometrics verification for any application depends upon the person requirements. In selection of a particular 

biometric factorfor any application to take into account of, performance of the system, social acceptability by user, 

ease of use, robustness, efficiency, population coverage, size of equipment needed and robbery identification 

quality. The selection process of a biometric also based on user requirements includes sensor and device 

availability of user, computational time and reliability, price, power needed and size of the sensor. 

 

4.1 IMAGE ACQUISITION 

It is a base level process in any biometric based verification system in which the individual’spalmprint image is 

captured for identification. For capturing the palmprint different varieties of sensors like palm scanners, virtual 

cameras and any low to high resolution cameras are used. For civilian and industrial purpose, low resolution 

images then for forensic and criminal detection excessive resolution images are used for processing. Depending 

on the type of applications sensors are chosen. 

 

4.2 PREPROCESSING 

The goal of preprocessing is to acquire a noiseless palmprint image for feature extraction and to remove the variant 

presented due to the rotation and translation. Preprocessing is the initial method for image recognition process. 

Basically the palm printpictures are taken with the assistance of normal camera. Inorder to reduce the overhead, 

it makes use of adaptive histogram equalization and unsharp mask filtering techniques. Preprocessing should to 

be accomplishing in place of directly the use of the palmprint images. Preprocessing is used to remove noise from 

input image such as distortion and misalignment thento extract the area of interest. The parameter X is denotedas 

input image, and then the histogram of input image is H(X). Depends on the H(X), the Probability Density 

Function (PDF) is calculated as follows, 

p(k) =nk/N = nk / (n0+n1+…+nL-1) 

forparameter k = 0,1,….L-1 

Where, the parameter L is the number of possible strengths values and nkis the number of pixels that have the gray 

level (k)presents on the input image X and then N is the overall total number of pixels present in the input Image. 

 

4.3 ROI EXTRACTION 

A region based image recognition process imitates the human cognition. The goal is to eliminate image regions 

that don't contribute to capabilities which might be beneficial in differentiating or classifying pixel. It tries to 

redefine the boundary within the obtained image. This smaller area becomes the point of interest location for 

applying various feature extraction and classification strategies. It is predicted that the region of interest will 

improve the accuracy of identification and authentication. The process of selecting a region with high texture 

patterns can be found is called method of ROI extraction. In different phrases we want to discard those elements 

of the received palmprint image which do no longer contribute to textural functions, or are completely distinctive 

from the main area texture. 

 

4.4 FEATURE COLLECTION 

Palm print recognition has to abstract palm print features which can separate one person from any other. Rarely, 

the captured pictures are tough to excerpt due to the fact the streak shapes are distinguished individually. The 

crinkles and ridges of the palm overlay each other, confusing the function extraction mission. Recognition 

accuracy may additionally shrinkageif the extraction isn't done properly. In this proposed work, PCA turned into 

applied to make a hard and fast of dense features for powerful recognition. This extraction method has been 

extensively used for dimensionality reduction in mainframe vision. This method became selected because the 

features have been stronger as compared with additional palm print recognition structures, inclusive of eigen palm, 

Gabor filters, Fourier Transform, and wavelets. 
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4.5 CLASSIFICATION 

The final module of the palmprint recognition system is feature matching. The characteristic of palmprintmatching 

describes the range of similarity among already stored image feature vector and current image feature vector. Here 

the extracted features in previous segment are compared with the capabilities of that person previously stored on 

database. The matching process quantifies the range of similarity among previous hand images. Maximum 

palmprint recognition systems have beenincorporating the image processing step of updating the reference hand 

image within enrollment database. Palm print recognition is considered to be most suitable for image verification 

process. The opportunity is possible for people have similar hand functions increases because of huge Population. 

Distance features helps to determine whether the person is the claimed or not. In this application exact distance 

characteristic based matching functions is used for matching the feature vector. The training component includes 

first figuring out the structure of given ANN model then initializing ANN model weights and bias unit in addition 

initializing the output target vector for each input vector. 

 

V. EXPERIMENTAL RESULTS 

In this proposed worka palm print recognition schemewas implemented with assistance ofC#.NET and SQL 

SERVER. The proposed implementation screens are shown in following figures 

 

 

 

Figure 3: Home page 

 

 

 

Figure 4: Upload Hand image 
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Figure 5: Preprocessing – Gray Scale Conversion 

 

 

 

Figure 6: Noise Filtering 

 

 

 

Figure 7: Histogram Equalization 
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Figure 8: Features extraction 

 

 

 

Figure 9: Register their details 

 

 

 

Figure 10: Neural network classification 
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Figure 11: Matching score 

 

 

 

Figure 12: Profile details 

From the above screenshots, proposed system provide high level accuracy in palm print recognition 

 

VI. CONCLUSION 

A uni-model bio metric verification system for palmprint recognition was proposed for user identification. 

Palmprint is considered as the reliable and robust private characteristic in many other recognition factors. 

Palmprintimage verification offers a secured way to validate people for various security systems. In first, the palm 

print images are pre-processed using the efficient technique called adaptive histogram equalization for removal 

of noise from image. Then propose an ROI approach for extracting important region from input image for the 

evaluation of palm print recognition. It utilizes the most palm area of someone suitable for function extraction and 

authentication of individuals by way of the usage of their palm-print capabilities. This shows proposed approach 

achieves excessive accuracy in palm print recognition when in comparison to present one. 
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ABSTRACT: A social media stock having a huge amount of data like Tweets, it may get broke down to study the 

perspectives or maybe feelings which having a place with the overall population toward long advertise pioneers. This paper 

concentrates after estimating the sentiments together in races of political parties by utilizing overall population 

contemplation and assessments on Tweets. The paper means to understand whether twitter posts can be used just on the 

grounds that valuable strategy in estimating the determination results or maybe is unquestionably this basically a social. 

Programming interfaces are utilized to extricate tweets about the political parties from the twitter (web based life). By 

mining the twitter information the general visibility of a political individual can be broke down this predication will assist 

with recognizing the popular feeling. After sufficient measure of twitter presents will be accumulated on acquire 

assessment, we are getting on positive twitter posts for BJP, this was mostly worthy rate when contrasted and different 

tweets also. On assessing this outcome with the leave surveys and the genuine determination results, the expectation of 

winning party by the tweets information assessment is certainly right.  

KEYWORDS: twitter data (API), python, sentiment analysis, mongo DB. 

I. INTRODUCTION 

Information about Feelings of individual’s assessment is a part of AI cunning. This Product is to recognize the individual’s 

supposition assembles combined view to give a forecast. This Structured System examinations how different individuals 

get support in twitter and how different ideological groups have support in general visibility, Not just political people 

groups can utilize any nostalgic expectation should be possible by this proposed model. Conviction Info can be-Tweets on 

Twits, Content and comments and customer assessments about a thing. The feeling data expected inside the    substance 

material of Sociable Advertising Solutions can be of huge specific and social worth, which has pulled in a great deal of 

analysts in different fields. In the conviction perspective, there are different kinds of printed subtleties, explicitly, 

sentiments and realities. While points of interest are the purpose claims in regards to the character of a thing, sees clarify 

conduct, assessments, and sentiments concerning a thing, help, subject, or a problem that needs to be addressed.  

From the specific point of view, two essential procedures for feeling assessment are really Handbag of Terms and Feature 

Centered Feeling. Inside the BOW philosophy the syntactic and semantic data among expressions will be dropped. The 

BOW technique can be not so much helpful at whatever point sees in regards to things and the highlights have to wind up 

being analyzed. In such circumstances, it tends to be expected to get highlights. FBS gives surfaced to the explanation that 

a technique for analyzing the announcements of things and their highlights. The results of conviction class happen to be 

appeared in changed stages in different sites: positive, unfriendly, similar to, loathe, proposed, not-suggested, extraordinary, 

poor, uncommon/exhausting, support/against, invaluable just as awful, bullish/bearish, and positive/discouraged [2]. In this 

insightful investigation, the reason can be to break down the American Indians election information utilizing Twitter API to 

draw out Twitter presents relating on decisions. While tweets can be depicted too realized minuscule blogging help where 

clients make position correspondences (called "tweets").  

              These twitter posts periodically display sees about various subjects [10]. In this continuous work, a guess unit 

can be built for surveys that would get focused in feeling assessment (positive or maybe impartial or maybe antagonistic) 

performed for the twitter posts. This sort of paper is unquestionably composed the accompanying: Section 2 gives the shy 

of the perusing contemplated. Area 3 speaks to the technique, putting an accentuation on upon information assortment and 

pre-handling. Area 4 offers a point by point clarification about the results and execution. Area 6th is v is the segment and 

primary concern Mire talks about the likely capacity. 

 

 

II. LITERATURE SURVEY 

 

Lewis Mitchell ou al produced an association between what people of US show on friendly broad communications 

frameworks (in the sort of twitter refreshes, statuses, etc) and what the genuine list of mental, geographic, segment 

highlights state. The examination blended a dataset of 80million stamped phrases delivered about tweets this mid-year and 
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highlights of 50 ALL OF US state governments accomplished by looking over. The academic investigation delivered 

scientific categorizations of states dependent on likenesses of word utilized, evaluation of happiness level of says. Online 

life can be used to appraise constant changes and levels in measures like stoutness rates. Stunning hawaii, Maine, Nevasca, 

Utah, Vermont are the best credit scoring claims in delight activities.  

 

Li Zhuang ou al executing examination through which they separated film tributes and acquainted with foresee the 

supposition of watchers for the film that is absolutely whether the clients loved the film (approval) or maybe hate the film 

(disapproval). Besides the audit articles can be portrayed and specific themes may likewise be mined where the analyze 

were based to get  

e. g., audit can without much of a stretch become fixated on the film story albeit some investigation can wind up being 

organized solely on performing/theater and so on. 

 

Pawel Sobkowicz ou al suggested supposition organized system dependent on articles of open broad communications 

which contains 1 . supposition and feeling acknowledgment in evident  

period 2. subtleties development demonstrating at least three. system of perspectives elizabeth. g. effect of emotions, 

changing frameworks and so forth . Federico Alberto ou al investigated Polarity Category in wording information by 

essentially arranging explanations of neighborhoods with the guide of their own one of a kind aggregate tributes.  

The usage of all around framed content, emojis, and messages on incredible case of such are removed for extremity 

grouping objective. They moreover broadened the pursuit space and included some individual articulation that happen to be 

altogether used in social press correspondences and help in precisely distinguishing the inclination.  

 

Alexandra Balahur promote autant que al played out the assessment on twitter posts by contemplating the twitter update 

system, language and length. This sort of exploration is absolutely useful seeing that the twitter update feeling assessment 

framework can without much of a stretch wind up being utilized to any jargon and would procedure be able to twitter posts 

in real period. The utilization of insignificant semantic processing the real system more straightforward to stretch to 

different vernaculars.  

 

Alexander Pak talked about the intensity of communicating sentiments showed by mining the micro blogging information 

that is twitter. They proposed an approach to consequently assemble and shape a corpus of tweets for assumption 

investigation and supposition mining. A classifier is unquestionably built by them to decide the positive, antagonistic and 

characteristic proclamations for any record under exploration. The language was utilized by them English  

 

Kaushal Dave ain al separated a rundown of item investigates for feeling examination process. Thing highlights, top quality 

and so forth. What’s more, associated feelings with every one of them can become arranged while poor, great and blended. 

Expressions are collected into characteristics and after that used for class work.  

 

Alexander Pak ou al participated in a snag SemEval 2010 and applied instant messages from discussions for building a 

psychological dataset. Utilizing the dataset the classifier separates the connoting of the word intensifying into a certain or 

awful conviction extremity in regards to into a given condition.  

 

Chetan Kaushik de même que al consider Emotion research as an enormous information process than standard slant 

assessment approaches which will neglects to adequately deal with the tremendous volume of section information realistic 

now a days to assist with making message investigation significantly progressively compelling, rapidly and suitable.  

 

Deepali Virmani et al proposed a calculation which contrasts each showed term and conviction and refutation in the 

information source. The recipe is unquestionably applied based on rating assigned with every conviction expression in the 

information source. The cooperated supposition is certainly inspected by essentially looking at teacher‟s criticism term by 
express and after that applying the convention proposed. The assessed conclusion esteem for a learning understudy can be 

used while offering imprints to the understudy. 
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III. METHODOLOGY 

 

Boss of any sort of choice is resolved on who everything is getting casted a ballot relating to in mass. Be that as it may, sees 

are not so much delivered in a solitary day time. Essentially by viewing the governmental issues judgment of an individual, 

one can assess which get together the individual could decide in favor of MySpace gives  

A framework for people to environmental factors all their sentiment inside an accurate way, in 140 characters just. In the 

event that tweets are kept consistently per month or two preceding decisions, we could investigate what the assessment of 

the individuals and figure who is unquestionably making a beeline for gain the determination. This sort of paper focuses on 

4 essential issues:  

 

1. Removing significant tweets  

 

2. Analyzing the sentiment of each twitter update.  

 

3 Keeping the twitter update and the discoveries in a NoSQL information source. In this full case, Mongo DB  

 

4 Finally, analyzing the whole data for determining the hero.  

 

Mongo DB, is a cross-stage record centered NOSQL information hotspot for holding enormous measure of twitter posts. 

Twitter presents occur on be assembled inside the sort of JSON design. 

 

DATA COLLECTION AND PRE PROCESSING DETERMINING 

 

         The information source is the first challengeof  any extensive research.  

 

Fixated on discussions and data, the feelings identified with races are evolving rapidly. In buy to manage this brief 

character data, Twitter API is used with respect to stacking twitter posts and an assortment known as Tweepy which will 

permits python to utilize this API.[6]  

Following separating the tweets, we all after that was required to decide how to remove the feelings out of these twitter 

posts. The tweet knowledge instant message is unquestionably arranged and after that changed the entirety of the instant 

message to lowercase, disposed of hash labels in front of terms, and taken out additional territories inside the content 

message.[3] Seeing that Twitter is very casual, individuals frequently comprise of products of similar characters in a term, 

for example, "happyyyyy, awesommm. " To manage these occurrences, significantly more than two of comparative 

sequential characters are changed with basically two of that notice. Each url and usernames will be disregarded seeing that 

URLs and usernames would not regularly interface with the announcements showed inside the tweet. Moreover, a rundown 

of pervasive expressions that perform not so much impart feeling words and expressions simply like " become, " "at, " "the, 

" thus forth[5] are likewise disregarded. 

 

IV. ENGINEERING OF THE PROPOSED MODEL  

 

 

 
Fig 4.1 Proposed model architecture. 
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Twitter update Financial foundation: This part capacities about tweet evacuation in evident period by tweets through 

Twitter API.  

 

•DATA WASHING: The accumulated tweet is unquestionably wiped out dependent on the techniques discussed in the in 

this article journeys in addition to the important subtleties, in our condition, the tweet text is given to the opinion analyzer at 

that point.  

 

•BELIEF ANALYZER: The instant message that is regularly given to the part is unquestionably after that inspected for 

type of conviction delivered by the twitter update. The feeling is unquestionably ordered in 3 kinds  

- positive, unbiased and negative.  

 

•MONGODB DATA SOURCE: After looking at the sentiment of the twitter update, the content and the feeling alongside 

the continuous party key are kept in the information hotspot for additional future investigation. This genuine way, the 

twitter posts can wind up being inspected to know people’s see during a specific time of period.  

 

• Selection Champion Predictor: This sort of part works independently following enough amount of twitter posts are 

accumulated for assessment. The twitter posts are after that read through the Mongo dB information hotspot for looking at 

which get together got most extreme little division of positive proclamations. 

 

 

V. EXECUTION AND RESULTS  

 

The Selection Conjecture has been completed on the UP state decisions held before this entire year, I. y. 2017. This political 

decision has been decided to check how much the forecast has been reasonable and precise. Dataset: Twitter posts had been 

evacuated for a week and 20, 000 pertinent twitter posts had been analyzed with this test. The results happen to be 

demonstrated inside the work area inside the sort of proportion of certain twitter posts for each governmental issues get 

together:  

 

 

CHARTS AND ANALYSIS 

 

 
 

Fig 5.1 similarity among twitter data has been identified.  

The complete results acquired from foreseeing determination results from tweets information. The mass polling forms are 

supportive of BJP. About assessing this sort of result with all the leave structures and the genuine determination results, the 

guess of acquiring party by tweets information assessment can be suitable.  
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Fig 5.2 The classified word cloud of sentiment  

 

 

 
 

Fig 5.3 Analysis report of BJP tweets 

 

 

 
Fig 5.4 Popular new of twitter by BJP, (namofornewindia) tending. 

This shows the appraisal of the propensities received in genuine results and guess through assessment of tweets information. 

It very well may be seen that vote division fever among the rundown of primary battling festivities cling to a similar plan in 

the two assessment. The „others‟ classification faces a great deal of progress in the genuine data. The achievable factors in 
this change can turn into:  

 

• The information taken out for the assessment was after proclamation of UP condition choice results.  
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• MCD decisions had been around the part. Data applicable to festivities simply like AAP (Aam_Aadmi Party) had 

been significantly increasingly notable in social press, in this manner, raising the twitter update include number in „ 

Additional festivals ‟ classification.  

 

• The tweets extractor simply focused regarding the matter of explicit legislative issues festivities and not so much in 

alliances. 

 

 

VI. CONCLUSION  

 

The cutting edge method of looking for the future trend-setter for the nation relies on the suppositions of individuals. In this 

paper, twitter presents will be used on find which governmental issues party is absolutely generally supported by the 

overall population during UP decisions. The paper offers applied and exhibited the results with the guess relating to UP 

Polls 2017 that happen to be indistinguishable towards the genuine results. It can wind up being seen that performing 

feeling assessment in Twitter information for judgment investigation can be used for guess of choice results. Further 

accuracy can get raised if the information is ordinarily assembled essentially before the beginning of the races 

 

VII. FUTURE WORKS  

 

The assumption analyzer utilized here shows right outcomes for most of the time. In any case, extra customized headways 

can become performed to decide critical twitter posts by means of standard twitter posts and extra investigation inside this 

area can be the drawn out range on this paper. 
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Abstract 

This paper portrays a methodology of making a framework recognizing foods grown from the 

ground in the retail advertise utilizing pictures caught with a camcorder connected to the framework. The 

framework causes the clients to mark wanted products of the fruit with a value as per its weight. The 

reason for the framework is to limit the quantity of human resource, speed up the distinguishing process 

and improve the ease of use of the graphical UI contrasted with existing manual frameworks. The 

equipment of the framework is established by a Tensor Flow Lite, camera, trained dataset. Faster R-CNN 

(Region based Convolutional Neural Network) and YOLO ( You Only Look Once) are used to improve the 

efficiency of identifying object with better recognition system for reducing computational complexity. 

Here we proposed our recognition system with better accuracy and faster performance for fruit 

recognition. 

Keyword: Faster R-CNN, YOLO, Tensor Flow Lite, Convolutional Neural Network, Fruit Recognition. 

I. INTRODUCTION 

Complex and tedious self-administration frameworks may bring about clients picking another 

supermarket. Since clients are the explanation organizations endure, their fulfillment is the organizations 

key to progress. The need of frameworks which diminishes the procedure time exists due to buyer’s 

desires for their steady undertaking to spare time. As needs be, the reason for this work is to improve the 

recognizable proof procedure of foods grown from the ground performed by the self-administration 

frameworks in the retail showcase. All the more explicitly, the development should comprise of a quicker 

procedure and a more easy to use framework. The motivation behind executing PC vision to the 

framework is to limit the choice of conceivable items and in this manner lessen the injure on the client. 

Moreover, the utilization of PC idea in self-administration frameworks can disentangle the way toward 

recognizing objects by poignant the procedure from a person to a PC. Hypothetically, this could hurry the 

procedure to recognize items and limit the measure of mistakes by expelling the human being factor. 

Crafted by this paper will be constrained to the basics of the distinguishing proof framework. As far as 

equipment, the good times- damentals are a camera, a presentation, an actuation instrument speaking to 

the level, and a processor to run the framework. A picture classifier has been prepared and assessed to 

order pictures of foods grown from the ground from the camera. For order purposes, we will research 

convolutional neural systems (CNN) designs, specified the immense achievement appeared as of late by 

CNNs in a few article acknowledgment what's more, arrangement tasks. A UI has been created also to 

deal with client connection by means of the presentation.  
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II. RELATEDWORK 

Identification of foods grown from the ground is actualized in various regions. The most widely 

recognized regions are distinguishing proof in the retail business, and in regions where the intention is to 

facilitate reap in the point of view of agricultural business. In the retail business, the identification is for 

the most part done physically by a clerk, or through oneself helps frameworks in a store. An organization 

which has gained extraordinary ground in its specialized development with regards to man-made 

brainpower, picture recognition and mechanizing physical work is Amazon1. The innovation has been 

utilized to computerize the yield with the assistance of mechanical gathering. A few CNNs has been 

utilized to limit the organic products in the motivation behind either gathering or checking. In any case, 

the issue of making a quick and solid natural product discovery framework continues. This is because of 

enormous variety in the presence of the natural products in field, as well as shading, shape, range and 

surface properties. 

 

III. EXISTING SYSTEM 

The gathering of neurons that build up pieces is comprised as convolutional layer. The pieces 

have a little range however they generally have a similar profundity as the contribution. The neurons from 

a bit are associated with a little locale of the contribution, called the open field, since it is profoundly 

wasteful to connect all neurons to every past yield on account of contributions of high measurements ,for 

example, pictures. The yield of a convolutional layer is through by stacking the come about actuation 

maps which in bowed is utilized to characterize the contribution of the next layer.  

 

IV. CONVOLUTIONAL NEURAL NETWORK 

 Input layer The picture will hold the unfinished pixel estimations of the picture, right now 

picture of width 32, tallness 32, and with three shading channels R, G, B.  

 CONV layer will turns the yield of neurons that are connected with nearby districts in the 

information, each registering a item sandwiched between their loads and a little locale they are 

related with in the info volume. This may bring about degree, for example, on the off chance that 

we chose to make the most of 12 channels.  

 RELU layer will apply a factor wise initiation work, for example, the max (0, x) thresholding at 

zero. This leaves the size of the level unaltered  

 POOL layer will play out a down sampling activity along the spatial measurements (width, 

tallness), bringing about volume, for example,  

 Fully Connected layer (for example completely associated) layer will register the class scores, 

bringing about level of size, where every one of the 10 CIFAR-10. Similarly with common 

Neural Networks and as the name infers, each neuron right now be associated with all the 

numbers in the past level. 

 

 

V. PROBLEM DESCRIBTION 

On the off chance that we apply further convolutional layers, the range will be additionally 

decreased, and, accordingly the picture range is definitely diminished which produces defeat of data and 
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the disappearing angle issue. To address this, we use cushioning. Cushioning builds the range of input 

information by satisfying constants approximately input information. In the vast majority of the cases, 

this steady is zero so the activity is known as zero cushioning. "Same" cushioning implies that the yield 

include map has indistinguishable spatial measurements from the input include map. This attempts to 

cushion uniformly left and right, yet in the event that the number of sections to be included is odd, it will 

add an additional segment to one side. "Legitimate" cushioning is equal to no cushioning. The steps make 

a part skirt pixels in a picture and exclude them in the yield. The steps decide how a convolution activity 

works with a portion when a bigger picture and progressively complex part are utilized. As a portion is 

sliding the information, it is utilizing the steps parameter to decide what number of positions to skip. 

Rectified Linear Units (ReLU) layer applies the enactment work max (0, x). It doesn't decrease the size of 

the system; however it expands its nonlinear property. 

 

 

 
 

     

               

Figure 1 and 2: Detection of apple and banana with existing algorithm 

 

VI. PROPOSED SYSTEM 

 

Regardless of the ongoing advancement being made utilizing profound convolutional neural 

systems for enormous scope picture grouping and recognition, exact item discovery despite everything 

stays a difficult issue in the PC mental picture and AI fields. This assignment requires not just 

recognizing which objects are in a sight, yet in addition where they are found. Exact area proposition 

calculations consequently play critical jobs in the article identification task. There are ongoing 

mechanism, such particular pursuit, which combines super pixels dependent on low-level highlights, and 
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Edge Boxes, utilizing edge data to produce locale recommendations. In any case, these techniques require 

as a lot of running time as the identification to guess entity areas. Quicker R-CNN was anticipated to beat 

this test by presenting the Region Proposal System (RPN), which shares convolutional highlights with the 

arrangement system, and two systems are linked as one system that can be prepared and tried through a 

start to finish method. By doing that, the running time for area proposition age takes approximately 10 

ms, and this structure can keep up a 5 fps discovery velocity and beat the best in class object recognition 

exactness utilizing profound models. The Faster R-CNN effort of employments shading (RGB) pictures 

to execute universal article location. It comprises of two sections: (I) area proposition; and (ii) a district 

classifier. The area proposition step delivers a lot of NP proposed locales (bouncing boxes) where the 

object(s) of intrigue could live inside the picture. The district classifier step at that point decides whether 

the locale has a place with an article class of intrigue; the classifier could be a 2-class or N-class classifier. 

To prepare the Faster R-CNN for our undertaking, we achieve tweaking. This requires named 

(commented on) jumping box data for each of the classes to be prepared.  

 

 
Chart No 1: Comparison between the various algorithms for fruit detection 

 

 

VII. MODULES 

1) IMAGE ACQUISITION: 

 

Various Fruits caught through the camera for the training purpose in this module. The training 

fruit image should be without impediment, occlusion, and illuminating condition.  

 

2) FEATURES EXTRACTION: 

 

The features are extracted by the proposed algorithm where it is the initial set of process which 

reduces raw set of data to the manageable process. 
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3) SEGMENTING IMAGES INTO SUPER-PIXEL BLOCKS: 

 

Contrasted and picture division dependent on pixels, the picture division dependent on super-

pixel squares is more vigorous to enlightenment. Straightforward direct iterative clustering 

(SLIC) is utilized to section pictures, which is an amazing super-pixel division calculation.  

 

4) EXTRACTING COLOR AND SIZE FEATURE: 

 

Extricating shading highlight from super-pixel squares can be separated into 3 stages. Initially, 

pick reasonable shading spaces to portray the shade of pictures. Next, choose a fitting shading 

vector to portray the shading highlight of a super-pixel square as opposed to one pixel. 

Notwithstanding RGB shading space, other famous shading spaces that are applied to organic 

product discovery can be isolated into three classes.  

 

5) DETECTING FRUITS:  

 

The procedure of natural product discovery dependent on HOG administrator can be partitioned 

into 3 stages. Right off the bat, multi-scale sliding windows are utilized to trim square of which 

the focuses are situated in applicant districts of comparing unique pictures. The range of sides 

diminishes to 68.9% of past size until it is under 32 pixels.  

 

VIII. RESULTS: 

 

 

 
 

Figure 3 : Trained fruits                            Figure 4: Object recognition after Trained fruits 
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Figure 5: Detection of banana with 98.43%              Figure 6: Detection of apple with 99.22% 

                                                       Accuracy 

 

IX. CONCLUTIONS 

 

 The performance of detection is successfully increased due to the technology in the real world. 

The objective of the project is to limit the shopkeepers where suppliers are not available in the store and 

that point of time this technology will be fruitful to all the shop owners. Here, we have increased the 

accuracy of the fruit and the faster performance of the detection system by using the Faster R-CNN and 

YOLO algorithm. This system can bring good facility to customer and shop owners. 
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Abstract: Fixed sequence classification is an important task in data mining. The problem of sequence classification is the use of rules consisting of 
interesting items that are contained in the data sets labeled sequences and the included class labels. Interesting levels are calculated from a set of items 
that are in a class ordered by linking and maintaining each item. There are a number of security patterns that may be hidden in the database. A mining 
algorithm looks for a complete set of patterns and meets the minimum support threshold (frequency), highly efficient and scalable, with a number of 
database scans incorporating various types of user-specific constraints. In the existing system, sequence classification techniques use several machine 
learning algorithms such as NaiveBayes, neighboring K-neighbors, decision trees, hidden markov models, SVM. This exit methodology can handle 
cases of minor deviations in certain events and acknowledges the occurrence of the pattern several times. In this work, LDA classifiers are used to 
classify and train datasets to improve dataset accuracy and efficiency to facilitate user analysis. Machine learning process is implemented to maintain 
the effectiveness of the prediction methodology. LDA prediction compared to SVM to prove performance improvement and linear classification id is used 
to improve classifier accuracy. Finally, the quality of the miner pattern is evaluated by the proposed approach pattern as features in several classification 
features based on different features. 
 
Index Terms: SVM classifier, Data mining,  LDA, Sequence Classification, Rating Prediction.   

———————————————————— 

 

1 INTRODUCTION                                                                      
Data mining has emerged as one of the most powerful 
technologies with a focus on extracting sensitive and 
confidential information in the data warehouse. The main 
purpose of the data mining process is to extract resources 
from a particular dataset and convert it into an understandable 
configuration. Hidden knowledge in online reviews can be 
found using the theory of probability theory. The sample 
studied for this type of scientific discovery is a probability 
graph model. This is a declarative example of a particular 
work, which contains uncertainties about the final hypothesis. 
SVM (Support Vector Engine) is used to classify and train 
datasets. Cui, et al. [1] In the SVM process, datasets can be 
classified with respect to the term prediction method. Low 
computation rates and extraction are done in smart and 
intelligent content. Energy cannot be safely stored in an SVM-
based classification. These representations derive effective 
training from various distributions of basic data. Latent 
Dirichlet Allocation (LDA) is an unsupervised learning model 
under the heading modeling section, a probability graphical 
model used to create a set of words under a predefined 
heading from a collection of reviews (ratings). The main point 
of the material is to summarize the theme of the document 
collection. All examples must be accomplished to implement 
LDA techniques regularly. Conversely, there are situations 
where it is not possible to obtain a complete set of data and 
input data is viewed as a stream. Luo and Li [2] In this regard, 
it is important that LDA feature extraction has the ability to 
convey LDA features that are computed by looking at a new 
model without running the procedure in a complete data set. 
To illustrate, in some real-time presentations, such as mobile 
robotics or online face recognition, it is important to report LDA 
features that are simultaneously extracted when new 
observations are available. 
 
 
 
 
 
 
 
The benefits of LDA over the existing strategies are 

shown when it comes down to: 

• Smart extraction of topics 

• Separate extraction provides detailed view 
• Time and Cost Consumption is low. 

• LDA approach can saved efficient energy. 
 
The rest of this article is organized as follows: Part II looks at 
some of the sequential data mining related to existing work. 
Part III provides a detailed description of the general proposal 
system. Part IV presents the results of the proposed system 
performance. Finally, this article concludes in Section V.  

 
2 RELATED WORK 
This section presents some of the existing work related to 
sequence-based classification in data mining. Zhou et al. [3] 
proposed a method of sequential coding using new item set 
mining techniques and introduced an innovative scheme 
called sequence classification, focusing on SCII item sets to 
improve the accuracy of multiple item set-based classifiers. 
Ramani and Jacob have recognized a set of protein and 
physicochemical structures based on the optimal and nominal 
classification sequence of lung tumors in various NSCLC and 
SCLC tumor classes, revealing a combination of new resource 
selection and prediction systems for classifying classes with 
more accurate and obtain secondary statistics on protein 
abundance properties in lung tumors that aid in drug diagnosis 
and design. Adhikari et al. [5] described an innovative WAMS 
physical test bench to showcase the capabilities of a real 
power system and develop an integrated industry standard 
component to replicate a reduced version of WAMS. Zhao et 
al. [6] reported a new procedure for analyzing NSG data with 
the help of model modeling, focusing mainly on four different 
key techniques such as, 

 NGS data recovery, 

 Preprocessing, 

 Topic filtering and 

 Data mining with the help of Latent Dirichlet 
Allocation (LDA)  

 
Measurement of confusion regarding the number of topics and 
the convergence efficiency of Gibbs sampling was considered 
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and discussed to obtain the best results from the proposed 
procedure. Lam et al. [7] introduced a coding methodology to 
compress sequences based on sequential patterns and 
proposed the Go Krimp algorithm to directly apply 
compression patterns and dependency tests to select long 
patterns, improving the efficiency of the algorithm. The quality 
of the pattern is maintained and helps to find meaningful 
patterns. 
Jena and Samantaray [8] presented a mining-based wealth 
communication system for transmission lines, with flexible AC 
transmission system devices such as 

• Unified Power Controller (UPFC) and 

• Wind farms. 
 
The current and voltage signals were processed using an 
expanded phasor measurement unit of the calibration filter for 
phasor estimation, and 21 potential resources were calculated 
at both ends of the line. Zhao et al. [9] focused on extreme 
machine learning (ELM) -based microarray data classification 
methods, introducing the EWave sequencing model to ensure 
structure order information and efficient sequence mining 
algorithms to develop cutting rules in mining sequences. The 
greedy algorithm has been presented to address the ideal 
solution. Kwon et al. [10] created a new sequence design to 
improve interpretation of machine-based learning sequencing 
algorithms and provide users with valuable functionality when 
introducing patterns and recording events. In 
Francescomarino, et al. [11] presented a new framework for 
monitoring business processes to exploit data from different 
traces to estimate the likelihood of finding a solution in 
progress. Song et al. [12] described the analysis of large 
sensor data to monitor applications and supported its 
classification based on the Hoeffding tree with the Hadoop drift 
concept. Chandel et al. [13] analyzed various classification 
methods to categorize thyroid disease based on parameters 
such as TSH, T4U, and goiter. The nearest K-neighbors, 
support vector machines, and Naive Bayes were used to 
determine the accuracy of neighboring algorithms K. Huang, et 
al. [14] investigated the order computational model to frame 
PPI networks. New protein sequence representation features 
are maintained to preserve evolutionary information, and 
classifiers are rarely used to create functional and effective 
protein resources. Kumar et al. [15] studied the importance of 
dimension reduction preprocessing techniques for reducing 
false alarms and formulating the Gauss-based distance 
function and the K algorithm, mean cluster training samples, 
and test data. 

 
3 PROPOSED METHOD 
This section provides a detailed description of the 
implementation of different classifiers to improve data set 
accuracy and efficiency to facilitate user analysis. The overall 
process of the proposed system is shown in Fig.1., which 
includes the following stages: 

 Dataset initiation 

 Pre-processing 

 Classification based on LDA. 
 

 
 
 

F ig.1. Proposed System 
 

3.1 Dataset initiation  
Product-based data is used as the preferred data set. Different 
data sets are considered inputs. Datasets containing IDs, 
product names, authors, dates, and comments are used as 
one dataset, and IDs are considered as other datasets. Fig.2 
shows the data set details. In this module, the dataset is 
loaded by the user. 
 

 
 

Fig.2. Review datasets 
 
3.2 Preprocessing  
Preprocessing methods are performed to remove unwanted or 
invalid data from the dataset. Once the preprocessed data can 
be used for the next execution process. Preprocessing is done 

• To remove unwanted attributes 

• Predict missing values using learning algorithms 

• Identify advantages and extract noisy data 
• Avoid excessive data, as shown in Fig.3. 

 
Some rows in the data set are missing and may be considered 
sound data. The values lost in the line are handled through 
various processes such as group reductions, missing 
manuals, missing global usage, qualitative average use and 
maximum possible value jobs. Where mining involves 
classification or description, ignorance of tuples is used in the 
pre-processing stage, where the percentage of lost value of 
each property varies significantly. To represent the probability 
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of a concept, the probability theory is used to ignore the tuple. 
Mapping the discourse of the universe to the scale organizes 
the observed information from the data set. Manually fill in 
missing entry entries in time for large datasets with more 
missing values. Therefore, filling in missing values using mean 
attributes plays an important role in mining applications. Pre-
processed data is then sent to the scaling process to estimate 
relevance. 
 

 
 

Fig.3. Pre-Processing Data 
 
3.3 Classification based on LDA 
Latent Dirichlet Allocation (LDA) is a typical model of the 
propagative probability of a corpus. A simple tip is that the 
document is marked as a random mix of hidden topics, where 
each topic is categorized by specific word distribution. 
LDA approves the successful deployment method for each 
document in corpus D: 

 Select N ~ Poisson (ξ). 

 Select θ ~ Dir (α). 

 For each word N: 
(a) Select the topic zn ~ Multinomial (θ). 
(b) Select the word wn from p (wn | zn, β), a multinomial 

probability conditional on topic zn. 
 
Although LDA is a simple model and may be seen as a 
competitor in dimensional reduction methods for document 
collections such as SVM, LSI, and PLSI, and other discrete 
companies, it is predicted to show the way in which 
probabilistic models can be assembled to provide valuable 
inference machines. in areas related to various stages of 
building. Indeed, the major advantages of productive models 
such as LDA include their modularity and extensibility. As a 
probabilistic module, LDA is easy to grow in typical versatile 
methods, features lacking LSI, PLSI and SVM. 

 
 

Fig.4. Graphical model representation of LDA. 
 
A box is a "tray" that represents a replica. The outer palette 
refers to the document, while the inner palette refers to the 
headings and repeated words in the document. The LDA 
model is modeled as a probability graphical model in Figure 4. 
Because this number is correct, the representation of the LDA 
has three levels. The α  and β parameters are corpus level 
parameters that are expected to be taken once in the process 
of forming the corpus. Variables document is a document-level 
variable, once a document. Finally, the variables zdn and wdn 
are word-level variables θd are examined once for each word 
in each document. It is important to distinguish LDAs from 
simple Dirichlet -multinomial clustering examples. The 
traditional grouping system consists of a two-level model that 
exemplifies Dirichlet once for the data warehouse and 
variables. Like many clustering models, models limit 
documents to link to specific topics. 

 

           (1)  
 

The parameters α and β, the combined distribution of the topic 
combination θ, a set of topics N and a set of words N are 
provided. Accurate conclusions are difficult for LDAs, but any 
large set of estimation algorithms can be used to estimate 
conclusions and parameters within the LDA framework. The 
convection-based variation methodology was derived for the 
conclusion, showing that it produces a fast algorithm that 
produces a reasonable performance comparison analysis in 
terms of test set probability. LDA is based on the simple 
postulation of word and topic exchange in a document; 
therefore, it is understood by the main application of Finetti's 
theorem. LDA is not viewed as a method of scaling down in 
the spirit of SVM, PLSI, and LSI, but with important 
multiplicative probabilistic semantics that creates logic for the 
data categories it models. 

 
4 PERFORMANCE ANALYSIS 
This section presents the proposed LDA performance results. 
The results are analyzed and evaluated in terms of 

 Accuracy 

 Classification Rate  

 Consumption 

 Accuracy and recall 
 
In addition, the proposed LDA-based classification techniques 
are compared to existing SVM techniques to prove better 
performance of the proposed system. From this analysis, it is 
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evident that the proposed LDA provides the best results. 

 
4.1 Accuracy  
Class accuracy is referred to as the accuracy capability in a 
classifier. A prediction model that replicates the number of 
times a model is correct when used for data.  

 
 (2) 
 

 
The proposed LDA classification shows a high degree of 
accuracy compared to the existing SVM technique, as shown 
in Fig.5.  

 

 
 

Fig.5. Accuracy 
 
4.2 Classification Rate  
Category price can be defined while the precision level of the 
prevalent. The objective of classification is to precisely 
forecast the target class for every case in the data. The 
suggested method displays higher category price compared to 
the existing SVM technique. This kind of determines the bigger 
precision category in LDA as demonstrated in Fig.6. 

 

 
 

Fig.6. Classification  
4.3 Consumption 

• Time 

• Memory space 
 
The amount of time and memory required for SVM and LDA 
techniques is shown showing the graph below. The time spent 
by the proposed ADL is shorter than the SVM technique. 

The amount of memory used in the classification process is 
smaller than the system proposed by existing techniques. This 
indicates that the proposed proposal is an optimized and 
efficient technique of Fig.7.   
 

 
 

Fig.7. Consumption of time and memory 
 
4.4 Precision and Recall  
Precision is defined as the probability that the document 
obtained (simultaneously) is relevant. Recall is the probability 
that a related (randomly named) document will be restored in 
a specific search. The proposed LDA has more precision and 
shrinkage than the existing SVM technique, as shown in Fig.8. 
 

 
 

Fig.8. SVM and LDA Analysis 

 
4.5 Trust under Dimension based on seller 
The confidence score under the analysis dimension is based 
on its own dimension, comparing the various parameters with 
the detailed analysis from the seller's point of view. Positive 
impacts are made on the proposed approach from existing 
methods, as shown in Fig.9. 

 

Page 1023 of 3066Page 1023 of 3066



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 03, MARCH 2020      ISSN 2277-8616 
 

492 

IJSTR©2020 

www.ijstr.org 

 
 

Fig.9. Trust score under Dimension 
 
4.6 Over-all Trust score Evaluation  
The over-all trust score is based on analysis, comparing 
various parameters with detailed analysis from the seller's 
point of view. Positive confidence is achieved for the proposed 
approach from the existing methodology, as shown in Fig.10. 

 

 
 

Fig.10. Overall trust score evaluation 

 
5   CONCLUSION AND FUTURE WORK 
This article proposes new LDA-based manufacturers to 
classify and train datasets to improve the accuracy and 
performance of datasets to facilitate user analysis. Exact 
results in the existing SVM classifications have no 
transparency and no fixed funding ratio. This does not refer to 
trust as a simple parameter function. Therefore, the LDA-
based classification works best with probability models with 
descriptive headings. The LDA uses a Dirichlet allocation of 
topics in documents and a distribution of words in the topics. 
Therefore, the test results are analyzed and evaluated for 
existing and proposed techniques based on accuracy, 
classification rate, time and memory usage, accurate recall, 
lower dimensional beliefs, and evaluation of all beliefs. The 
proposed LDA technique gives better results compared to the 
existing techniques. 
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Abstract 

 There are rapid advances in innovation that impact people life in some perspectives due to rapidly 

improvement in various areas, however, we must nonetheless adopt this innovation for the ultimate goal 

that we can make life easier to live with. In our country, it is out of the imagination to wait gracefully 

for LPG through pipes for each house, since the creation of LPG is excessively short. It is difficult to 

keep track of the LPG cylinder usage to book the new cylinder on time and mostly we will notice it after 

running out of gas. To solve this problem, we are  making a device which will monitor the amount of 

LPG present in the cylinder at regular intervals and provide timely alerts beforehand.  It will also book 

new cylinder automatically, if critical gas level is reached. Another major problem that customers of 

LPG chambers accurately obtain LPG gas compliance status "results in a large carry-over of the 

camera reserve, which is uncomfortable most of the time. Currently we have an IVRS frame in which 

the customer needs to know little about according to the automatic voice, also incorporates choice 

options The vast majority of unqualified people cannot complete the reservation due to this explanation 

and, in addition to one, part of which these fixed telephones are occupied due to blocked calls or 

telephones which do not work due to specific problems. They can transmit the LPG chamber on time 

Identified with the well-being of the customer in the filter by a gas spill GPL persistent and warns the 

customer overflow to avoid specific incidents which, for the most part, cost human lives. 

Keywords — Arduino, GSM Modem, Gas Sensor, LPG, Temperature sensor and Load Cell 

 

1.INTRODUCTION

In recent years approximately 3 billion LPG gas customers across the country, the 

majority of which are 40% of the masses. Several indicators have been implemented for the 

discovery of gas spills. The current framework provides a warning framework primarily 

aimed at identifying gas spills in homes and businesses.  

The goal of the proposed framework is the weight of the cylinder continuously measured, 

like a certified LPG operator, so that it can act similarly when the chamber reaches the basic 

limits. , Send an SMS alert to the customer. The framework also aims to identify LPG gases 
such as propane and butane. Butane has an acceptable level above 600 ppm, above which it 

is considered to be a critical level and represents a risk. The camera weight limit level is 

used to reserve a programmed camera. The fundamental point of this task is to detect leaks 
of liquefied petroleum gas (LPG) in order to keep a strategic distance from serious fire 

accidents, and in addition, safety is a key issue, without human intervention. If it is a 

programmed camera stock, it is to promote security. The executive uses gas sensors to 

recognize LPG leaks and send text messages to alert buyers to gas leaks. The frame uses a 
weight sensor to weight the cylinder and display the corresponding weight on the LCD 
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screen. The proposed framework using GSM modems to alerting the people of gas spills b y 
SMS and the status of scheduled camera reservations. 

When the manager identifies that he has reached a predefined level where the emphasis on LPG 

is predominant throughout the environment, he sends an SMS to the registered phones to alert the 
buyer and incorporate a ringtone. The warning alerts the individual in their home, and a similar 

message is also displayed on the LCD screen, making essential movements, turn on the smoke fan 

or opening a window to repair the surrounding gas. To be discreet. 

2. PROPOSED SYSTEM 

In the proposed framework, we foresee "Room reserve programmed with LPG gas verification 

and frame ready". These reports focus on the identification of financial charges such as petroleum, 

liquefied petroleum gas, alcohol, etc. and alert people around the spill by SMS. In addition, the 
objective is to detect the ambient temperature and prevent fire accidents. 

One of the progressively important components is the gas reserve programmed during the 

verification of the current use of LPG gas in everyday life. These companies alert their customers 
by sending a portable message via SMS with 3 conditions. 

they are 

 The weight of the LPG gas reaches the most extreme edge dimension. 

 The LPG gas exceeds its highest rating. 

 The temperature exceeds the ambient temperature. 

These companies provide owners with ready messages via buzz signals and SMS. In addition, 
open the programmed doors and windows to allow the packaged gas to diffuse indefinitely into the 

air. After that, no fire accident will happen. 

Use Case: 

 The load sensor will be placed under the cylinder and the device will estimate the 

amount of  LPG present using the mass difference. 

 If critical level is reached the device will notify the user and it will automatically book 
new cylinder from their distributor.    

 The LCD display will display amount of   LPG present in current time. 

 The user can calibrate and reset device manually. 
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2.1 DESIGN AND IMPLEMENTATION  

This proposed System contains microcontroller, GSM module, alert system, gas leakage 
identification system, weight estimation module and automatic gas cylinder booking system  

 
Figure 1: Block Diagram of Proposed System 

A basic small-scale Arduino controller requires the ability to switch smoothly from 7 to 
12 volts. It operates using various segments, such as transformers, rectifiers, channels and 

advanced downstream controllers which are easily accessible as modern connectors. We can 

flexibly support air conditioning to the DC connector or to the battery. The card operates from 
7 to 12 volts. Sometimes, if the voltage drops below 7 V, the card becomes unstable at this 
point. The possibility of cutting the voltage above 12V will damage the card at this time. 

The main scenario I use to start a business is Arduino. This allows you to organize your 

code effectively and efficiently. In addition, you benefit from features such as low cost, cross-
steps, clear and simple programming requirements, open source and extensible programming. 

Arduino was a microcontroller board dependent on AT (technical sheet). Basically link it to 

your PC with a USB link or force it to boot with an AC to DC connector or a battery. With the 
highlights above, it encourages us to use in our corporate structure. 

Another important segment that we use in our task is the use of load cells. Battery cells 

are transducers used to convert electrical energy into electrical signals. It is used as a 

percentage of the weight of the LPG gas chamber, so you can predict and warn customers 
when the chamber is discharged. There is a unique and affordable load cell on the market with 
various weight estimation capabilities. 

Likewise, the gas sensor is one of the segments uses to identify the outputs of LPG 

(methane and propane) gases, passing from one type of label to another. For example, there 

are unique types of sensors that we rarely use in people homework, such as the methane sensor 

(MQ4) and the temperature sensor (LM35). MQ4 is used for the gas outlet. To keep a strategic 
distance from the use of CH4, natural gas and the noise of alcohol and kitchen exhaust and 

cigarette smoke. MQ-4 can distinguish gasoline and gas from 200 to 10,000 ppm. High impact 

on CH4 and natural gas. MQ 4 is sensitive, stable and has a long lifespan. The LM35 

configuration is a precision IC temperature device with a breakdown voltage proportional to 
Celsius. The LCD (Liquid Crystal Display) is a 16x2 LCD module which is used to display 
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various sensor evaluations and the residual results of various results, which is a commonly 
used line 2 and displays a size of approximately 32 ASCII characters. 

It uses a GSM modem to alert the customer by sending an SMS (Short Message Service) 

on the gas leak and the completion status of the LPG gas. An advanced portable 
communication framework widely used in the United Kingdom and in various regions as called 

as GSM (Global System for Mobile Communication). GSM uses time division multiple access 

(TDMA) and is the most widely used innovation (CDMA, GSM and TDMA). GSM digitizes 
and synchronizes information. At this point, it sends information to a channel that has two 

different information spikes from customers. It operates in a repetitive band of 800 MHz or 
1800 MHz. 

2.2 FLOW DIAGRAM OF PROPOSED SYSTEM 

 

Figure 2 : Work flow Diagram 

The figure shows the outline of the proposed system. For the system to work, the voltage sensor 

first measures the voltage level of the lead-acid battery. At the same time, mobile applications 

based on the Bluetooth interface use the mobile GPS function to read the position of the car. 

Battery voltage readings and vehicle position are sent to Aurdino. Nano- micro controller for 

processing. As shown, the processed data is sent wirelessly to the computer's battery 

monitoring user interface via the mobile APK. If the data transfer is successful, the computer's 

battery monitoring interface will display the updated battery status data. An email notification 

is sent to notify the user when the battery is low. The online battery system can not only 

measure the battery voltage but also communicate with the battery monitoring system to obtain 

the battery parameters. The working outline of the system is described in the next section.  

2.3 GAS SENSOR (Methane gas) 

MQ-4 is a sensor for materials sensitive to natural gas. The MQ-4 gas sensor is SnO2, 

which has low conductivity in the open air. In the presence of the desired solidification gas, 

the conductivity of the sensor is higher and the fixing of the gas is more important. A simple 

circuit was used to modify the individual performance signals for each fixed level. The 
methane, propane and butane measured by MQ-4 gas sensor is very sensitive to measure those 
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gas. The sensor can be used to recognize a variety of combustible gases, particularly methane. 
It is familiar and useful for so many uses. 

2.4 TEMPERATURE SENSOR (LM35)  

The LM-35 was an integrated circuit sensor that can be used to quantify the temperature 

with an electrical fault in response to the temperature (Celsius). The LM35 produces a higher 
breakdown voltage than thermocouples and may not require an improved breakdown voltage. 

Its breakdown voltage corresponds to Celsius and the scale factor is .01v / centigrade. Its 
low flexibility and low self-heating capacity allow it to flexibly consume around sixty small 
amplifiers. 

2.5 LCD SCREEN DISPLAY 

LCD abbreviated as liquid crystal display. By replacing the use of the cathode ray tube 

(CRT), it has become very normal in the industry. CRTs are more powerful than LCDs and 

consume even larger and heavier objects. We think of LCD screens as a whole, but nobody 

knows what they do. LCD screens are widely used to replace LEDs (seven-part LEDs or other 
multi-fragmented LEDs) for additional reasons. 

 Lower cost of the LCD screen. 

 Possibility to display information relating to numbers, letters and illustrations. 
This contrasts with LEDs, which are limited to numbers and certain letters. 

 By merging the controller with the LCD screen, the CPU continues to display 
information. 

 Easily program text, text and design information. 

They are specified for use in microcontrollers and cannot be started from standard IC 

circuits. It is used to create various messages on a small LCD screen. 

2.6 LOAD CELL 

APK files are designed to display real-time data during uploads and downloads. Therefore, 

these studies monitored the entire download process from start to finish. In the APK interface 

design, the data displayed includes battery voltage, battery current, SOC, and battery 
temperature. 

 The load cells have different operating principles, that is to say 

 Sensor based on fluid pressure. 

 Force sensor based on elasticity 

 Load cell based on a magnetostrictive or piezoelectric effect 

2.7 PIEZOELECTRIC BUZZER 

Bell is an audible indicator. Signals are used at the factory for alerts, clocks, and 

confirmation of customer information (such as mouse captures and keystrokes). The company 

used an electronic type buzzer, which is a piezoelectric component determined by a small 

controller signal. Peisolinger is based on the opposite directives of Peisopower, discovered in 
1880 by Jack and Pierre Curie. It is rare to create force, such as when mechanical weight is 

applied to a particular material. Such a material is called piezoelectric material. When the 

alternating electric field exposed to the material stretches, or when the signs reappear along 
these sound-carrying lines, and comprehension stops. 

 

2.8 GSM MODULE 

GSM (Global Mobile System) / GPRS (General Packet Radio Service) TTL SIM900 Quad 

/ GSM / GPRS The gadget is triggered at frequencies of 850 MHZ, 900 HZ, 800 MHZ, 1900 

HZ. It is very small and easy to use in addition to GSM modems. The modem is configured 
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with TTL 3V3 and 5V DC interface hardware, so that users can interact directly with 5V 
microcontrollers (AVR, 8051, Arduino, PIC, etc.) and 3V3 microcontrollers (ARM, ARM 
Cortex XX, etc.). ..) 

 

Figure 3: GSM SIM800 Module 

The baud rate can be adjusted from 9600 to 115200 bps in AT command (attention). This 
GSM / GPRS TTL modem has an internal TCP / IP stack, which allows users to link to the 

web via GPRS. It's as good for SMS as DATA for moving cell phone applications to cell phone 

interfaces. The modem can interact with a microcontroller that uses USART highlighting 
(universal synchronous asynchronous receiver and transmitter). 

3. RESULTS & DISCUSSIONS 

LPG gas leakage detection and alert system based on an Arduino MQ-4 gas sensor, an 
LM-35 temperature sensor, a 10kg load cell as an information device (for the model), a 

piezoelectric vibrator , a 16x2 LCD screen, an automatic cylinder with GSM module as a Book 
performance device. 

 

Figure 4: LCD showing output of Temperature, gas level and weight  

All that is considered the ambient temperature is 25° C, but we increased the temperature 

of the LM35 to 53° C. Initially before the gas spill, the performance of the gas sensor is 0 ppm, 

but when gas is detected, the yield is 267 ppm. Since we set up a 10 kg load cell, the most 
extreme limit is a load of 10 kg. 338 is in grams of weight. 

The figure below shows an SMS message on the customer's mobile phone. This message 

is sent by the GSM module for various types of information responses in the company. When 
the LPG gas reaches the minimum limit level, the message "The gas does not recharge 

sufficiently" is sent to the customer. As a result, the customer will know when to reserve the 
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camera and avoid camera delays. When the gas is completely empty, the message "Gas will 
flow quickly" will be sent. 

 

Figure 5: SMS‟s sent to the user mobile 

 

Figure 6: Initial Design of the Project 

3. CONCLUSION 

Having resolved the problems encountered by buyers of LPG gas, our manager fully automated 

the procedure for top-top reserves without human intervention, so we identified specific needs to 

meet some of these needs. Consider the answer. Our framework will help clients improve their 
standards of well-being, act with minimal prerequisites for natural problems as needed and, in most 

cases, their essential skills before a serious mistake. The aim is to protecting life and property from 

possible accidents. The main achievement of proposed system is to quantify the gases present in 
the room when the weight of the room is under a fixed load. This should be possible using a weight 

sensor. The gas retailer receives a request for another part and the owner (buyer) receives a status 

message. A secondary objective is to break the gas conditioning framework to avoid damage or 

LPG explosions. In this sense, the framework we have created helps LPG consumers in a way to 
have a comfortable presence. This verification framework could be further improved by using 

Bluetooth instead of GSM to send the alarm message to the client. This improves another 

continuous application. For mechanical purposes, you can create a portable robot to identify 
different gas fixings. Likewise, the expansion of the load cell can be used as a weight sensor to 

identify gas readings in the room, recognize heavy gases in the room piping and display alarm 

messages via SMS and LCD screen. Our Device uses the GSM network to alert the user and to 

book new cylinder from LPG distributors. 
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Abstract 

 Nowadays, people changed their vehicle types from fossil fuel vehicles to electric vehicles. Eco-friendly 

and save more energy. Electric scooters are made up of two main components. BLDC motor as best 

motor and the battery is used for energy storage device. Therefore, maintaining the battery life requires 

the development of monitoring and diagnostic tools. The design of the device is necessarily optimized 

to optimize the use of batteries and is designed to monitor and detect interruptions or damage to the 

batteries used in electric scooters. The parameters used in the design are voltage, current, temperature 

and battery capacity. In addition, by optimizing the use of the battery, all parameters are managed by 

the CAN (Controller Area Network) protocol. The settings will be displayed on the Android smart phone 

and it will check that the scooter is working and will notify you when the battery is dead or in good 

condition. Problems such as overheating and cellular imbalance have occurred. Based on the 

experimental results, the maximum tension was found to be minimum. 

Keywords — Battery, State of charge (SOC), CAN, USB, state-of-power, and state-of-health 

 

1.INTRODUCTION

The need for green technologies has a major impact on the auto industry. The fuel 

consumption of conventional cars has attracted worldwide attention. As a result, the need 
for green electric vehicles is increasing. Currently, a lot of research is being done on electric 

vehicles. Especially research on battery design and performance. Batteries should last a 

long time and be small. Therefore, to control battery operation, it is necessary to develop a 
compact and integrated battery. 

It describes an integrated battery management system (BMS) based on the concept of 

galvanic isolation. In addition to the battery module and module control module, this system 

also has a packaging control module. This is intended to give an accurate assessment of the 
health of the battery. Despite significant advances in rechargeable battery materials and 

chemistry, rechargeable systems are generally too large and inadequate. This means that an 

energy consumption of more than 20 to 50% is guaranteed. This increases the weight, 
volume and purchase costs. An effective battery management system is necessary to reduce 

this conservatism. 

Internal variables such as load status (SOC), nutritional status, health status (SOH) are 
precisely controlled. Pluggable cells must have similar electrical properties. A multi-level 

modular battery management system can eliminate these limitations. In addition to this 

method, there is also a system to manage battery communication between the master and 

slave cards. This method has advantages in terms of program code efficiency and is easy to 
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develop. The battery management system is designed for reconfigurable batteries. The 
system has excellent performance and is easy to adjust. 

1.1 BATTERY STATE OF CHARGE (SOC)  

The state of charge (SOC) is an important parameter for the batteries and the relationship 
between the remaining capacity and total capacity. The fully charged state is 100% and the 

state of discharge is 0%, but the battery capacity may change depending on the discharge 

current and voltage stop is different from SOC 0%. 

1.2 BATTERY MANAGEMENT SYSTEM (BMS) 

Lithium-ion batteries are of interest to electric vehicle manufacturers because of their 

high charge density and light weight. Although these batteries can be oversized, they are 

inherently very unstable. It is very important that these batteries are never recharged or 
discharged. Therefore, it is necessary to control the voltage and current. This process is a 

special management system called special because many cells are assembled to form an EV 

battery and each cell must be monitored individually for safe and efficient operation. It's a 
little more complicated because it requires a system. drums. In addition, to get the most out 

of the battery, all items must be fully charged and discharged at the same voltage at the 

same time, which again requires BMS. In addition, BMS is responsible for many other 

functions described below. 

1.3 BATTERY LOSSES AND EFFICIENCY   

The loss of energy during charging or discharging is represented by a loss of voltage. 

Battery performance can be determined by the relationship between the discharged voltage 
and the charge. The battery terminal voltage is low during discharge and, when charging, 

above potential due to chemical reactions. The higher the SOC, the higher the discharge 

efficiency of the battery. If the SOC is low, the battery charging efficiency will be high. 
Since the point of maximum efficiency is in the range of 50% SOC, the battery management 

system of the electric vehicle system places the SOC battery in the medium range to 

improve operational efficiency and increase the temperature caused by the loss of energy 

represented. It must be deleted. 

1.4 UNBALANCE CELL VOLTAGE  

The battery contains series and parallel batteries. Since each battery cell has a different 

internal barrier, the voltage of the battery cells may not match the voltage of the other cells. 
This condition will worsen if it is not interrupted and the minimum voltage of the battery 

cells will decrease. A problem with one of the battery cells will result in suboptimal battery 

performance. BMS is necessary to avoid a voltage imbalance between cells. The BMS 
function measures the voltage of each cell and compares the cells to the overvoltage for 

balance. The high voltage elements will be discharged by the discharge resistor. The amount 

of energy discharged depends on the capacity of the battery. Therefore, BMS has a 

balancing capacity which corresponds to the capacity of the battery. 

This project developed real-time monitoring and identification of BMS. BMS has been 

observed using the concept of master and slave plates. BMS has several sensors installed, 

namely temperature, voltage and current sensors. The parameters received in real time from 
each sensor are displayed on the mobile Bluetooth interface. So you can learn and analyze 

battery performance in real time. The novelty of this study was that the BMS was used as 

an application to monitor the state of the battery and identify the state of EV electric vehicles 

with mobile interfaces. 
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2. EXISTING SYSTEM 

In this existing system, concerns about the reduction of fossil fuel reserves and the 

increase in pollution problems have increased considerably in recent years. Electric vehicles 

increasingly promise to shift traditional energy demands from raw fossil energy to 
electricity in the transportation sector. A distributed charge protocol for electric vehicles 

has been introduced to use the elasticity of electric vehicle loads to fill the channels of the 

charge profile. Coordinated hierarchical control has been introduced to coordinate the 
charging of rechargeable electric vehicles (EPI) in buildings. 

 

Disadvantages 

Great loss of renewable energy. 

Safe system maintenance required highly skilled operators. 

Project reduction The cost reduction period is behind expectations. 

3. PROPOSED SYSTEM 

Reliable Battery management is essential for safety. Several reasons can cause battery 

failure, such as battery wear and structural defects. Manual battery monitoring systems are 

similar to traditional battery monitoring systems. In other words, it does not store data in 

the database. However, it only shows the data collected in real time. Therefore, it is very 
important to use wireless technology to remotely control a battery system. There are several 

wireless battery monitoring systems developed for the industry, including uninterruptible 

power supplies. They are important for providing uninterruptible household and 
commercial power supplies in the event of a power failure. 

The system consists of several devices that send signals to interfaces such as Bluetooth. 

The function of the interface itself is to present the measurement data to the user for reading. 
The subject of electric vehicle testing is batteries. Each battery pack consists of a 12V / 48V 

battery with two or three parallel batteries arranged. The battery has several cells in series. 

The battery has various sensors such as a temperature sensor, a current sensor and a voltage 

sensor. The BMS module has several sensors. BMS has a main card, a slave card and an 
auxiliary card for the USB CAN bus location. 
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3.1 PROPOSED BLOCK DIAGRAM 

 

3.2 SYSTEM RECEIVER 

 

Figure 1 : Mobile Phone Bluetooth Interface 

The figure shows the outline of the proposed system. For the system to work, the voltage 
sensor first measures the voltage level of the lead-acid battery. At the same time, mobile 

applications based on the Bluetooth interface use the mobile GPS function to read the 

position of the car. Battery voltage readings and vehicle position are sent to Aurdino. Nano- 
micro controller for processing. As shown, the processed data is sent wirelessly to the 

computer's battery monitoring user interface via the mobile APK. If the data transfer is 

successful, the computer's battery monitoring interface will display the updated battery 
status data. An email notification is sent to notify the user when the battery is low. The 

online battery system can not only measure the battery voltage but also communicate with 

the battery monitoring system to obtain the battery parameters. The working outline of the 

system is described in the next section. 
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3.3 MICROCONTROLLER BOARD  

The main board is the main BMS controller which functions to process data, collect it 

and display the results of the process to the user. It also contributes to control and security. 

This motherboard uses an Arduino NANO microcontroller based on ATMega328. The 
microcontroller has a real-time operating system and is capable of multitasking with a 

transmission timer which reaches 16 MHz. On the main board, it consists of several series 

of modules, such as the controller module, the current sensor module, the temperature 
module, voltage sensor, controller module, communication module, voltage measurement 

module, master d work, engine, etc. Control module. 

3.4 BLUETOOTH MODULE  

Bluetooth is a data transfer to exchange data without using intermediate cables (wireless) 
as long as the distance is not too great. The Bluetooth module used is the HC-05 module. 

This Bluetooth module is a Bluetooth Serial Port Protocol (SPP) module which can be 

easily used for wireless serial communication to convert the serial port to Bluetooth. 
Bluetooth HC-05 uses 2.4 GHz radio waves and uses Bluetooth V2.0 + EDR (Enhanced 

Data Rate) modulation up to 3 Mbps. 

3.5 APK INTERFACE  

APK files are designed to display real-time data during uploads and downloads. 
Therefore, these studies monitored the entire download process from start to finish. In the 

APK interface design, the data displayed includes battery voltage, battery current, SOC, 

and battery temperature, as shown. 

4. CONCLUSION 

The battery monitoring system has already been developed and is working well. The 

balancing element is an action to avoid damage to the battery caused by different voltages 
between the cells. The difference in cell voltage shortens the life of the battery and can lead 

to its immediate failure. It was also done to add functionality to the system and improve it. 

The system can be used in smart phones by developing a smart phone application that 

allows the user to monitor the battery and inform the user of the deterioration of the battery. 
You can use it to get a better Internet connection compared to existing GPRS and GSM 

technologies to improve your Internet connection. 
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Abstract: In this research article, we present the broad classification and
exhaustive review of the various routing protocols available for underwater
wireless communication. In this work, we addressed the various challenges
of underwater communication. To present the current state of development
in routing strategies for the UWSN we have chosen the unique approach.
Here the comparison between routing protocols is done purely based on the
design perceptive and the specific issue those protocols address. In terms of
design the routing protocols are classified into i)Non Cross Layer and ii)Cross
Layer protocols. Similarly, issues such as i)Node Mobility, ii)Energy Balancing,
iii)Channel Condition, iv)Energy Consumption,and v)Void Region were taken
into consideration for the comparison of a broad range of underwater routing
strategies. The observation presented from this analysis is worthy for the future
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researchers and the network designers to work on improvising the effectiveness
of the routing decisions in a challenging underwater environment.
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1 Introduction

The Ocean largely contributes to the biodiversity of the earth and the ocean is the major
source of the mineral and other natural resource supplies. The Ocean is also one of the vital
parts of the defense of any country in the world. In recent times the application areas of
the underwater environment are huge. Some of the most prominent underwater applications
are environmental resource monitoring, military surveillance, assisted navigation, sports,
disaster prevention, and recovery. Sensor nodes are an effective way to collect data across
the ocean which is will be used for a better understanding of the ocean which in turn helps
in addressing some of the key security issues such as the prediction of natural disasters
and environmental change. Information collected in an underwater environment tends to
change frequently because of the various underlying properties of the water. So the effective
communication between the sensor nodes determines the usefulness of the collected data.

Routing in Underwater Wireless Sensor Network (UWSN) is one of the hot areas of
research because of its impact on the overall network performance. Routing strategies that
are aware of the underwater environment’s properties are vital for making better routing
decisions. Quite often there arises a necessity to compare and validate the performance of
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routing protocols. So this research article provides a comprehensive overview of the recent
advancements in the area of underwater routing.

In wireless communication, the medium of communication plays an important role.
Usually, routing design in UWSN has a lot of environment related limitations which makes it
difficult to implement compared to that of Wireless Sensor Networks. According to Benson
et al. (2010) water has the property of absorbing the Radio frequency (RF) waves, so sensor
nodes in underwater use Acoustic waves as the medium of communication. Such networks
are generally called as Underwater Acoustic Sensor Networks (UASN). A huge amount
of research has been carried out with respect to the design of underwater acoustic sensor
networks. Current research in underwater wireless communication focuses on addressing
the key design issues of the MAC layer, Logical Link layer, and Network layer protocols.
The Ayaz et al. (2011) used the parameters such as number of sinks deployed, method of
transmission, clustering vs non clustering, data forwarding method, network architecture,
and protocol operation to compare the various routing protocols of UWSN. The research
challenges in MAC, Physical, and Network layers of UWSN were investigated by Climent
et al. (2014).

Contributions of this article is as follows:

• Unlike any other review article this article focus on the classifying the routing protocols
based on the design perceptive and the issue those protocols address in underwater
communication.

• In this work we classified the routing protocols into two categories a) Cross Layer
Based Protocols and b) Non-Cross Layer Based Protocols and under each category
number of different protocols and its pros and cons were addressed.

• To provide a clear idea to the future researchers about the current development in the
design of routing protocols in the underwater acoustic domain.

The rest of this article is organized as follows: In Session 2 current challenges of
underwater communication are discussed. In Session 3 we will introduce the design of
routing protocols for the underwater environment. In Session 4 we will present the literature
of Non Cross Layer routing protocols for underwater acoustic sensor network based on
the issues in the underwater environment such as node mobility, energy balancing, channel
conditions, energy consumption, and Void Region. That is followed by Session 5 were
cross layer based routing protocols were investigated. Session 6 provides the concluding
summary of this work. Finally, in Session 7 the observations from the review and issues
open for research are presented.

2 Challenges Of Underwater Communication

The Design of Routing protocols should take into consideration the challenges of underwater
communication. So before illustrating in detail the routing protocols, here we discuss some
of the challenges of underwater communication.

2.1 Underwater Noise

Usually the underwater noise mix with the actual data which in turn degrades the quality of
the data communicated. So one of the main roles of the routing protocols is to find the noise

Page 1042 of 3066Page 1042 of 3066



4 T.T.Manikandan et al.

free communication path which ensures QoS. The underwater noise is the combination of
shipping noise, thermal noise, wave noise, and turbulence noise.

Power Spectral densities are the averaged power levels with respect to the intervals of
noise frequency. Summation of power spectral densities of shipping noise, thermal noise,
wave noise, and turbulence noise gives the power spectral densities of the ambient noise.

2.2 Limited Bandwidth

In an underwater environment, there is a restriction in the frequencies that can be used
for information transfer. So from the available acoustic spectrum, only a selected set of
frequencies can be used. This limitation has an effect on the total bandwidth available
for communication because the underwater application transmission range is inversely
proportional to its bandwidth. Consequently, while designing the routing protocols for an
underwater acoustic environment the available range of frequencies needs to be taken into
the account. The relationship between the transmission range and the available bandwidth
is illustrated in Table 1.

Table 1 Transmission Range vs Available Bandwidth in UWSN

S.No Transmission Range (km) Bandwidth (kHz)
1 100 <1
2 10 - 100 2-5
3 1 - 10 10
4 0.1-1 <20-50
5 <0.1 > 100

2.3 Speed of Acoustic Waves

Usually, the properties of water such as temperature, salinity, and pressure have a direct
effect in determining the speed of the acoustic waves in water. Speed of the acoustic waves
in water increase with the increase in temperature, pressure, and salinity. Approximately
the speed of acoustic waves increases by 4.0 m/s for the 1°C increase in temperature, speed
increase by 1.4 m/s with respect to 1 Practical salinity unit (PSU) increase in salinity, and
speed increases by 17 m/s if the depth increase by 1 km. In general, the speed of acoustic
waves near the ocean is four times faster than the speed of acoustic waves in air.

2.4 Channel Attenuation

Channel attenuation usually degrades the quality of the communication signal. In general
two factors such as absorption loss and spreading loss contribute to channel attenuation in
an underwater environment.

The material imperfections of the medium through which the waves propagating have
a direct effect on the absorption loss. In the case of the acoustic waves, the imperfection
factor is in elasticity which converts the energy into heat the imperfections factor will differ
for each medium of communication. Subsequently spreading loss can be classified into
spherical and cylindrical spreading. There is no real loss due to the spreading were energy
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is simply spreader over the larger surface area. In Spherical spreading energy will spread
in a spherical structure and cylindrical spreading the energy will spread across the surface
of the water in a cylindrical way.

3 Design Of Routing Protocols For Underwater Communication

The design of routing protocols is one of the most important things to consider in underwater
network design. In general network design can be classified into two categories as Non
cross layer design and Cross layer design.

Non-cross layer design follows a layered approach where the network operations
are distributed among different layers of the network. Each layer will have a specific
responsibility. Protocols designed specifically for the layer take care of the operations of
that particular layer. Usually, the number of layers is five and each layer operates based on
the set of services provided by the lower layer and provides service to the layer above it.
Most importantly all the layers in the network will only have a static interface between each
other. Because of the modularity of the network design communication usually happen only
between the layers adjacent to it.

According to Ranjan & Varma (2016), cross layer design doesn’t completely follow the
layered approach whereas the communication bound between the layers of the network is
reduced. The cross layer architecture is illustrated in Figure 1 were unlike the traditional
layering approach in which the optimizations are made independently at each layer, whatever
information available about the network is exchanged between all the layers and the based
on that the network optimization process is carried out. Even though cross layer design is
one of the emerging design ideas in the domain of networking still there is no clear cut
definition of cross layer design.

As per Su & Lim (2009) cross layer design is usually characterized based on some
operational parameters of the network which implies the current network status. The
parameters are passed to various layers in the network and some optimization techniques
were employed based on the current network status to optimize those parameters, as a
result, the overall performance of the network will get optimized. The cross layer design
also improvises the resource utilization of the network.

Non cross layer design is highly effective for wired networks but in the case of wireless
networks, the space for employing optimizations is very less. To increase the optimization
space of wireless networks, different layers need to communicate with each other and
need to adapt the parameters of the network layers according to the need. Cross layer
design gives that flexibility to all the layers of the network which makes cross layer design
highly appealing for wireless networks. This article provides the broad classification and
comprehensive review of recent Non Cross Layer and Cross Layer Routing Protocols in the
subsequent session.

This article provides the broad classification and comprehensive review of recent Non
Cross Layer and Cross Layer Routing Protocols in the subsequent session.

4 Non Cross Layer Routing Protocols

In this session, we introduce the recent non cross layer based routing protocols for
underwater communication. In general Non cross layer protocols are classified as i)
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Figure 1 Cross Layer Design Architecture

Localization based and ii) Localization Free Protocols. In this article, some of the key
routing issues in underwater communication such as Node Mobility, Energy consumption,
Channel Condition, Energy Balancing, and Void Region are considered as criteria for further
classification of protocols which makes this article unique.

4.1 Localization Based Routing

Localization based routing protocols usually need the position coordinates of the sensor
nodes. Without those coordinate information, it is not possible to determine the position
of the sensor node and to route the packets to it. But Localization of nodes in UWSN is
quite challenging because the percentage of attenuation of radio frequency is quite high
in an underwater environment so it is impossible to utilize GPS technology for location
estimation of underwater nodes. Another challenge of Localization based Routing Protocols
is the high energy expenditure of sensor nodes due to frequent location data collection from
all the nodes in the network. So in this article, the Localization based protocols are classified
based on issues of underwater routing those protocols addresses. The broad classification of
Localization based routing protocols for underwater communication is illustrated in Figure
2.

4.1.1 Protocols Focus on Node Mobility

Usually, the underwater environment has a huge number of underwater sensor nodes
that interact with each other to achieve specific underwater operations such as assisted
navigation, exploration of underwater resources and underwater environmental data
collection, etc. According to Cherkaoui et al. (2011) the nodes which are deployed in
UWSN are usually mobile node and those mobile nodes can move in two ways i)Voluntary
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Figure 2 Localization Based Protocol Classification

movement were the movement of the nodes are within the restricted area with predefined
velocity or ii)Involuntary movement, here the drift and waves move the nodes with low
velocity within the limited space. So this kind of node movement in an underwater
environment will change the topology of the network too quickly which makes the routing
process even more complex. So the routing protocols which keep in mind the limitations of
node movements in an underwater environment needs to be in place for efficient underwater
communication. So the protocols under this category use the mobility of the sensor nodes
as the criteria for routing. The protocols under this category are discussed in detail in the
following lines.

Qingwen et al. (2016) proposed a Novel Efficient Forwarding Protocol where the
protocol’s operation is divided into three steps, in the first step in order to avoid the
unnecessary forwarding the routing zone is defined, in the second step the to avoid collision
packet holding time is calculated and finally in order to cope up with the varying topology
the forwarding probability is calculated using Markov Chains. Even though some of the
primitive measures are taken in the proposed protocol, in sparse condition nodes cant able
to find the forwarders within the routing zone due to which the protocols fail in sparse
condition.

Yazgı & Baykal (2016) proposed Topological Control VBF Protocol which is an
improvised version of VBF Xie et al. (2006), where the node density of the network is also
taken into the consideration for making routing decisions in sparse conditions. But TC-VBF
also suffers from the same issue of the early death of nodes because of the heavy load to
the nodes within the pipe as in the case of VBF.
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Localization Based Dynamic Routing proposed by Han et al. (2016) stresses on the
importance of employing localization in the dynamic underwater environment where nodes
change their position frequently. According to the proposed protocol, the overall network is
divided into different layers and the routing pipe is constructed between those layers. The
protocols ensure high throughput since the data packets are routed from source to destination
in a directional pipe, but if the frequency of the incoming packet through water current is
reduced then the load of the existing nodes in the pipe will be significantly increased.

IoUT is one of the emerging sub domain of UWSN which improves the effective
interconnection of start underwater objects such as sensor nodes and AUVs.But due to
the unique environmental factors of UWSN such as unpredictable mobility of nodes and
limitation in operating bandwidth designing the effective routing protocol for IoUT enabled
UWSN is difficult. So to tackle that Wang et al. (2020) proposed the Game theoretic routing
protocol which initially defines the forwarding zone in the way the node is positioned closer
to the destination node. In the second step, it estimates the degree of the nodes in the
forwarding zone. Here the node forwarding is considered as the game. Here the number
of node degree data collected in the forwarding zone decides the number of participants in
the forwarding process instead of the number of nodes available in the neighborhood. The
proposed protocol performs better than some of the other protocols of the same category in
terms of end to end delay and PDR.

4.1.2 Protocols Focus on Energy Balancing

Energy balancing is one of the most important factors in underwater communication since
it has a direct effect on deciding the network’s lifetime. Usually, the load of the sensor nodes
is high near the destination, because of the frequent involvement in routing which results
in the early death of nodes near the water surface. The Early death of nodes directly affects
the reliability of data transfer to the destination. So the protocols under this category focus
on addressing the early death of sensor nodes in an underwater environment which in turn
reduces the number of energy holes and increases network lifetime.

Balanced Energy Adaptive Routing proposed by Cheema et al. (2016) considers the
network as the hemispherical structure and it is divided into the sectors of equal radius.
Sensor nodes in one sector usually choose the forwarding node from the sector above it. This
protocol focus on balancing the energy consumption and to reduce the number of energy
holes generated in the network. So this protocol is designed in such a way that the number
of nodes near the sink is high compared to the other routing paths, also the nodes close
to the sink are assigned more power compared to that of other nodes in the network. This
protocol helps in balancing the energy consumption of the node and increases the overall
network lifetime but it leads to high interference between the nodes near the sink as the
number of nodes positioned near the sink is high.

Liu et al. (2016) proposed Message Dissemination Approach for Storage-Limited
UWSN in order to keep track of underwater objects. This approach decides on whether to
forward or discard the received packet by evaluating the message received from the sensor
nodes for forwarding. In this protocol, the packet is forwarded only to the node which has
the high residual energy. In MDA-SL memory of the nodes is also considered and if the
memory is full all further packets were discarded. The protocol achieves high throughput
whereas due to the overburden of nodes with high residual energy they usually die quickly
which in turn creates energy holes and affects the reliability of data transfer in the network.
Another major issue with these protocols is when the nodes memory is full and leads to
packet loss.
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Jouhari et al. (2016) proposed New Greedy Forwarding where the Chinese remainder
theorem is used for dividing the number of packets to share among the forwarding nodes in
the network when more than one forwarding nodes are involved in routing. This protocol
achieves high energy balancing whereas because of the fact that network packets shared
among multiple forwarders the interference between those nodes will increase which affects
the performance of the routing.

Usually, the selection of relay nodes plays a vital role in maximizing the coverage
during network communication. So for effectively selecting those underwater nodes, there
needs to an optimization technique that takes into account the unique characteristics of the
underwater environment. So Rathore et al. (2020) proposed such optimization technique
for selection of relay nodes. In the proposed method the author utilized whale and wolf
optimization techniques of the underwater environment. The performance of W-GUN is
superior when compared with the existing relay optimization techniques like ESVBF in
terms of delay, PDR, and energy usage by senor nodes. The Proposed method helps in
largely balancing the energy usage of sensor nodes in UWSN.

4.1.3 Protocols Focus on Channel Conditions

The communication between sensor nodes in the underwater environment is largely affected
by the underwater channel specific characteristics such as link state condition, noise, highly
variable propagation delay, channel interference, Doppler spread, and path loss. So the
protocols in this category focus on addressing these issues along with the other factors
associated with the underwater communication channel.

The Sink Mobility with Incremental Cooperating routing was proposed by Sajid et al.
(2016). Here based on the residual energy, link quality, and the depth the relay node is
selected. The data packets are collected by the mobile sink from the destination node. This
protocol shows improved performance with respect to the number of packets received by
the sink node. But because of the usage of cooperative routing strategy, energy consumption
is drastically increased.

Wang et al. (2015) proposed Energy efficient Grid Routing based on 3D Cubes.EGRCs
focus on addressing the issues related to the underwater communication medium. Here the
entire network is assumed to be cubic in structure and it is subdivided into a number of
smaller cubes and such smaller cubes are called clusters. For selecting the cluster head for
the clusters the network status information such as the location of nodes and the residual
energy of the nodes are taken into account. Followed by the cluster head selection relay node
selection happens which is down by the cluster head based on the network status information
such as location, residual energy, and end to end delay of the nodes in the network. The
protocol shows improved performance with respect to end to end delay, throughput, and
energy consumption, but the major disadvantage of this protocol is over dependency on
cluster head. If the cluster head dies the network performance degrades.

Markov Model Based Routing was proposed by Li et al. (2016), were the best routes to
send the packets from bottom to surface of the water is selected by taking into consideration
the factors such as the adaptability of nodes with respect to dynamic data traffic and fewer
number hops to reach the destination. Here because of the movement of the nodes along
with the water current the positions of the nodes change which makes the accessibility of
pre calculated locations difficult for relay nodes.

Khan et al. (2017) proposed Energy Efficient Interference Aware Routing. Here if the
node has the lesser number of neighbors and the smallest path to the destination then the
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Table 2 Summarization of Non Cross Layer Location Based Routing Protocols

Routing Strategy Issue Addressed Evaluation Parameters YearPDR Delay EC NLT
NEFP Node Mobility X X X 2016
LBDR Node Mobility X 2016

TC-VBF Node Mobility X 2017
GTRP Node Mobility X X 2020
BEAR Energy Balancing X X 2016

MDA-SL Energy Balancing X 2016
NGF Energy Balancing X 2016

W-GUN Energy Balancing X X 2020
SMIC Channel Condition X 2016

EGRCs Channel Condition X X X 2016
MMBR Channel Condition X 2016
EEIAR Channel Condition X 2017

GDGOR-IA Channel Condition X X X X 2018
GRMC-SM Channel Condition X X X X 2018

DQELR Channel Condition X 2019
MC Energy Consumption X 2016

BEEC Energy Consumption X X 2016
LOTUS Energy Consumption X 2016
GDflood Energy Consumption X 2016
MEES Energy Consumption X X X 2017
FVBF Energy Consumption X X X 2018
ECPC Energy Consumption X X 2019
DIEER Energy Consumption X X X 2020
OVAR Void Region X 2016

GEDAR Void Region X 2016
EHCAR Void Region X 2016
RVPR Void Region X X 2020

Notes : PDR - Packet Delivery Ratio, EC - Energy Consumption, NLT - Network Lifetime

node is selected as the forwarder node. By selecting the node with the fewest neighbors the
amount of interference among the nodes in the network is drastically reduced. By choosing
the node with the shortest path the propagation delay is reduced. But since the shortest path
is chosen for the nodes frequently nodes located near the water surface die quickly.

Su et al. (2019) proposed the DQELR routing protocol were the Deep Q network
was used for the routing of information among sensor nodes adaptively based on the
network channel condition. Also due to the enforcement of strict latency parameters and the
innovative Q value based forwarder selection the overall network lifetime is extended. The
proposed protocols can handle rapid topology changes and to come up with the updated
route for the new topology. Overall the DQELR protocol extends the lifetime of the network
to the great extent.

Ahmed et al. (2018) proposed two routing schemes namely GDGOR-IA and GRMC-
SM for interference avoidance and for achieving maximum coverage respectively. In the
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proposed schemes the network is divided into cubes of smaller size from which the upstream
nodes are picked as forwarders in order to perform the energy efficient routing operation.
Due to this kind of routing the total number of intermediate nodes required for completing
the full transmission is largely reduced. Also due to the interference avoidance provided
by GDGOR-IA the overall packet delivery ratio is increased. Along with this due to
the optimization in holding time provided by GRMC-SM the number of void nodes is
significantly reduced and the overall reliability of the communication is improved which
is proved by the results of evaluation parameters such as packet delivery ratio, end to end
delay, and energy ratio of sensor nodes.

4.1.4 Protocols Focus on Energy Consumption

The protocols discussed in this category address the overall energy consumption of the
network and try to reduce the total energy consumption of the network by employing new
strategies in routing.

The Maximum Coverage protocol was proposed by Sher et al. (2016) for the efficient
data collection from the source nodes which has a significant effect on the overall energy
consumption of the network. In MC the two mobile sink nodes were employed for data
collection. The sink will move in a circular fashion to collect data from source nodes which
significantly reduces the energy consumption. But the issue with MC protocol is sinks
doesn’t specifically go to the particular source node which has data to send. Instead they
move in a predefined path that makes nodes to packet drop, especially in sparse condition.

Hameed et al. (2016) proposed Balanced Energy Efficient Circular routing protocol. In
BEEC network is considered to be circular in nature and it is subdivided into ten sectors.
Two sinks were employed in the ratio of one sink for five sectors. These sinks move in the
circular fashion among the allocated sectors for data gathering from the source nodes in that
location. These techniques balanced the amount the energy consumed and has a significant
effect on the number of packets received at the destination. But the movement of the sink
in the predefined path followed irrespective of the network condition lead to the delay and
packet loss and the performance of the protocol is very poor in sparse conditions.

The Mobile Energy Efficient Square routing was proposed by Walayat et al. (2017).
Here two sinks are positioned in the longest distance possible and those sinks move in the
linear fashion to gather data from the source nodes. The MEES improves the throughput,
network lifetime, and energy consumption but it performs poorly in a sparse condition
where nodes are positioned far away from each other.

In general, to achieve localization of nodes in the wireless network four nodes will be
used as a reference. But Uddin (2016) proposed the Low Overhead Localization technique
which uses two nodes as reference nodes instead of four nodes as per the traditional theory.
The relaxation in the number of reference nodes used makes node identifying process
simpler in sparse conditions. But the ratio of the probability of error increases with two
reference nosed compared to that of traditional four reference nodes.

Isufi et al. (2016) proposed Geographical Duplicate reduction flooding protocol where
the network coding is used along with the localization information of sensor nodes to avoid
duplicate transmission of packets and to reduce the amount of energy consumed. Here
energy consumption is reduced by network coding which combines multiple packets into a
single packet which in turn avoids duplicate packets getting transmitted. However, due to
the frequent usage of acknowledgment messages during transmission the end to end delay
is increased.
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Fuzzy Logic Based VBF an improved version of traditional Vector based forwarding
protocols was proposed by Bu et al. (2018).In order to choose the best forwarder node
factors such as projection of the node, valid distance and battery capacity of the nodes are
taken into the consideration. The closeness of the sensor node to the sink node is termed as
a valid distance. The closeness of the sensor node to the routing pipe is called projection.
This protocol show improves performance with respect to throughput, energy consumption,
and end to end delay. But the death ratio of sensor nodes inside the cylindrical vector pipe
increases due to the huge overhead during data forwarding.

Qu et al. (2019) derived the probability function for calculating the distance between the
nodes in 3D UWSN by taking into account the relationship between the signal absorption
and distance of communication. Using the derived probability function the dynamic routing
prediction method was proposed by the authors. The proposed model estimates the lifetime
of the sensor node based on periodical prediction of the residual energy level of the sensor
node. Due to the effective prediction of energy levels of node early energy draining of nodes
is avoided and also the energy levels of all the nodes in the networks kept at the balanced
state.

Latif et al. (2020) presented the optimized way of calculating adaptive depth threshold
in localization free routing based routing which operated on the network with high density.
For the purpose of balancing the energy expenditure of the nodes the data aggregation
method based on pattern matching was introduced. In this work, the author also presented
the surface and mobile sinks which are hybrid in nature which moves in three dimensional
elliptical path which results in improved network throughput and a reduced end to end delay.
The proposed method outperforms Mobicast in terms of stability and data collection rate.

4.1.5 Protocols Focus on Void Region

In Underwater Wireless Communication there exists a scenario where a sensor node with
data to send doesn’t find any neighbor nodes for data forwarding. Such a scenario occurs
if the sender node is positioned in the region where there are no other nodes positioned or
else the neighbor nodes of the sensor node die. If the above scenario occurs then it is called
a Void Region. The protocols in this session focus on avoiding void regions in underwater
routing.

Ghoreyshi et al. (2016) proposed Opportunistic Void Avoidance routing to deal with the
void region problem. In this protocol, every node has the capacity to change the number of
neighbors in the forwarder list. For a sensor node with data to transmit, the forwarder list
is chosen based on properties such as packet delivery probability and packet advancement.
This protocol avoids void region but it leads to poor performance with respect to energy
consumption.

Geographic and Opportunistic routing with Depth Adjustment based topology control
for communication Recovery (GEDAR) was proposed by Coutinho et al. (2015).This
protocol work on the basis of packet advancement. The distance between neighbor and
destination node is subtracted from the distance between the source and destination. The
difference value is used to obtain packet advancement. This protocol offers a recovery mode
were the node suffers from a void region informs its status to two hop neighbors. Based on
the location communicated by the two hop neighbors the node which is in the void region
changes its new location. In this way, the void region is avoided by these protocols. But
GEDAR suffers from unbalanced energy consumption.

In order to avoid void region, Energy Hole and Coverage Avoidance Routing were
propped by Latif et al. (2016).In this protocol when the energy level of the particular node
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falls below a certain level, it will inform its status to its neighbor nodes in the network using
a broadcast message which is subsequently forwarded to all the nodes in the network. On
receiving the message the nodes with high residual energy move towards the node which
has sent a message and replaces it. In this way, the void region problem is avoided. But the
demerit of this protocol is due to high propagation delay during communication between
nodes the node with low residual energy may change its position before the replacement
node replaces it. This leads to a false estimation of low energy node.

Jin et al. (2020) proposed the method for the prediction of void in UWSNs assisted by
AUV and also provides the way to repair those voids. Voids in routing will usually happen in
UWSN because of the quick death of nodes due to a lack of energy. So in order to tackle that
markov chain based prediction method is proposed which ensures that the AUVs come for
repairing process even before the actual void is created. Here PSO algorithm is employed
for finding the position of AUV for which the repairing task needs to be done. For ensuring
that the repairing task which is of highest priority is served first, the void index of routing
is taken as a parameter and the repair work selection rule was designed. The results of
the proposed void prediction method show that there is very good improvement in terms
of packet delivery ratio when the proposed void prediction method is applied to some of
the existing routing protocols. The summarization of the Non cross layer Location based
routing protocols is presented in Table 2.

4.2 Localization Free Routing

The Localization Free Routing protocols do not require any position coordinates information
in order to make the routing decisions. Instead, they employ pressure sensors along with
the nodes. The routing decisions are made based on the depth information of the sensor
nodes. The localization free protocols are easily scalable since it requires only depth or
pressure information to determine the sensor position of the node. But if Localization
free protocols are concerned some of the main challenges are unstable energy expenditure
caused by deploying sensor nodes at different depths. Another challenge in localization
free routing is the early death of sensor nodes located at the smaller depths because usually,
the nodes located at the higher depth assumes that the nodes at the lower depth will send
the data to the sink node which will literally overload nodes at lower depth and lead to
its early death. So in this article, the Localization Free Protocols were classified based
on the issues it addressed in an underwater environment similar to localization based
protocols in the previous session. The list of protocols under this category is described
in the following lines.The broad classification of Localization Free routing protocols for
underwater communication is illustrated in Figure 3.

4.2.1 Protocols Focus on Node Mobility

Delay Sensitive Routing Protocol has been investigated by Dubey & Rajawat (2016). Here
in order to address the node mobility issue, the random waypoint model is employed. The
proposed protocol takes into account the localization of nodes, the style of node movement,
and the traffic in the path chosen. The speed of node movement is characterized as minimum
and maximum. The authors compared the mobility in the underwater environment as low
mobility, high mobility, and no mobility. The simulated results show that the high mobility
nodes achieve greater packet reception at the destination. But to achieve that protocols
compromise on end to end delay and energy consumption.

Page 1052 of 3066Page 1052 of 3066



14 T.T.Manikandan et al.

Figure 3 Localization Free Protocol Classification

The Cooperative Depth Based Routing was proposed by Nasir et al. (2014).In this
method, all the nodes share the depth information with each other. The source node creates
the neighbor list using the data collected from the other nodes. The node which has the
lowest depth is selected as the next hop destination node. Similarly, two other nodes from
the neighbor list with the next lowest depths are chosen as the relay nodes by the source
node. In CoDBR the source node sends the packets the next hop destination as well as to the
relay nodes. The relay nodes forward the received packets to one hop destination. So three
faded copies of the same packet are received at the destination, where the three nodes are
combined using the maximal ratio combining technique. This protocol performs effectively
in terms of throughput and the packet delivery ratio compared to that of DBR but with the
compromise in energy consumption and end to end delay.

Mahmood et al. (2020) proposed the robust version of traditional DBR protocol which
takes into account the holding time, differences in distance, and depth threshold variability
factors of sensor nodes and limits the number of forwarding nodes which in turn results
in end to end delay reduction. The proposed approach also results in an improved network
lifetime and minimized redundant transmissions.

Employing cluster heads for sending the packets from to the base station is one of the
widely used methods. But in case of natural disaster and due to underwater living beings
there is a possibility for the node chosen as cluster head to move from its actual position to
some other position and to get stuck in that position. In such case the disjoint path and link
failure which degrades the overall communication. So Kumari et al. (2020) proposed moth
fame optimization based routing technique which is fault resilient. Here in order to avoid
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the above mentioned issues, the AUV is used instead of cluster head for data transmission
from source to destination. The new fitness function used along with MFO helps in avoiding
link failure issue. The proposed technique is fault resilient and also improves the reliability
and lifetime of the network.

4.2.2 Protocols Focus on Energy Balancing

Ahmed et al. (2016) proposed the Optimized Depth Based Routing. In this protocol, the
energy is assigned to the node based on the vertical distance of the node from the depth
in which the sensor node is deployed to the surface of the water. The nodes close to the
water surface are assigned the higher energy when compared with the energy assigned to the
nodes deployed far away from the surface. In this way, the energy consumption is balanced
by DBR protocol. But the limitation of this protocol is this will work only in shallow water.
This protocol performs badly when the nodes are deployed at the bottom of the ocean.

The energy efficient and balanced energy consumption cluster based routing protocol
was proposed by Majid et al. (2016b). Here the network is divided into several sectors and
the cluster head is assigned for each sector. In order to reduce the packet loss ratio, two
sink nodes were used for dense and sparse network environment. The data is sent by the
source node to both cluster heads and sink. Sinks usually collect the data from the cluster
heads. The overall energy consumption is reduced by this protocol which in turn extends the
lifetime of the network. But the cluster heads die quickly due to the overload, also cluster
heads move along with the water currents frequently which result in packet loss.

Lee et al. (2010) proposed Hydrocast the opportunistic based protocols. Here sensor
nodes operate purely based on the pressure of the water. The forwarder nodes selected
by this protocol uses greedy based routing which balances the energy consumption. This
protocol proposes the dead node recovery technique which results in the increase in the
number of packets successfully received at the destination. Hydrocast protocol performs
well in aspects such as energy balancing, end to end delay, and packet reception rate at the
sink, but the dead recovery technique proposed in this protocol performs badly in a sparse
condition which affects the overall performance of the scheme.

The Optimal Multimodal Routing was proposed by Diamant et al. (2018) which uses
the combination of acoustic and RF waves for communication in order to reduce the burden
of relay nodes as well as to avoid transmission of redundant data. Since the combination of
both acoustic and RF technologies are being employed for data forwarding, this protocol
ensures fair data forwarding.

4.2.3 Protocols Focus on Channel Condition

Pervaiz et al. (2016) proposed the Depth and Energy Aware Cooperative routing.DEAC
is adaptive and for the source node, it selects the depth threshold based on the number of
neighbors currently alive. Once the depth threshold is selected relay node which is within the
depth threshold is selected. The factors such as link state condition, number of neighbors,
and residual energy of the node are also taken into the consideration for selecting the relay
node. During the destination node selection, it is always ensured to be outside the depth
threshold. With respect to packet reception in the sink the performance of the protocol
is good but energy consumption the protocol is high because of the cooperative routing
strategy.

The Quality of Service aware Evolutionary Cluster based Routing Protocol was proposed
by Faheem et al. (2017). Genetic algorithm was used in this protocol that divides the network
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into the cluster. The cluster head and the path in which the packets need to be routed are
informed to all the nodes in the network using the routing table which is shared by all
the nodes in the network.QERP protocol has improved results on energy consumption, the
number of packets delivered, and the end to end delay. But the energy of the cluster is
depleted quickly because of the overburden which in turn results in the creation of energy
holes. The energy holes degrade the performance of the system.

Reliable and Interference Aware Routing was proposed by Majid et al. (2016a) which
focuses on addressing the channel link based issues.RIAR selects the relay node based on
the cost function. The cost function is calculated by taking into consideration the factors
such as neighbor nodes, the number of hops from the sink located at the surface, and the
distance between the source node and relay node. While data forwarding the relay nodes
which has the highest cost function is selected as a candidate for data forwarding. The
performance of the protocol in the sparse network region is really good but because of the
number of death nodes near the sink the number of packets successfully received at the sink
is also reduced.

Khan et al. (2016) proposed Energy Efficient Interference and Route Aware protocol.
In EEIRA the forwarder nodes are selected based on the least number of neighbors and
the lowest depth. Reduced interference and the efficient utilization of energy is ensured by
EEIRA.In Sparse condition of selecting the node with the least number of neighbors leads
to the higher possibility of not finding the node. So the Performance of this protocol is
degraded in sparse conditions.

The cooperative opportunistic routing was proposed by Rahman et al. (2017a) where
more than one copy of the same data is sent to the sink node by the source node as well as
the relay node which ensures the reliability of reception of packets. Here fuzzy logic is used
to select the forwarders and the set of forwarders are chosen instead of the sing forwarder.
Even though the proposed protocol ensures reliability one of the demerits of the protocol
is the delay caused due to the frequent checking and selection of forwarder set.

Unbalancing data load and employing nodes with very fewer energy levels for the
routing operation results in an unstable network. So Ali et al. (2019) proposed a routing
algorithm that takes into account the underwater channel characteristics such as attenuation
and noise to achieve stability in UWSN. For that purpose, the authors proposed the protocol
named RASR in which the maximum energy is assigned to the node located at the lowest
depth and also to choose to equalize the data load among all the nodes in the network the
new function is used for destination node selection. The author proposed another method
named CoRASR which ensures reliability by employing two relay nodes and the data which
is received by the relay nodes though broadcasting is amplified further before sending it to
the actual destination. In this way, original data along with the copies of the same data is
received by the destination. In this way, the reliability of the data delivery is improved by
the CoRASR which in turn results in a huge reduction in the number of death nodes.

4.2.4 Protocols Focus on Energy Consumption

Shakeel et al. (2016) proposed Depth and Reliability Aware Delay Sensitive the protocol
which modifies the original version of opportunistic routing is proposed. This protocol uses
the combination of depth information of the node and link state information to decide on
which forwarder for sending the packets to the sink. The modification has a positive effect
on the energy consumption and throughput of the protocol. But due to opportunistic routing
the burden on the low depth nodes increases which results in the degradation of network
performance.
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Hyder et al. (2016) proposed the design of Self Organizing protocol. In SOR packets of
the node are forwarded to the gateway. The gateway will send the hello broadcast message
to its one hop neighbors. On receiving the hello message the one hop neighbors will respond
with the route request message to the one hop neighbor. The route request is forwarded till
it reaches and acknowledged by the last node in the route. Once the acknowledgment is
received from every node in the network the gate will create a string using which the data is
transferred. This technique avoids unwanted data forwarding which subsequently reduces
the energy consumption of the nodes. But the constraint is if the node part of the data string
dies then the void region is created which results in packet loss. And if the node moves then
the data string is affected the reliable data forwarding is also affected.

The space reuse based protocol proposed by Yang et al. (2018) is different from the other
protocols. In UMDR the network coverage area is divided into a number of sectors. The
communication between nodes in different sectors happens through the directional antenna.
Here the data is forwarded directly to the destination without the use of any broadcasting.
In this way, energy consumption and interference during data forwarding is reduced by
UMDR. Also, this protocol has low end to end delay/But the complication of this protocol
lies in the fact that in order to successfully receive the data packets from the source without
any distraction the antennas need the next hop node information as well as the next hot
antenna information.

Liu et al. (2018) proposed the EDBF routing protocol, here depth information and
residual energy information of the sensor nodes are added into the data packets header
which restricts the need for additional control packets for communication. In this protocol,
the factors such as energy ratio, depth, and forwarding quality of neighbor nodes of the
sensor node are taken into the consideration and the weight of the sensor node is used as the
parameter for the selection of the best forwarding node during routing task. The proposed
protocol performs well with respect to PDR, latency, and minimizing the sensor node’s
energy consumption in UWSN.

4.2.5 Protocols Focus on Void Region

Kun et al. (2016) proposed the Energy Balanced Pleasure Routing. In this protocol, the
beacon signal was sent to the sensor nodes and each sensor node sends the feedback on
receiving the beacon signal. The feedback is used to avoid the void zone problem. In EEPR
the combination of residual energy of the node and the velocity of the node is used as the
criteria for the selection of forwarder nodes. Here the redundant route information is used
to help the nodes which =do not have the updated route information. The network lifetime
is improved by these protocols but it performs poorly in sparse conditions were the effective
transmission of the beacon signal is itself infeasible.

Channel Aware Routing Protocol was proposed by Basagni et al. (2015). Here the history
of successful packet transmission. The combination of power control techniques and hop
count was used for making the void zone free routing decisions. In dense network conditions,
the process of checking the transaction history is complicated and time consuming which
leads to high end to end delay.

One of the main contributing factors in affecting the reliability of data delivery in
UWSN is energy holes and underwater channel interference. Interference can lead to high
retransmission which leads to the ineffective usage of sensor nodes battery power. Also
when nodes near the water surface die the energy hole is formed which leads to the creation
of a void region because of which communication is interrupted even if most of the nodes
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Table 3 Summarization of Non Cross Layer Location Free Routing Protocols

Routing Strategy Issue Addressed Evaluation Parameters YearPDR Delay EC NLT
CoDBR Node Mobility X 2014
DSRP Node Mobility X 2016
FRR Node Mobility X X 2019

RDBR Node Mobility X X 2020
ODBR Energy Balancing X 2016

EBECRP Energy Balancing X X 2016
Hydrocast Energy Balancing X X X 2016

OMR Energy Balancing X 2018
DEAC Channel Condition X 2016
RIAR Channel Condition X 2016

EEIRA Channel Condition X X 2016
QERP Channel Condition X X X 2017

EECOR Channel Condition X 2017
RASR Channel Condition X X 2019

DRADS Energy Consumption X X 2016
SOR Energy Consumption X 2016

UMDR Energy Consumption X X 2018
EDBF Energy Consumption X X X 2018
CARP Void Region X 2015
EBPR Void Region X X 2016

LF-IEHM Void Region X 2018

Notes : PDR - Packet Delivery Ratio, EC - Energy Consumption, NLT - Network Lifetime

in the network are alive. So Khan et al. (2018) proposed Localization-Free Interference
and Energy Hole minimization protocol. Here the transmission range of the sensor nodes
is kept as variable also different packet holding time were defined for each sensor nodes
which avoids the scenario of nodes transmitting packets at the same time. This protocol
shows good results with respect to end to end delay and the number of packets received at
the destination.The summarization of the Non cross layer Location free routing protocols
is presented in Table 3.

5 Cross Layer Routing Protocol

Layered architecture is the one that is usually used while designing the protocol stack
for any networks. But if underwater wireless sensor networks are concerned cross layer
design promises much needed performance improvements over the layered approach. It
is mainly due to the energy optimizations and improved application performance offered
by Cross Layer Design which is exactly the need of UWSNs.So the cross-layer design
method has turned out to be increasingly significant in the underwater network domain.
But some of the challenges of cross layer design such as unpredicted dependencies caused
by interactions between the layers, difficulty in integration, and stability issues cannot be
ignored while adopting cross layer design in UWSNs.In this research, the cross-layer design
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techniques were classified into two types namely: the conventional cross-layer techniques
and intelligent algorithm-based cross-layer techniques. In the remainder of this segment,
we will talk about these two types of techniques in detail.

5.1 Conventional Cross Layer Protocol

Basloom et al. (2016) defined that cross layer design is the combination of optimization
techniques and according to Alfouzan et al. (2020a) network parameters such as
consumption of energy, transmission rate, propagation delay, and throughput were
considered as the candidates for optimization. Cross layer protocols were capable of dealing
with multiple factors at a time. So the classification of routing protocols cant be done based
on the network parameters specified earlier. Instead, the cross layer routing protocols are
classified as i) Location Based and ii) Location Free.

5.1.1 Location Free Cross Layer Protocols

The protocols discussed in this session are location information dependent. Instead of
location information driven routing these protocols uses the sensor node depth information
and flooding techniques to make routing decisions. Since these protocols do route packets
without knowing the location information of nodes the amount of energy consumed is high
and also has a high propagation delay. So the main factor that needs to be considered in
location free protocols is to optimize the energy consumption and propagation delay. The
protocols under this category are discussed in the following lines.

The underwater acoustic routing protocol UMIMO which is a combination of MIMO
transmission technique and OFDM multiplexing was proposed by Kuo & Melodia (2012).
The adoption of OFDM for underwater acoustic techniques results in much better
performance in avoiding the interference. In the proposed system transmitter and receiver
coordinate with each other to find the next hop and to estimate the mode of transmission and
the transmit power for each sub carrier. Because of MIMO UMIMO performs well in the
selection of next hop based on different QoS requirements of multimedia applications. In
this paper the performance of the proposed protocol is compared with the Greedy Routing
Scheme and with respect to average end to end delay, packet dropping rate and the energy
consumption UMIMO performs better than GRS.

Wahid et al. (2011a) proposed the Energy efficient Routing Protocol based on the
Physical distance and Residual energy of the sensor node. In this protocol, each source
node selects the set of nodes with minimum distance to the sink and those details are
added with the data packet. Here since the physical distance is used as the criteria for data
packet routing the number of nodes involved in the data forwarding process and the number
of retransmission is significantly reduced. The protocol makes use of residual energy to
achieve optimal energy consumption. The residual energy timer is used to reduce energy
consumption by nodes were nodes with the highest energy level has the lowest holding time
whereas node with the lowest energy level has high holding time. This method outperforms
DBR when energy consumption and lifetime of the network are concerned.

The Adaptive Power Control Routing for UWSN was proposed by Al-Bzoor et al.
(2015). The main motive of this protocol is the scaling of the network and to deal with the
mobility. The proposed protocol doesn’t demand any location details of the nodes. Instead,
a hierarchical layering approach is used where the nodes are divided into layers based on
the power level of the nodes.APCR has the capability to adjust to the power consumption
per packet during transmission. Since the layering approach is used it ensures that data is
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Table 4 Summarization of Cross Layer Location Free Routing Protocols

Routing Strategy Issue Addressed Evaluation Parameters YearPDR Delay EC NLT
UMIMO Interference X X 2012
ERP2R Optimizing Energy Consumption X X 2011
APCR Scaling of Network X X X 2012
EEIA Energy Balancing X X 2014

E-PULRP Energy Consumption X X X 2010
EEDBR Energy Consumption X X X 2011
QoSRP Channel Condition X X X 2019

Notes : PDR - Packet Delivery Ratio, EC - Energy Consumption, NLT - Network Lifetime

transmitted in one direction towards the sink node. These protocols adapt well to multiple
sink architecture. In this paper, the authors have compared the performance of APCR with
DBR and the simulation results show that APCR outperforms DBR with respect to energy
consumption, delivery ratio, and delay. The only demerit of this protocol is delivery ratio
is affected due to the improvements in the mobility of nodes.

Shashaj et al. (2014) proposed Energy Efficient Interference Aware Routing protocol
for cross layer were interference aware routing, power management, and scheduling
ensured. The proposed scheme is comprised of scheduling and routing policies that
support the utilization of a power control system responsible for assigning the suitable
link for packet forwarding, transmission time, and transmission power for nodes for
effective communication. Based on the analysis the single scheme to look after most of
the transmission issues is preferred. So the proposed scheme is very much helpful in
improvising the overall network performance, unlike other existing schemes which mostly
focus on improving the performance of a single node. Based on the analysis it is found that
the proposed power control system has a significant effect on the improvement in energy
utilization and overall throughput of the network.

The Energy Efficient Depth Based Routing was proposed by Wahid et al.
(2011b).EEDBR doesn’t require any location information for routing whereas the depth of
the nodes and the residual energy of the nodes are considered as criteria for routing. Here
the depth and energy levels are shared with the neighbor nodes via hello message. Each
node in the network will maintain the list of nodes with the lowest depths called forwarders.
Once the forwarder node receives the data for transmission, the forwarder node will hold
the data packets for some time which is called holding time which is decided by the residual
energy level or else the packet is suppressed as per the packet delivery ratio. In this paper,
the performance of EEDBR is compared with the DBR protocol using the NS2 simulator.
The simulation results show that the performance of EEDBR is better compared to DBR
with respect to energy consumption, network lifetime, and the end to end delay. But the
Delivery ration is more or less similar in both the protocols.

Gopi et al. (2008) proposed the Energy optimized Path Unaware Layered Routing
Protocol for dense 3D sensor network. The proposed Scheme operates in two phases. In
phase one, the layering for the network is defined which a concentric sphere. The sphere
is usually defined around the sink. The radius of the sphere and the transmission power of
the nodes in the layer is decided by taking into consideration the factors such as successful
packet transmission probability and minimum overall energy consumption. In the second
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phase of the E-PULRP scheme the algorithm for choosing the relay nodes in between the
source and sink node. Then On the fly routing method is also proposed for the delivery of
packets from source to destination through the relay node chosen by the proposed algorithm.
The proposed protocol is energy efficient and performs well with respect to throughput and
delay. From the analysis, it is found that the increase in the number of layers has a direct
effect on the packet loss and average delay.

Data gathering is one of the time sensitive tasks in UWSNs.In such a scenario achieving
certain QoS parameters are of at most importance, but harsh underwater parameter imposes
a number of challenges in achieving such QoS parameters. So Faheem et al. (2019) proposed
Cross layer based QoS aware routing protocol named QoSRP. The proposed method has
three phases, in the first phase the based on high detection and low misdetection probability
the available underwater channel is detected for the sensor node. In the second phase the
sensor node is assigned with the channel which has a high data rate and ideal probability. In
the final phase, packet forwarding is done along with the nodes which have high successful
transmission history and other parameters such as high residual energy and connectivity.
In this way the data gathered will be transmitted to the destination effectively by avoiding
the concession and balancing the overall energy usage by sensor nodes in the UWSN.
The Proposed QoSRP performs better than existing routing protocols by achieving high
reliability, balanced energy usage, and load balancing.The summarization of the cross layer
Location free routing protocols is presented in Table 4.

5.1.2 Location Based Cross Layer Protocols

The cross layer based routing protocol named AHH-VBF was proposed by Yu et al. (2015)
which is an improvised version of HH-VBF.In the proposed protocol the forwarding region
is adjusted dynamically according to the position of the Eligible Neighbor Node (ENN).
The ENN is the one that has a lesser distance to the sink node compared to that of distance
from the source node. So to adjust the forwarding region the radius of the pipe is changed by
the AAH-VBF. The protocol also introduces the new technique to adjust the transmission
power levels in cross layer method which is used for the lesser energy consumption. For
reducing the end to end delay the holding time of the packet is defined based on the distance
to the destination node. The simulation analysis of the proposed protocol shows improved
results in terms of delivery ratio, end to end delay, and energy expenditure compared to that
of HH-VBF.

Wu et al. (2010) proposed SEANAR the topology based routing scheme. The proposed
routing scheme uses the degree of the mode as the criteria for routing. Here based on the
free of the nodes the node which has the best connectivity with the sink node is found
and the highest weight is assigned to those nodes. The greedy based approach is used for
making routing decisions. Eventhough SEANAR is based on a simple greedy approach
the simulation results show that SEANAR outperforms greedy forwarding and VBF based
protocols in terms of energy expenditure and delivery ratio.

The self adaptive and fully distributed cross layer routing scheme named NADIR was
proposed by Petroccia et al. (2018). The proposed routing scheme adopts multiple coded
modulation schemes to improve the quality of the link along with the information such as
topology and energy information collected through cross layer interaction with the physical
layer. The SEANAR routing scheme is evaluated in the network scenario which has a high
packet dropping ratio and high propagation delay. The result of the analysis shows that the
SEANAR performs really well in terms of packet delivery and energy expenditure even in
the unreliable channel condition.
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Alfouzan et al. (2020b) presented the Cross Layer Mobile Data gathering method for
UWSN. The proposed method helps in sensor nodes sharing the bandwidth of the underwater
medium effectively. In the proposed protocol the set of sensor nodes are chosen as cluster
heads and the set of time slots were defined for the nodes under each cluster heads. The
cluster heads will gather the data packets from the sensor nodes in its range. Then the
AUV will move along the whole network space and assigns the time slots for the available
cluster heads and in the assigned slots it will collect the data packets from cluster heads and
deliver to the appropriate destination node. This method performs reasonably well in terms
of increasing network lifetime even if there is an increase in the number of packets to be
transmitted. The Proposed scheme is well suited for the sparse network which is vulnerable
to void region creation.

In the traditional cooperative routing, the process of choosing the relay nodes was done
hop by hop but this kind of method enforces a lot of restricting in improvising the network
performance. So to achieve high network performance Kim & Kim (2020) proposed a
method were the network layer and MAC layer interacts with each other and the best relay
node is chosen at the network layer taking into consideration the cost of routing and that
node send the data packet to the next node in the path to sink. In the proposed method the
physical layer information is not shared with the MAC or network layer so it is vulnerable
to changes in the underwater channel characteristics. To achieve optimal performance there
needs to be proper information exchange among Physical, MAC, and Network layers.The
summarization of the cross layer Location based routing protocols is presented in Table 5.

Table 5 Summarization of Cross Layer Location Based Routing Protocols

Routing Strategy Issue Addressed Evaluation Parameters YearPDR Delay EC NLT
CCCP Node Mobility X X X 2020

SEANAR Energy Consumption X X 2010
AHH-VBF Energy Consumption X X X 2014

NADIR Channel Condition X X 2014
CLMD Void Region X 2020

Notes : PDR - Packet Delivery Ratio, EC - Energy Consumption, NLT - Network Lifetime

5.1.3 Intelligent Algorithm Based Protocols

The traditional Cross Layer Protocol for underwater acoustic networks has a very good
impact on the underwater network performance but the number of application adopting the
traditional cross layer routing algorithms are very few. So many researchers like Khattak et
al. (2019) and Su & Lim (2009) concentrated on introducing the optimization techniques into
the cross layer design to get more effective cross layer schemes suitable for the underwater
application so that the number of application benefited by the performance improvements in
routing will increase. But as of now most of the intelligent algorithms like the one proposed
by Rajguru & Apte (2018) are only for terrestrial networks only a few approaches are
available for underwater acoustic networks that too only based on fuzzy logic. So this session
presents the review of intelligent algorithms available for underwater acoustic networks.

Banerjee & Bhattacharyya (2014) proposed the Cluster Based Routing Algorithm which
focuses on evenly distributing the load in the network. Traditionally due to the probabilistic
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nature of cluster creation and cluster head selection, the distribution of load in the network
is uneven. In order to optimize it the new cluster formation technique is purely based on the
assistance of the Base station and nodes location. In the proposed protocol the interaction
between the nodes for the creation of clusters is reduced drastically and the communication
is only between the node and base station. Apart from this the new fuzzy logic based scheme
for cluster head selection is proposed which takes into account the energy level of the node
as well as the distance of the node to the base station and the distance to other nodes in the
network. As per the results of the simulation analysis, the proposed protocol achieves a 40-
50 percent improvement in the overall network lifetime.

The Distance based Reliable and Energy Efficient Routing Protocol for underwater
acoustic sensor networks was proposed by Tariq et al. (2015). The proposed protocol
introduces the new technique for cost estimation that is based on the quality of the link
and physical distance. The F-LQE parameter is used in order to select the next hop relay
node in a reliable manner. The DREE protocol considers the residual energy of the node as
the criteria for selecting the data forwarders which helps in balancing the overall network
energy consumption. The performance of the DREE protocol is compared with the DRB
and R-ERPR which are one of the very few distance based reliability related protocols.
The simulation results show that the end to end delay of the DREE is on the higher side
compared with its counterparts but DREE has a huge edge with respect to lifetime of the
network, data delivery ratio, and energy expenditure over the R-ERPR and DBR.

Goyal et al. (2014) proposed the clustering and aggregation method based on fuzzy
logic. The proposed method considers residual energy level of the node, load, node density,
link quality, and distance from the node to sink as the input parameters to the fuzzy function.
Then the probability of the node to be elected as the cluster head is determined by the
fully logic function. This function also determines the size of the cluster as the result. The
FBCA is simulated for analysis and is compared with the traditional existing cluster based
techniques. From the results of the analysis, it is evident that the FBCA is better than the
UCFIA method in terms of delay, throughput, delivery ratio, and energy expenditure.

Wu et al. (2012) introduced the new protocol named ACOA-AFSA which is the fusion
of ACOA and AFSA protocol. As a part of this proposed work, the authors have created a
mechanism for fusing two protocols of a similar category In this case the ACOA has the
advantage of parallel route search give effective route discovery and a very good view of
the local scenario. Another part of the algorithm AFSA provides the global view of the
network and helps in providing the optimized routing in the rough way keeping in view the
global scenario of the network. So the fusion of these two protocols outperforms some of
the traditional protocols such as VBF and LEACH in terms of delay, packet loss ratio, and
consumption of energy.

Rahman et al. (2017b) proposed Fuzzy logic based cooperative opportunistic routing
technique in which the forwarder set composed of the eligible relay nodes was chosen by
the source node. Subsequently, the relay selection based on the fuzzy logic is applied to
the relay nodes in the forwarder set. As a result, the relay node which has the highest ratio
of energy consumption, and the highest packet delivery probability for each node in its
neighbors was chosen. This protocol performs better than the traditional DBR in improving
the stability of the network and more number of nodes are successfully sent to the sink.

One of the challenging factors in UWSN is sensor nodes optimizing energy usage
because of infeasibility in relaxing the battery of underwater nodes. To solve this issue
the Bu et al. (2018) presented the modified VBF by integrating fully logic into it. Here
the routing path is decided based on multiple factors such as current position, forwarder
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nodes valid distance, battery percentage, and node projection information are taken into
consideration. The results of the proposed protocols ensure optimal energy expenditure,
reliability in transmission, and the reduced end to end delay compared to other cross layer
protocols in the same category.The summarization of the cross layer Intelligent algorithm
based routing protocols is presented in Table 6.

Table 6 Summarization of Cross Layer Intelligent Algorithms Based Routing Protocols

Routing Strategy Issue Addressed Evaluation Parameters YearPDR Delay EC NLT
ACOA -AFSA Energy Consumption X X X 2012

CBRA Balancing Network Load X X 2014
FBCA Energy Balancing X X X X 2014
DREE Energy Consumption X X X 2015

FLCOR Network Stability X X 2017
FVBF Energy Balancing X X X 2018

Notes : PDR - Packet Delivery Ratio, EC - Energy Consumption, NLT - Network Lifetime

6 Conclusion

This article highlights the challenges of underwater communication and the design issues
of underwater routing strategies. In this review article, we have presented a comprehensive
overview of a wide range of routing protocols for an underwater acoustic wireless sensor
network in specific. The uniqueness of this article lies in the way the protocols are
categorized and reviewed. Unlike any other review article, the protocols are categorized
based on the issue those protocols address in the underwater environment. Here routing
protocols are classified as the Non cross layer and Cross layer protocols. On cross layer
protocols category is further divided into Location based and Location free. Then those two
categories are divided further based on the underwater routing issues such as mobility of
node, energy consumption, channel condition, energy balancing, and void region. Similarly,
Cross Layer protocols are further subdivided into Traditional Cross layer protocols and
Intelligent Cross layer Protocols. Since every protocol in this review is well categorized
and described effectively with their pros and cons, this may help the future underwater
researchers to get a clear idea about the existing routing strategies. This knowledge may
aid them in choosing the correct protocol for a broad range of underwater applications and
also in designing the novel protocols for overcoming the current challenges and demerits
of underwater routing.

7 Observations From The Review

From the study made on the broad range of routing strategies available for underwater
acoustic communication the following issues are open for research and it is listed as follows:

• The communication in an underwater environment using an acoustic medium is largely
dependent on the speed of the acoustic waves. The speed of the acoustic waves is
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affected by factors such as temperature, salinity, and depth of the water. These factors
lead to acoustic waves traveling in the curved path. When the waves travel in a curved
path certain curved regions are created and communication between the nodes near the
curved region is terminated. So addressing the curved region creation in underwater
routing is an important issue open for future research.

• In most of the currently available routing protocols, the forwarder node selection is
based on the distance of the node to the water surface. This way of forwarders selection
leads to the early death of those nodes and affects the reliable communication. So
significant research needs are done in addressing the early death of nodes so that the
void region problem can also be avoided.

• The nodes in the underwater environment has the limiter power to operate. So the
strategies for optimizing energy consumption are needed which may have a significant
effect on extending the lifetime of the network.

• Apart from the traditional techniques for routing which are layer specific, the new
routing techniques based on cross layer interaction with optimization algorithms need
to be developed. Some of those kinds of work are presented in this article. But those
techniques are limited only to fuzzy logic. So the future researchers can concentrate
on integrating other optimization techniques into underwater routing design.
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Abstract 

The calamites and  disasters caused by nature such as floods, landslides, volcanic eruptions, 

storms, earth quakes, tsunami etc  are always high. These disasters are very hazardous to the people 

and their belongings (Cutter, 2005). Many rescue agencies, social welfare organizations, public 

always join together to help the deprived and the needy. The needy and the deprived victims require 

immediate help and relief operations. But it may not be possible because of the calamites caused by 

the disaster. It becomes essential to provide immediate relief operations and hence the advanced 

techniques of Science and Technology are used to overcome the challenges caused by the disaster . 

Blockchain technology is one of the advancements in the field of  Technology which helps to 

overcome the loss of time and cost and provides a quick response to the victims. The proposed system 

helps to understand how to improve and enhance the disaster management  by using various 

approaches and implementation models. Block chain technology which is used facilitates the affected 

victims to get their relief as early and quick as possible. 

 

1. Introduction 

‘A disaster is a a sudden accident or a natural catastrophe that causes great damage or loss of life’. 

Sometimes the aftermath situation of the disaster may me very heavy and the loss to the people and 

their valuables may be very high. This may create a problem or may be an obstacle in planning and 

managing the Disaster. Disaster Management has to be very efficient and effective in order to meet 

the demanding needs of the needy people and to reduce the devastating outcomes of the crisis. 

Modern Science and Technology and its applications are very useful to provide a effective rescue and 

relief operations after the disaster.  

The major problem in planning for disaster management  is that we cannot plan a immediate 

rescue or relief operations but can only predict how severe the disaster would be to the living 

beings and the human. Sometimes the conditions after the disaster may be very severe than the 

predicted level such that medical aid, rescue operations, food, water, shelter and communication 

links may be very  difficult  and out of reach for the needy. The main focus of this proposed work 

is to design a model  which provides a safe and secure transaction which is very fast and 

eventually free from corruption. For the past 

decades there has been a significant increase in  number of disasters taking place around the 

globe. Many people had been left struggling and devastated without any basic needs of life for 

many days, weeks etc. The National Oceanic and Atmospheric Administration claimed that 2017  

was  the costliest year on record for natural disasters in the United States with a price tag of at 

least $306 billion (National Oceanic and Atmospheric Administration, 2017). 

The relief and rescue operations during and  after the disasters are very  ineffective because of 

the delay and mishandling of the relief funds. According to (Katz,2017) , red flags were raised by 

FBI because of the poor rescue operations and  resources provided to local municipalities in 

Puerto Rico. Since the affected are in need of government assistance in a very effective and 

efficient way, the government and the local administration have to handle huge amount of funds 

in a short span of time.  The funds thus has  to be utilized for the needy and devastated people 

instead getting into the hands of the corrupt officials and NGOs. 
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2. Previous Works 

 

Figure 1: Exiting system with a Central authority controlling all the transactions. 

The arrangements made aftermath  of  the disaster is a very vital in every country. These 

arrangements do not take the people out of danger, but provides them the remedial measures such 

as better safety and shelter. Many countries which are world powers also, do not have 100% 

disaster management. Most of the disaster management are handled by the local authorities.  The 

Environmental pollution and global warming are serious threat to the climate change and 

environmental change. These factors have direct impact on the amount of disasters encountered in 

every country, 

Many countries for decades have planned for disaster Management and Emergency 

Management where the key factor of the authorities involved are focusing on all-hazard approach 

. This  approach has been followed for the last two decades in the United States. This approach 

focuses on providing relief to the needy on all types of disasters and crises situation. Different 

disaster situations and devastating conditions may require different types of relief operations to 

be rendered to the victims. Planning for one type of event may not be sufficient and suitable for 

all the types of disasters. Most of the disaster management are  local  and  falls under the 

responsibility of the local authorities. If the calamities after the disaster  is very high then 

providing help to the needy people also becomes very difficult. Then the aid is requested from 

State and National authorities. 

According to the (Emergency events database) EMDAT: 

 
 

Figure 2: Number of disasters from 1900-2017 The existing state-of-art systems requires more 

time to provide the relief operations and hence delays the rescue operations and aid provisions. The 

chances of corruption is very high and the funds are not provided to the needy in time. Sometimes this 

may lead to increase in death toll rates and may lead to agitations by the affected people. 
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3. The Proposed System 

Figure 3 Independent Proposed System 

 

Even though different government bodies and organisations and Non government bodies of a 

country respond quickly to the disaster and address the issues created by it, many efforts may fail 

due to the transparency between the various government and non government authorities. Many 

advancements in Science and Technology has lead to vast progress in the field of Disaster 

Management and Crisis Management. The countries in the  world  are nowadays extending their 

support to the affected country. The aid may be in any form such as food, shelter, money, 

medicines, rescue operations, transportation etc., 

 

Government rescue operations and the operation teams sent to the disaster locations may require  

the assistance of the distributed network to protect and conceive the sensible and important data 

which may be deferred or out of reach. (Rohr et all,2017) says that distributed systems or 

networks can be used to provide transparency in handling the disaster situations. She says that 

Absolute transparency is required for Disaster Management and this need can be provided 

effectively by using the Distributed networks. 

Block chain technology can be a boon in  the domain of disaster management as it serves as  a 

central system for all the functionalities in the rescue operations. All the interested parties and 

individuals can join the block chain network and make the rescue operations transparent to the 

common people. The main components of the proposed system are government, Non government 

organizations, medical aid suppliers, shelter providers, food providers, telecom service providers 

, residents, transportation providers etc., The Block chain technology is a immutable ledger which 

is  used  for recording the transactions and maintaining it within a distributed network. Every peer 

in the network maintains a copy of the ledger. The consensus protocol helps to validate the 

transactions. 

There are two types of block chains, one is permission less block chain where anyone can 

participate without any specific identity. Permission block chains run a block chain among 

identified participants. This type of block chains uses Byzantine-fault tolerant consensus. 

Hyperledger Fabric is a open source framework for Block chain technology. It is a modular and 

extensible framework. This architecture  follows an execute-order-validate approach. 

The proposed system aims at developing a transparent system which extends its maximum support 

to serve  the  affected and needy people of the Disaster. They have to connect to the network and 

provide the  relevant and necessary information , such as the aid they  can provide and location of 

their inventory. 
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The application will provide the necessary assistance and connect the service providers and the  

requested people together. The amount of transparency provided by the Block chain technology is 

high such that the service providers, service requesters may get directly connected to the 

network. The service provided are transparent to all the people in the network. So there is very 

little probability of corruption and fraudulent to occur. The service requester may request for 

food, shelter, medical aid, transportation,  basic amenities etc., The service provider may be an 

individual or a group of people or an organization. The service provider may also request  aid  

from the government and maintain a inventory which may help during the emergency and 

overwhelming crises period. 

 

4. Experimental Results 

The proposed system was built using Fabric which is one of the best Block chain Frameworks 

that exists. The MEVN Stack with Express application is used as Middleware, Vue Application 

and MySQL Enterprise Database are  used as front end and back end respectively. Ethereum Test 

Net is used for development purposes. The proposed system was evaluated under two parameters 

such as improved transparency and decreased payloads to the server. The transactions cannot be 

edited or modified as the dependency level is very low within the actors of the application. The 

payload does not rely on one single server . The results of the experiment of 4 data centres is 

given  below: 

 

Net perf to Loc1(Mbps) Loc2 Loc3 Loc4 

200 95 100 

PEAK MINT/SPEND 

throughput (tps) 

without gossip 

 

1911/2048 

 

1900/2048 

 

1900/2048 

PEAK MINT/SPEND 

throughput (tps) 

with gossip 

 

2500/2760 

 

2560/2703 

 

2235/2409 

 

Figure 4 : Experiment result of 4 data centers 

5. Conclusion 

The proposed system provides an efficient application for disaster management, by reducing 

the time delay caused  in  the  rescue  operations and provision of funds, help or services to the 

affected and the needy individual or a group of individuals. The  proposed system aims at reducing 

the delay in time and provides faster,safer,secure and effective disaster management and good 

rescue operations. The Block chain technology with Fabrics provides a transparent and 

corruption free network and environment during the Disaster Management. 
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ABSTRACT--Recommendation suggestion is one of the biggest problems for the modern-day applications 

and its developers. It deals with the content delivery and advertisement, where matching the service provider and 

the client who requires the service are happening. Now a days, the history and the wish list of the application user 

are not enough to satisfy the requirements of the user. The real time emotion of human needs to be founded out in 

order to provide the right content to the right user. It can be made possible by building a convolutional neural 

network using deep learning, where the model will be trained with several thousand images and then input is passed 

then output is returned. 

Keywords--Deep Learning, Facial Expression, Convolutional Neural Network, Real time emotion, Image 

resizing. 

 

I. INTRODUCTION 

Real time emotion can be obtained through facial expression of the user. Now consider a music player a decade 

ago, the people will download the songs in a device then the music player is used only to play music. But now a 

days it is not necessary to download the songs in a device. The music player itself plays through internet, even now 

user don’t need to search and choose the song, the application itself suggest songs based on the song popularity 

and watch history of the user. The songs in such players are not randomly generated there is a powerful machine 

learning algorithm behind the scenes, which computes not a single list it prepares for each user of the application. 

So, what will be future of music players and the application like it which requires perfect suggestion for the users? 

Surely there will be a prediction of real time emotion of the users. It is possible by predicting facial expression. 

Through deep learning [1] by training over several thousand images it is possible to predict the emotion of human 

in real time. 

 

II. RELATED WORKS 

Real time facial expression in the sense the system needs to be capture the facial expression in live camera. In 

real time also it may look like live, but it isn’t, system will take several pictures in a second, so it looks live. In 

camera feed, it may capture anything which may be an object, animal, etc., To predict facial expression, the first 
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task is to extract face from the image. It only needs to extract human face not the other substance that appears in 

the image. So, Haar cascade algorithm [2] is used to extract human face from the available image. There Haar 

cascade classifier for frontal face is used in order to extract human face from the captured image. 

There are many algorithm and datasets are already available to predict the emotion in real time. But they are 

poor in recognizing it when compared to level where human can understand the emotion from one to another. 

Through proposed system it is possible to predict the human emotion in real time in accurate. 

 

III. DEEP LEARNING: 

Deep learning is a subset of machine learning which is based on artificial neural network where the learning 

can be done based on supervised, unsupervised and reinforcement learning. The models in deep neural networks 

are classified into convolutional neural network and recurrent neural network. The neural network consists of 

multiple hidden layers between the input and output layer 

 

IV. CNN: 

Convolutional neural network or CNN [3] or ConvNet is a class of deep neural network which generally takes 

input as image which forms weights and biases with various aspects can able to differentiate between various 

classes 

 

V. PROPOSED METHODOLOGY 

The Proposed system combines a collection of multiple datasets. All such datasets combined then it is formed 

as a huge single dataset. The proposed system contains only five emotions such as happy, sad, angry, surprise and 

neutral. Remaining two emotions such as fear and disgust will be removed for improvement. 

 

Pre-processing:  

Pre-processing [4] only has few changes are going to happen but the impact in improving the code is going to 

be higher. 
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Fig. 1.  SYSTEMATIC WORK FLOW 

Removal of noisy images:  

The collected dataset consists of several thousand images, but there may be some images that will be irrelevant 

to the classification but exists on the dataset. It needs to be removed. 

 

Limiting the outcome 

In collected dataset, there are totally seven kind of emotions are trained and predicted. But in the proposed 

system it going to be only five kinds of outcomes. In such case fear and disgust will be removed as it replicates 

angry and sad. And it improves the accurate prediction of the emotion. 

 

Image resizing:  

Dataset when combined may have images with different pixel values it may led to another problem because 

the image captured in real time from a camera [5] feed needs to be converted to the pixel value that needs to be as 

same as the pixel value of all images in the dataset. 

 

Layers in CNN:  

Conv2D is a Convolutional layer that creates a convolutional kernel which will be the first layer in the CNN. 

The role of convolutional layer is to extract features from the input image that is obtained from the real time camera 

feed. It extracts features by learning from pixel data of input image. Features can be extracted from various forms 

such as identity detection [6], edge detection, sharpening and blurring. 

Activation Function in neural network is the layer which gets the input feed from the previous layer. The most 

common used activation functions are Rectified Linear Unit, Exponential Linear Unit, Leaky ReLu, Sigmoid, 

Softmax and tanh. In this system Softmax is used which gets logits data as input and returns probabilities as an 
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output. That probability lies between 0 to 1. It is founded by dividing exponential of the input to sum of all 

exponential to the input. 

Batch normalization normalizes the input layer by adjusting and scaling the data impacted by activation 

function. Normalization is process which enhances of stability of the network by calculating the mean and variance. 

Batch size is directly proportional to the accuracy and reduce in loss and indirectly proportional to time consumed 

to train the model. 

Pooling [7] is strategy to reduce the size of the data in model without changing its feature. Pooling is strategy 

to reduce the size of the data in model without changing its feature. There are two types of pooling they are min 

pooling and max pooling. In min pooling the minimal value in the desired matrix will be chosen. In max pooling 

the maximum value in the desired matrix will be chosen. Here as it need to deal with image and recognize pattern 

with the images max pooling is suitable. So max pooling of 2X2 is chosen. 

Dropout layer is built to avoid overfitting in CNN. When a large dataset is taken and a CNN in meant to build, 

there is high of some amount of data that is irrelevant to be there in such dataset but it has a high potential to affect 

purpose of mislead to a wrong class or prediction. 

Dense layer can also be described as fully connected layer. Dense layer [8] makes the connection between 

nodes from previous layer to next layer and it decides how many nodes from previous nodes need to be connected 

to the next layer and also it describes in which order such nodes need to be connected to one another. 

Categorical cross entropy is the algorithm which is used in order to measure the loss when system needs to be 

prediction output with more than two classes. Instead if the system needs to predict among two values binary cross 

entropy should be used. 

 

Stochastic gradient descent algorithm:  

Gradient decent algorithm [9] is an optimization technique used to optimize the neural network. The primary 

objective of the gradient decent algorithm is not optimizing the code. It needs to be more efficient in predicting the 

desired output. Meanwhile the gradient decent algorithm choses suitable value for all the variants passed. But 

stochastic gradient descent algorithm chooses for every combination of variants passes so only takes more time, 

but it is efficient than the other gradient descent algorithms. 

 

Adam optimizer:  

Adam is an adaptive learning rate optimization algorithm. It is built to determine the mean and variance to 

choose the best. So, it is efficient than the other algorithms.  

 

VI. EXPERIMENTNAL ANALYSIS 

After creating a powerful convolutional neural network of 43 layers and model trained with 24,254 images 

(Angry – 4004, Happy – 7255, Neutral – 4965, sad – 4830, Surprise- 3200), with batch size 32, pixel value of 48 

X 48 and trained 100 epochs the model gains the accuracy of 84.3%. Fig. 2. represents the sample output image of 

the facial expression. The process of constructing the model 80% of data used for training and 20% of data used 

for validation.  
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The system also recognizes the facial expression better than the expectation when it is tested on various human 

classification and various circumstances. This proposed approach is done by Anaconda Platform. Anaconda is an 

opensource software which comes with various development environments such as Jupyter notebook, Jupyter lab 

and Spyder, Which is a best user-friendly software to develop machine learning project in Python and R. The 

following Figure 2 illustrates the detected emotions from the given input face image. 

 

 

 

 

 

 

  

 

 

 

 

 

 

Fig. 2. Resulted Emotion Detection in Face 

The various packages and library files available at anaconda can be installed, updated, and maintained easily. 

 

VII. CONCLUSION AND FUTURE WORK  

The proposed system results to the successful development of facial expression detection with various facial 

expressions such as happy, sad, angry, surprise and neutral with the better accuracy. The results obtained are better 

than the expectation. The system is also fast enough and even giving better result when compared to the existing 

system. So, it will be a better replacement for the existing system. The result obtained from the system can be 

improved by using high quality datasets in increasing the count of images used. Even then the performance is 

directly proportional to the algorithm and the methodology chosen to compile the model. So, model build should 

be lite and good enough to predict the facial expression with high accuracy. 
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Abstract: Healthy pregnancy and safe childbirth is a goal 
of all Indian health care systems. Despite significant 
improvements in recent decades, mothers and their babies 
are still in danger during the prenatal period, which covers 
pregnancy, delivery, and therefore the postpartum. Babies 
born too early are more likely to die than those born at 
term. To enhance prenatal health, we would like the 
proper tools to assess problems and their causes. We 
also got to monitor the health condition of the pregnant 
woman frequently. We have proposed the system using IOT 
which is predicated on maternal health care solution that 
promises to effectively monitor the health of the pregnant 
women in rural India. This technique allows sensing 
various attributes just like the temperature, pulse and 
therefore the vital sign of the mother frequently. The 
readings of the attributes are stored during a cloud. Just 
in case of any abnormal conditions there’s a message 
which is shipped to the hospital, doctor responsible and 
therefore the guardian of the patient. We have also 
used Diffie Hellman Key Exchange algorithm to secure 
transmission of knowledge. 

Keywords:  Arduino, Blood pressure sensor, Health care, 
Heart rate sensor, Internet of Things, Temperature sensor.

I. Introduction

Internet of Things (IoT) is gaining prevalent popularity among 
the research community due to its impending to digitize world 
physical objects around us. IoT has emerged as a result of 
current wireless telecommunication services and ever-present 
presence of the Internet. Wireless sensor networks, RFID tags, 
actuators and various handheld intelligent devices like mobile 
phones, PDAs, Tabs etc. are foremost to the surfacing of IoT. 

According to the present scenario, people like better to consume 
junk foods thanks to working pressure which is unhealthy and 
it results in obesity. Due to technological development and 
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environmental factors, people suffer due to stress which can 
mainly affect the pregnant ladies.

Time and distance are the main factors for pregnant women in 
emergency conditions. As we know that pregnant women they 
living in remote areas and that they probably cannot receive 
immediate treatment during the emergency; because, within 
the remote areas there’s the shortage of medical care providers 
(e.g. Gynecologist, Physician, specialist and nurses etc.) and 
therefore the closing of small healthcare centers are problem 
identified in many remote areas. Hence it’s our duty to resolve 
the health issue of pregnant women. This paper presents 
numerous devices which may be implemented to save lots of 
the lifetime of pregnant women and fetus.

II. Devices Used to Monitor the Health of 
Pregnant Women

IoT makes use of real-world data to get the solution. Similarly 
to get accurate data and treat the pregnant women on time we 
can use IoT. The silly reasons for the mortality rate of pregnant 
women and fetus can be reduced by using the sensors to 
eliminate all this. Some of the much-needed attributes are:

 ∑ Temperature sensor
 ∑ Blood Pressure sensor
 ∑ Blood Glucose sensor
 ∑ Pulse sensor
 ∑ Accelerometer

These sensors measure the parameters and have to be embedded. 
To embed these sensors we are using many devices. In spite of 
embedding the measured parameters must be communicated for 
further precautions to be given. Some of the well-known devices 
which are used to embed are near field communication device, 
ESP8266, CC3200, and Arduino. Arduino is widely used in IoT. 
This paper analyzes the performance of all these devices.
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A. Ultrasound Image

This is a traditional method which is used to see the fetal 
movements in the womb. This can only be done by experts 
and doctors. A sound is passed to the womb which is passed to 
the CPU and the displayed on the monitor. This is stored in a 
disk storage device for future reference. The ultrasound waves 
which are passed to the womb may affect the growth of the 
fetus. Refer Fig. 1.

 

Fig. 1: Block Diagram of Ultrasound Scanning 

B. Near Field Communication (NFC) Device 

This is a device which has inbuilt sensors like the blood 
pressure sensor, blood glucose sensor, heart rate sensor 
collect the data and send it to a database. This can only be 
sent within a short-range range of distance as it uses 
Bluetooth to communicate. It is portable so that in rural 
areas there is no need to set up medical sectors which are 
not used every day. So the doctors, the nurse can use this 
device as it is portable. 

C. Node MCU ESP8266 Wi-Fi Module 

ESP8266 is a Wi-Fi enabled module. It is used for the 
development of IoT embedded applications. To this Wi-Fi 
module, the sensors are connected to collect the data. The 
sensors connected are a temperature sensor, heartbeat 
sensor and mems sensor. These sensors collect data and 
sends it to the cloud through the Wi-Fi module. This 
module helps to increase the communication range. Refer 
Fig. 2. 

 

Fig. 2: Node MCU Board 

D. CC3200  

This CC3200 is the second generation series of the module 
in a microcontroller unit and Wi-Fi network. This module 
is connected to a pulse sensor, temperature sensor, pressure 

sensor. The measured parameters are sent as an analog 
signal to the microcontroller. As the controller consists of 
inbuilt ADC and Wi-Fi module the analog is converted to a 
digital signal which is transferred to the cloud. Refer Fig. 3. 

 
Fig. 3: CC3200 Board 

E. Arduino UNO 

In this the temperature sensor, heart rate sensor, 
accelerometer sensor and blood pressure sensor and 
controlled by the Arduino controller. The data from these 
sensors are being collected and then analyzed by the 
microcontroller and the results are being displayed. It then 
transfers data over the network. The results are viewed on a 
mobile application which is a cloud base IoT platform. 
Refer Fig. 4. 

 

Fig. 4: Arduino UNO 

 

III. RESULT AND DISCUSSIONS 

IoT in the health care sector is more emerging technologies 
these days. Many research fields are based on this type of 
health monitoring system. These devices can handle more 
sensors and can collect the data frequently. This can help to 
save many lives of the people for other purposes also like 
the old age people who cannot walk.Thus, this paper 
introduces a few of the IoT based devices that can be 
applied to a frequent health monitoring system which is 
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III. Result and Discussions

IoT in the health care sector is more emerging technologies 
these days. Many research fields are based on this type of health 
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monitoring system. These devices can handle more sensors and 
can collect the data frequently. This can help to save many lives 
of the people for other purposes also like the old age people who 
cannot walk. Thus, this paper introduces a few of the IoT based 
devices that can be applied to a frequent health monitoring 
system which is portable. The comparison of the above-given 
devices is given below.

Table I: Throughput Representation of Different 
Algorithms

Name of the Device Throughput (%)
Ultrasound scan 58
NFC Device 70
Node MCU ESP8266 75
CC3200 86
Arduino UNO 94

 

From the above Table I, it is evident that the lightweight 
algorithms show a good throughput percentage as well as it 
utilizes the battery more efficiently. Let us view its graphical 
illustration from the below graph.
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Fig. 5: Comparison Graph of Devices Used for Health Monitoring 
of Pregnant Women 

 

IV. CONCLUSION 

Technology and digitizing have been increasing day by day 
in various sectors like communication, health care, 
emergency, factory, supply chain, lifestyle, tourism and a 
lot more. Health care is the rapidly growing sector of IoT. 
In the under developing countries there is more mortality 
rate though the mortality rate of the world has decreased. 
Among these, most are the infant mortality rate. In this 
paper, we have seen many devices which can help the 
mother and the fetus to be healthy and have regular check-
ups when they are not able to go to the hospital frequently. 
We have also studied various methods to monitor the 

health of pregnant women. This can reduce the mortality 
rate in the country. 
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Fig. 5: Comparison Graph of Devices Used for Health 
Monitoring of Pregnant Women

IV. Conclusion

Technology and digitizing have been increasing day by day in 
various sectors like communication, health care, emergency, 
factory, supply chain, lifestyle, tourism and a lot more. 
Health care is the rapidly growing sector of IoT. In the under 
developing countries there is more mortality rate though the 
mortality rate of the world has decreased. Among these, most 
are the infant mortality rate. In this paper, we have seen many 
devices which can help the mother and the fetus to be healthy 
and have regular check-ups when they are not able to go to 
the hospital frequently. We have also studied various methods 
to monitor the health of pregnant women. This can reduce the 
mortality rate in the country.
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Abstract: Present days, individuals over the universe 
are getting progressively delicate to their eating routine. 
Unequal eating routine can cause numerous issues like 
weight gain, heftiness, sugar, and so forth. So various 
frameworks were grown to break down food pictures to 
compute calorie, sustenance level and so on. Food is one 
of the most significant necessities of each living being 
on earth. The individuals require their food to be new, 
unadulterated and of standard quality. The measures 
forced and computerization completed in food preparing 
industry deals with food quality. Presently a day, 
individuals over the universe are getting progressively 
delicate to their eating regimen. Weight is the significant 
reason for overweight this prompts the sort II diabetes, 
coronary illness and malignant growth. Estimating the food 
is significant for a fruitful solid eating regimen. Estimating 
calorie and sustenance in everyday food is one of the test 
techniques. Cell phone assumes a crucial job in the present 
innovative world utilizing this strategy will upgrade the 
issue in the admission of dietary utilization. In this venture, 
a food picture acknowledgement framework for estimating 
the calorie and sustenance esteem was created .the client 
needs to snap the photo of the food picture this framework 
will arrange the picture to recognize the kind of food and 
segment size and the acknowledgement data will gauge the 
quantity of calories in the food. In this framework the food 
region, size and volume will be utilized to figure the calorie 
and nourishment in an exact manner. 
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I. Introduction 

In Image Processing, picture handling and scientific activities 
move hand in hand. Handling a picture is either an image or 
a video of a picture or it is a group of attributes or parameters 
which are identified along with the picture. Many states of art 
picture handling methods exist which treats picture as two 
dimensional or three-dimensional sign.  Optical and simple 
picture preparing approaches also exists. Computers are 
used for picture investigation, but it requires a large amount 
of information and complex calculations. The human visual 
cortex is considered as the phenomenal technique for picture 
examination contraption. Advanced techniques in picture 
preparation focus on edge identifiers and neural systems using 
the human visual observation approaches. This serves as the 
first step in picture preparation. The next important conceptual 
step is the picture obtaining stage which includes preprocessing, 
scaling and the other similar measures.

Picture improvement is a very important aspect in computerized 
picture preparation. Wavelet establishment is very useful to 
highlight the certain features of the picture to highlight the 
different degrees of goals. Portrayal and depiction of shapes 
of every picture is very important in social. Mostly heap of 
pictures when used in medical imaging can be used to make 3D 
recreations with the help of many algorithms and calculations 
found in 3D Image processing. The division is the most 
significant part of picture preparation. Fence off a whole picture 
into a few sections which is something increasingly significant 
and simpler for an additional procedure. These few sections 
that are rejoined will cover the whole picture. The division 
may likewise rely upon different highlights that are contained 
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in the picture. The aftereffect of picture division is a lot of 
fragments that by and large spread the whole picture or a lot of 
shapes extracted from the picture. Many picture improvement 
methods focus on the important features of the picture which 
is to be brought into the light and highlighted to preserve the 
enthusiasm of the picture.

Before denoising a picture, it is divided to recoup the first 
picture. The principle witticism of division is to diminish the 
data for simple examination. The division is likewise helpful in 
Image Analysis and Image Compression.

Nowadays programmed food acknowledgement is gaining 
significant interest among researchers on account of better 
dietary evaluation devices. The main focus of such type of 
frameworks is to empower each individual of their likings 
to comprehend the nourishing substance of their diet and to 
assist the clinical experts in understanding their patients’ target 
proportions of food consumption.

Food acknowledgement is very difficult and troublesome in 
light of the fact that food things are deformable articles that 
show noteworthy varieties in appearance. We accept the way 
to perceiving food is to abuse the spatial connections between 
various fixings, (for example, meat and bread in a sandwich). 
We propose another portrayal for food things that figures 
pairwise measurements between neighbourhood highlights 
processed over a delicate pixel-level division of the picture into 
eight fixing types. We aggregate these insights into a multi-
dimensional histogram, which is then utilized as an element 
vector for a discriminative classifier. Our analyses show that 
the proposed portrayal is altogether more precise at recognizing 
food than existing strategies.

Researchers also acknowledge the general agreement that most 
individuals love food. Because of the incredible dissemination 
of minimal effort picture procurement gadgets (e.g., cell 
phones), the food is these days one of the most captured objects; 
the quantity of food pictures on the web is expanding and 
novel informal communities for food darlings are increasingly 
mainstream.

However, the order of the food pictures is fascinating but 
there are many issues in testing and there seems to be a high 
fluctuation of the picture content which makes the undertaking 
hard in many of the state-of-art grouping techniques. The order 
of the picture portrayal is a significant job but many of the 
grouping techniques have not highlighted the picture surface 
in the application space. The proposed work gives attention to 
the surface highlights which is very significant and crucial to 
perceive diverse food things. (BoW) a sack of visual model is 
used. A collection of scale-invariant channels and Textons are 
worked for every food class. The scholarly class-based Textons 
are worked for every food class. These Textons are gathered is a 
solitary visual word reference. The Food pictures are treated as 
visual words conveyances (Bag of Textons) and Support Vector 
Machine is utilized for the grouping stage.

II. Methodology

A. Existing System

Programmed food distinguishing proof and calorie estimation 
become a significant issue in the most recent couple of years in 
light of the negative effect of weight on our wellbeing. Heftiness 
may cause cardiovascular sicknesses, diabetes mellitus type 2, 
obstructive rest apnea, malignancy, osteoarthritis, asthma, and 
so on. Scientists said that shoddy nourishments and prepared 
nourishments are answerable for expanding the youth weight. 
Eating additional calories can hurt the sound creation and work 
of the neural connections of our cerebrum. Singed chicken, 
pizza, burger, and so on are favourite inexpensive food for both 
youngsters and grown-ups. Individuals regularly purchase these 
unhealthy nourishments to control their craving particularly 
when they are occupied and unfit to take as much time as is 
needed. The present individuals are progressively cognizant 
about their medical problems and attempt to keep up a solid 
eating routine. Because of the accessibility of advanced cell 
and PC helped object acknowledgement strategies become 
increasingly mainstream for dietary appraisal.

Even though the recognizable proof of food and estimation 
of its calorie is an exceptionally testing task yet numerous 
powerful advances as of now have taken in this respect. We 
additionally propose a simple however increasingly compelling 
calorie estimation strategy that causes individuals to distinguish 
the measure of low-quality nourishment and snacks they can 
allow just as to choose whether the food is unsafe or not useful 
for their health. A self-loader framework was proposed which 
measure the caloric from food consumption. The framework 
uses a nourishment table for better outcomes. Manual 
methodology expected to set up the eating routine graph for 
each food. Specialists are expected to set up the eating regimen 
table for specific patients (Diabetic patients). In the existing 
state of art framework, pictures are usually captured using a 
cell phone followed by a preprocessing and pre handling step. 
In the division step, each picture is broken down into separate 
fragments which depict different fragments of the food divide. 
Suitable picture division approaches which concentrate on the 
picture shading and surface dividing apparatuses is said to play 
a vital role in this step.
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B. Proposed System

Despite the fact that the recognizable proof of food and 
estimation of its calorie is an exceptionally testing task yet 
numerous powerful advances as of now have taken in this 
respect. We additionally propose a simple however increasingly 
compelling calorie estimation strategy that causes individuals 
to distinguish the measure of low-quality nourishment 
and snacks they can allow just as to choose whether the 
food is unsafe or not useful for their health. A self-loader 
framework was proposed which measure the caloric from food 
consumption. The framework uses a nourishment table for 
better outcomes. Manual methodology expected to set up the 
eating routine graph for each food. Specialists are expected to 
set up the eating regimen table for specific patients (Diabetic 
patients). The existing framework, allows the clients to take the 
pictures using mobile phones. Then the pictures undergo the 
pre handling step. The pictures are broken down into different 
fragments of food divide in the division step with the help of a 
good picture division instrument. A picture division instrument 
is very important to process the picture correctly. Thus the 
shading and surface division instruments play a vital role. The 
acquisition of every test picture is its anticipated mid-level trait 
portrayal, anticipated elevated level semantic portrayal and 
profound visual highlights. MSMVFA is used to combine all 
these various sorts of highlights into the final portrayal. These 
collected highlights are classified using a classifier to produce 
the anticipated outcomes. CNN based approaches along with 
sigmoid layer are used with food acknowledgement techniques. 
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Various kinds of highlights work better at various scales. For 
the model, we likely concentrate increasingly discriminative 

midlevel fixing highlights at littler scopes. Also, numerous 
sorts of food pictures have no unmistakable spatial game plan. 
Intertwining on different scales for each kind of highlight is 
likewise one approach to bypass this issue. Besides, different 
multi-scale combination techniques have been proposed, 
and have been checked as one successful path for powerful 
element portrayal in numerous errands, for example, scene 
acknowledgement, picture recovery, and picture rebuilding. 
For each kind of highlights, we can receive multi-scale CNNs 
to remove highlights for each scale, and afterwards meld 
highlights from various sorts into brought together portrayal. 
For each scale, we take the multi-mark fixing data as directed 
data to separate the middle of the road quality highlights.
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In this module, we can prepare and test the pictures for food 
calorie calculation. First, transfer the pictures for training after 
that transfer the picture for testing to get the calorie data. In 
this module, execute dark scale transformation to change over 
the RGB picture into dim values. After actualize commotion 
sifting to wipe out the clamor in transferred images. Median 
separating can be utilized to wipe out the clamor in images. 
Image highlights are sorted into two kinds, for example, low-
level highlights and significant level features. Use the low-
level highlights to remove the food shading, shape, and surface 
values. These highlights are utilized to prepare the food with 
name and include calorie subtleties, for example, vitality, fat, 
etc. In this module actualize AI way to deal with perceiving 
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food.CNN calculation can be utilized to arrange includes and 
named as food name. After food acknowledgement, naturally, 
extricate the data about calories.

IV. Datasets

Three datasets which have enormous scope are used in order to 
assess the presence of MSMVFA.

B. ETH Food-101

This dataset contains 101,000 pictures with 101 categories. 
Each class contains 1000 pictures which include 750 preparing 
pictures and 250 test pictures.

C. VireoFood-172

This consists of 10,241 food pictures from 172 classifications 
with 353 fixings. In this dataset, 60 percent of pictures are 
haphazardly chosen for preparing 10 percent of approval and 
30 percent for testing for every food category.

D. ChineseFoodNet

It consists of 208 Chinese food classifications with 185,628 
pictures. The complete dataset is a part of 145,065,20,253 and 
20,310 pictures for preparation, approval and testing. In this 
dataset, 20 percent is used as approval set and 80 percent is 
used as a test set. This data set does not provide related fixing 
data. This dataset and VireoFood-172 have dataset taken from 
Chinese cooking. Hence these two datasets have covered food 
classification.

V. Implementation Details

The well CNN structures used in this implementation are VGG, 
ResNet, and DenseNet. There are considered to be fundamental 
and well known CNN structures at present. The learning pace 
of VGG-16 is set to 0.0001 while the learning pace of both 
ResNet-152 and DenseNet-161 is set to 0.001 initially. They 
are partitioned by 10 after 10 ages on both class system and 
fixing system. The group size of VGG-16, ResNet-152, and 
DenseNet-161 is 48, 8, and 8, individually. The preparation ages 
are 30 for each system. For VireoFood-172 and ChineseFoodNet.  
For profound visual highlights, we extricate 4096-dimensional 
initiations from the FC7 layer of VGG-16, 2048-dimensional 
actuations from the ResNet-152, 2208-dimensional enactments 
from the DenseNet-161. We separate elevated level semantic 
highlights at the classification expectation layer from the class.

Execution Analysis on ETH Food-101

In this subsection, we first direct the presentation examination 
include combination from various scales, and afterwards the 

exhibition correlation on multi-see highlight aggregation. 
Finally, we give the examination with the best in class.

Performance Comparison on Multi-View Feature Fusion

In our analysis, three kinds of highlights, namely deep visual 
highlights, mid-level characteristic highlights, and significant 
level semantic highlights are the exploratory outcomes from 
various mixes of various sorts of highlights, where F1 indicates 
profound visual highlights with multi-scale mean mid-level 
trait highlights an elevated level semantic highlights with 
multi-scale combination, separately. Considering various kinds 
of highlights are in various scope of qualities, we initially 
standardize each sort of highlights and afterwards link them. In 
our analysis, each kind of highlight is standardized to the [0, 1] 
interim, at that point normalized utilizing a z-score strategy. We 
can see that: 
 (1) The exhibition of the mix among a few kinds of highlights 

is commonly higher than a single sort based technique for 
each of the three systems. Linking every one of the three 
kinds of highlights gives the best execution over any 
subset for each of the three sorts of systems in both Top-
1 and Top-5 exactness. We can infer that the highlights 
from various sorts portray food from various viewpoints, 
and are consequently correlative.

 (2) The exhibition of definite highlights utilizing a two-level 
combination is better than ones through a multi-scale 
combination for each of the three kinds of systems. This 
confirms MSMVFA can get increasingly acceptable 
outcomes through a two-level combination.

 (3) When utilizing general ResNet, MSMVFA (ResNet) 
has better execution than WISeR in Top-1 exactness. 
While embracing the DenseNet arrange, MSMVFA 
accomplished the best execution in Top-1 precision and 
can improve the Top-1 execution of Wise intended for food 
acknowledgement by 0.3%. Albeit negligible, MSMVFA 
accomplishes the best in class food acknowledgement 
execution of Top-1 precision. This again confirms the 
adequacy of MSMVFA. 

VI. Conclusion and Future Work

The proposed work is an estimation approach which gauges 
the measure of calories from a food picture by estimating 
the food divides from the picture. The proposed work 
utilizes dietary realities tables which helps in quantifying 
the measure of calories and nourishment in the food. In the 
future, we can stretch out the structure to actualize different 
calculations to improve the precision of the framework in food 
acknowledgement. Furthermore, we can stretch out our plan to 
the issue of numerous things in a single food picture
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Abstract 
 

        Opinion Analysis is a significant component in Artificial Intelligence. Regular 
Language Processing (NLP) is a field of Artificial Intelligence that manages understanding and 

improving the associations among people and machines. One of the significant components of 

NLP is Sentiment Analysis. As the name proposes, it incorporates separating the hidden 

supposition of a given word, sentence, passage or even enormous segment of text, for example, 
an article. Like human correspondence, much of the time slant grouping is done into two classes: 

positive and negative, or at times into three classes with an extra impartial class. With the 

appearance of web innovation, client produced printed surveys are getting progressively 
amassed on numerous web based business sites. These audits contain not just the client remarks 

on various parts of the items yet additionally the client assumptions related with the viewpoints. 

Composed client survey is a rich wellspring of data that can offer bits of knowledge into the 

recommender framework. Notwithstanding, managing the client input in text design, as 
unstructured information, is testing. In this exploration, we remove those highlights from client 

surveys and use them for likeness assessment of the clients and at last in suggestion age. In this 

task, we proposed a profound neural system way to deal with join client audits in creating 
recommender frameworks. 

 

 

1. INTRODUCTION 

 

An ongoing study found that 40% of shoppers structure an assessment about an item 

by perusing only one to three surveys .Whether it is a film, vehicle, café or a versatile, 
individuals wish to comprehend what others are stating! As per Reevoo details, surveys 

produce a normal 18% inspire in deals. In all actuality, brands, have a ton to pick up from 

positive surveys and much more to lose from negative audits.  
 

On the off chance that you have only 1 to 10 item surveys on every item, the best and least 

demanding route is to just understand them. However, imagine a scenario where, the number 
increments to 10,000. This is the place Sentiment Analysis will act the hero.  

 

Slant Analysis for online item audits can give bits of knowledge that can:  

 
1. Improve item includes  

2. Increase transformation rate  

3. Improve client assistance  
4. Improve item correspondence and other promoting techniques.  

 

was referenced previously. This investigation type is otherwise called assessment mining (with 

an attention on extraction) or emotional rating. A few authorities utilize the terms slant 
arrangement and extraction also. Notwithstanding the name, the objective of assessment 
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examination is the equivalent: to know a client or crowd feeling on an objective item by 
investigating a tremendous measure of text from different sources.  

 

You can investigate text on various degrees of detail, and the detail level relies upon 

your objectives. For instance, you may characterize a normal enthusiastic tone of a gathering of 
surveys to recognize what level of clients preferred your new garments assortment. In the event 

that you have to comprehend what guests like or aversion about a particular piece of clothing and 

why, or whether they contrast it and comparative things by different brands, you‟ll need to break 
down each survey sentence with an attention on explicit viewpoints and use or explicit 

watchwords.  

 
Contingent upon the scale, two investigation types can be utilized: coarse-grained and 

fine-grained. Coarse-grained examination considers characterizing a conclusion on a record or 

sentence level. Furthermore, with fine-grained examination, you can separate an assumption in 

every one of the sentence parts. Coarse-grained notion examination: investigating entire 
posts/surveys or sentences. This investigation type is done on archive and sentence levels. Truth 

be told, most authorities use it to investigate sentences as opposed to entire reports. Coarse-

grained SA involves two reasonable undertakings: subjectivity characterization and assessment 
recognition and grouping.  

 

2. METHODOLOGY  
 

Subjectivity order  

 

 To begin with, it‟s important to decide if a sentence is objective or abstract. A target 
sentence contains a few realities about an item or subject: Three outsiders are brought together by 

bewildering happenstance in the wake of being brought into the world indistinguishable triplets, 

isolated during childbirth, and received by three unique families. An abstract sentence, as the 
name proposes, communicates someone‟s disposition with respect to a subject: This condo is 

brilliant. I appreciate each moment I spend in here.  

 

Notion area and request. The goal of this movement is to portray whether a sentence has 
an opinion or not and in the event that it does, to decide if the feeling is good, negative, or 

unbiased. 

 

Objective 

 

The primary target of this venture is to propose a Assessment aware Deep Recommender 
System by  fusing theme model into a profound learning technique to adequately catch area 

explicit parts of the item and   the corresponding user sentiments using neural attention 

component.  

 

Assessment Analysis  

 

Assessment investigation is a kind of text research otherwise known as mining. It applies
 a mix of statistics, natural  language processing (NLP), and 

machine learning to identify and remove abstract data from text records, for example, 

a reviewer’s feelings, thoughts, judgments, or assessment’s about a specific subject, 
occasion, or an organization and its exercises  

At times individuals share their perspectives without feelings. For example, the creator 

of the sentence I think everybody merits another opportunity communicates their emotional 

assessment. Nonetheless, it‟s difficult to see how precisely the essayist feels about everybody. 
Along these lines, the sentence doesn‟t express a conclusion and is impartial. Nonpartisan 
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sentences – the ones that need assessment –  have a place with an independent classification that 
ought not be considered as something in the middle.  

 

Let‟s see this remark: One of the most astounding and fulfilling films of the year. As per 

the expression, the analyst delighted in the film, so this sentence contains a positive assessment.  
 

What's more, the accompanying audit is an away from of an abstract sentence with 

negative assessment: The way that it‟s additionally cumbersomely made and overflowing with 
fair exhibitions appears nearly irrelevant with regards to how inconsequential this thing is in any 

case.  

 
In any case, target sentences can likewise communicate a feeling: I purchased this 

waterproof camera case in light of the fact that it‟s intended to be more dependable than a 

standard one. It‟s clear from the setting that the case wasn‟t what the individual anticipated. The 

sentence has a negative assessment, however it‟s communicated verifiably.  
 

Slant doesn‟t rely upon subjectivity or objectivity, which can convolute the 

investigation. However, we despite everything need to recognize sentences with communicated 
feelings, assessments, or perspectives from those that don‟t contain them to increase significant 

bits of knowledge from criticism information.  

 
Fine-grained notion examination: breaking down sentence by parts The overlooked 

details are the main problem, as is commonly said. In the event that you need more exact 

outcomes, you can utilize fine-grained examination.  

 
You apply fine-grained investigation on a sub-sentence level and it is intended to 

recognize an objective (subject) of a supposition. A sentence is broken into expressions or 

conditions, and each part is investigated in an association with others. Basically, you can 
distinguish who discusses an item and what precisely an individual discussions about in their 

input.  

 

Moreover, it comprehends why an author assesses it with a particular goal in mind. The 
fine-grained investigation is helpful, for instance, for preparing similar articulations (for example 

Samsung is route better than iPhone) or short web-based media posts.  

 
In addition to the fact that it allows you to see how individuals assess your item or 

administration, it likewise distinguishes which highlight or viewpoint they examine: A touchpad 

on my PC quit working following 4 months of utilization. Along these lines, you know precisely 
what must be improved or reexamined.The ability to characterize conclusion power is another 

favorable position of fine-grained examination. Notwithstanding three opinion scores (negative, 

unbiased, and positive), you can utilize extremely certain and negative classifications. 

 

Features of Sentimental Analysis 

 

      Opinions rely on a specific scope of estimations of highlights like bi-grams and furthermore 
tri-grams with their polarities and furthermore on their blends [8, 9]. Their persuasions are 

iterative and delayed in nature. So for proceeding with the work on the neural network‟s 

shrouded layer, a part work is being utilized which assesses the presence of class name. The 
restrictive conditions in between the different edges and hubs of a non-cyclic chart are 

executed with the guide of „Bayesian networks‟, which aid the blackmail of information at 

the logical level. For the best SA of passages and sentences, „Hidden Markov model‟ [10-

12,43-48] is utilized. The advancement of words along with sentences brings quicker 
realizing which upgrades information precision for web-based media. Information 

tokenization at word root levels helps to make positive and negative aspects of information. 
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Each one of those methodologies are working more diligently to reduce the mistakes in OM 
and SA to accomplish a superior degree of information exactness for online media [13].  

 

AI Approach  

 
     ML is the most extreme noticeable strategy picking up the consideration of analysts inferable 

from its precision and versatility [18]. In SA, generally the administered learning 

options of this strategy are utilized. It incorporates 4 phases: I) Data assortment, ii) Pre-
handling, iii) Training information, iv) Classification just as plotting results. Various labeled 

corpora are proffered on the preparation information. The Classifier introduced various 

element vectors from the previous information. A model is fabricated focused upon the 
preparation informational collection which is executed over the new/concealed content for 

characterization. In the ML strategy, the key for classifier exactness is the determination of 

relevant highlights. Regularly, I) unigrams (single word phrases), ii) bi-grams (two 

progressive expressions), iii) tri-grams (three progressive expressions) are picked as highlight 
vectors. There are different proposed highlights like) various negative words and positive 

words, b) the length of the report, c) SVM (Support Vector Machines), and d) NB calculation 

(Naïve Bayes) [19-22]. Precision contrasts from 63% to 80% depending on the mix of picked 
highlights. Fig.2 outlines the working of a ML approach.  

 

Dictionary based Approach  
 

This method is guided by the use of a word reference containing pre-labeled dictionaries. The 

info text is changed to tokens by using the Tokenizer. All recently showing up tokens are then 

coordinated for the vocabulary in the word reference. In the event that a positive match is 
experienced, the score gets added to the all out pool of a score for the inputted text for 

example on the off chance that „dramatic‟ is decidedly coordinated in the word reference, at 

that point increase this text‟s absolute score else decrement or label that word as negative. 
Yet, this strategy is beginner in nature, its variations are set up to be important.  

 

Profound Learning  

 
ML innovation controls a few parts of current network for example as of web look, content 

separating in informal organizations to recommendations in internet business sites, 

furthermore, it exists progressively on buyer items like cell phones and cameras. ML 
frameworks are used to I) perceive objects in pictures, ii) coordinate news stories, iii) 

interpret discourse to message, iv) items or posts with consumer‟s interests, and v) pick 

appropriate consequences of a hunt. These applications misuse a class of strategies named 
DL. DL is a portrayal learning procedure with multi-leveled portrayal, accomplished by 

forming more straightforward however non-direct (NL) modules where each changes the 

portrayal in one level (starting from the crude contribution) to a portrayal in a higher 

theoretical level. With the accumulation of such sufficient changes, astoundingly complex 
capacities are found out. DL includes solo learning along with administered learning.  

 

Nostalgic Analysis with Deep Learning  
 

As of late, DL calculations conveyed amazing execution in NLP applications enveloping SA 

over various datasets. Such models don‟t need any pre-characterized highlights which are 
hand-picked by an architect, yet they could learn advanced highlights as of the dataset 

without anyone else. Albeit each and every unit in these Neural Networks (NN) is genuinely 

basic, by methods for stacking layers of NL units at the rear of each other, those models are 

equipped to adapt profoundly modern choice limits. Words are meant in a high-measurement 
vector space, and the element coercion is left to the NN. As a result, those models could plan 

words with indistinguishable syntactic just as semantic properties to nearby areas in their 
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arrange framework, in a way which is suggestive of grasping the words‟ meaning. Models 
like RNNs are additionally capable to successfully grasp the sentences‟ structure. These make 

DL models the best fit for undertakings like SA. that has a place with specific class. It is the 

probabilistic calculation which ascertains the likelihood of each word in the content/sentence 

and the word with most noteworthy likelihood is considered as yield. Entropy classification 
and support vector machines SVM-Based Supervised Classification. The second strategy we 

can use for preparing reasons for existing is known as Support Vector Machine (SVM) 

characterization. SVM is a kind of AI calculation got from factual learning hypothesis. A 
property of SVM order is the capacity to gain from an exceptionally little example set.  

 

Perspective based division model  
 

ABSA (perspective based assumption investigation) task is worried about recognizing the parts 

of given objective substances and assessing the feeling extremity for each referenced 

viewpoint. The perspective situation can be disintegrated into two assignments: angle 
extraction and viewpoint slant order. The undertaking of viewpoint extraction is to perceive 

parts of the substance and all the more by and large can be viewed as a data extraction task. 

The fundamental methodology is finding successive things and thing phrases.  

 

Weaknesses  

 
1. Misclassification rate  

 

2. Assigned an impartial score on the grounds that the strategy neglects to identify any 

assumption  
 

3. Applied on surveys written in different dialects than English.  

 
4. Only normal execution in straightforward perspective appraisals  

 

5. Time expending task.  

 

3. EXISTING SYSTEM  

 

Text-Based Supervised Sentiment Classification  

 

  The standard of the examination in printed slant arrangement concentrated on administered 

and solo learning assignments. Semi-stacking way to deal with semi administered notion 
arrangement. Semi-stacking is the meta-classifier gained from the meta-learning measure, i.e., 

meta c . This classifier plans to improve an expectation on the unlabeled examples by 

consolidating two diverse likelihood results from the two part calculations Guileless Bayes 

Classification Guileless Bayes classifier is one of the administered order strategies which 
characterizes the content/sentence.  

 

4. PROPOSED SYSTEM  

 

      We propose a Capsule based Hybrid Model for slant order as shown in the Fig.1 below. It 

comprises of five modules: Semantic Representation Module, Word Attention Module, 
Capsule Module, Feature Extraction Module and Classification Module.  
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Fig.1. Engineering of the proposed framework 

 

DCNN Classifier  

 

      DCNN is a profound neural system with concealed layers having separating (convolution) 
and pooling capacity to learn designs in the information. The pooling capacity decreases the 

element of the information layer by separating greatest and least qualities inside receptacles 

(district of intrigue). CNN naïvely accept that the layers are free of one another.  

 

Recommender System  

 

Profound Recommender System by consolidating subject model  into a profound learning  
technique to successfully catch area explicit parts of the item and the corresponding user 

sentiments using neural attention mechanism. 

 
 

Advantages 

1.Simpler, efficient and takes lesser convergence time 

2.Proposed a sentiment classification technique that uses both the supervised deep neural 
network and unsupervised probabilistic generative model. 

3.Convolutional neural network (CNN) is good at capturing local patterns and plays an important 

role in NLP. 
4.The performance is evaluated on two short text review datasets. 

5.achieve better performance 

6.Recommendation System 
 

5. IMPLEMENTATION 
 

Sentiment Analysis GUI 
 

In this module we developed the web application for sentiment analytics on amazon product 

review data. It focuses on keyword searches and analyzes reviews according to a two-pole scale 
(positive and negative). 
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Training Phase 
 

We used product review data from Kaggle. The dataset in consisted of two labels, positive and 

negative, while was composed of three labels of positive, neutral, and negative. Furthermore, the 

dataset in was composed of five labels of positive, somewhat positive, neutral, somewhat 
negative, and negative. 

 

Testing Phase 
 

In this module, user login and give reviews about the product and also search the product based 

on the search the user gets best recommended products. 
 

 Pre-processing 

 

In this module Preprocessing was carried out to modify the text data appropriately in the 
experiment. We used decapitalization and did not mark the start and end of the sentences. The 

system deleted #, two or more spaces, tabs, Retweets (RT), and stop words.The application also 

changed the text that represented the url that began with “http” to [URL] and the text that 
represented the account ID that began with “@” to [NAME].In addition, then changed digits to 

[NUM], and special characters to [SPE]. The system changed “can‟t” and “isn‟t” to “cannot” 

and “is not”, respectively, since “not” is important in sentiment analysis.  
 

Feature Extraction 

 

Convolutional Neural Network (CNN) is a special kind of deep neural network model. We 
design a double-layer parallel convolutional neural network to extract and represent the short text 

features. 

 

6.CONVOLUTION LAYER FOR FEATURE EXTRACTION 

 

The purpose of convolution layer is to extract semantic features of the sentence, each convolution 

kernel corresponds to a certain part of feature and the feature mappings can be obtained after 
convolution operation. 

 

 K-MAX POOLING LAYER FOR FEATURE DIMENSION REDUCTION 
 

Features extracted by the convolution layer are transmitted to the pooling layer which will further 

aggregate and simplify the feature representation. K-Max pooling is adopted to select the top-K 
value of each filter to represent the semantic information. The larger the feature value, the greater 

the emotional strength. 

 

Classification 
 

The feature matrix extracted by CNN model or the semantic matrix extracted by Capsule is input 

into a dropout layer to prevent the over-fitting problem. During the training process, some 
neurons which are selected randomly in the hidden layer do not work, but they are still retained 

for the next input sample. The other neurons participate in the process of computation and 

connection. The vector matrix is input into a full connection layer for dimension reduction. 
Finally, the probability distribution of the sentiment category is computed by softmax activation 

function y D soft max(x). Then the classified results is stored to database as a csv file format 

 

Prediction 
In this module matrix factorization is used to predict the ratings. 
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Recommendations 
This module uses sentiment-aware deep recommender system with neural attention network 

(SDRA), which can capture both the aspects of products and the underlying user sentiments 

associated with the aspects and recommend the product to the user 

Performance Analysis 
 

In the module experiments were performed on a dataset obtained by extracting product reviews 

from Amazon.com. Considering reviews of one product at a time sentiment of the reviews were 
classified into four categories namely True positive, False positive, True negative, False 

negative. The Table below is the comparison of the different execution times performed on 

different datasets: 
 

Datasets Naïve 

Bayes 

Logistic 

Regression 

Decision 

Tree 

Linear 

SVC 

DCNN 

1 0.0263 0.0698 0.0368 0.0254 0.0199 

2 0.0662 0.0551 0.0556 0.0543 0.0530 

3 0.0807 0.07022 0.1129 0.07233 0.0713 

4 0.1913 0.1188 0.1917 0.0972 0.0943 

 

Table 1:  Tabular representation of executing time(s) for 

testing dataset by different classifiers 

7. CONCLUSION AND FUTURE WORK 

 

Opinion Analysis is a NLP errand to distinguish a specific item audit to be positive or 
negative. Neural systems and profound learning are getting famous in understanding practically 

any AI characterization issue. In this paper, we have proposed a model for supposition 

investigation of item surveys utilizing word2vec and CNN. Google's pre-prepared word2vec 
model is utilized to change over the content to word embeddings. CNN in this model is executed 

utilizing the open source profound learning structures Keras and Tensor stream. Our examination 

results show that the proposed approach has better precision contrasted with the current 

conventional AI models. Likewise, the precision of the model increments with a considerable 
increment in the size of the dataset. 
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Abstract 

      There are a few unique kinds of traffic signs like speed restricts, no access, traffic lights, turn left or 

right, youngsters crossing, no going of substantial vehicles, and so forth. Traffic signs order is the way 

toward recognizing which class a traffic sign has a place with. You more likely than not found out about 

oneself driving vehicles in which the traveller can completely rely upon the vehicle for voyaging. Yet, to 
accomplish level 5 self-sufficient, it is vital for vehicles to comprehend and adhere to all traffic rules. In the 

realm of Artificial Intelligence and progression in advancements, numerous specialists and huge 

organizations like Tesla, Uber, Google, Mercedes-Benz, Toyota, Ford, Audi, and so on are taking a shot at 
self-governing vehicles and self-driving vehicles. Along these lines, for accomplishing precision in this 

innovation, the vehicles ought to have the option to decipher traffic signs and settle on choices likewise. 

The exact acknowledgment rate and normal preparing time are particularly improved. This improvement 

is critical to diminish the mishap rate and upgrade the street traffic wellbeing circumstance, giving a solid 

specialized assurance to the consistent advancement of astute vehicle driving help.       

Keywords: Traffic signs, CNN, YCbCr Model, Numpy, Keras model 

1. INTRODUCTION 

    Each individual, regardless of whether a traveller, driver, walker would have seen along the side of the 

road different sign board that fill significant needs. These significant street gear help us as course aides, 

admonitions and traffic controllers. As control gadgets for traffic, signs need complete consideration, regard 
and suitable driver's reaction. With the approach of mechanized traffic and its expanding pressure on street, 

many have received pictorial signs and normalized their signs to encourage global travel, where language 

contrasts would make hindrances. In unfavourable rush hour gridlock conditions, the driver may not see 

traffic signs, which may cause mishaps. In such situations, programmed street sign recognition becomes 
effective. 

The fundamental goal of proposed framework is to recognize the street sign naturally while driving and 

controls the speed or makes the go as indicated by that Road sign. Street sign acknowledgment is utilized 

to caution the occupied driver, and forestall his/her activities that can lead a mishap. The objective is to 

maintain a strategic distance from mishaps by both manual and robotization measure in which all the 
activities will be performed dependent on the identified Road signs. A continuous programmed speed sign 

discovery and acknowledgment can support the driver, essentially expanding his/her wellbeing. To evade 

mishaps and gridlock street signs are commonly positioned close to bended zones, emergency clinic zones, 
school zones and so forth. Driver needs to see the street signs and control the speed or makes the go as per 

it. Because of different issues, drivers are less mindful to street signs which lead to mishaps. In Existing 
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System, a thought is proposed to dodge mishaps in which street signs are perceived consequently by web 
camera utilizing Image handling strategies and Raspberry Pi3. 

In our cutting edge age, around 1.3M individuals kick the bucket on streets every year. This number would 
be a lot higher without our street signs. Normally, self-ruling vehicles should likewise maintain street 

enactment and in this way perceive and comprehend traffic signs. Traffic sign grouping is the cycle of 

consequently perceiving traffic signs along the street, including speed limit signs, caution signs, blend signs, 
and so on. Having the option to consequently perceive traffic signs empowers us to fabricate "more brilliant 

cars". Self-driving vehicles need traffic sign acknowledgment so as to appropriately parse and comprehend 

the street. Additionally, "driver alert" frameworks inside vehicles need to comprehend the street around 

them to help and secure drivers. Traffic sign acknowledgment is only one of the issues that PC vision and 
profound learning can comprehend.  

The Road Signs we were around us date long back ever. The most punctual street signs were achievements, 

provide separation or guidance. In the medieval times, multidirectional signs at crossing points got normal, 

offering bearings to urban areas and towns. With the approach of mechanized traffic and its expanding 

pressure on street, many have embraced pictorial signs and normalized their signs to encourage worldwide 
travel, where language contrasts would make hindrances. All in all it is utilized to assist improve with 

dealing security through proper alert, guideline and informatory signs. The greater parts of them use images 
instead of words and have universal acknowledgment and acknowledgment. 

2. RELATED WORK 

      Traffic sign identification and acknowledgment are essential in the advancement of astute vehicles, 

which legitimately influences the usage of driving practices. Brilliant vehicles utilize a vehicle-mounted 
camera to get genuine and compelling street traffic data; they can likewise perceive and comprehend traffic 

signs continuously in the real street scenes to give right order yield and great movement control for shrewd 

vehicles, which can surprisingly improve the productivity and security of programmed driving [1-2]. 

Thusly, leading a top to bottom examination on it is important.  

The traffic sign acknowledgment measure by and large incorporates two phases: traffic sign 
discovery and acknowledgment. Notwithstanding, in the day by day common conditions, the progressions 

of light, the mind boggling foundations and the maturing of signs have caused numerous troubles in 

precisely recognizing rush hour gridlock signs. With the fast increment in PC running pace, numerous 
specialists and researchers have concentrated on the traffic sign acknowledgment measure, which is 

basically separated into traffic sign discovery and acknowledgment innovations [3-4].  

Traffic sign identification innovation is mostly founded on characteristic data, for example, 

shading, shape and surface highlights of traffic signs, and precisely removes traffic sign competitor 

territories from the genuine street scenes. Wang et al. [5] proposed a red bitmap strategy to identify traffic 
signs. Initially, shading division of the distinguished pictures is performed, and afterward shape location of 

the area of intrigue (ROI) in view of edge data is directed. This strategy accomplished great discovery 

results yet was just appropriate to red round traffic signs, which had a few constraints. 

Hechri et al. [6] utilized the layout coordinating strategy to coordinate the traffic signs. By setting 
the sliding window of a similar size as the traffic signs, the pointless pieces of non-traffic signs in the current 

street scenes were eliminated. Be that as it may, a few signs had various shapes and estimates, and the street 

traffic condition was perplexing and alterable; accordingly, the on-going presentation of this strategy was 

poor.  
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Lillo-Castellano et al. [7] received the shading division strategy that joins HIS and LAB shading 
spaces to empower identification of dark, white and bright traffic signs. Xiao et al. [8] proposed a traffic 

sign location strategy consolidating HOG highlights and Boolean convolutional neural systems. This 

strategy can wipe out the mistake identification zones of up-and-comer areas and accomplish great 

recognition results by interfacing fell classifiers.  

Guan et al. [9] proposed a technique for distinguishing traffic signs from portable LiDAR point 
mists and advanced pictures. Traffic signs were identified from versatile LiDAR point mists dependent on 

legitimate street data and traffic-sign size, and portioned by computerized picture projection, and the given 

pictures can be ordered naturally after standardization. Traffic sign acknowledgment innovation is 
principally used to break down and characterize the recognized traffic signs and precisely acquire their real 

significance.  

Sun et al. [10] proposed a traffic sign grouping technique dependent on outrageous learning 

machine (ELM), which is a directed learning calculation identified with feed forward neural system. Just 

one concealed layer is watched; thusly, the boundaries were not many and the preparation time was short. 
The calculation grouped traffic signs as per the count results by choosing a specific extent of highlights and 

acquired high acknowledgment precision. 

In this paper, an improved traffic sign discovery and acknowledgment calculation for wise vehicles 

is proposed. Initially, the YCbCr shading space is utilized for spatial limit division, and traffic signs are 
successfully identified dependent on the shape highlights. Besides, the model is impressively enhanced the 

premise of the convolutional neural system model by utilizing Gabor bit as the underlying convolutional 

bit, including the clump standardization (BN) preparing after the pooling layer and choosing the Adam 
technique as the analyzer calculation. At long last, the traffic sign grouping and acknowledgment tests are 

led dependent on the Traffic Sign Recognition Benchmark (TSRB). The ideal forecast and exact 

acknowledgment of traffic signs are accomplished through the consistent preparing and testing of the 

system model. As indicated by the investigation of exploratory outcomes and execution examination with 

different calculations, the exhaustive exhibition of the calculation is assessed.  

The remainder of this paper is composed as follows: In Section 3, the Proposed for spatial edge 

division, and traffic signs are successfully distinguished dependent on the shape highlights. In Section 4, 

the CNN model is additionally improved. In Section 5, the tests on traffic sign arrangement and 
acknowledgment dependent on the input database testing. In Section 6, ends and proposals for conclusion 

and future work are sketched out. 

3. PROPOSED SYSTEM 

 The street traffic pictures are caught by vehicle-mounted cameras introduced on the keen 

vehicles, and the traffic sign recognition means to remove the intrigued traffic sign areas from the current 

street traffic pictures adequately. Nonetheless, in various outer conditions, the characteristics of the 
obtained pictures are lopsided, and these characteristics must be successfully recognized after the 

inalienable qualities of traffic signs, for example, shading and shape. In this segment, it fundamentally 

incorporates two sections: traffic sign division dependent on the shading space and traffic sign location 
dependent on shape highlights.  
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                                                  Fig. 1 YCbCr Model 

 

 Shading is a significant element of traffic sign, and traffic sign can be immediately situated by 

shading division. Contrasted and RGB shading space and YCbCr shading space, the YCbCr shading space 
has a quicker recognition speed, less influenced by brightening, and has a best division advantage. Figure 

1 shows the HSV shading space changed over from the RGB shading space. It speaks to the focuses in the 

RGB shading space by a reversed cone, where Y is the luminance, CbCr is the chrominance esteem.  During 
the time spent limit division, the pixels inside the set edge go are set to white, else they are set to dark, and 

the picture is totally binarized. Since the traffic sign in the first picture is red, the acquired limit coarse 

division picture just shows red. Right off the bat, the paired picture is handled by picture consumption and 
extension. Some disconnected futile pixels regularly exist on the edge of the picture, and these pixels can 

be adequately eliminated by erosion. Then, extension means to amplify the territory of the ROI. The blend 

of them can sift through some unobtrusive obstruction, along these lines delivering conspicuous shape 

attributes of traffic signs. The filling cycle is then directed. The traffic signs might be stained, harmed and 
hindered by certain snags in the genuine street scenes, and the ROI can't be totally shown. The filling cycle 

can help finish and picture the shapes of traffic signs.  

 At last, the successful identification of traffic signs is figured it out. Some huge sporadic 
impedance territories despite everything exist in the divided picture after the filling cycle and consequently 

should be sifted. Shape separating is directed by the form examination of associated territory. This are in 

the picture is a set with in no way different pixel focuses. The circuit and territory of the forms of all 

associated territories are determined and afterward contrasted and the standard round imprint. The shapes 
that meet the necessities are held; else, they are disposed of. Likewise, this technique is similarly relevant 

to the traffic sign discovery of triangle, square shape and different shapes. The rest of the aspect of the 

divided picture after shape sifting compares to the distinguished traffic sign. 
 

4. IMPROVED CNN MODEL 

Traffic sign acknowledgment depends on existing dataset assets and utilizations powerful 

characterization calculation to perceive recognized traffic signs and criticism to shrewd vehicles precisely 
progressively. CNN removes includes legitimately from the information identification picture and yields 

the characterization results through the prepared classifier dependent on picture highlights. This condition 

shows that CNN has great realistic acknowledgment execution. Besides, CNN doesn't have to extricate 

includes physically. The tangible psychological cycle of human minds can be very much reenacted through 
forward learning and criticism system, in this way progressively improving the capacity of traffic sign 

arrangement and acknowledgment. In this area, the inadequacies of the old style organize model are 

dissected, and the model is significantly improved to additionally extend the exceptional focal points of 

CNN in designs acknowledgment 
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Fig. 2 Proposed CNN Model 

We will build a deep neural network model that can classify traffic signs present in the image into 

different categories. With this model, we are able to read and understand traffic signs which are a very 
important task for all autonomous vehicles. For achieving accuracy in this technology, the vehicles should 

be able to interpret traffic signs and make decisions accordingly. ` There are several different types of traffic 

signs like speed limits, no entry, traffic signals, turn left or right, children crossing, no passing of heavy 
vehicles, etc. Traffic signs classification is the process of identifying which class a traffic sign belongs to. 

Three main traffic signs categories, i.e., warning signs, prohibition signs and mandatory signs are covered 

for experiments. Specifically, in our video-based CNN- SVM recognition framework, by introducing the 
YCbCr color space, we firstly divide the color channels, secondly employ CNN deep network for deep 

feature extraction and then adopt SVM for classification. The experiments are conducted on a real world 

data set, based on which, a synthetically comparison illustrates the superiority of our model. 

 

1. Build a CNN model  

To classify the images into their respective categories, we will build a CNN model (Convolutional 

Neural Network). CNN is best for image classification purposes. The architecture of our model is:  
 2 Conv2D layer (filter=32, kernel_size=(5,5), activation=‖relu‖)  

MaxPool2D layer ( pool_size=(2,2)) 

Dropout layer (rate=0.25) 
2 Conv2D layer (filter=64, kernel_size=(3,3), activation=‖relu‖) 

MaxPool2D layer ( pool_size=(2,2)) 

Dropout layer (rate=0.25) 

Flatten layer to squeeze the layers into 1 dimension  
Dense Fully connected layer (256 nodes, activation=‖relu‖)  

Dropout layer (rate=0.5)  

Dense layer (43 nodes, activation=‖softmax‖) 

 

5. TRAFFIC SIGN RECOGNITION EXPERIMENT 

1. Explore the dataset  

Our ‗train folder contains 43 folders each representing a different class. The range of the folder is 
from 0 to 42. With the help of the OS module, we iterate over all the classes and append images and their 

respective labels in the data and labels list. The PIL library is used to open image content into an array.  
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Finally, we have stored all the images and their labels into lists (data and labels). We need to convert 
the list into NumPy arrays for feeding to the model. The shape of data is (39209, 30, 30, 3) which means 

that there are 39,209 images of size 30×30 pixels and the last 3 means the data contains colored images 

(RGB value). With the sklearn package, we use the train_test_split () method to split training and testing 

data. 

 

2. Train and validate the model  

After building the model architecture, we then train the model using model.fit (). I tried with batch 
size 32 and 64. Our model performed better with 64 batch size. And after 15 epochs the accuracy was stable. 

Our model got a 95% accuracy on the training dataset. With matplotlib, we plot the graph for accuracy and 

the loss.  

3. Test the model with test dataset  

Our dataset contains a test folder and in a test.csv file, we have the details related to the image path 

and their respective class labels. We extract the image path and labels using pandas. Then to predict the 
model, we have to resize our images to 30×30 pixels and make a NumPy array containing all image data. 

From the sklearn. Metrics, we imported the accuracy score and observed how our model predicted the actual 

labels. We achieved a 95% accuracy in this model. In the end, we are going to save the model that we have 

trained using the Keras model. Save () function. 

Explore the dataset Our ‗train‘ folder contains 43 folders each representing a different class. The 

range of the folder is from 0 to 42. With the help of the OS module, we iterate over all the classes and 

append images and their respective labels in the data and labels list. The PIL library is used to open image 
content into an array. Finally, we have stored all the images and their labels into lists (data and labels). We 

need to convert the list into NumPy arrays for feeding to the model. The shape of data is (39209, 30, 30, 3) 

which means that there are 39,209 images of size 30×30 pixels and the last 3 means the data contains 

colored images (RGB value). With the sklearn package, we use the train_test_split () method to split training 

and testing data. 

 

4. Traffic Sign Classification and Recognition Experiment  

Traffic sign characterization and acknowledgment analysis can be separated into two phases, in 

particular, the system preparing and testing stages. In the system preparing stage, the preparation set 

examples of is taken as info. By performing a large number of system emphases, boundaries, for example, 

organize loads and balances, are persistently refreshed based on forward learning and back engendering 
instruments until the misfortune work is diminished to the base, accordingly characterizing and foreseeing 

traffic signs. In the system testing stage, the testing set examples are inputted into the prepared system 

model to test the precise acknowledgment pace of the preparation organize. 
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Fig. 3 The recognition results of traffic sign test images in the network testing stage 

 

6. CONCLUSION AND FUTUREWORK 

        In this Python venture with source code, we have effectively arranged the traffic signs classifier 

with 95% precision and furthermore envisioned how our exactness and misfortune changes with time, 

which is truly acceptable from a straightforward CNN model. In the preparation cycle, the profound picture 
highlights are separated by CNN in the YCbCr shading space. SVM is associated with the last layer of CNN 

for additional order, which adds to better preparing outcomes. Then again, a few pictures preprocessing 

techniques are led in the testing cycle, so as to dispose of those negative effects, e.g., deficient light, halfway 
impediment and genuine disfigurement. The proposed calculation has more honourable exactness, better 

on-going execution, more grounded speculation capacity and higher preparing productivity than different 
calculations. The precise acknowledgment rate and normal handling time are altogether improved.  

From the perspective of traffic sign acknowledgment exactness and calculation tedious, the proposed traffic 

sign identification and acknowledgment calculation has astounding points of interest. Extensively 
upgrading the driving security of wise vehicles in the genuine driving conditions and viably meeting the 

on-going objective necessities of keen vehicles are helpful. Moreover, a solid specialized assurance is 

accommodated the consistent improvement of smart vehicle driving help. Later on, the comprehensiveness 

and against mistake acknowledgment of the traffic sign acknowledgment calculation can be additionally 
enhanced and improved to abuse the general presentation of the calculation. 
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                                                 ABSTRACT 
 

Malicious URL (or) malicious website is a common and serious threat to cyber security. Naturally, 

search engine becomes the backbone of information management. However, the flood of a large 
number of malicious websites on the search engine posed a major threat to our users. Most of the 

exiting frameworks for detecting malicious websites concentrate on common attacks. At the same 

time, usable blacklist-based browser extensions are powerless to multiple websites. It is therefore 

important that any data entering the client side should be effectively masked in such a way that the 
server cannot interpret any useful information from the masked data. Here you suggest the first PPSB 

operation. It offers good security protections that are lacking from current SB services. In particular, 

it inherits the ability to detect unsafe URLs while at the same time protecting both the privacy of the 
user (browsing history) and the proprietary assets of the blacklist provider (a list of unsafe URLs). In 

this study, it proposed a model that encrypts consumer sensitive data in order to prevent the privacy 

of both outside observers and service providers. This also fully supports specific aggregate functions 

for online user experience analysis and guarantees differential privacy. Homomorphic RSA algorithm 
is used to encrypt the online activity data of users. Implementation is carried out and its output is 
measured on the basis of a set of real-time behaviors. 

Index Terms—Privacy preserving, safe browsing, web browser, malware, phishing and 
Homomorphic RSA algorithm 

I.INTRODUCTION 

Managing safety requires knowing the risks and determining how much risk is appropriate. Various 
levels of protection are sufficient for various organizations. No network is 100 % secure, so don't aim 

to achieve that level of protection. When you try to stay up-to - date with every new threat and every 

virus, you'll soon be an exciting ball of anxiety and stress. Look for the big vulnerabilities you can 

solve with your current resources. The various benefits of computer networks and the Internet are 
discussed here. Connecting your network to the Internet gives you access to an immense amount of 

knowledge and helps you to exchange information on an unprecedented scale. Nevertheless, the open 

nature of the Internet, which provides so many advantages, often gives malicious users quick access to 
a wide variety of targets. The Internet is only as reliable as the networks it links, and we all have a 

duty to ensure the safety of our networks. SAFE Browsing (SB in short) is a popular security service 

used by modern web browsers, e.g. Chrome, Firefox , Safari, Edge, and Opera, to protect users from 
websites that try to spread malware via drive download[1] or launch social engineering attacks via 

phishing and misleading content[2]. Alert pages will be shown to users when they attempt to "access 

dangerous websites or download dangerous files"[3]. While the SB service can be applied in various 

ways, the general detection protocol (see Fig . 1) is to check whether the URL to be accessed is 
present on the list of unsafe URLs collected and maintained by the remote server. As a side note, it is 

also common practice to reserve a local filter containing either a whitelist[4] or a blacklist[5] on the 
client side to prevent high overhead contact. 
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Fig. 1. General procedure of Safe Browsing services. 

 
We are creating a client program, i.e. a Chrome plugin, to make PPSB easier to use. As a result , 

existing Chrome users will directly use our PPSB feature to detect unsafe URLs with privacy 

guarantees. Also, to support more third party boycott suppliers to join our PPSB stage with 

insignificant endeavours, we give a completely practical API just as a lightweight yet simple to-
convey Docker picture (≈135 MB), so boycott suppliers can concentrate on getting ready high-caliber 

and update-to-date boycotts (e.g., under 3 MB for each encoded boycott based upon the oftentimes 

refreshed open information from the previously mentioned suppliers [8], [9]). As far as we could 
possibly know, PPSB is the primary structure that empowers safe perusing with the ensured security 
insurance of clients and boycott suppliers all the while. 

 
Table1: brief survey of data collected by popular Safe Browsing services. 

 

The essential commitments are summed up as follows:  

 

• We break down existing SB administrations and give an outline of the likely spillage of these 

administrations. Motivated by [6], [7], we direct exhaustive examinations upon dynamic SB 

administrations, do solid tests upon clients' protection spillage, and report that the clients' perusing 
narratives could be spilled to (or deduced by) SB specialist organizations, which raises security 

worries to clients.  

 

• We propose the first PPSB administration. It gives solid security ensures that are missing in existing 
SB administrations. Specifically, it acquires the ability of recognizing dangerous URLs, while 

simultaneously secures both the client's protection (perusing history) and boycott supplier's exclusive 

resources (the rundown of hazardous URLs).  
 

• We actualize an undeniable PPSB model, comprising of a customer side Chrome augmentation for 

clients and a serverside API (and Docker picture) for boycott suppliers. The assessment with genuine 
datasets and formal security investigation show the productivity, viability, and security quality of our 

structure. All assets, including Chrome expansion, Docker picture, and source code, are accessible for 

open use [3] . 

 

II.RELATED METHODOLOGY 

 

Cui, Helei, Xingliang Yuan, Yifeng Zheng, and Cong Wang. "Towards Encrypted In-Network 

Storage Services with Secure Near-Duplicate Detection." [10] 
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Propose the unique mark strategies and region delicate hashing to change over the issue of NDD into 
the catchphrase search. We at that point receive an effective multi-key accessible encryption conspire, 

which requires just one encoded question from the client even the information are from various 

substance suppliers scrambled with various keys. At first, the CPs encode their information things 

with a standard encryption conspire, e.g., AES. Also, the ISP will join these metadata along with 
comparing scrambled information things and convey them to ISs that are near the clients. The client 

will have the option to get to the encoded information by the CP and create scrambled inquiries for 

secure NDD with her own key. Stage Two - Secure Detection: In request to situate close to copy 
information things from the scrambled in-organize capacity, the client needs to create an encoded 

inquiry tq from the intrigued information with her own key and send it to the closest IS. In the event 

that there exists in any event one approval token ∆, tq would be changed into the structure that can be 
tried with the ciphertext metadata {c} arranged by the relating CP. What's more, the coordinated 

information item(s) will be seen as the candidate(s), i.e., introductory location results. Something else, 

tq will be sent to another IS until acquiring an adequate number of close copies. Stage Three - In 

request to additionally improve the nature of question results, the IS needs to sift through the likely 
bogus positives from the found up-and-comers. Consequently, the IS and the ESP will lead a 

protected assessment technique by means of Yao's confused circuits convention. Specifically, the ESP 

(as the distorted circuit generator) readies a garbledcircuitfortheIS(asthegarbled-
circuitevaluator),wherethecircuitsfunction checks if the question thing and every competitor are surely 
close copies dependent on a specific separation metric. 

Cui, Helei, Yajin Zhou, Cong Wang, Qi Li, and Kui Ren. "Towards Privacy- Preserving 

Malware Detection Systems for Android."[11] 

Propose a security saving malware recognition framework for Android, in which the protection (or 

resources) of telephone sellers, clients, and security specialist organizations are ensured. It recognizes 
noxious applications in telephone merchant's application stores and on clients' telephones, without 

legitimately sharing applications, applications' runtime practices, and malware marks to different 

gatherings. To recognize and expel malware in application stores, telephone sellers could participate 
with SPs and influence their malware marks. In any case, a problem is that merchants would prefer 

not to share the applications and SPs would prefer not to share the malware marks. In this area, we 

will exhibit that two usually utilized static location strategies could be utilized in a protection saving 
way. The primary discovery method is roused by DroidRanger. In a nutshell, we influence the 

mentioned consents and the separated conduct impressions, which are semantic-rich data of each 

application, to recognize malware. Second, we contrast the closeness of applications with be filtered 

with existing malware tests. In the event that we locate a comparable pair of an application and a 
malware test, at that point it's most probable the application is likewise noxious. Specifically, we 

utilize the method proposed in FSquaDRA to ascertain the document likeness of two applications. Our 

structure objective is to permit the SPs perform malware identification without holding the 
applications. In this manner, the previously mentioned highlights, including the consents, conduct 

impressions, and record hashes are essentially negligible spillage about the applications. The SPs (can 

only with significant effort) recoup the first worth gratitude to the single direction property of the 

chose cryptographic hash capacities. Indeed, even a SP may figure the first qualities utilizing the beast 
power assault, the expense of the procedure and the estimation of the recouped highlights don't merit 

this endeavor. Recall the code of the application isn't shared and can't be recouped by any stretch of 
the imagination. 

III.COMPARATIVE ANALYSIS 

A. EXISTINGSYSTEM 

Malignant SB specialist co-op needs to know whether a client is visiting a specific site page, e.g., 
some political news. One approach to accomplish this is the internet browser sends all the visited 

URLs to a far off worker, either in the plaintext, hash esteem or encoded design. Be that as it may, 

this conduct can be identified by observing and breaking down the program, e.g., utilizing the pollute 
investigation procedure. In particular, so as to follow a specific URL the SB specialist organization 

can embed the 32-piece hash prefixes of every one of its disintegrations, e.g., c01e362f, and afterward 

push this recently refreshed prefix channel to the customers. Afterward, when a client visits the site 
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page (or comparable URLs that share a few deteriorations), the coordinated hash prefixes would be 
sent to the far off SB worker. In light of the earlier information on the prefix channel (i.e., the 

mappings between the hash prefixes and their comparing URLs), the worker can derive the URL (or 

space) explored by the client. It gives solid security ensures that are missing in existing SB 

administrations. Specifically, it acquires the capacity of distinguishing risky URLs, while 
simultaneously secures both the client's protection (perusing history) and boycott supplier's exclusive 

resources (the rundown of hazardous URLs).Creating metadata of URLs bombs when the worker gets 

various prefixes for a URL.Metadata could bring about potential side data spillage. Different prefix 
coordinating can decrease the vulnerability of URL re-identification.There is an opportunity that 
different URLs may have a similar hash prefixes this makes crash between URLs 

B.PROPOSEDSYSTEM 

A vindictive gathering may use PPSB to corrupt the customer side client experience, such as 

embedding various phony or safe URLs or expanding the worker side postponement. To address this 

likely issue, PPSB gives an adaptable instrument to clients to include or evacuate boycott suppliers. 
Administrator could include the phony URL and watchword to this boycott stockpiling. Client can 

likewise permitted proposing the vindictive site insights about boycott. In this framework malware 
identification framework utilizes an administered AI approach for finding malwares. 

 
Fig2. A possible way to infer users' browsing history by leveraging the low collision rate of 

hash prefixes of URLs. 

 
Fig3. The query flow of encrypted matching when there is a match in the local prefix filter. 

The SVM based malware discovery framework expands the possibility of mark based recognition 

framework with a blend of conduct checking approach. It uses static and dynamic examination of 

malwares by taking the run time hints of the executable. This model additionally gives search 

information security which encodes the clients' touchy information to keep protection from both 
outside examiners and the total specialist organization. Additionally, totally underpins specific total 

capacities for online client conduct examination and ensuring differential security. at long last , Using 

homomorphic RSA encryption and differential protection ensures that this model is solid made sure 
about. There is no hint for the worker or noxious client to foresee the clients' online utilization of 
sites. Keep clients from getting to malignant sites.  

IV. DESIGN METHODOLOGY 

Programming design includes the elevated level structure of programming framework reflection, by 
utilizing deterioration and organization, with compositional style and quality traits. A product 

engineering configuration must adjust to the significant usefulness and execution necessities of the 

framework, just as fulfill the non-utilitarian prerequisites, for example, dependability, versatility, 
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convenientce, and accessibility. Programming design must portray its gathering of parts, their 
associations, connections among them and sending arrangement all things considered. 

Fig 4: System Architecture 

A. Framework Construction 
The recognition of malevolent URLs limits electronic assaults by forestalling web clients from 

visiting vindictive URLs and cautioning web clients before getting to content situated at a pernicious 

URL. Therefore, pernicious URL location ensures registering framework equipment/programming 

from PC infections, forestalls execution of noxious or undesirable programming, and abstains from 
getting to malignant URLs web clients would prefer not to visit. This proposed system utilizes SVM 

characterization models to recognize a noxious URL and order the pernicious URL as one of a 

phishing URL. The boycott stockpiling models by utilizing a lot of preparing information (risky URLs 
and catchphrases) and AI calculations. The preparation information incorporates a known 

arrangement of risky URLs and a known arrangement of malevolent catchphrases. This system 

likewise underpins URL encryption process, to stay away from the unapproved expectation of URL 
subtleties.  

B.User Registration and Login  

Clients need to enroll with their name, secret key and Email id. These subtleties will be spared in the 

database. The client need to login with the name and secret word. The entered information will be 

contrasted and the accessible information. In the event that match found, the client can continue. In 
the event that no match found, the client need to reemerge the subtleties once more.  

C.Unsafe URL Detection  

The check of URLs and watchwords is fundamental so as to guarantee that client ought to be kept 

from visiting noxious sites. SVM instruments have been proposed to identify the pernicious URLs. 

One of the essential highlights that a system should groups is to permit the phony URLs that are 
mentioned by the customer and forestall the malignant URLs before arriving at the client. This is 

accomplished by informing the client that it was a malignant site. The methods extricate highlights 

related with the known URLs, and utilize the AI calculations to prepare the arrangement models to 
identify and sort an obscure pernicious URL. A database updation is played out each opportunity the 

frameworks run over another URL. Here, the new URL will be coordinated and tried with each 

recently known pernicious URL operating at a profit list. The update must be made in boycott at 
whatever point framework runs over another pernicious URL. This additionally permits clients to give 
recommendations to include malicious URLs.  
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D.Search URL Encryption  

Once the login method is succeeded, the client can look through subtleties utilizing URLs and 

catchphrases. The client will enter a URL or watchword in the inquiry box and snap the submit 
button. At the point when the client taps the pursuit button, the solicitation was prepared and related 

subtleties are appeared to the client. At that point they looked through catchphrase and URL will be 

encoded and put away in the halfway. The clients' hunt information will be encoded utilizing AES 
encryption calculation. 

VI.EXPERIMENTAL ANALYSIS 

 
Table 2 shows the exhibition correlation among the three information structures that can be utilized 

for prefix channel. Both Set and Bloom channel show stable question speed at the sub microsecond 

level over the span of our trials while delta-encoded table is much time increasingly slow huge 
inconstancy in inquiry speed as an outcome of inquiry time recuperation from the encoded delta 

generally. Also, we measure the load utilized with the guide of V8 motor implicit library and it turns 

out the memory edge of delta-encoded table is unimportant and hard to upgrade in this superior 

JavaScript motor. From this, we favor Bloom channel in our model by virtue of the reasonable 
execution of inquiry speed and memory impression. 

Candidate Avg. Query Time and 

Standard Deviation (µs) 

Memory (MB) 

 

Bloom filter 

[44]   

0.733    (± 0.170 ) 1.878 

 

Delta-encoded 
table [45]                            

 

155.7    (± 94.06) 1.887 

Set [46]                                                       0.212   (± 0.105) 

 

3.057 

 

Table:2 Performance comparison among three data structures that can be used for prefix 

filter (#record = 50,000).  

 

Platform GSB 
(ms) 

MSB 
(ms) 

PPSB 
w/ B1 

(ms) 

PPSB 
w/ 

B1,2 

(ms) 

PPSB 
w/ 

B1,2,3 

(ms) 

Windo

ws 

112.6 116.8 333.5 388.1 437.7 

macOS 184.7 194.3 340.5 373.3 440.1  

Ubuntu 67.6 155.4 329.7 354.3 431.1 

Table:3 Average load time of random unsafe URLs for three safe browsing services on 

major platforms.  

Note: B1 - PhishTank, B2 - MalwareDomains, B3 - Shallalist. 

 

#Users           PPSB w/ B1 (ms) PPSB w/ B1,2 

(ms) 

PPSB w/ B1,2,3 

(ms) 

1  340.5 373.3 440.1 

    

2 346.1 382.6 448.2  

3 353.9 388.5 455.4 

TABLE 4 Average load time of random unsafe URLs when handling three user requests 

simultaneously. 

Note: B1 - PhishTank, B2 - MalwareDomains, B3 - Shallalist. 
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Table 3 delineates the normal burden time for various SB administrations on significant OS stages to 
stack perilous URLs (and being blocked). Because of the extra presented tasks (see the left piece of 

Table 5), our PPSB model displays reliable overhead on all stages. Be that as it may, the heap time is 

still at the millisecond level (under 500 ms) and totally worthy and without a doubt unnoticeable12 

contrasted and the normal page load times in 2018 (at the subsequent level) [12]. What's more, 
attributable to the equal processing procedures utilized on the customer side, the situation of PPSB 

with all the three suppliers causes around 100 ms additional time cost based on PPSB with one 

supplier. This recommends the delicate direct development of square time as the quantity of included 
boycott suppliers increments step by step the customer side, which is an inescapable expense to serve 

acquiring more thorough data from various sources. Other than that, Table 4 shows the normal burden 

time when three clients get to various hazardous URLs at the same time and just a PPSB Docker case 
handles every one of them. We can see that the normal burden time for each end client isn't expanded 

essentially because of the worker side equal handling. We further assess the heap season of safe 

URLs. Fig. 5 shows the heap season of the five most as often as possible visited sites [12] in a 

genuine system condition by utilizing another mysterious Chrome test account with store cleared. 
Here, the "Benchmark" shows the case that all SB administrations are impaired. As is apparent from 

the outcomes, like the GSB and MSB, our PPSB expansion just presents minimal overhead (e.g., 11 

ms to 55 ms) in every one of the three use situations on account of the quick handling of nearby 
channel (about 0.722 µs for each question) for most by far of safe sites. Note that YouTube, as a 

common substance overwhelming site (with more information to be stacked), needs a more drawn out 

time than others, and Facebook is much quicker than web crawlers as it just shows the login page in 
our test. In rundown, our PPSB model presents additional overhead true to form. Be that as it may, the 

overhead of burden season of risky URLs is inside the millisecond level, and that of safe URL is 
unnoticeable interestingly with the prevailing elements like system changes. 

 
1200 

1000  

800 

600 

400 

200  

                 0    Google  Youtube   Facebook     Baidu   Wikipedia 

Fig.5. Evaluation of the average load time of five famous (safe) websites (100 individual 

tests). 

 

VII.CONCLUSION 

We execute a Malicious URL Detection process utilizing AI methods. This spotlights on 

distinguishing risky site URLs and watchwords with the assistance of boycott stockpiling. This 
additionally gives the safe encryption approach stay away from the obscure access of search history. 

The security is given to the pursuit information which has been put away in the database. The 

irregular OTP age gives dynamic secret word which maintains a strategic distance from the hacking 

and improves the security. The outsider boycott suppliers can contribute their update-to-date 
arrangements of risky URLs in a private and simple way. Also, clients can switch diverse boycott 

suppliers deftly and acquire refreshed boycotts naturally. The far reaching assessment of our 

undeniable and simple to-utilize model with genuine datasets exhibited the productivity and adequacy 
of our structure. All the assets, for example, code, expansion, and Docker picture, are accessible for 
open use.  
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VIII.FUTURE ENCHANCEMENT 

 

The Future work is to tweaking the AI calculation that will deliver the better outcome by using the 

huge URL dataset. Additionally actualize a hearty malware location technique, holding exactness for 
phishing messages. 
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Evaluation And A Reconcile Analysis Of Lda And 
Svm Category 

 
Seethamani P, Vinotha R 

 
Abstract: Fixed sequence classification is an important task in data mining. The problem of sequence classification is the use of rules consisting of 
interesting items that are contained in the data sets labeled sequences and the included class labels. Interesting levels are calculated from a set of items 
that are in a class ordered by linking and maintaining each item. There are a number of security patterns that may be hidden in the database. A mining 
algorithm looks for a complete set of patterns and meets the minimum support threshold (frequency), highly efficient and scalable, with a number of 
database scans incorporating various types of user-specific constraints. In the existing system, sequence classification techniques use several machine 
learning algorithms such as NaiveBayes, neighboring K-neighbors, decision trees, hidden markov models, SVM. This exit methodology can handle 
cases of minor deviations in certain events and acknowledges the occurrence of the pattern several times. In this work, LDA classifiers are used to 
classify and train datasets to improve dataset accuracy and efficiency to facilitate user analysis. Machine learning process is implemented to maintain 
the effectiveness of the prediction methodology. LDA prediction compared to SVM to prove performance improvement and linear classification id is used 
to improve classifier accuracy. Finally, the quality of the miner pattern is evaluated by the proposed approach pattern as features in several classification 
features based on different features. 
 
Index Terms: SVM classifier, Data mining,  LDA, Sequence Classification, Rating Prediction.   

———————————————————— 

 

1 INTRODUCTION                                                                      
Data mining has emerged as one of the most powerful 
technologies with a focus on extracting sensitive and 
confidential information in the data warehouse. The main 
purpose of the data mining process is to extract resources 
from a particular dataset and convert it into an understandable 
configuration. Hidden knowledge in online reviews can be 
found using the theory of probability theory. The sample 
studied for this type of scientific discovery is a probability 
graph model. This is a declarative example of a particular 
work, which contains uncertainties about the final hypothesis. 
SVM (Support Vector Engine) is used to classify and train 
datasets. Cui, et al. [1] In the SVM process, datasets can be 
classified with respect to the term prediction method. Low 
computation rates and extraction are done in smart and 
intelligent content. Energy cannot be safely stored in an SVM-
based classification. These representations derive effective 
training from various distributions of basic data. Latent 
Dirichlet Allocation (LDA) is an unsupervised learning model 
under the heading modeling section, a probability graphical 
model used to create a set of words under a predefined 
heading from a collection of reviews (ratings). The main point 
of the material is to summarize the theme of the document 
collection. All examples must be accomplished to implement 
LDA techniques regularly. Conversely, there are situations 
where it is not possible to obtain a complete set of data and 
input data is viewed as a stream. Luo and Li [2] In this regard, 
it is important that LDA feature extraction has the ability to 
convey LDA features that are computed by looking at a new 
model without running the procedure in a complete data set. 
To illustrate, in some real-time presentations, such as mobile 
robotics or online face recognition, it is important to report LDA 
features that are simultaneously extracted when new 
observations are available. 
 
 
 
 
 
 
 
The benefits of LDA over the existing strategies are 

shown when it comes down to: 

• Smart extraction of topics 

• Separate extraction provides detailed view 
• Time and Cost Consumption is low. 

• LDA approach can saved efficient energy. 
 
The rest of this article is organized as follows: Part II looks at 
some of the sequential data mining related to existing work. 
Part III provides a detailed description of the general proposal 
system. Part IV presents the results of the proposed system 
performance. Finally, this article concludes in Section V.  

 
2 RELATED WORK 
This section presents some of the existing work related to 
sequence-based classification in data mining. Zhou et al. [3] 
proposed a method of sequential coding using new item set 
mining techniques and introduced an innovative scheme 
called sequence classification, focusing on SCII item sets to 
improve the accuracy of multiple item set-based classifiers. 
Ramani and Jacob have recognized a set of protein and 
physicochemical structures based on the optimal and nominal 
classification sequence of lung tumors in various NSCLC and 
SCLC tumor classes, revealing a combination of new resource 
selection and prediction systems for classifying classes with 
more accurate and obtain secondary statistics on protein 
abundance properties in lung tumors that aid in drug diagnosis 
and design. Adhikari et al. [5] described an innovative WAMS 
physical test bench to showcase the capabilities of a real 
power system and develop an integrated industry standard 
component to replicate a reduced version of WAMS. Zhao et 
al. [6] reported a new procedure for analyzing NSG data with 
the help of model modeling, focusing mainly on four different 
key techniques such as, 

 NGS data recovery, 

 Preprocessing, 

 Topic filtering and 

 Data mining with the help of Latent Dirichlet 
Allocation (LDA)  

 
Measurement of confusion regarding the number of topics and 
the convergence efficiency of Gibbs sampling was considered 
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and discussed to obtain the best results from the proposed 
procedure. Lam et al. [7] introduced a coding methodology to 
compress sequences based on sequential patterns and 
proposed the Go Krimp algorithm to directly apply 
compression patterns and dependency tests to select long 
patterns, improving the efficiency of the algorithm. The quality 
of the pattern is maintained and helps to find meaningful 
patterns. 
Jena and Samantaray [8] presented a mining-based wealth 
communication system for transmission lines, with flexible AC 
transmission system devices such as 

• Unified Power Controller (UPFC) and 

• Wind farms. 
 
The current and voltage signals were processed using an 
expanded phasor measurement unit of the calibration filter for 
phasor estimation, and 21 potential resources were calculated 
at both ends of the line. Zhao et al. [9] focused on extreme 
machine learning (ELM) -based microarray data classification 
methods, introducing the EWave sequencing model to ensure 
structure order information and efficient sequence mining 
algorithms to develop cutting rules in mining sequences. The 
greedy algorithm has been presented to address the ideal 
solution. Kwon et al. [10] created a new sequence design to 
improve interpretation of machine-based learning sequencing 
algorithms and provide users with valuable functionality when 
introducing patterns and recording events. In 
Francescomarino, et al. [11] presented a new framework for 
monitoring business processes to exploit data from different 
traces to estimate the likelihood of finding a solution in 
progress. Song et al. [12] described the analysis of large 
sensor data to monitor applications and supported its 
classification based on the Hoeffding tree with the Hadoop drift 
concept. Chandel et al. [13] analyzed various classification 
methods to categorize thyroid disease based on parameters 
such as TSH, T4U, and goiter. The nearest K-neighbors, 
support vector machines, and Naive Bayes were used to 
determine the accuracy of neighboring algorithms K. Huang, et 
al. [14] investigated the order computational model to frame 
PPI networks. New protein sequence representation features 
are maintained to preserve evolutionary information, and 
classifiers are rarely used to create functional and effective 
protein resources. Kumar et al. [15] studied the importance of 
dimension reduction preprocessing techniques for reducing 
false alarms and formulating the Gauss-based distance 
function and the K algorithm, mean cluster training samples, 
and test data. 

 
3 PROPOSED METHOD 
This section provides a detailed description of the 
implementation of different classifiers to improve data set 
accuracy and efficiency to facilitate user analysis. The overall 
process of the proposed system is shown in Fig.1., which 
includes the following stages: 

 Dataset initiation 

 Pre-processing 

 Classification based on LDA. 
 

 
 
 

F ig.1. Proposed System 
 

3.1 Dataset initiation  
Product-based data is used as the preferred data set. Different 
data sets are considered inputs. Datasets containing IDs, 
product names, authors, dates, and comments are used as 
one dataset, and IDs are considered as other datasets. Fig.2 
shows the data set details. In this module, the dataset is 
loaded by the user. 
 

 
 

Fig.2. Review datasets 
 
3.2 Preprocessing  
Preprocessing methods are performed to remove unwanted or 
invalid data from the dataset. Once the preprocessed data can 
be used for the next execution process. Preprocessing is done 

• To remove unwanted attributes 

• Predict missing values using learning algorithms 

• Identify advantages and extract noisy data 
• Avoid excessive data, as shown in Fig.3. 

 
Some rows in the data set are missing and may be considered 
sound data. The values lost in the line are handled through 
various processes such as group reductions, missing 
manuals, missing global usage, qualitative average use and 
maximum possible value jobs. Where mining involves 
classification or description, ignorance of tuples is used in the 
pre-processing stage, where the percentage of lost value of 
each property varies significantly. To represent the probability 
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of a concept, the probability theory is used to ignore the tuple. 
Mapping the discourse of the universe to the scale organizes 
the observed information from the data set. Manually fill in 
missing entry entries in time for large datasets with more 
missing values. Therefore, filling in missing values using mean 
attributes plays an important role in mining applications. Pre-
processed data is then sent to the scaling process to estimate 
relevance. 
 

 
 

Fig.3. Pre-Processing Data 
 
3.3 Classification based on LDA 
Latent Dirichlet Allocation (LDA) is a typical model of the 
propagative probability of a corpus. A simple tip is that the 
document is marked as a random mix of hidden topics, where 
each topic is categorized by specific word distribution. 
LDA approves the successful deployment method for each 
document in corpus D: 

 Select N ~ Poisson (ξ). 

 Select θ ~ Dir (α). 

 For each word N: 
(a) Select the topic zn ~ Multinomial (θ). 
(b) Select the word wn from p (wn | zn, β), a multinomial 

probability conditional on topic zn. 
 
Although LDA is a simple model and may be seen as a 
competitor in dimensional reduction methods for document 
collections such as SVM, LSI, and PLSI, and other discrete 
companies, it is predicted to show the way in which 
probabilistic models can be assembled to provide valuable 
inference machines. in areas related to various stages of 
building. Indeed, the major advantages of productive models 
such as LDA include their modularity and extensibility. As a 
probabilistic module, LDA is easy to grow in typical versatile 
methods, features lacking LSI, PLSI and SVM. 

 
 

Fig.4. Graphical model representation of LDA. 
 
A box is a "tray" that represents a replica. The outer palette 
refers to the document, while the inner palette refers to the 
headings and repeated words in the document. The LDA 
model is modeled as a probability graphical model in Figure 4. 
Because this number is correct, the representation of the LDA 
has three levels. The α  and β parameters are corpus level 
parameters that are expected to be taken once in the process 
of forming the corpus. Variables document is a document-level 
variable, once a document. Finally, the variables zdn and wdn 
are word-level variables θd are examined once for each word 
in each document. It is important to distinguish LDAs from 
simple Dirichlet -multinomial clustering examples. The 
traditional grouping system consists of a two-level model that 
exemplifies Dirichlet once for the data warehouse and 
variables. Like many clustering models, models limit 
documents to link to specific topics. 

 

           (1)  
 

The parameters α and β, the combined distribution of the topic 
combination θ, a set of topics N and a set of words N are 
provided. Accurate conclusions are difficult for LDAs, but any 
large set of estimation algorithms can be used to estimate 
conclusions and parameters within the LDA framework. The 
convection-based variation methodology was derived for the 
conclusion, showing that it produces a fast algorithm that 
produces a reasonable performance comparison analysis in 
terms of test set probability. LDA is based on the simple 
postulation of word and topic exchange in a document; 
therefore, it is understood by the main application of Finetti's 
theorem. LDA is not viewed as a method of scaling down in 
the spirit of SVM, PLSI, and LSI, but with important 
multiplicative probabilistic semantics that creates logic for the 
data categories it models. 

 
4 PERFORMANCE ANALYSIS 
This section presents the proposed LDA performance results. 
The results are analyzed and evaluated in terms of 

 Accuracy 

 Classification Rate  

 Consumption 

 Accuracy and recall 
 
In addition, the proposed LDA-based classification techniques 
are compared to existing SVM techniques to prove better 
performance of the proposed system. From this analysis, it is 
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evident that the proposed LDA provides the best results. 

 
4.1 Accuracy  
Class accuracy is referred to as the accuracy capability in a 
classifier. A prediction model that replicates the number of 
times a model is correct when used for data.  

 
 (2) 
 

 
The proposed LDA classification shows a high degree of 
accuracy compared to the existing SVM technique, as shown 
in Fig.5.  

 

 
 

Fig.5. Accuracy 
 
4.2 Classification Rate  
Category price can be defined while the precision level of the 
prevalent. The objective of classification is to precisely 
forecast the target class for every case in the data. The 
suggested method displays higher category price compared to 
the existing SVM technique. This kind of determines the bigger 
precision category in LDA as demonstrated in Fig.6. 

 

 
 

Fig.6. Classification  
4.3 Consumption 

• Time 

• Memory space 
 
The amount of time and memory required for SVM and LDA 
techniques is shown showing the graph below. The time spent 
by the proposed ADL is shorter than the SVM technique. 

The amount of memory used in the classification process is 
smaller than the system proposed by existing techniques. This 
indicates that the proposed proposal is an optimized and 
efficient technique of Fig.7.   
 

 
 

Fig.7. Consumption of time and memory 
 
4.4 Precision and Recall  
Precision is defined as the probability that the document 
obtained (simultaneously) is relevant. Recall is the probability 
that a related (randomly named) document will be restored in 
a specific search. The proposed LDA has more precision and 
shrinkage than the existing SVM technique, as shown in Fig.8. 
 

 
 

Fig.8. SVM and LDA Analysis 

 
4.5 Trust under Dimension based on seller 
The confidence score under the analysis dimension is based 
on its own dimension, comparing the various parameters with 
the detailed analysis from the seller's point of view. Positive 
impacts are made on the proposed approach from existing 
methods, as shown in Fig.9. 
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Fig.9. Trust score under Dimension 
 
4.6 Over-all Trust score Evaluation  
The over-all trust score is based on analysis, comparing 
various parameters with detailed analysis from the seller's 
point of view. Positive confidence is achieved for the proposed 
approach from the existing methodology, as shown in Fig.10. 

 

 
 

Fig.10. Overall trust score evaluation 

 
5   CONCLUSION AND FUTURE WORK 
This article proposes new LDA-based manufacturers to 
classify and train datasets to improve the accuracy and 
performance of datasets to facilitate user analysis. Exact 
results in the existing SVM classifications have no 
transparency and no fixed funding ratio. This does not refer to 
trust as a simple parameter function. Therefore, the LDA-
based classification works best with probability models with 
descriptive headings. The LDA uses a Dirichlet allocation of 
topics in documents and a distribution of words in the topics. 
Therefore, the test results are analyzed and evaluated for 
existing and proposed techniques based on accuracy, 
classification rate, time and memory usage, accurate recall, 
lower dimensional beliefs, and evaluation of all beliefs. The 
proposed LDA technique gives better results compared to the 
existing techniques. 
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Integrated Parameter Based BOTNET C & C 
Detection For Advanced Traffic Analysis In Wired 

Network Technologies   
 

Vinotha R and Seethamani P 
 

Abstract: These days rapid PC organizing and the Internet brought extraordinary comfort,and various security issues likewise developed with the 
technologies.The Internet is filled up with threats to online security, botnets have gotten one of the most pernicious threats over the Internet. Criminal 
assaults are propelled from bots. Each Internet-connected PC, including:Personal computers,servers,IOT gadgets and cell phones can be changed into 
a bot by malware disease.Botnets are being utilized impressively for malware dissemination to target distinctive sectors.Bots are utilized to perform 
malevolent exercises fluctuating from data taking to utilizing as a take off platform for dispersed assaults. Such programming's gets introduced on client 
PC without their knowledge.In this, we portray the issue in creating compelling interruption location frameworks for botnet direction and control traffic 
recognition. Every discovery strategy dissects the system traffic and control correspondences recognition and square the associations.The three 
detection parameters are initially investigated, these are: Untrusted Destination by Identifier (UDI), malicious SSL certificate, Traffic Flow Causality(TFC). 
BotDet balances TP and FP rates with 90% and 10% separately. 
 
Index Terms: Bot, Botmaster, malware,command & control server,alert correlation   

——————————      —————————— 

 

1 INTRODUCTION           
Botnets plays a significant job in cybercrime. A botnet 
comprises of an enormous gathering of remotely controllable 
PCs or bots. The bots are restricted by 
using an character or association alluded to as the  botmaster. 
Inspite of the fact that there are some uncommon instances of 
botnets that perform real errands, most botmasters have 
noxious targets and send bots only for criminal activities[1]. 
Without the information or assent of the proprietor, PCs are 
enrolled as a bot by malware debasement and as such sent in 
different bad behaviors, for example, DDoS (Distributed Denial 
of Service) assaults, spam, click coercion, thievery of delicate 
data, and even advanced dread  based mistreatement. The 
word botnet alludes solely to pernicious botnets. The 
botmaster communicate with the bots in a unique 
correspondence framework, alluded to as the C&C (Command 
and Control) Infrastructure[2]. The botmaster is confined from 
the ambushing bots by widely appealing PCs or wandering 
stones that obfuscate the pursue again from discovered bots 
towards the botmaster by the C&C correspondence. The IoT 
botnet malware, named 'Mirai', spreads to helpless associated 
gadgets by consistently filtering the Internet for effectively 
hackable IoT frameworks secured by hard-coded passwords 
or factory defaults. It is hard to precisely characterize a botnet.  
Communication plays a significant job, however the sole 
capacity of malware to interface with different malignant cases 
is certifiably not an adequate condition to classify a tainted PC 
as a bot..Bot infected machines opens a backdoor and wait for 
the commands issued by attackers[4].  
 
 
 
 
 
 
 
 
 
 
 

 
IRC systems are a well known mechanism for controlling bot 
systems.For Controlling and giving directions to an enormous 
number of bots one after another an aggressor embraces 
different sorts of controlling 
instruments.The components covered and the    arrangement    
of directions traded among botnet  components is proven in  
figure 1. 

 

 
 
Figure 1: Working of  IRC-based Botnet 

 
2    RELATED WORKS  
For distinguishing C and C botnet traffic the two primary 
methodologies are in the writing. The first relies upon the 
production of nectar nets in the system [5]. This methodology 
is routinely used to comprehend and contemplate botnet 
innovation and quality. In any case, nectar markets are not 
constantly ready to distinguish bot contamination. The 
subsequent methodology relies upon the perception of inactive 
traffic [7].These philosophies can be classified in a steady 
progression in signature and anamoly based absolutely 
methodologies.Signature-based identification techniques use 
the known signature and behavior of existing zombie 
networks. They can therefore very well be used to identify only 
known zombie networks . Anomaly-based localization 
strategies can distinguish dark botnets when they try to identify 
dependent botnets by organizing traffic irregularities such as 

———————————————— 
 

• Vinotha R is currently working as an Assistant Professor in the 
Department of  IT, M.Kumarasamy college of engineering, Karur.E-
mail:vinoravi9023@gmail.com.  

• Seethamani P is currently working as an Assistant Professor in the 
Department of IT, M.Kumarasamy College of Engineering, Karur. E-
mail: Seethamani564@gmail.com. 

 

Page 1122 of 3066Page 1122 of 3066



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 02, FEBRUARY  2020                 ISSN 2277-8616 
 

3940 

IJSTR©2020 

www.ijstr.org 

 

traffic on strange doors,traffic volumes, abnormal behavior of 
the structure and high inactivity of the system . Discovery 
methods can still be categorized into host-based totally and 
network-based totally methods. The host-based totally method 
detects botnets by using tracking and reading the internal 
components of a laptop system. while the network-primarily 
based technique video display units community visitors for 
botnets. snigger is a signature-based totally IDS [6] which 
could display and analyze network site visitors to fit 
recognized botnet signatures. snicker is made of many 
components that work together to discover malicious styles in 
traffic. Packets from community interfaces are obtained with 
the aid of the packet decoder and are ready to be 
preprocessed or despatched to the detection engine. Then, 
the applications are checked by unique plug-ins and, if 
anomalies are detected, the processor triggers an alert. This 
approach analyzes suspicious flows produced by way of 
filtering benign visitors from visitors created via a number. A 
ordinary host traffic profile is used for the purpose of filtering. 
The non-public behavior widespread of flows to dreams is 
inspected in an offer to create the host seasoned file.This 
approach completed a region rate of 100% and bogus 
positives of 8%. It present a number-based totally detection 
approach geared up to distinguish the presence of botnet c&c 
traffic at the watched tool, and moreover installation the shape 
of c&c correspondence used by the bot,e.g.,peer-to-peer(p2p) 
based totally, http-based totally or irc-based totally.as it does 
not look at the packet payloads, their identification method is 
free of the substance of the C&C messages[8]. Their approach 
for figuring out and sorting botnet C&C associations relies 
upon on three theories: (1) it's far conceivable to understand 
botnet C&C correspondence and botnet non-C&C 
correspondence, (2) it's miles practicable to apprehend botnet 
C&C correspondence and legitimate correspondence and 
(three) there are shared characteristics between diverse sorts 
of C&C and exclusive botnet   families. 

 
3 PROPOSED WORK 
 
3.1 BOTNET DESIGN AND SPECIFICATION 
Botnet Detection has these basic steps. The first step includes 
four modules to recognize the different procedures used in 
C&C botnet communications. The next phase requires the use 
of a structure for an easy relationship, in order to vote between 
the individual recognition forms. The proposed method for 
detecting C&C botnet traffic is described.This methodology 
depends on the connection between's the occasions, which 
are the yields of the discovery modules.The proposed 
approach comprises of two fundamental stages 
correspondence. To this end,three  identification  modules 
 have been  proposed:Botnet C&C by SSL endorsement 
recognition module, Botnet C and C by untrusted goals 
location module and Botnet C&C by causal investigation of 
traffic streams discovery module Each recognition module is 
free of different modules and means to identify one system 
that can be utilized in C and C correspondence. The yields of 
these discovery modules ought to be submitted to the second 
stage where they are connected to raise a caution and square 
on botnet C&C traffic recognition. In the subsequent stage, the 
correlation structure takes occasions (the yields of our 
discovery modules) as an info and correlates them to raise a 

caution and block on botnet C and C traffic detection. The 
correlation strategy depends on casting a ballot between the 
recognition techniques to settle on an official choice about the 
location. A portion of the recognition modules are boycott 
based, where a portion of these boycotts are openly 
distributed or secretly kept up. Data on various insight 
encourages without a moment's delay is utilized to naturally 
refresh every utilized boycott inside BotDet. 

 

 
 

Fig 3.1 System Architecture 
 
3.2 BOTNET C & C DETECTION BY IP ADDRESS 
The module distinguishes an association between a 
contaminated host and a C and C server. The discovery 
module is based on a blacklist of malicious IP addresses from 
C&C servers, network traffic is processed and the source and 
destination IP addresses of each connection. correspond to 
the IP blacklist. The blacklist is automatically updated daily 
based on different information flows and detection is in real 
time. MIPD checks both sides of the association that IP 
provides to distinguish whether the association is to or from 
malicious IP. In general, we can write the algorithm as: 
Input : Message from NN; 
for each new flow NN_IP  
do Read the NN_IP; 
X= NN_IP; 
if X.equals.BOTN_IP  
X.Status=ANOMALOUS; 
signalAnomaly(X );  
Show(x); 
else 
X.Status= getStatusOfAssociatedFlow(X);  
if X.Status=NORMAL  
then  
extractForwardReferences(X); 
endif 
 endif 
 end for 
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Fig 3.2 Botnet Detection by using IP Address 
 
3.3 BOTNET C & C DETECTION BY DNS 
A regular system used for C&C communication is the domain flow 
procedure, in which each contaminated machine independently 
uses a domain generation algorithm (DGA) to produce an 
overview of domain names [9].To avert tainted has from 
refreshing their malware, law requirement needs to preregister 
every one of the areas that a contaminated host inquiries 
consistently before the botnet proprietor registers them. This 
module distinguishes algorithmically produced area motion. The 
contaminated host inquiries for the presence of countless areas, 
while the proprietor needs to enlist just one. finally, this strategy 
activates massive numbers of dns inquiry disappointments when 
you consider that now not these place names are 
enlisted.Likewise, this strategy prompts an impressive parcel of 
DNS request disillusionments in light of the fact that not these 
territory names are enrolled. The distinguishing proof module 
relies upon DNS question disappointments originating from 
Domain-flux procedure. In general, we can write the algorithm 
as: 
Input : Message from NN; 
for each new flow NN_DNS  
do Read the NN_DNS; 
Y= NN_IP; 
If Y.eqauls.BOTDNS; 
Y .Status = ANOMALOUS; 
signalAnomaly(Y );  
Show(x); 
else 
Y .Status = getStatusOfAssociatedFlow(Y);  
if Y .Status = NORMAL  
then extractForwardReferences(Y); 
end if 
 end if 
 end for 
 

 
 

Fig 3.3  Botnet Detection by using DNS 

 
3.4 BOTNET C & C DETECTION BY SSL CERTIFICATE 
This identity module relies upon on a blacklist of malignant 
SSL certificates.This boycott contains of sorts of SSL 
declarations, SHA1 fingerprints and serial & situation of awful SSL 
endorsements which are  associated with malware and 
botnet sporting activities,the system traffic is prepared and every 
protected association are separated, and afterward the SSL 
testament utilized in each safe association is coordinated with 
SSL authentication boycott[3]. The blacklist is automatically up to 
date primarily based on specific intelligence and the detection is 
in real time. C&C trades are for the  maximum  component 
 assured through at ease Sockets Layer (SSL) encryption, 
making it hard to perceive if the traffic is dangerous. 
 

 
 

Fig.3.4  Botnet Detection by using SSL Certificate 
 
3.5 BOTNET C & C DETECTION BY CAUSAL ANALYSIS OF 
TRAFFIC FLOWS 
This module recognizes traffic stream of host and C and C server. 
A botnet is a social event of haggled PCs, explicitly, bots, 
compelled by one or different controllers. These botnet 
controllers, in like manner named bot specialists, offer headings 
to their bots through C&C (Command-and-Control) servers with 
the objective that the bots can perform exercises for their bot 
experts. There are a couple of criteria to order botnets, including 
the ambushing conduct, C&C model, correspondence channel, 
invigorating part, and the evasion method. For a botnet with an 
incorporated C&C model, every bot associates with its C&C 
server to recover directions or to convey information. There are 
numerous points of interest to utilize such engineering to 
compose C&C servers and their bots contrasted with the 
decentralized and randomized models. The primary bit of leeway 
is the minimal effort to build such a botnet, on the grounds that 
bot experts can without much of a stretch make this sort of 
botnets utilizing many off-the-rack open assets and applications. 
In the interim, the brought together model permits a bot ace to 
rapidly revitalize an enormous number of its bots by ordering not 
many C&C servers. Such effectiveness clearly encourages 
cybercriminals to utilize botnets to lead vindictive exercises, for 
example, DDoS assaults and spamming . In general, we can 
write the algorithm as: 
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Procedure 
pick paramenters l,n and work f,∅;  
pick the numbers t of tokens;  
pick the numbers τ of lists per confirmation;  
Generate master key KPRP and challenge key kchal; 
 for vector G(j),j                 1,n do 
           for rount I              1,t do 

          Derive  i=f kchal(j) and K(j)PTP from KPRP. 

                 compute v(i)I = qi* G(j)[ ikPTP(q)] 
         end for 

end for 
      store all the vi’s locally. 
    end Procedure 
 We can write an algorithm for correctness verification as: 
Procedure CHALLENGE(i) 

Recompute  i=f kchal(j) and K(j)PTP from KPRP. 

  Sent {  I,k(i)PTP} to all the cloud servers; 
    Receive from servers: 

                {Ri(j) = qi* G(j)[ ikPTP(q)]| 1 j  n} 
              for (j                m + 1,n)do 

                 R(j)                  R(j) -  kj(siqj). qi ,Iq =  
kPTPi(q) 
      end for  
         if((Ri(1) ,…., Ri(m)). P==(Ri(m+1),…, Ri(n))) than 
                Acknowledge and prepared for the following test. 
       else  
           for (j               1,n)do   
                    if (Ri(j)! = v+i+(j)) than 
                      return server j is not trusted. 
                        end   if  
                           end  for     
           end  if  
end procedure 

 

 
 

Fig 3.5 Botnet C & C Detection By Causal Analysis Of 
Traffic Flows 

 
4. EVALUATION RESULTS  
The invention modules have been configured to deplete the 
pcap files and bring log files. At that factor CF changed into 
applied to correspond the character modules' alarms to 
recognize C&C interchanges. outcomes from singular modules 
and CF were tantamount to the floor reality, and the 
estimations of genuine Positivity rate  and fake Positivity rate 
were determined. regardless of the truth that the connection 
depending on one popularity module has the most extended 
TP, it likewise has the maximum elevated FP. The pleasant 
effects are for the relationship dependent on  region modules, 
with TP of ninety% and FP of 10%. 

 
5.CONCLUSION AND FUTURE ENHANCEMENT 
Malware keeps on running far reaching over the Internet, and 
among the numerous structures that advanced malware can 
expect, botnets speak to perhaps the gravest risk to Internet 
security. Through the huge scale bargain of helpless end has, 
botmasters can both abuse the secrecy of delicate client data for 
example, banking or interpersonal organization confirmation 
accreditations just as influence gatherings of bots as an 
underground computational stage for performing other unlawful 
exercises. The proposed methodology is based four location 
modules to raise an alarm and square on C&C traffic discovery. 
Every location module forms the system traffic and plans to 
distinguish one procedure utilized for C&C correspondences. It is 
accepted that the open door for utilizing this methodology in C&C 
traffic discovery would exceptionally diminish the bogus positive 
pace of the location framework. 
As destiny work, more acknowledgment modules will be  
added to understand numerous techniques utilized in botnet C&C 
trades.also, cautions from outer IDSs despatched on 
the system can be gotten and bolstered into BotDet, that 
may at last lessen the artificial  wonderful  tempo  of the 
framework. 
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WARPLANES SECURITY AND 

COMMUNICATION SYSTEM USING LIFI 

1R.Vinotha, 2A. Alagupreethi, 3B.R Ezhilarasi, 4C.Haritha, 5M.Kaleeswari 

 

ABSTRACT- As carriers continuously embraced IP-staged system innovation, the idea of Innovation in 

e-supporting or "osoa " airplane was bPra as air traffic Increased avionics that connects aviation. Be that as it 

may, because work has an unpredictable and ultidimensional nature, one innovation can't accomplish the above 

Instead, the most encouraging is building analysis. Along these lines, examines the new system of civil.  Following 

is series to the paradigm of the e-Enabled  aircraft, safety. . 

 

KEYWORDS- LI-FI, Photodiode,LED,Amplifier. 

 

I. INTRODUCTION 

Airplane correspondences is advancing from an ordinary radar-based arrangement to an exceptionally 

organized structure by means of the continuous imbuement of numerous remote correspondence innovations, e.g, 

for example, satellite interchanges (SATCOM), Wi-Max, L-band Digital Aeronautical Communication Systems 

(LDCAS), Automatic Dependent Surveillance Broadcast (ADS-B), Aeronautical Mobile Airport Communication 

System (Aero-MACS), and so on.  

    Right now Enabled airplane worldview, it is imagined that all key flying applications and 

administrations will be associated with a solitary coordinated correspondence framework assembled utilizing a 

scope of advancements, e.g., Internet Protocol (IP) organizing, worldwide situating framework (GPS) satellites, 

and other radio recurrence (RF) frameworks. Specifically, eminent advancements here Includes the next 

generation transport (NextGen) framework being promoted by the U.S. Government Aviation Administration 

(FAA) and a single European Sky ATM Research (SESAR) framework developed in Europe. Overall, these 

architectures are all designed to provide high-end air transportation that demonstrates the power of Executive 

(ATM). The aircraft paradigm, which is currently some important goal, is to improve the efficiency, reliability, 

and happiness incurred during flight, and also to reduce the operating cost of the carrier. Until now, security has 

always been one of the areas of powerful software heavy heating, using your own advanced programming and a 

range of strict gauges, rules, and skills. In any case, the sending of new advancements here will unavoidably build 

the helplessness of airplane based correspondences to a scope of digital assaults from various foes. Subsequently 
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it is basic to comprehend and address these worries. In fact, a preventive as opposed to receptive procedure is the 

most judicious here. 

 

II. LITERATURE REVIEW 

    In the paper[1], While visiting new structures individuals are commonly ignorant of a structures design 

and in huge ones, additionally wind up lost. It has been proposed to help individuals find alarm conditions on all 

structures using Li-Fi innovations. Models are built according to the Arduino Uno with Light-Fidelity (Li-Fi) 

transmitters and microcontroller units that collect and control them. Decrypt groups obtained using a limited state 

machine. This framework is tried on factors surrounding the light as well as the versatile normal speed of the 

prospect. The area update was seen as moment and exact. This framework can along these lines, be helpful in 

getting a precise area update by methods for the structures lighting apparatuses inside any structure wherein it is 

introduced. This can be useful while visiting places where headings are either not shown or are indecipherable to 

the guest for reasons unknown. 

       In the paper[2], For the most part, in Hospital Nurseries, medical attendants are dealing with 

variations from the norm and the wellbeing of the infants however they may not be accessible for dealing with the 

Infants 24x7. Along these lines, once in a while without Sometimes the sound of Tnfant is the basis. Remote 

technologies used in various infant surveillance systems include ladle rations that are not very safe for infants. 

Along these lines, Under these basic conditions, we have proposed an automated wireless Li-Fi based advanced 

Tnfant monitoring system that continuously measures serious parameters of children's well-being using wearable 

sensors. When irregular conditions occur, you will be notified. In the paper[3], we examine the presentation of 

the proposed maritime observing framework that associates the maritime existence with the earthbound life. For 

constant ongoing checking and universal inclusion, the correspondence framework is supported with a satellite 

connection. Numerous sensor hubs (SN) are conveyed at various water levels that gather sensor information and 

transmit it to submerged vehicles (UV) utilizing submerged obvious light correspondence (UVLC). The UVLC 

framework gives higher information rates at lower idleness when contrasted with existing radio recurrence (RF) 

and acoustic wave elective for submerged correspondence (UWC). The UWC framework includes level take (HH) 

and vertical take (VH) UVLC joins demonstrated utilizing disturbance incited blurring. The vertical take joins are 

demonstrated as the connection of progressive non-blending tempestuous connects to consider the difference in 

choppiness with the difference in water level. The UVs and submarines speak with the gliding vessels (FVs) 

utilizing vertical take UVLC interface. The UVs gather the information from the low force sensor hubs and 

offloads it to the FVs, which further bars it to the satellite on the RF bearers. The tale articulations of execution 

measurements, for example, blackout likelihood and normal piece mistake rate are determined. Further, the 

presentation of the framework is broke down for different framework and channel parameters to demonstrate the 

achievability of the proposed correspondence framework. In the paper[4], At super shopping centers, for shopping 

for food and acquisition of every day needs ancient rarities, clients need to sit tight in expanded lines for the 

charging prompting wastage of their valuable time. So as to take care of this issue, Different analysts have 

proposed computerization in charging framework. At the point when benefactor gets a relic and drops it into the 

truck, the scanner examines the ancient rarity's particular code and its worth, which is paraded on the presentation 
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screen of the trolley. After client has perfect with the buy, supporter goes to the charging counter and take care of 

the absolute tab which was appeared on the showcase screen consolidated on the truck. Right now, endeavor has 

been made to break down the related works did by different specialists right now on the fundamental segments of 

shrewd truck like microcontroller, transmission medium and filtering framework. In the paper[5], Utilization of 

LED lights lessens half of all out vitality utilization. This can encourage a future that is before us for example Li-

Fi . This innovation is utilized for transmitting information through VLC Communication. Outwardly tested 

people can be profited by utilizing this innovation as it can control them in an indoor framework. The information 

transmission happens just when an individual has gone into the room. It controls the individual inside the space 

to walk certainly with the information on every single obstruction with the assistance of sound input. Nearly, Li-

Fi offers a lot higher speed of correspondence than Wi-Fi. 

 

III. EXISTING METHOD 

         Vehicle to Vehicle A communication distance measurement system using spread spectrum 

technology has been proposed. This framework, a (Vehicle-A), simultaneously fetches the data of the gap between 

the vehicle (Vehicle-B) and the vehicle. Be that as it may, right now, number of the objective vehicle is just one. 

From PC reproductions, it is affirmed that the proposed framework is viable in any event, when obstruction signals 

exist. Various strategies and conventions have not achieved high area precision required for VANET security 

applications In existing framework a savvy home is actualized .That utilizes Li-Fi innovation as mode of mix 

between all the associated gadgets and utilizations a sensor framework dependent on Wireless Sensor Network. 

Li-Fi is a rapid bi-directional completely associated innovation that gives transmission of information through 

brightening utilizing LED light. Nobody create warplanes correspondence in war field OFDM-BaseWireless. 

 

Fig 1: Block diagram of Existing system 

 

A.DRAWBACKS 

 The Internet can't be utilized without a light source. This could restrict the areas and 

circumstances where Li-Fi could be utilized. 

 Because it utilizes noticeable light and light can't infiltrate dividers, the sign range 

is constrained by physical hindrances. 

 Other sources of light may interfere with the signal. One of the biggest potential 

drawbacks is the interception of signals outdoors. Sunlight will interfere the signals, resulting in interrupted 

Internet. 

                                    
LIFI 

DE A
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 A whole new infrastructure for Li-Fi would need to be constructed. 

 

IV. PROPOSED SYSTEM 

          In this proposed system we will implement LI-Fi communication in war planes at war field. Li-Fi 

is a most secured communication. It will communicate between device to device and also monitoring sensor 

data's.  All the sensors are connected to Arduino . Temperature sensor is monitoring warplane engine heat. 

Accelerometer sensor detect warplane angle. Smoke sensor detect smokes from fire damaged things. LCD 

display will showing  all the readings. Buttons will interfacing with arduino.  Every buttons will execute 

different plan. All the data's are transmit through  LI-FI. Receiver will receives all the data and it will show on 

pc. 

 

 

 

     

    Fig 2: Block diagram of Proposed system 

A. ADVANTAGES 

 More security 

 Immediate action 

 Every one will use  

  Hacking process avoided 

 

V.   IMPLEMENTATION 

 Data processing 

 Binary data 

 Led 

 Photo diode 

 Operational amplifier 

 

VI. DATA PROCESSING 

                    A data processing system is a combination of machines, people, and processes that produces 

a defined set of outputs for a set of inputs. The sources of info and yields are deciphered as information, realities, 
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data, and so forth. Depending on the relationship of the interpreter with the system. 

A.BINARY DATA 

                The Module for Binary formats lets you work with any type of such messages. Binary bodies 

of HTTP requests are converted to the hexadecimal representation. You can edit it and insert variables 

containing hexadecimal code of session-specific binary values. 

B.LED 

               LED Modules offer a fully integrated solution (light source, driver, optics, thermal) to get 

LED luminaires to market faster. LED Accessories are complementary parts used in LED luminaire designs and 

optimized for Cree LEDs and LED modules. 

C.OPERATIONAL AMPLIFIER 

                  An operational amplifier (often op-amp or opamp) is a DC-coupled high-gain electronic 

voltage amplifier with a differential input and, usually, a single-ended output. Operational amplifiers had their 

origins in analog computers, where they were used to perform mathematical operations in many linear, non-

linear, and frequency-dependent circuits. 

D.PHOTO DIODE 

                  Photodiode module is a high-precision photodetector that integrates a Si photodiode and a 

current-to-voltage amplifier. The output from the photodiode module is an analog voltage and can be easily 

checked with a voltmeter, etc. 

 

VII. WORKING ENVIRONMENT 

 A.HARDWARE SYSTEM CONFIGURATION 

 Processor - Pentium –IV 

 RAM - 4 GB (min) 

 Hard Disk - 20 GB 

 LiFi transmitter 

 LiFi receiver 

 

B.SOFTWARE SYSTEM CONFIGURATION 

 Operating System : Windows 7 or 8 

 Application : PYTHON IDLE 

 

VIII. HARDWARE ENVIRONMENT 

A.LIFI TRANSMITTER 

Page 1131 of 3066Page 1131 of 3066



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 03, 2020 

ISSN: 1475-7192 

 

Received: 03 Dec 2019 | Revised: 21 Jan 2020 | Accepted: 18 Feb 2020                       3616 

                The transmitter itself generates a radio frequency alternating current, which is applied to the 

antenna. when excited by this alternating radiates radio waves. 

B.LIFI RECEIVER 

                The beneficiary is at the core of a commonplace home theater framework. The receiver sends 

the video to your television and sends the audio to the decoder. The decoder classifies the different sound channels 

of the video signal.            

 

IX. SOFTWARE ENVIRONMENT 

A.Python Technology 

                  Python is a universally useful, high-level decryption programming language. It reinforces 

numerous ideal programming models, including procedural, object-organized, and useful programming. Python 

is regularly represented as a "included batteries" language due to its comprehensive standard library. 

B.Python Programming Language 

                   Python is a multi-worldview programming language. Article arranged programming and 

organized writing computer programs are completely upheld, and huge numbers of its highlights bolster useful 

programming and perspective situated programming (counting by metaprogramming and met objects 

(enchantment techniques)). Numerous different ideal models are upheld by means of augmentations, including 

configuration by agreement and rationale programming. 

 

X. FUNCTIONALITIES 

 Easy to Learn and Use 

 Expressive Language 

 Interpreted Language 

 Cross-platform Language 

 Free and Open Source 

 Object-Oriented Language 

 Large Standard Library 

 GUI Programming Support 

 Integrated 

 

XI. CONCLUSION 

           E-Enabled aircraft paradigm is being developed to improved operational efficiency, reduce costs 

and streamline traffic management. This vision integrates many different types of communications technologies, 

such as wireless sensor systems, ADS-B, LDCAS, cutting edge satellites, and pervasive IP-based systems 
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administration. Along these lines it is basic to distinguish and address a wide range of digital dangers confronting 

developing e-Enabled airplane so as to guarantee the proceeded with security of a great many voyagers and 

laborers over the world. 

 

FUTURE ENHANCEMENT 

            Inside a couple of years, we hope to see LiFi notwithstanding different remote corresponding 

advancements to make another omnipresent figuring stage. Under this anticipated joining, each gadget sufficiently 

huge to mount a LED and a light sensor can be associated and controlled by LiFi. This paper brings up the LiFi's 

best in class advancement, qualities, and shortcomings of the innovation just as the difficulties still before the 

completely created LiFi arrange. Up until now, the VLC standard should be upgraded to cover the most recent 

enhancements of LiFi considering the across the board enthusiasm of this innovation as a possible substitute for 

Wi-Fi in specific spots and circumstances. Since the primary research these days is centered around the 

improvement of legitimate regulation procedures applied in the LiFi framework, we thought of it as critical to 

underline in this paper a couple of the most serious ones grew up until this point. 
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Abstract: Physiotherapy has been very monotonous for patients and they tend 
to lose interest and motivation in exercising. Introducing games with short term 
goals in the field of rehabilitation is the best alternative, to maintain patients’ 
motivation. Our research focuses on gamification of hand rehabilitation 
exercises to engage patients’ wholly in rehab and to maintain their compliance 
to repeated exercising, for a speedy recovery from hand injuries (wrist, elbow 
and fingers). This is achieved by integrating leap motion sensor with unity 
game development engine. Exercises (as gestures) are recognised and validated 
by leap motion sensor. Game application for exercises is developed using unity. 
Gamification alternative has been implemented by very few in the globe and it 
has been taken as a challenge in our research. We could successfully design and 
build an engine which would be interactive and real-time, providing platform 
for rehabilitation. We have tested the same with patients and received positive 
feedbacks. We have enabled the user to know the score through GUI. 

Keywords: rehabilitation; physiotherapy; gesture; leap motion sensor; 
recovery; virtual reality. 
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1 Introduction 

The technological growth has certainly improved the ways the physiotherapy has been 
done (Hartveld and Hegarty, 1996; Zheng et al., 2005; Lewis et al., 2011). Physiotherapy 
has consistently been monotonous all these years, leading to non-compliance of patients 
to exercise courses. There are several other reasons for this non-compliance-substantial 
costs in travelling to rehab centres, time spent in rehab centres, discouragement and the 
doctor’s personality. Therefore, an application with all/most of the factors for  
non-compliance eradicated is necessary. Such an application must be portable, 
independent of doctor’s supervision and must be in the form of games. Many 
physiotherapy doctors reveal a fact that the patients have a lot of resistance to admit that 
they must undergo rehabilitation and to come to rehab centres. We have attempted to 
totally eradicate this problem. 

Our research focuses on developing a prototype of the efficient application as 
described above. It is a gamification of hand rehabilitation exercises, which is portable. 
All that a patient would need is leap motion sensor for recognising the exercises (as 
gestures)and checking for correctness of exercises. This application eliminates the need 
for a patient to visit the rehab centre every day for treatment. In this application, patients 
exercise repeatedly by playing a game for every exercise. Also, scores obtained in each 
game, display of accomplishment messages on successful completion makes it more 
interesting and motivates them. By using this application, monotony in physiotherapy 
becomes insignificant for the patient and he/she is encouraged to try more. 

Application ensures correctness of patients’ exercises by pausing the timer which 
runs in every game and by counting only valid gestures. 

Doctors set short term goals for patients and can increase the difficulty of an exercise 
by prescribing number of times a particular game to be completed, in the specified 
period. Name of the exercise completed, date and time of completion, scores and duration 
are consolidated into a report every session and saved by the application to the report file, 
based on which the treatment advances. 

2 Literature analysis 

Both virtual reality (VR) and augmented reality (AR) applications and inventions are in 
the boom for the past 2 decades. There are many inventions which have made the life 
easier for the users. This section just summarises some of the noteworthy inventions 
which have been referred. Srivathsan et al. (2014) and Azuma et al. describe what AR is, 
and differentiates it with traditional VR; gives a clear cut idea and understanding of what 
and what not is AR and creates a basic awareness of the upcoming and complicated 
technology (Srivathsan et al., 2014; Azuma et al., 2001). 

Srivathsan et al. (2014) discussed the core elements required to develop an 
application in AR – leap motion controller and unity software. It has given a basic idea to 
develop a sample interactive AR boxing application. This is a very basic version, but 
helped a lot with how the AR/VR could evolve (Vasudevan et al., 2014). 

Geethan et al. (2015) dealt with creating a methodology to provide an X-ray vision 
using the anaglyph technique and finally integrating it with the leap motion controller to 
enable gesture interaction to move the window around through which the point of interest 
can be viewed. The limitations of the suggested methodology have also been discussed. 
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Sundaram et al. (2015) dealt with the use of hand gesture interface with AR 
applications. They have provided a system, apparatus, and methods for AR glass that 
accomplishes virtual computing with gesture interface. Here, a dedicated glass (headset) 
has been used which sounds to be little expensive. 

Potter et al. (2013) presented an early exploration of the suitability of the leap motion 
controller for Australian sign language recognition. Testing showed that the controller is 
able to provide accurate tracking of hands and fingers, and to track movement. 

Cary et al. (2014) have described a framework for health monitoring platform and a 
source of entertainment for particularly stroke survivors. Using the Microsoft Kinect 
sensor, a serious game captures 3D data of the patient’s session and sends it to a server. 
Through a web application these data could be further visualised by the physiotherapists 
on their assessments. 

From the above analysis we understand that gesture recognition has revolutionised 
the field of AR/VR and most of the applications were created for industrial purposes. 
Keeping this in mind, we have attempted to create a prototype of an application for 
Rehabilitation. 

3 Problem statement 

To provide a virtual rehabilitation tool through gestures for a speedy recovery from hand 
(wrist, elbow and fingers) injuries through interesting games. 

4 List of proposed exercises 

AR uses computer-aided graphics to add an additional layer of digital information to 
support understanding and inter physiotherapy provides a wide range of exercises for all 
the parts of the body. There are many exercises which come under physiotherapy for 
hand injuries. We have developed interesting game-based solutions to immerse the 
patient into VR, thereby making their treatment effortless while making it interesting too. 
There are many exercises; to start with, we have considered the following exercises, 
bearing in mind the limitations of the tracking ability of leap motion sensor. We shall be 
using camera alone in near future thereby eliminating the need for sensor, which could 
reduce the overall cost. 

4.1 Fist exercise 

To do this exercise, the patient has to place his/her hand 20 cm above leap motion sensor. 
Palm should face the sensor. A gentle fist should be made by wrapping the thumb across 
the fingers. Then, the fingers must be released and spread wide. This sequence has to be 
repeated for the number of rounds specified by the physiotherapist. The results and 
appearance of the application are presented in the results section (refer Figure 1). 
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Figure 1 Fist exercise (see online version for colours) 

 

4.2 Thumb touch exercise 

To do this exercise, the patient has to place his/her hand 20 cm above leap motion sensor. 
Palm should face the sensor. Thumb tip should gently touch each of the four other finger 
tips, one at a time, making the shape of an ‘O’. This sequence has to be repeated for the 
number of rounds specified by the physiotherapist. The results and appearance of the 
application are presented in the results section (refer to Figure 2). 

Figure 2 Thumb touch exercise (see online version for colours) 

 

4.3 Thumb stretch exercise 

To do this exercise, the patient has to place his/her hand 20 cm above leap motion sensor. 
Palm should face the sensor with arm straight. Thumb must be extended away from other 
fingers. Then, the thumb must be bent across the palm so that it touches the base of the 
small finger. This sequence has to be repeated for the number of rounds specified by the 
physiotherapist. The results and appearance of the application are presented in the results 
section (refer Figure 3). 

Figure 3 Thumb stretch exercise (see online version for colours) 
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4.4 Wrist stretch exercise 

To do this exercise, the patient has to place his/her hand 20 cm above leap motion sensor. 
Hand has to be kept perpendicular to the sensor such that little finger faces the sensor. 
Wrist has to be moved from side to side as shown in Figure 4, until the stretch is felt. 
This sequence has to be repeated for the number of rounds specified by the 
physiotherapist. The results and appearance of the application are presented in the results 
section. 

Figure 4 Wrist stretch exercise (see online version for colours) 

 

5 Proposed architecture 

The proposed architecture is presented as Figure 5. To make it more clear and more 
understandable, one can refer to Figure 6. 

Figure 5 Proposed architecture 
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Figure 6 Architecture in a clear and understandable way (see online version for colours) 

 

Firstly, leap motion controller takes exercises (gestures) as input and gives required 
information (such as greyscale images) to unity game engine. Secondly, the game engine 
integrates all data and libraries, and gives them to the application. Finally, a script in the 
application validates the exercises and generates output for the patient and a report file to 
be submitted to the doctor. This is a short description of the architecture. Following 
section describes in detail, each module and the links between them. 

6 Modules and their interfaces 

Leap motion sensor is a device that is developed by Leap Motion Inc. It detect hands, 
finger and finger-like tools (e.g.: pen, pencil) movements and their positions. It 
recognises the entire object within its field of view. Its field of view ranges from 25 to 
300 mm above the device. It helps taking hand movements as an input to our system. It 
gives the output with high precision and high frame rates. The leap motion device tracks 
the movement and gestures and records it as frames. Every movement is recorded in a 
frame. Each frame object contains all the tracking data. This device records frames in 
microseconds and gives very accurate results with high frame rates. All the tracking data 
can be accessed through these frames. It can measure the object in millimetres distance. 

In this module, hand exercise as hand gesture, is input to leap motion controller and 
tracking data (hand coordinates, greyscale images, etc.,) is the output. The controller then 
reads the gestures and generates controller data. These data are fed into its local memory 
for any resolution adjustments (using image API’s). The resultant is raw data and is sent 
to the tracking software through the USB cable. This software analyses the data to 
produce a 3D interpretation of the input. The result is represented as a series of frames 
with all tracking data. The sensor will feed and update itself for every microsecond to 
track the user’s hand movement’s updates to the application running in the unity game 
engine. Figure 7 depicts this module. 

Figure 7 Sensor module (see online version for colours) 
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Figure 8 Game engine module (see online version for colours) 

 

Figure 8 depicts this module. For integrating leap motion sensor with unity, core assets 
package must be imported to unity. When the game engine starts, coordinates are mapped 
and tracking data is given to the game engine. Details of game environment and the 
tracking data are then used by the scripts in the application (through unity API’s, Leap 
motion software and leap API’s). Various leap API’s are used by the application by 
importing the leap package (using leap; //statement). Hence, the input to this module is 
tracking data and the output (intermediate) is all the information required by the scripts in 
the application. 

In this module, game environment is designed in the scene view. Scripts that validate 
the gestures and the scripts used for animations are contained in a folder. In Figure 8, 
information required by the application is sensor data’s 3D interpretation as frame 
information, game environment details and the GUI used. 

This module is responsible for validating exercises, and generating reports and game 
output. It is basically a set of scripts that does the above mentioned jobs. The input to this 
module sensor data’s 3D interpretation as frame information, game environment details 
and the GUI used, and the output is an append operation to a report file and display of 
game output to the patient. Game output is completion and accomplishment messages. 
Report file consists of the name of the exercise completed, date and time of completion, 
score and duration of exercise. 

The following is a short technical description of a part of the module. For every 
frame, the update() function of the application is called. In this function, the following 
happens. When a finger’s tip comes closer to the thumb’s tip, the distance between the 
tips (tips of all fingers to thumb tip) is calculated for every frame. When the distance 
between them is 0, touch is recognised and the object (cube) assigned to that particular 
finger jumps to the touching point. The respective diagram and piece of code is presented 
as Figures 9(a) and 9(b). 

Figure 9 (a) Application module (b) Code snippet of update() (see online version for colours) 

 

(a) 

Note: This is a modification of the built-in script, MagneticPinch. 
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Figure 9 (a) Application module (b) Code snippet of update() (continued) (see online version  
for colours) 

 

(b) 

Note: This is a modification of the built-in script, MagneticPinch. 

7 Technical description and results section 

Games are designed in such a way that doctors can relate the duration of any session and 
the number of gestures made in that duration (that is, gestures in unit of time) 

7.1 Thumb touch exercise 

Figure 10(a) is the main menu screen and the start screen of the application. Hence, it is 
made as the first scene in the build settings. It is designed in the unity scene view. 
Linking to scenes (games) are done through buttons. Here is a screen shot [Figure 10(b)] 
of button script used to link main menu scene to the first exercise (thumb touch exercise). 

Figure 10 (a) Start screen (b) Button script (see online version for colours) 

 

(a) 
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Figure 10 (a) Start screen (b) Button script (continued) (see online version for colours) 

 

(b) 

In Figure 10(b), Pinch is the name of the scene which contains the game for thumb touch 
exercise. 

Figure 11 Selection of thumb touch exercise (see online version for colours) 

 

Figure 11 shows the result of hovering the cursor over thumb touch exercise button. 

Figure 12 (a) Game begins (b) Script which makes the cubes revolve (see online version  
for colours) 

 

(a) 
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Figure 12 (a) Game begins (b) Script which makes the cubes revolve (continued) (see online 
version for colours) 

 

(b) 

Figure 12(a) shows the start screen of the game for thumb touch exercise, after the patient 
clicks the first button (the button mentioned above). A timer runs whenever the patient 
does the exercise and pauses when leap does not detect hands. This is achieved by 
placing the code for running the timer, in the update() [refer the first two lines of the 
function shown in Figure 9(b)], which is called in per frame basis. The four cubes as seen 
in Figure 12(a) keep revolving on the perimeter of a square in the game. This is achieved 
through a script shown in Figure 12(b). 

Figure 13 (a) Game ongoing (b) AddForce() to make cubes jump to hand (see online version  
for colours) 

 

(a) 
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Figure 13 (a) Game ongoing (b) AddForce() to make cubes jump to hand (continued) (see online 
version for colours) 

 

(b) 

Figure 14 Quit button (see online version for colours) 

 

Figure 13(a) shows the game ongoing. As described in the figures, a timer runs when the 
sensor detects hands and the gestures are counted. When a gesture is detected, in this 
case, a pinch gesture for thumb touch exercise, the corresponding cube assigned for the 
particular finger, jumps to the point of contact between the touching fingers as shown in 
Figure 13(a). Figure 13(b) shows the code snippet which makes it possible. As shown in  
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Figure 13(b), AddForce() makes it possible for the corresponding cubes to jump to hand. 
After a total of 4000 frames which have detected pinch, the game automatically closes. 
This gives a break for over enthusiastic patients. A patient can also quit from the game 
anytime. Variables grabbed_1, grabbed_2, grabbed_3 and grabbed_4 are of type 
GameObject class. The cube objects are dragged and dropped (assigned to) onto these 
variables, in the inspector. 

Figure 14 shows the screen when the patient hovers the cursor over quit button to end 
the game. This button can be clicked anytime during the game. On clicking the button, 
the screen shown in Figure 15 appears. 

Figure 15 (a) Output screen (b) Modify values on screen (see online version for colours) 

 

(a) 

 

(b) 

Figure 15(a) shows the output screen which appears when the patient quits from the 
game. It contains the number of gestures performed and the duration of the game. On 
clicking the quit button, another function is also accomplished. Details about the 
completed session are appended to a text file named report. Figure 17(b) shows the script 
for file operations and Figure 15(b) shows the script which modifies values on output 
screen. 

Figure 15(b) shows the script which modifies the score and duration panel on the 
output screen, of the completed game. These values are received from the public 
variables of the script which recognises gesture (MagneticPinch). 
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Figure 16 Location of report file (see online version for colours) 

 

Figure 16 shows the location of the report file, generated after the game ends, which 
means the game will not run once the report is generated. 

Figure 17 (a) Report file content (b) File operations (see online version for colours) 

 

(a) 

 

(b) 
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Figure 17(a) shows the contents of the report file after the patient has played the game. 
Each record gets appended to the file as and when the game gets over. To avoid 
tampering of the file, the ReadOnly attribute is set. This file is read by the doctor 
periodically. 

Figure 17(b) shows the file operations done when the patient quits from the game. 
This function is invoked when the Output screen gets loaded. First, it changes the file 
attribute to normal, to append the details of the completed session to the file. Then, it 
changes the file attribute to ReadOnly to avoid tampering. Benefits of this feature are 
obvious. 

Figure 18 Hover over restart button (see online version for colours) 

 

Figure 18 shows the screen when the patient hovers the cursor over the restart button. 
This button when clicked goes to main menu screen. 

Figure 19 Accuracy (see online version for colours) 

 

Figure 19 shows the screen when the patient tries to perform the gesture with all the 
fingers. It is seen that no cube is picked when this is done. Hence, the gesture is validated 
accurately. 

Figure 20 Plug-in leap (see online version for colours) 
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Figure 20 shows the screen when the patient tries to play the game without connecting 
leap motion controller 

7.2 Thumb stretch exercise 

In this game for thumb stretch exercise, the car navigates/turns in the direction in which 
the thumb moves. Figures 21, 22, 23 and 24 are self-explanatory. 

Figure 21 Hover over thumb stretch exercise button (see online version for colours) 

 

Figure 22 Thumb stretch exercise-straight (see online version for colours) 

 

Figure 23 Thumb stretch exercise-left (see online version for colours) 
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Figure 24 Thumb stretch exercise-right (see online version for colours) 

 

7.3 Fist exercise 

In this game for fist exercise, the balloon expands by two units for each fist made by the 
patient. In this game for fist exercise, the balloon expands by two units for each fist made 
by the patient. This is achieved using grab strength property in Hand class in the leap 
motion APIs. The strength is zero for an open hand, and blends to 1.0 when a grabbing 
hand pose is recognised. Figure 25, 26 and 27 represent the snapshots for this module. 

Figure 25 Fist exercise – start (see online version for colours) 

 

Figure 26 Fist exercise – release (see online version for colours) 
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Figure 27 Fist exercise – make fist (see online version for colours) 

 

7.4 Wrist stretch exercise 

In this game for wrist stretch exercise, an unclean plate is placed in front of the patient. In 
this game for wrist stretch exercise, an unclean plate is placed in front of the patient in the 
game. For each cycle of left and right wrist stretch, plate becomes cleaner; meaning, 
when the patient does one round of the wrist stretch exercise, white shade in the plate 
increases. When the vector angle between the initial vector of the little finger and the 
latest vector of the little finger becomes greater than 100 degrees, and when the 
difference between the coordinate position (x coordinate) of thumb’s proximal phalanges 
bone from initial to latest is > 0 and <length of the patient’s 2 * proximal phalanges bone 
of thumb => a wrist stretch is recognised. The start of next round will be recognised by 
the increase/decrease between the x coordinate of the distal phalanges bone of the middle 
finger. 

For each cycle of left and right wrist stretch, plate becomes cleaner. Figure 28, 29 and 
30 present the screenshots of this exercise module. 

Figure 28 Wrist stretch exercise – start (see online version for colours) 
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Figure 29 Wrist stretch exercise – left (see online version for colours) 

 

Figure 30 Wrist stretch exercise – right (see online version for colours) 

 

Figure 31 Game location – highlighted in red (see online version for colours) 
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The game is an application and the icon for the game is captured from the desktop and 
the same is presented in Figure 31. The user feedback is summarised in Figure 32 as a 
chart. 

Figure 32 User feedback (see online version for colours) 

 

8 Future enhancements 

This prototype is an attempt to implement a novel idea of integrating games with 
physiotherapy. This idea was looked upon in surprise by general public and a 
physiotherapist (23 physio, Coimbatore, India), on demonstration, and the physiotherapist 
had felt that this would be very useful for patients. This prototype can be built into a  
full-fledged intelligent application with the help of experienced physiotherapists. 
However, we look upon building this prototype with the following enhancements, in 
future. Posture tracking and some analytics would make the application a smart one. A 
simplest enhancement would be to add levels for each game where difficulty increases as 
levels advance. Features to set weekly/monthly goals could be added. Goals would be in 
the form of number of sessions to be completed in the corresponding difficulty, on a per 
week/month basis. This would connect with some analytics. 

Analytics could be used to generate reports. Three different types of reports could be 
generated – daily reports, weekly reports and monthly reports. A daily report would 
contain the digest of reports of all sessions of the day. A weekly report would contain a 
digest of all the daily reports of the week and graphs – accumulative graph (day number 
vs. time taken per exercise for every type of exercise) and required progress vs. progress 
achieved graph (based on goals set). A monthly report would contain an accumulative 
graph for the whole month and a best week award based on the improvement. 
Improvement would be calculated by taking the weekly accumulative graph with lowest 
slope. 

Staying in the right posture while exercising is one of the major steps a patient must 
take in his/her treatment. Many a time’s patients miss this knowingly/unknowingly. 
Hence, posture tracking and correction could help them a lot. Baskar et al. (2014) have 
presented a real-time feedback system which detects people’s postures and generates 
summaries of postures and activities, 0 for a specified period of time. The system 
apparently runs reliably on different kinds of people and under any lighting. This system 
could be used in our application to enable posture tracking. 
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To make it easier for patients and the doctor for treatment, we would add an  
auto-e-mail feature to the application. This feature would enable the application to e-mail 
the progress of the patient in treatment in the form of a periodical report, automatically. 
This progress report would contain accomplishment details, tasks to be completed and 
graphs of above mentioned nature. 

9 Scope 

This application could be taken to a much higher level by making it available on web. 
This would facilitate the patients to register and obtain separate log-in sessions. This 
would also facilitate some predictive analytics to be done based on the reports generated 
from each log-in, and improvement time could be predicted based on the patients’ current 
progress. Based on the predictions and existing data, ways of improvement could be 
prescribed. 
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Abstract: Augmented reality (AR) has been in existence for about five 
decades. But, the techniques for implementing this technology are developing 
only in the recent past. We have built an application using AR techniques with 
android. We combined global positioning system and AR to build an 
application for indoor navigation. Though other applications like Google maps 
exist for navigation, our application offers the users more ease and 
attractiveness with AR. The data for particular location is being stored in the 
form of latitude, longitude and altitude in the cloud. When a user visits a 
location for the first time, the geo location details are entered and stored in 
cloud. Next time, when the same user visits the location or when a new user 
visits, the stored information gets displayed about the location. The location 
details are updated as and when a new location is identified. These location 
details are displayed in the form of markers through the camera which has been 
integrated into the application. 

Keywords: augmented reality; AR; android application development; global 
positioning system; GPS; geo location; location; location manager; indoor 
navigation; cloud computing. 
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1 Introduction 

Augmented reality makes the surrounding real world of the user more interactive and 
digitally appealing. This is an emerging technique which helps to improve the 
information from the real world using digital information generated by computer or 
mobile phone. It processes the physical object existing in the real world and supplements 
it with information that will be more interactive and informative to the users than the 
ordinary images or videos. With modern inventions such as Google glass, GetVu or 
Oculus it becomes a necessity to create applications that aim to enhance the user 
experience (Srivathsan et al., 2014). 

Augmented reality has been incorporated in head-mounted displays, eye glasses, 
displays and even in contact lenses. But recently efforts are made to give AR experiences 
using mobile phones as this would have a wider reach. An application for android-based 
smart phones has been developed by us deploying AR concepts with enhanced user 
experience (Vasudevan et al., 2014; Meenakshi Sundaram et al., 2015). 

The main aim of this app is to help the user while navigating indoors and enhance his 
experience by augmented reality. GPS and Google Maps (Singhal and Shukla, 2012) play 
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a major role in navigation and help us to find the various locations. But they are not 
instrumental in guiding the user more precisely along the inside of buildings. Since 
android operating system and android applications are open source and free, this makes 
the app more versatile and widely available. Scalability is an important feature which is 
also taken care of. 

2 Existing solutions 

Meenakshi Sundaram et al. (2015) created an app with AR and cloud for location 
identification and storage of identified locations. Through this app the details of the 
current location and its surroundings can be easily identified for navigation. The details 
of each locations are stored in the form of QR codes. These details can be extracted by 
the user by scanning the QR codes. As there are many problems associated with the QR 
codes, this method of navigation is not widely preferred. This app has a drawback in the 
form of getting QR generated for all the locations and to preserve properly for scanning. 
Also, the users are to be educated about the location of QR code well in advance. Also, if 
QR information is lost from a location, it goes unnoticed and data inputs on the location 
are lost (Vasudevan et al., 2015). 

Many scientists and researchers have suggested how AR techniques can be used 
along with mobile phones. Also, in the past AR has been used alongside the vision 
tracking and computer graphics. 

Usage of AR has been evolving consistently over a period of time and it has been 
revealed through the amount of applications that are being developed in the AR sector. 
Applications ranging from gaming application to interfacing it with sensors as leap 
motion sensor are being done and it has been very productive. AR also has been taken 
forward towards providing the users with extensive and interactive gaming experience. 
Interfacing mobile with sensors for providing interactive applications in AR is being the 
trend and we have tried not to add any cost to the system by adding any sensor 
(Vasudevan et al., 2014; Meenakshi Sundaram et al., 2015). In our innovation, we have 
just utilised the android phone and our coding skills to build an application for location 
identification dynamically. A database is also deployed for storing and retrieval of the 
information. 

From the above study and analysis, various short comings found in the existing 
solutions are mentioned below which are all tried to be addressed in our proposed 
solution. 

• There has been no support to update the location details on the go, dynamically. 
Only QR codes are used to feed in the information, that too, statically (Vasudevan 
et al., 2015). 

• The user is expected to scan the QR, whenever needed. If no QR chart is present in a 
particular location, it becomes impossible to extract information about the location 
through the application, which fails the application all together (Vasudevan et al., 
2015). 

• There is always a chance that QR code chart might be damaged or lost, which needs 
to be tracked all time, which becomes difficult (Vasudevan et al., 2015). 

Page 1157 of 3066Page 1157 of 3066



   

 

   

   
 

   

   

 

   

    An intelligent and interactive AR-based location identifier 35    
 

    
 
 

   

   
 

   

   

 

   

       
 

• Updating the QR code is a tedious task, as one has to generate it again. If there are a 
couple new buildings or a change in the location, it cannot be dynamically updated in 
the existing QR chart. Instead, it has to be replaced (Vasudevan et al., 2015). 

Keeping these in mind, we have attempted to create an interactive augmented reality 
based location identifier for campus navigation to overcome the inabilities of the existing 
applications. 

3 Statement of research 

To develop an interactive application with augmented reality which would make indoor 
navigation easy. A wide range of applications are available which are used for outdoor 
navigation. But these applications do not help the user to identify the location inside a 
campus, i.e. a huge campus will need a navigation assistant for smooth hassle-free 
navigation. 

As the proposed application use the technology of augmented reality, this is more 
interactive and gives the user a surreal experience. This application can be tuned for each 
buildings/blocks in wide range of places such as colleges, office, shopping markets, thus 
serving as a stepping stone in welcoming the advent of the smart city concept. Simple 
example for this application in Indian scenario would be, to identify the train 
compartment in a busiest railway station like New Delhi. 

4 Proposed solution 

Android (Kumar et al., 2009) allows us to include packages that are already built-in. In 
our approach, the location details of the various places of interest extracted from the 
smartphone using GPS and is being stored in the form of latitude, longitude and altitude 
(geo location) along with the name in the cloud, drop box in this instance (Singhal and 
Shukla, 2012). This is displayed in the application through the camera which has been 
integrated into the app in the form of markers. When a user visits a new location, the 
location details are entered manually and stored in the system. Subsequently, the next 
time when the user visits the same location, the pre-existing stored information will be 
displayed in the form of markers. 

The location details can be updated regularly as and when a new point of interest is 
identified. This application makes location identification easier and the augmented reality 
feature makes it more interactive and user friendly. The main advantage of this approach 
is that it is dynamic in nature and the surrounding information gets updated even when 
the user is moving (http://code.google.com/apis/maps/documentation/places/). 

This is enhanced with digital location such as a marker, containing the name of the 
class and the direction (Rekimoto, 1997). 

This application is not similar to Google Maps as Google Maps does not make use of 
augmented reality concepts. This application is more customised and dynamic as the 
location data is updated as and when the user moves (Narzt et al., 2006). The comparison 
between the proposed solution and existing solutions is presented in Table 1. 
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Table 1 Comparison between existing and proposed solution. 

S. no. Existing solution Proposed solution 
1 Location details are static. Values can be added dynamically. 
2 QR code is mandatory. QR code is not necessary. 
3 Accuracy is based on details stored in 

QR code. 
Accuracy is more since data added on 
exact geo location. 

4 New QR code needs to be generated for 
every new location or any updation. 

Updation or new addition of location can 
be done on the go. 

5 Proposed architecture 

The architecture diagram (Figure 1) gives the flow of the application. As the GPS and 
mobile internet services are turned on when the application is started, the user’s current 
location is automatically extracted from the GPS of the smartphone through the 
application. To experience an AR view, the user can switch to the AR view mode in the 
application. This opens the camera inside the application so that as the user moves from 
one location to another he can view the details through the enabled camera (Lee, 2007). 

Figure 1 Proposed architecture (see online version for colours) 

 

As this application is customised for each building (location), the classroom details are 
stored in the system along with the name, latitude and longitude. These details are stored 
into a json document which is subsequently stored into the cloud so that the data and the 
resources could be shared among multiple users and is an efficient way of back up. Usage 
of json eventually speeds up the application. 

The user’s current location details are automatically retrieved and the nearby 
classroom details (here, we have taken university campus as indoor venue) whose 
information already pre-exists in the cloud (in the form of points of interest) are 
displayed. This is displayed after the augmented reality APIs (http://developer. 
android.com/reference/android/location/LocationManager.html) are implemented. By 
combining the details with the corresponding surrounding location details they are 
displayed in the form of markers which is shown through the camera view in the app. 
This provides the user with an interactive interface and makes the application more user 
friendly. 
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Suppose, the details of a particular class room has not been fed into the cloud and the 
user wants to add this new information into the system, then, a small text box is provided 
in the application so that the user could enter the location name. This location name 
entered by the user along with the extracted latitude and longitude details is stored in the 
json document which is also present in the cloud. Thus, when the user visits the same 
location the next time or a new user visits the same location then the updated information 
is displayed. Thus the app keeps updating with the passage of time. This application also 
supports dynamic changes as the assumption is made that the user is in motion inside the 
building. 

6 Module explanation and functionalities 

A user’s current location is equivalent to the last known location of the device. Google 
Play services location APIs helps in extracting the last known location of the device. One 
such example of Google Play services location API is the fused location provider. This is 
more efficient as it retrieves the location coordinates with high level accuracy but low 
power (Narzt et al., 2006). 

In order to use the location services, first we need to request location permissions in 
the app. Two such location permissions offered by android are: ACCESS_ 
COARSE_LOCATION and ACCESS_FINE_LOCATION. These can be requested with 
the uses-permission element in the app manifest. Before opening the app, the user should 
ensure that the GPS is turned on in his device along with a stable internet connection. 
Once connected to the Google API client, to connect and disconnect the location 
retrieval, we have, onCreate() and onDestroy() methods which can be invoked 
respectively. The getLastKnownLocation() method coded by us returns a location object 
from which the latitude, longitude and altitude coordinates can be retrieved. The 
showPosition() method displays the current location coordinates to the user by using a 
Toast. 

As the app continuously tracks location, it delivers more relevant information to the 
user. Although the getLastKnownLocation() method retrieves the device’s location, a 
more direct approach is sought after. Getting periodic updates from the fused location 
provider makes the task easier and hassle free. In response, based on the available 
location providers such as Wi-Fi and GPS, the API updates the app periodically. After 
placing a location request, when the client is ready, requestLocationUpdates() is called 
for the regular updates. Subsequently, the LocationListener.onLocationChanged() is 
invoked by the fused location provider. The incoming argument is nothing other than the 
Location object which contains the location’s latitude, longitude and the altitude. When 
the user no longer needs the location updates, we invoke the onPause() method. The app 
must store any information it needs to recreate the activity in case the current activity is 
destroyed accidentally. Thus an instance state is stored in a Bundle object and the method 
to invoke this (saveInstanceState) is called from the activity’s onCreate() method. 

In case the user wishes to add a new location detail in addition to the pre-existing 
ones, saveThisLocation() method is invoked, which takes a text from the user 
(the location name) and stores it in the database along with the latitude, longitude and 
altitude coordinates which were obtained previously. Figure 2 represents how GPS 
position is being tracked and stored in the database. 

Page 1160 of 3066Page 1160 of 3066



   

 

   

   
 

   

   

 

   

   38 S.K. Vasudevan et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

Figure 2 Location module (see online version for colours) 

 

We use SQLiteOpenHelper here which is the mostly preferred helper class to create, open 
and/or manage a database. It simplifies the tasks of creation and initialisation of the 
database, conversion of the contents of the database during upgradation. A sub class is 
created which implements onCreate(SQLiteDatabase), onUpgrade(SQLiteDatabase, int, 
int) and insert(double, double, string, SQLiteDatabase), which takes care of creating a 
new database, upgrading it as necessary and inserting values as and when required. The 
database is always ensured to stay in a sensible state with the help of transactions. 

Firstly, a public constructor SQLiteOpenHelper() is invoked. The database is not 
actually created until the method getWriteableDatabase() is called. When it is called for 
the first time, the database will be opened and onCreate(SQLiteDatabase), and/or 
onUpgrade(SQLiteDatabase, int, int) methods will be called. 

This module stores the location details (location name, latitude, longitude, altitude) 
extracted from the previous steps to the database. Figure 3 represents the control flow 
from extracting data from database and pass it to AR module. 

Figure 3 Database module (see online version for colours) 

 

Wikitude api provides a location-based augmented reality experience. The Wikitude SDK 
has many features which simplifies working with geo-referenced data. 

Another highlight of Wikitude is, the design and layout of the points of interest are 
fully customisable which increases the flexibility. Once the wikitudesdk.aar is added as a 
dependency, and the various permissions are added in the AndroidManifest.xml, the 
module is ready. Since the Wikitude SDK is not a native Android SDK, (http://code. 
google.com/apis/maps/documentation/places/)we use architectView which handles the 
sensor events and creates a camera surface. The methods onCreate(), onPostCreate(), 
onPause(), onResume() and onDestroy() are called inside the activity’s lifecycle methods 
and to load the AR experience we call onPostCreate() method. 

Once the camera surface is created we need to create markers to specify the specific 
geolocation. We have an in-build javascript code which is found in poiatlocation.js 
file. The flag of World.initiallyLoadedData is checked by the custom function 
World.onLocationChanged if it had been already called. On being called, an 
object containing geo information will be used to create a marker using the 
World.loadPoisFromJsonData function. The image for the marker is created by 
loadPoiFromJsonData through AR.ImageResource. 
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To create a marker, a new object AR.GeoObject is created at the particular 
geolocation. Multiple geolocations are connected by AR.GeoObject by using multiple 
AR.Drawables. These AR.Drawables are defined for multiple targets. In the end, as a 
method of user feedback to show that everything was loaded properly, a status message is 
updated. In order to create multiple points of interests, a new function 
requestDataFromLocal is added with the geo information as parameters (latitude, 
longitude, altitude) (Azuma et al., 2001). This is used to create different poi data to a 
random location in the user’s vicinity. The marker objects are stored in the markerList 
which is a member variable in the world class. For selection/de-selection of markers we 
use the markerList array. In the end, the number of POIs loaded is updated in the status 
message. Figure 4 represents the control flow from camera app into database and finally 
serving with markers for the users. 

These location details are stored in a json document which is stored correspondingly 
in the cloud. As and when new locations are added, it will automatically get added to the 
json file and thus gets updated in the cloud (Klinker et al., 2001). 

Figure 4 Augmented reality module (see online version for colours) 

 

7 Test cases and results 

The developed application is tested against many test cases varying the various 
parameters like lighting conditions, battery percentage, Wi-Fi and data pack and in 
various geographical terrains. 

7.1 Scenario 1: lighting conditions 

The first scenario is with different lighting conditions to check if the marker still appears 
precisely as expected. Though lighting has got nothing to do with the geo location details, 
it was important to have this test case executed. Our app was found to be stable in all 
different lighting conditions as revealed in Figure 5. 

When the application is used during early morning (6:00 AM), the camera integrated 
in the app shows the various location details in the form of markers with utmost clarity. 
During the morning hours, the lighting is bright. During this mid-day, the lighting  
experienced is the brightest as the intensity of the sun is at its peak When the application 
is launched during mid-day (12:00 noon) the location details are displayed with utmost 
clarity. When the app is used for location identification in the night (10:00 PM), the 
location details are shown with good clarity even during the night time with minimum 
lighting. 
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Figure 5 Shows the application when launched during morning 6:00 AM, 12:00 noon and 
10:00 PM (see online version for colours) 

 

The above test cases show that the application can be used during the morning, afternoon 
and in the evening with the same level of precision denoting that the lighting intensity is 
immaterial to the application and doesn't hinder its functioning. This app can be used by 
the user for effective location identification in light intensity varying from low to high. 

7.2 Scenario 2: different battery charge level 

The designed has to be tested with constraints in mind. The major challenge and 
constraint is the battery life and the application developed should not vanish or 
underperform under different battery charge levels. Figure 6 reveals the results obtained 
with different battery charge levels. 

When the smartphone has a battery percentage of 100%, the app works perfectly and 
the location details are displayed. The application finds no difficulty in extracting the 
GPS coordinates from the smartphone. When the location identification application has 
been launched having a battery percentage of around 30%, the GPS coordinates are 
extracted from the smartphone and then displayed through the camera effectively. 

When the smartphone is in power saver mode and the application is launched, after 
switching on the internet and GPS, the location details are displayed effectively. 
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Figure 6 Shows the application working when the battery is full (100%), medium (around 30%) 
and in low battery (10%) conditions (see online version for colours) 

 

7.3 Scenario 3: performance of the app with Wi-Fi and mobile data 

The impact of the internet connectivity does have a direct impact with the performance of 
the application and testing this scenario matters a lot. Figure 7 shows the results obtained 
for the above said scenario. 

Figure 7 Shows the application working in Wi-Fi and mobile data pack (see online version 
for colours) 

 

The Wi-Fi signal strength must be strong enough, so that the smartphone can extract the 
location details from the in-built GPS application. 
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If the Wi-Fi is not strong enough for the smartphone to extract, then the location 
coordinates are not displayed, which remains a point of concern. This means that the 
application is facing a problem related to internet connectivity and this issue has to be 
addressed for the normal functioning of the application. 

With the advent and growth of 4G and at-least 3G being present in most of the smart 
phone, mobile data is seen as the alternative option to Wi-Fi. 

While using 2G connection, the application takes comparatively more time to extract 
the coordinates as the connection is slow. Whereas if 3G/4G connection is used, the 
location coordinates extraction is pretty fast. Thus for faster navigation, high speed 
connection such as 3G/4G is recommended. If the user is not accessible to these 
connection options due to poor network issues, then 2G can be used. 

The application works in all the above connections effectively (Wi-Fi as well as 
mobile data pack). The only feature that varies is the time of extraction. 

7.4 Scenario 4: location precision 

When the accuracy is low or moderate, the GPS coordinates are not extracted and the 
application displays no location information. The error symbol is displayed in yellow 
color at the bottom. 

When the location accuracy setting is set to ‘High precision’, the location coordinates 
are extracted effectively and the location details are displayed. Figure 8 presents the 
result obtained for the scenario 4. 

Figure 8 Shows the application working in low location precision and high location precision 
(see online version for colours) 

 

7.5 Test case 5: performance at different terrains 

After testing the application with above test cases, it becomes eventual to test it under 
different terrains to make the application really versatile. The results are presented in 
Figure 9 which shows the functioning of application at a water body (swimming pool), 
forest and high altitude spot (bridge). 

When the application is launched in an open flat terrain (swimming pool) the location 
details are extracted efficiently and displayed. It works effectively in all the regions of the 
pool (north, south, east, and west). 

The application works efficiently in closed surface such as canopied trees in a flat 
terrain. 
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The application functions normal in a high raised terrain (top of bridge) and the 
location details are displayed as markers without any hindrance. 

The above test cases bring us to arrive at the following conclusions: 

• Lighting intensity does not affect the basic functioning of the application. 

• Using Wi-Fi or data pack is immaterial. As long as a stable good connection is 
established either of the two can be used. 

• In addition to good internet connectivity, the application needs high location 
accuracy for effective location extraction. 

• The angle of elevation or the terrains does not affect the functioning of the 
application. 

Figure 9 Shows the application functioning in various terrains such as flat open surface 
(swimming pool), flat surface (amidst the trees) and at high terrain (bridge) (see online 
version for colours) 

 

8 Analysis section 

To go to the AR view, the button ‘goto AR view’ is clicked. On clicking it, the 
application goes into the augmented reality mode. When the button ‘show current 
position’ is triggered, the user’s current location’s latitude and longitude in the form of 
coordinates are displayed in the screen. To add a new location to the cloud, the button 
‘add the location’ is triggered. On clicking this, the user enters the location name in the 
text box provided which subsequently gets stored in the cloud and is retrieved when the 
‘show current position’ is triggered (Figure 10 LHS). 

To display the current location, the button ‘show current position’ is invoked. When 
this event is invoked, the location information of the current location stored in the 
database is displayed in the form of a label. Here, the location name ‘2nd Mtech CSE 
class’ is displayed along with the latitude and longitude details (Figure 10 RHS). 
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Figure 10 Snapshots with app being launched (see online version for colours) 

 

The above image is a snapshot when the user wants to add a new location name into the 
database. When the text box is clicked, the keypad of the smartphone automatically is 
displayed. Subsequently, the user enters the name of the new location and then clicks the 
‘add the location’ button. Now this new information is added to the current database 
and a label ‘saved’ is displayed for the user to know that the process was successful 
(Figure 11). 

Figure 11 Addition of new location to the database (see online version for colours) 

 

After entering the new data and clicking the ‘add the location’ button, now if the user 
wants to display the location details he can click the button ‘show current position’. As 
the current position’s location details has just been stored, it displays it in the form of a 
label, showing the latitude, longitude and the class name. 
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The current version of android starting from lollipop does not give access to the user 
to read the app data which is stored. So in order for the user to know the location where 
the entered data is stored, we display it in the form of a label too (Figure 12). 

Figure 12 Label display (see online version for colours) 

 

Here, we store the data in the path ‘SQLiteDatabase/data/data/com.wikitude. 
sdksamples/databases/location.db’. 

Figure 13 When the application is launched in AR view and when the application is launched at 
night to show multiple POIs (see online version for colours) 

 

When the button ‘goto AR view’ is clicked, the integrated camera into the application is 
displayed and the location is stored in the form of markers. The markers have the point of 
interest number and the location details (latitude and longitude) displayed in them. The 
location name along with the latitude and longitude details are displayed at the bottom of 
the application too as shown in the figure. The markers keeps moving along with the user 
as the user keeps walking (Figure 13 LHS). 
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This screenshot displays how multiple POIs can be displayed with the app. The 
various classrooms details are displayed in the form of markers near the entrance. Each 
POI represents a location detail (Figure 13 RHS). 

This also shows that light has very minimal effect in the application. Even during 
night time, if sufficient minimal amount of light sources are present, this app functions 
exceptionally well and guides the user to identify the particular locations. 

9 Main functions (pseudo code) 

For the reader to get idea of the modules built, the following sections are presenting a 
glimpse of the same. 

1 multiplepois.js 

 This javascript file is used to implement the AR experience. The following functions 
are done executed by this file. 
• set the initiallyLoadedData to false. Once the data is fetched this would change 

to true 
• the different POI Marker assets are set to Null (markerDrawable_idle and 

markerDrawable_selected) 
• the currently displayed AR.GeoObjects displayed in the scene are listed 
• the function ‘loadPoisFromJsonDataFn’ is invoked which on invocation starts to 

load the data from json file 
• calculate the latitude and longitude details 
• now specific AR.GeoObject (marker) is created and displayed per POI 
• the status message shown as a small i in the bottom center is updated 
• locationChanged() function is invoked every time the location needs to be 

updated when architectView.setLocation() is called. 

2 myjsondata.js 

 This file stores the location details which can be displayed in the camera when 
invoked. The various parameters associated with the location data are: 
• id 
• longitude 
• latitude 
• description 
• altitude 
• name. 

3 AbstractArchitectCamActivity.java 
• This abstract activity handles live-cycle events. 
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• The class holds the Wikitude SDK AR view. This is where the markers, camera, 
compass are rendered. 

• The SensorAccuracyChangeListener stores the last known location of the user 
which is used internally for content-loading after user location was fetched. 

4 DBHelper.java 

 this java file is stored for the SQLiteHelper database which is used for storing the 
information 
• OnCreate() function creates the database table 
• insert() function loads the data in the form of latitude, longitude and location 

name into it 
• OnUpgrade() function drops the table if it pre exists. 

5 MainActivity.java 
• Initially the architectView is called which contains the key to open the camera 

inside the application using wikitude. 
• The DBHelper java file is called which is responsible for storing the location 

details into tables. 
• Next the various permissions are granted such as, NETWORK_PROVIDER, 

CAMERA_ACCESS,MIN_DISTANCE_CHANGE_FOR_UPDATES. 
• The function onResume() resumes the application. 
• The function showPosition() uses toast to display the stored details of the 

location (latitude, longitude and name). 
• The function saveThisLocation() saves the location when the user enters a new 

data. The message ‘saved’ is printed using a toast. 

10 Challenges 

10.1 Issue of autofocus 

These is no particular specific setting for the camera in wikitude and it uses the default 
settings of camera in the android. But there seems to have some problem with the 
autocorrect in some of the android devices (e.g. Galaxy 4s) where the wikitude SDKs 
camera failed to focus. 

This could be solved by changing the setting of the appropriate camera parameter 
explicitly on startup. Recently wikitude has released the SDK 4.1 which solves this issue 
and gives the user the access to control the camera focus. 

10.2 Changing the configuration of camera 

The default SDK uses the 640 × 480 precision. The camera resolution can be changed 
only for iOS currently and it is hidden for android. 
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But they have introduced InputPlugins which can be implemented to own camera 
access by the user and can be passed to the SDK. With this new plugin, the developer can 
freely define the desired camera resolution. Else the WTStartConfiguration can be used 
to set a different preset for the camera. 

10.3 Image capture 

In order to capture the image, the following url code should be evoked to call the native 
side. 

document.location “architectsdk : / /button?action = captureScreen”;=  

The actual implementation of the screen capture is on the native side (SamplePlugin 
Activity.java) in android. This file has to be included in the bundle to capture the screen. 

10.4 Stacking of multiple POIs 

In order to avoid the issue of stacking of multiple POIs, the javascript file clustering.js 
helper is used to find out which POIs are in the same angle. The clusterise method on 
invoked returns an array with places in the same angle. Now, the altitude of the affected 
geoObjects can be incremented to prevent the clustering. 

10.5 Lighting issues 

Wikitude supports a single texture channel. Thus if any user wishes to change the light 
settings, it would work only if it is already baked into the UV texture. Multiple light 
sources are supported but the effect of only one light source is calculated during 
rendering. This means that the light source closest to a particular node closest in the scene 
graph is chosen. Ambient light is not affected by this limitation. 

11 Future enhancements 

This prototype is an attempt to implement a novel idea of integrating augmented reality, 
location identification, cloud computing with android application development. 

The scope of future enhancement is great for this application. Currently we have 
implemented this application in single block of an academic campus. This can be 
implemented in the other blocks of the institution as well as in the other universities too. 

Currently json files are stored in the cloud and then retrieved. As a scope of future 
development the entire application can be stored in cloud. 

This application could be taken to a much higher level by mounting it on AR glasses 
and other AR devices in the future to give the user an interactive experience. 

In addition to the university premises, this could be widely used for various other 
locations. In supermarkets, this application can be implemented to find out the exact 
location of the various vegetables and other groceries. In huge malls this application can 
be used by the shoppers to locate the various shops in the mall. This can also be used in 
large multiplexes to find out the exact screen number for the movie enthusiasts. 
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12 Conclusions 

The complete understanding of augmented reality concepts, working of GPS, cloud 
storage and the concepts in android application development is achieved at the end of this 
project. These modules are integrated effectively to develop an informative location 
identifier application for an android smart phone. In the process of development and 
integration, the various problems faced are rectified and knowledge in this new emerging 
field is gained. 

A novel attempt to develop a customisable mobile location identifier application for 
indoor navigation has been initiated through this application and is successfully 
completed. This offers a more simplified and interactive interface to the users, keeping in 
mind of all the current complicated technologies that exist. 

The app has been successful under the tough testing conditions as well while the 
application is performing up to the expectation in good conditions. The application can be 
taken forward for making a city smart and over a period of time, everything could be 
made smart and location identification will become much easier and friendlier while 
increasing the ease of handling the applications with enhanced interaction. Though in 
future work, few real time algorithms (Pryss et al., 2016) can be considered to make an 
effective application as well as the real time difficulties (Hall et al., 2015) can be 
addressed in order to make secure navigation for the users. 
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Healthcare performs a key role in the health of humans in the world. While gathering a huge amount of medical data, the problems will appear
on the classification of healthcare data. In this work, a fuzzy hybridised convolutional neural network (FCNN) model is stated to guess the
class of healthcare data. This model collects the information from the data set and builds the decision table based on the collected features
from data sets. The attributes that are unrelated are deleted by using principal component analysis algorithm. The decision of normal and
cardiac disease is described by using FCNN classifier. Using the data sets from UCI (University of California Irvine) repository the
estimation of the presented model is carried on. The performance of the authors’ classification technique is measured by various metrics
such as accuracy, F-measure, G-mean, precision, and recall. The experimental results while compared with some of the existing machine
learning methods such as probabilistic neural network, support vector machine and neural network, show the higher performance of
FCNN. This model presented in this work acts as a decision support pattern in healthcare for therapeutic specialists.

1. Introduction: In healthcare systems, Information and
Communication Technology (ICT) takes part in offering an
opportunity in developing not only the value and adeptness of the
healthcare systems but also improves the quality of health
services. Healthcare around the world has its significance in
general progressing of the physical condition and the welfare of
human beings. Sometimes the healthcare data are found hard to
classify because of the uncertain and nature of medical data
which are supposed to have increased dimensionality. Healthcare
data have details such as patient-centric facts, reports about
treatments and resource management information. These statistics
are huge and filled with information. In the healthcare data
mining methods can be probably used in finding hidden
relationship and trends in data. These techniques are found to be
very effective in healthcare research Taneja et al. [1]
Cardiac disease and breast cancer diagnosis done in the automat-

ic procedure are considered as an important process of real-world
medical problems. Wu et al. [2] found mostly old people are
prone to heart disease; it affects the working performance of all
patients. By conducting some of the medical examinations, the
great disease could be found in the initial stage itself. These tests
are somewhat expensive and face some difficulties. The cardiac
related researchers based on the medical history present some of
the simple tests which are treated as an economical solution.
The data mining process involves taking out the information,

which is needed from a massive amount of data. This data gathered
helps in carrying out strategic operations also supports in active
decision making. Chen and Zhang [3] decision making seeks new
and innovative approaches for updating its process concerning
with accurate and valid decision making. Mostly large volumes
of data that are collected from the healthcare profession are not
so simple and by using some of the old techniques processing
these data are not possible. Medical diagnosis and prognosis,
which usually contain complexity and uncertainty are considered
as the complications in decision making. To improve decision
making, the data mining process has been used in various health-
care platforms. In the healthcare domain, the extraction of basic
information from the diagnosis data comprises some difficult
process. Making smart decisions automatically in machine learning,
and to achieve accuracy and to save power this process builds

an automated text classifying system by gathering information
from a group of classified files.

In Big data, the context related to the data set is assigned to
organised and un-organised data having some of the feature extrac-
tion and reduction characteristics. Sampling, transformation,
denoising, and normalisation strategies could be treated by the
selection of representative subclass, receive single input and the
noise elimination and extraction of features can be made. From
the large data set, some of the sampling procedures are mentioned;
they are the random sampling and stratified sampling. When the
trained data set divides this leads to the existence of a multi-class
problem, to avoid this decomposition method is used. Through
this method used the new concern will be shared into sub concerns
based on the feature-interrelated model and place. Feature selection
in data mining provides classifiers based on decomposition original
feature sets are decomposed into several subsets. In the case when
the data become bigger they are hard to attain, save and handle. The
decomposed subsets that are collected mutually by clustering this
process get the data sets’ hidden connection. Immense data cluster-
ing methodology is categorised into distinct and several machine
clusterings. Some of the selected optimal subsets are used in a
single machine, and parallel computing is used in multiple data to
attain results at the minimum time also increases the calculation
speed with scalability multilayer perception, neural network and
support vector machine are some classifiers involved and united
to produce a multiphase classifier structure to increase classification
performance. The classified data which is combined with the
original data set shows the maximum shortage to form a new data
set for training.

Sahare and Gupta [4] show a classifier based on the future query
is constructed with the data set and regarding the data collected
from patients have several challenges also is time-consuming and
also the data obtained might be large. Like artificial intelligence,
the neural networks are treated, and this method provides steps
leading to the final decision making and neurons are then connected
to the nerve cells, which collect the information from the
environment.

To improve decision making, data mining has been employed
in various healthcare fields. The extraction of understandable
knowledge from diagnosis data remains as one of the major
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challenges in the healthcare domain. Rokach [5] in this Letter, pro-
posed a classification problem with the healthcare data. The main
contributions of the proposed work are summarised below:

† To perform an extensive study on the state-of-art classification
model based on data mining.
† To design an active and proficient modelling system for future
decision making that can describe the data of the class.
† To lower the computational complexity and intensify the overall
accuracy for classification.
† Result analysis, comparison, and validation of the proposed
system.

The remaining part of this Letter is structured as follows. The
literature survey of relevant concepts is discussed in Section 2.
Section 3 specifies our proposed method. The comparison analysis
and performance assessment are explained in Section 4. This Letter
concludes in Section 5 and then gives the outlook for future work.

2. Related work: The GSAM (genetic standard additive model) has
been proposed by Nguyen et al. [6], which is the combination of the
fuzzy standard additive model with genetic algorithm (GA),
presented to handle the uncertainty and computational problems.
Three frequent steps which are comprised of GSAM learning
process are the unsupervised learning-based rule initialisation; the
evolutionary rule optimisation based on GA and gradient descent
supervised learning-based parameter. To extract the discriminative
features in the high-dimensional data sets for this the wavelet
transformation is used. GSAM is made talented with its reduced
computational features when minimised the number of wavelets is
used. The suggested method is improved by the frequent usage of
Wisconsin breast cancer and Cleveland heart disease data sets.

Ludwiget et al. [7] examine a fuzzy-based decision tree
algorithm which is used for sorting out the genetic expression
data. The proposed approach is compared with the standard
decision tree algorithm which includes the classification tasks,
and some other familiar data mining algorithms are usually applied.

Morente-Molinera et al. [8] obtained a linguistic representation
by using linguistic modelling methods. The data with the assistance
of a multi-granular linguistic scheme could be changed and con-
veyed using many morphological label sets. Instead of representing
with a number, expressing the data with morphological descriptions
intensifies the reading ability, decreases the complication and the
precision level could be controlled manually by the data recovering
methods.

Using numerous supervised learning algorithms, the data sets can
be transformed and used for classification tasks. Subsequently,
when the testing processes are conducted determines that, in
certain circumstances, the data complication is reduced which
results in improved results on the subject of classification.

Deng et al. [9] made a study to avoid the defects of static depic-
tion using fuzzy learning ideas into DL (deep learning). The
hierarchical deep neural network is the greater part of the fuzzy
system proposed, and this gets information from both fuzzy and
neural representations. Then, these two respective views, the
knowledge gained are joined totally making the ultimate represen-
tation of data which has to be considered. The efficiency of the
pattern is exhibited on the sensible image classification tasks, data
prediction using the frequency which is greater than before and
MRI (magnetic resonance image) class of brain these all increase
the uncertainties in the raw data.

Fisher et al. [10] explained a new data-determined workflow
particularly to the area, possibly would be simplified for observing
some of the approaches using time sequence data. Internal erosion
events are identified with the help of the sensors which are placed
on the levee surfaces. To make sure whether the workflow is suit-
ably strong to perform using various data sets and several strange

events, various data sets from tentative test site earth banks are
used. Nine spectral features are obtained from wavelet-denoising
methods from disintegrated sections of the time-series data.

3. Proposed method: The challenges in training are solved using
fuzzy systems when there is a possibility of having many inputs
of the data. Osoba et al. [11] examine the exclamations and the
dimensionality of the fuzzy convolutional neural network (CNN).
Fig. 1 demonstrates the architecture of the proposed classification.
In common, the fuzzy system performance and the convergence
rate of the learning process could be weakened by the high-
dimensional data. So, there is a need for a tool which reduces the
dimension also the feature extraction which is to be used before
the performance of fuzzy CNN. This is considered very crucial in
terms of medical data because these data’s are collected with
high-dimensional type.

3.1. Principal component analysis (PCA): The data estimation can
be reduced using PCA. To process high-dimensional data sets,
dimensionality reduction is seen as a better way. That is the 2D
data set will be reduced to 1D. It also may be beneficial for
dealing with the noisy elements in the data sets. The grouping
calculation is done after dimension reduction is performed.

PCA algorithms pre-processing steps are shown below:

† Pre-processing is determined before executing PCA.
† Compute the covariance matrix.
† Determine the eigenvectors.
† Creating segments and setting up a module vector.
† Creating main modules.

Initially, as of n-aspect to k-aspect, the data is reduced. The
typical data are {x1, x2, . . . , xn}. Then compute the mean by using

m = 1

n

( )∑n
i=1

xi (1)

Once the mean is found, compute the covariance by using the
resulting equation

C = 1

n

( )∑n
i=1

(xi − m)(xi − m)T (2)

Here, n is the number of data items.
The eigenvectors are organised by the condition mentioned

below:

cei = liei (3)

The covariance matrix’s eigenvalues and eigenvectors are to be
found. The eigenvalues are computed by the following equation:

det c− lI( ) = 0 (4)

The principal components are dealt with the eigenvector with most
important eigenvalues.

3.2. Clustering: The reduced data sets are clustered with the input
X = { f1, f2, f3, . . . , fn} is needed to be grouped into some
clusters. The below the formula optimises centres of the k clusters
computed by k-means and the error of the each cluster

min
∑n
j=1

∑nk
i=1

‖f ji − Cj‖2 (5)
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where ‖f ji − Cj‖2 is the distance between a data point f ji of the
cluster j and the cluster centre Cj. A set of k-initial centres are
accessed by the following steps:

(1) The initial point from the input by a uniform random variable
called C1.
(2) Calculate the distance D(X ) between fi and the centre C1 for
every data.

D(x) =
��������������∑n
i=1

(fi − ci)
2

√
(6)

(3) Then, probability weighted distribution randomly select a new
candidate to become a centre

D(x)2∑k
i=0 D(xi)

2
(7)

(4) Continue steps 2 and 3 until the selection of k initial centres.
(5) K-means algorithm is applied after selecting an initial centre.

In this Letter, the relevant documents are considered as appoints.
When k= 3, these points are partitioned into three clusters with the
k-means algorithm.
The k-clusters are produced by the k-means clustering technique

for whole files. The set of clusters C = {C1, C2, . . .Ck}, where
Ck (k = 1, 2, . . . , k) are consisting of a group of related documents
are belonging to a distinct cluster Ci. Finally, clustered documents

are optimised accurately from the cluster by ABC algorithm. The
3D projection view of the k-means clustering is illustrated in Fig. 2.

3.3. Feature selection: This scheme intends to decide on the feature
subsets, which can be utilised to get a mapping function from
samples to classes that are ‘in the same class as conceivable’ as
per some measure. Streaming features are characterised as
features that flow in one by one over time, whereas the quantity
of training examples remains fixed. In this work, the features are
chosen by the heuristic-based genetic algorithm.

3.4. Heuristic-based GA for feature selection: GA is a technique
using the populations. For a problematic domain, it utilises
a binary string of static length to signify a reasonable result.
In this situation, let ‘F’ is an aggregate sum of features; there
occurs 2F features subset. Every entity is spoken by an F-bit
string. ‘1’ or ‘0’ representation of any bit denotes the availability
or un-availability of the resultant feature. Probable answers or
populace with a stable quantity of the populace and its magnitude
is created by chance. Evaluation of every individual is related to
its fitness using a fitness function. The population consists of
three genetic operators, and they are (i) selection, (ii) crossover,
and (iii) mutation. Based on the individual’s fitness, the selection
operator picks out individuals in the population. Compared with
the lower-fitness individual the higher-fitness individual selects
more probability. A pair of certain entities or parentages at that
time crossover, they interchange their information using one
another to produce renewed entities or offspring. Then, GA does
modification by reversing the rate 0/1 of the portion of a
particular entity. This procedure functions regularly until an
ending condition is attained.

Every phase is termed as a generation. To design the mentioned
fitness function, various correlations are presented as a further con-
dition. The fitness function is segmented into two grades:
based-cost and benefit–cost. The based-cost term is designed by
the following condition (1)

BASED COST = acy(x)∗rx,y (8)

In the training set, acy(x) is termed as the accuracy concerning clas-
sification with entity x. rx,y is the multiple correlation factors among
x and decision class y. Based on this period, high accuracy is being
produced by the individual and obtaining a high multiple correl-
ation coefficient results in achieving a good score. Like a gain
cost, the benefit–cost is also considered in the circumstance in
which some of the multiple correlation coefficients values among
the certain set and the complete set is better compared to a distinct
constant (−0.025 in this research) then accuracy for training with
the certain set is higher than them by means of the complete set.
The sum of feature in the total set is F and the total feature in x

Fig. 1 Schematic representation of the proposed model

Fig. 2 3D projection of k-means
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is e(x), when the state is found correct at that time benefit–cost is
known by

BENIFIT cos t = f − e(x)/f (9)

Or else, it turns out to be zero. Then removing any feature will be
fulfilled when executed in this method. So, a basic method of the
stated fitness function based on the novel standard concerning
with the performance of classification is mentioned below:

fitness(x) = [BASED cos t + benefit cos t]/2.0 (10)

where single x fitness is said as (x).

3.5. Fuzzy hybridised CNN (FCNN): The information gathered
from the fuzzy and CNN is combined with the fusion layer to
build the complete representation for information ordering. On
original data, the uncertainties will be minimised by fuzzy and
the noise will be reduced by the neural statement. The exposed
new method FCNN uses both fuzzy and neural representations to
create the fused representation for the last classification. The
FCNN method is used on challenging classification task like data
ambiguity and noise. The experiments of FCNN are tested with
different difficult data classification tasks. The uncertainties and
noises in the original data can easily be removed by the proposed
FCNN method. Finally, the two different representations are used
for the classification. Fig. 3 describes the hybrid architecture of
CNN and fuzzy. For the input, the collected raw data is applied.
At the initial stage of training, the raw data will be extracted
from the applied input data, and it is converted into a
multi-dimensional matrix, this extracted matrix is given as the
input for the next layer. The max-pooling rule is used by the
pooling layer that is present next to the convolution layer, and it
minimises the dimensions by choosing the coefficients over every
sampling cell. By using the same process, the other pooling and
convolution layers are built. The output that is obtained from the
pooling layer is used as an input for the fully connected layer.
The output from the fully connected layer is used to extract
features from the inputted raw data set. This layer-by-layer
process can be done several times based on the requirements. On
our proposed FCNN technique, to minimise the amount of
parameters and the complexity while processing on layers, on the
last CNN part, a sparse regularisation penalty is additionally
included. The sparse regularisation penalty helps to create
sparseness on the distribution of the weights. Subsequently, on
support vector regression classifier, the feature map will be given
as a in it includes much valuable data.

3.6. FCNN training: There on the training process of the FCNN
method includes two main processes called parameter
initialisation and fine-tuning. Because of the convex of a
complete learning system in deep learning the starting stage is
much complicated. Efficient neural network coverage will be
earned by initialising the superior strategy. The initialisation
process will perform for parts such as the fuzzy and

convolutional neural. In the deepest part, the weights among
every layer are present. The hybridisation and the classification
function will be prepared. Biases b for every node is set as zero.
After this, based on the rule, the weight among the layers is
initialised, and it is given as

Un − 1�������
m(l−1)

√ ,
1�������
m(l−1)

√
[ ]

(11)

The Un is the even dispersal and ml−1 is the (l − 1)th level. For the
hybridisation level, ml−1 calculates the number of nodules on the
final levels of the fuzzy and convolutional features.

4. Experimental evaluation: Results regarding our method
and experimental setups are explained in this section. The
implementation process of our method is explained in Section 3.
To check the result, different classification methods are used with
the four healthcare data sets collected from the UCI repository.
The measured ratio of error and accuracy of classification
methods is used for the investigation as the measurement
parameters. These parameters indicate the higher accuracy rate
and minimal error rate on the data set used for the classification
process with our technique. On the other side, less accuracy rate
and higher error rate are used with the data set on classification
technique and classifier obtains that the data set is minimal
correctly classified. Initially, on our work, the input data is
separated as testing and training data. For the creation of
classifier, the training set data is used and to validate the test set
will be used. The rates that are allotted for the data training and
testing are 66 and 34%. The tenfold cross-validation technique is
used for the generation of classifiers for classification which are
included through the machine learning tools. The results of our
process are measured with respect to the rates of accurateness and
error. In this unit, the data set details have been described,
evaluation and results are discussed. First, the section describes
the data sets and the hardware–software used for the experiments.
The next section describes the performance metric used for
machine learning. Finally, the results obtained using different
data sets are demonstrated.

4.1. Data set description: The proposed classifier experiments on
three benchmark data sets collected from the UCI Machine
Learning Repository for performance evaluation. The data sets
are randomly generated for training, testing and validation in
simulation time. The considered data sets from the UCI for
performance evaluation are Heart-Statlog, Wisconsin Breast
Cancer and Cleveland Heart Disease. The proposed work is
implemented in the MATLAB platform mentioned in Table 1.

Fig. 3 Hybrid structure of CNN and fuzzy

Table 1 Simulation parameters

Processor Intel Core 2 Quad @ 2.3 GHz
RAM 3 GB
OS Windows 7
Mat Lab version R 2016a

62
This is an open access article published by the IET under the
Creative Commons Attribution-NoDerivs License (http://
creativecommons.org/licenses/by-nd/3.0/)

Healthcare Technology Letters, 2019, Vol. 6, Iss. 3, pp. 59–63
doi: 10.1049/htl.2018.5046

Page 1177 of 3066Page 1177 of 3066



4.2. Results: In this section, results are reported for different
methods for given three benchmark data sets. After the iterations,
the classification accuracy will be measured. We compared
our proposed algorithm with two other classifiers to obtain
the performance of the proposed system. Table 2 shows the
classification results of the proposed work. On classifying the data
set employing original features, it is noted that the classification
accuracy is 97.92%.

5. Conclusion: For the previous ten years, most of the deaths are
caused by heart diseases. Most of the researchers are designing
several data mining methods for healthcare doctors to cure these
heart diseases. On handling the heart diseases, mostly the
machine learning techniques are used, and one of the effective
techniques is CNN. The method introduced in this Letter
combines the k-means clustering and FCNN for diagnosing the
heart disease. The experimental results of our method show a
higher accuracy on diagnosing the heart diseases. The accuracy
achieved by our method is 95.5%; it is much better than the other
older systems.

6. Funding and declaration of interests: Conflict of interest: none
declared.
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Abstract. The high entropy AlCrFeNiZn alloy was synthesized by high energy ball milling which is a mechanical 
alloying process and characterized by X-ray Diffraction [XRD]. The crystalline structure of AlCrFeNiZn high entropy 
alloy mainly consists of BCC structure which can be determined by the angle of peak intensities from the XRD pattern. 
After 22 h of milling the formation of the HEA was not complete and there existed X-ray intensity peaks corresponding 
to the elemental powders. Further milling of about 8 h showed an improved result with lesser number of elemental peaks 
with lower intensities. The 30 h milled AlCrFeNiZn alloy powder was consolidated using compaction unit at a pressure 
of about 375 MPa for two minutes and is sintered at about 850°C for 2 h at controlled atmosphere. This work attempts to 
study density, microhardness and microstructures of sintered AlCrFeNiZn high entropy alloy samples studies are done. 
The density of this HEA alloy is found to be 5.202 g/cm3 at atmospheric pressure and room temperature. The 
microhardness was found in the Vickers micro hardness scale is 132 HV which is equal to 415 MPa. 

 

Keywords: High entrophy alloys, Mechanical alloy, X-ray Diffraction, Micro hardness. 

 
INTRODUCTION 

High-entropy alloys (HEAs) are unique due to their rate of compositions, adjustable properties and 
microstructures. HEAs are loosely well-defined as solid solution that have additional 5 primary elements in equal 
or near equal percentage of atoms. Generally, the fractional atoms of individual component is greater than 5 
atomic percentage. In the centre of the multi component phase diagram the equimolar multi component alloys are 
presented and also some other names are there such as multi-component alloys, equi-atomic ratio alloys, 
substitutional alloys, multi-principal-element alloys [3]. 

HEAs are specially well-defined by means of alloys holding at least five major elements, individually with 
a percentage of atoms among 5 and 35 %. The percentage of atoms of individual insignificant element, if any, is 
hence below 5 %. This description is stated asnmajor≥55%≤Xi≤35%andnminor ≥ 0 Xj ≤ 5% where nmajor and nminor are 
the amount of main elements and insignificant elements, correspondingly. Xi and Xj are the percentage of atoms in 
main element i and insignificant element j, correspondingly [3]. HEAs are similarly stated as alloys which contains 
configurational entropies at arbitrary state greater than 1.5 R, no substance they are single stage or multistage at 
room temperature. This is defined as ΔS conf   ≥ 1.5 R       
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MECHANICAL PROPERTIES OF HEA DEPENDS ON THEIR CRYSTAL 
STRUCTURE 

HEAs properties can be changed from any of the essential elements. The construction kinds are the leading 
factor for monitoring the hardness or strength of HEA. Yield strengths are too high for the HEAs with limited 
plasticity and it’s vice versa for the FCC structured HEAs. The combination of FCC + BCC is predictable to have 
stable mechanical properties, e.g., both good ductility and high strength. HEAs solution-strengthening mechanisms 
would be much dissimilar from traditional alloys and regularly have over melting points, and the maximum yield 
strength can generally be continual to maximum temperatures. The strength of HEAs are sometimes better than 
those of conventional super alloys. 

 

FIGURE 1. Synthesis of HEA 

MECHANICAL ALLOYING 

Ball milling of powders can often accomplish solid-state alloying-“Mechanical alloying”. Mechanical 
alloying a dry, high-energy, ball milling method that harvests composite metal alloy powders with measured, 
enormously acceptable microstructures. Ball milling setup is shown in Figure 2. In mechanical alloying, the 
resulting powder matures over the recurrent cold welding and break of the dust elements till the ultimate 
composition of the residues matches to the percentage of the particular elements in the primary charge. Although 
the initial claim of mechanical alloy was the manufacture of oxide dispersion strengthened alloys, it has 
subsequently been used as a non-equilibrium dispensation method to brand a varied diversity of meta stable 
materials such as extended solid solutions, Nano crystalline metals and alloys, quasi-crystalline materials, and 
amorphous materials. Mechanical attrition – the ball milling of powders – is often divided into “mechanical 
alloying” (MA) where compositional changes occur in the milling of dissimilar powders  and “mechanical 
milling” where structural changes can be made on ball milling of single constituent powders such as solid-state 
amorphization or manufacture of grain microstructure of Nano crystalline grain [3].The objective of this work to 
synthesis the AlCrFeNiZn high entropy alloy by mechanical alloying and analyze the phase formation and 
mechanical property. 

 

FIGURE 2. Mechanical Alloying 
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LITERATURE SURVEY

While there are many studies on High entropy alloys, the analysis ofAlCrFeNiZn high entropy alloy will be useful 
for the wide range of mechanical application such as tools, moulds, mechanical parts and turbine blades in aircrafts 
also it is cost efficient. Sajith et al., (2014) investigated thermal analysis and nano indentation studies on Nano 
crystalline AlCrNiFeZn High Entropy Alloy(HEA) .In this paper the formation of nano crystalline AlNiFeCrZn 
pentanary high entropy alloy by mechanical alloying (MA) is discussed also characterization by X ray diffraction 
(XRD), scanning electron microscope (SEM) and thermo gravimetric analysis TGA are done. Koundinya et al., 
(2013) showed the thermal analysis and phase evolution of AlCoCrCuFeNiZnHEA generated by mechanical 
alloying. Machio et al., (2011) studied the effect of process control agent (PCA) on the characteristics of 
mechanically alloyed Ti-Mg powders. Zhang et al., (1999) studied the calculation of the quantity of Process Control 
Agent(PCA) for mechanical milling. PCA can powerfully impact the dimensions of ball milled powder particles. It 
is reported that investigational outcomes display that the average particle size is affected by the amount, milling 
duration and types of the PCA. Yong Zhang et al., (2014) examined the properties of HEA and their microstructures. 
This paper shows the new investigation and expansion of HEAs. Wang et al., (2015) studied the challenges and 
prospects high-entropy alloy. This paper provides a perilous assessment of the current revisions pointing to report 
the important problems related to phase formation in HEAs. John Mary et al., (2015) studied high entropy alloys 
properties and its applications. In this paper the applications of various HEAs are discussed in a detailed manner. 
Steadymanet et al., (2015) studied Development of High Entropy Alloys and Applications. This paper shows the 
growth of HEA’s their recent and coming marketable applications as auxiliary to presently obtainable marketable 
alloys. Aristeidakis et al., (2016) presented a manual on High Entropy Alloys. This explains synthesis and 
processing of HEA. This paper provides a clear view about the synthesis process of HEAs. Gao et al., (2015) 
presented a book on High-Entropy Alloys - Fundamentals and Applications in which the information of high 
entropy including Phase Formation Rules and four core effects of high entropy alloy are provided in detailed 
manner. While there are many studies on High entropy alloys, the analysis of AlCrFeNiZn high entropy alloy will 
be useful for the wide range of mechanical application such as tools, moulds, mechanical parts and turbine blades in 
aircrafts also it is cost efficient. 

MATERIALS AND METHODS 

The favorable factors for the formation of solid solution among elements depend upon the following rules 
proposed by Hume-Rothery for substitutional solid solution. The solvent atoms and atomic radius of the solute 
must differ by <15%.The crystal constructions of solvent and solute must be analogous. Whole solubility happens 
when the solute and solvent have the identical valencies. A metal of developed valencies is more possible to 
liquify in a metal with lesser valencies. The solvent and solute should have analogous electro negativity. If the 
electro negativity variance is too high, the metals incline to form inter metallic compound in place of solid 
solutions. The atomic radius of each element lies within 15 percent of every other element and the crystal structure 
of the elements are mostly either BCC or FCC. In additional to these the electro negativities of all the elements are 
similar whereas the valencies of the elements vary much. Hence the probability of formation of solid solution is 
high. Elemental powders each with a mesh size 325 and purity of 99.5% are weighed through analytical balance 
such that each element has equi-atomic ratio. Elemental Powder Specification are shown in the Table 2. The 
elemental powders are mechanically alloyed through high energy planetary ball milling machine. The high energy 
ball milling machine is shown in Figure 3. 

FIGURE 3. Planetary ball milling machine 
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1 Aluminium 0.143 FCC 1.61 3
2 Chromium 0.128 BCC 1.66 6
3 Iron 0.125 FCC 1.91 10
4 Nickel 0.127 BCC 1.83 8
5 Zinc 0.139 HCP 1.65 2

PLANETARY BALL MILLING MACHINE SPECIFICATION 

The milling medium used is tungsten carbide since tungsten carbide mill ball is made of hard alloyed materials and 
has high hardness, good abrasion resistance. The milling machine specifications are given. 

TABLE 2. Specification of Milling Machine 

S.No Milling Machine Specification
1. Motor 0.5HP / AC / 3Phase
2. Operation Variable Frequency Drive
3. Maximum RPM 650
4. Grinding Vial Tungsten Carbide (250ml)
5. Grinding Balls Tungsten Carbide (Ø10mm)

MILLING SPECIFICATION 

After considering the ball to powder weight ratio as 10:1 and keeping in account the total weight of balls available, 
the optimal weight of alloy powders is calculated. Total weight of the alloy powder = 9.35 grams. Total weight of 
the WC balls = 94 grams. Milling Speed = 303 rpm. Tungsten carbide balls apiece of 10 mm in diameter by a 
powder to ball weight ratio of 1:10 is used for milling. Ball milling machine with vital setup as shown in the Figure 
4. During milling toluene is used as a Process Control Agent to prevent the balls from cold welding with the
elemental powders and the vial. Usually process control agents are added at about 2-4% of the powder weight.
Toluene is used. Usually it is added about 2-4% of the powder weight. Tungsten carbide vial with balls are as shown
in Figure 5.

FIGURE 4. Vital Setup in the machine 

TABLE 1. Thermo physical properties of the elements chosen from AlCrNiFeZn HEA 
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FIGURE 5. Tungsten Carbide vial with balls 

 

FIGURE 6. 10 Ton Press 

The milled powders are compacted at a pressure of about 375 MPa for two minutes and is sintered at a temperature 
about 850°C for 2 h at argon atmosphere. 10 TON press is shown in Figure 6. XRD analysis is done by using the 
Bragg’s law (λ = 2 d sinθ) and Scherrer’s equation. Hardness measurement of these samples are tested in 
microhardness tester at the load of 0.3 Kg and a dwell time of 15 s. Microstructure of the samples are examined by 
the microscope. 

RESULTS AND DISCUSSION 

XRD ANALYSIS 

The XRD pattern of the powders at 22 h and 30 h are shown in the Figure 7 and 8 respectively. 

 
FIGURE 7. XRD Pattern after 22h of Milling 
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FIGURE 8. XRD Pattern after 30h of Milling 

XRD pattern of the milled powders showed that the intensities of the individual powders reduced and it 
further disappeared when the milling time increases. The decrease in the intensities of the peaks with the milling 
time is due to the advanced crystal structure and increased lattice strain because of mechanical alloying and the 
creation of solid solution. After 30 h of milling BCC solid solution forms with a lattice parameter of 0.2866 nm 
has been formed. Maximum of the atomic pairs show high negative entropy, which credited for the maximum 
solid solubility. Calculation of lattice parameter for AlCrNiFeZn HEA is shown in the Table 3. 

TABLE 3. Determination of Crystal Structure (lattice type) from 2versus Intensity data 
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2 64.64 0.53 0.28 2 4 4 4 BCC 

Since the h2+k2+l2 for two peaks is 2 and 4, the alloy forms BCC lattice. 

 

DETERMINATION OF CRYSTALLINE SIZE 

Scherrer equation, in X-ray diffraction and crystallography used in the determination of size of particles and 
the size of crystallites of crystals in the form of powder. Scherrer equation:  = / , T= Crystallite size,  
= wave length of x ray (1.54060 Å), k = shape factor typical value of about 0.9 /9, B = the full width at half 
maximum intensity of the peak, K λ=0.9 ˟ 1.54060 Å =1.38654 Å. 

 

FIGURE 9. Relative Intensity Graph after 22 h of Milling 

Crystallite size after 22 and 30 hours of milling is shown in the Table 4 and 5 respectively. The mean value of 
the crystallite size after 22 h of milling is 37.947 Å. 
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TABLE 4. Crystallite Size after 22 h of Milling 

Peak 

No 

2θ 

(deg) 

2θ 

(rad) 
Θ 

B 

(rad) 
Cos θ 

Crystallite 

size T 

(Å) 

1 44.503 0.7767 0.388 0.0693 0.9254 21.5855 
2 64.65 1.128 0.564 0.0302 0.845 54.310 

 

TABLE 5. Crystallite Size after 30 h of Milling 

Peak 

No 

2θ 

(deg) 

2θ 

(rad) θ 

B 

(rad) 
Cos θ 

Crystallite 

size(Å) 

1 44.64 0.7791 0.3895 0.07780 0.9250 19.25775 
2 64.64 1.128 0.564 0.060 0.845 27.33635 

 

The mean value of the crystallite size after 30 h of milling is 23.297 Å. Hence from the above tables it is clear 
that the crystallite size of the powder was reduced and the percentage of reduction in the crystallite size is found 
to be 38.6%. 

EXPERIMENTAL SETUP OF LOADING FRAME 

This examination included eight rectangular solid bars fortified with BFRP and STEEL bars. The bars estimated 150 
mm wide, 250 mm profound, and 1700mm long. These bars were manufactured utilizing ordinary quality cement 
and were tried under two-point stacking over a reasonable range of 1550 mm. The bars had an unmistakable shear 
length of 616 mm (comparing to a shear-span to depth proportion of about 2.7), while the separation between the 
two stacking focuses was 308 mm on the either sides of the midspan. The avoidance in the bars are anticipated by 
utilizing 2 LVDT putting at L/3 separation and 1 LVDT at the midspan. These shafts were tried in a stacking edge of 
limit750kN limit. The heaps and diversions were checked utilizing AG-Pro programming. The parameters, for 
example, first and ultimate crack load of the specimens(beams) were noted. 

 

 
FIGURE 10. Relative Intensity Graph after 30 h of Milling 
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DETERMINATION OF PHYSICAL AND CHEMICAL PROPERTIES 

DENSITY 

The density of this HEA alloy is found to be 5.202 g/cm3 at atmospheric pressure and room temperature. 
This value is found to be much lesser than the density of constituent elements such as Iron, Zinc, Nickel and 
Chromium whereas it is higher than the density of Aluminium by about 1.95 times. 

Mass of the specimen =4.0949grams 
Density = mass / volume 
Volume =  πr^2h 
Volume of the specimen = 0.77823m 
Density = 4.049 / 0.77823 
= 5.202 g/cm3 

MICRO HARDNESS 

Micro hardness is the convenient way to designate the mechanical properties of metallic materials. Vickers 
hardness testing can be done rapidly and professionally, short of the need for a high volume of model materials. 
For approximately thin-film HEAs, the yield stress of thin films cannot be measured straightly, but micro hardness 
tests can easily be done with a maximum precision. HEAs shows hardness values varying widely, depending on 
the alloy systems and related processing methods. The hardness changes widely in each alloy system. The choice 
of the alloy scheme, regulating the arrangement ratio within an alloy system, and the superior of alloy-processing 
methods are critical in defining the alloy hardness of HEAs. Micro hardness of AlCrFeNiZn HEA is shown in the 
Table 6.The micro hardness was found in the Vickers micro hardness scale is 132 HV. 

TABLE 6. Microhardness Test Results 

S. No. Vickers 
Hardness 
HV 

Rockwell 
Hardness 
‘B’ HRB 

Brinell 
Hardness 
HB 

MPa 

1 132 72 124 415 

 

MICROSTRUCTURE 

The surface of the specimen is prepared of polishing with the emery sheets with grit sizes 320,400,600,800 
and 1000. The surface is polished with each sheet for about 2 minutes. Then it is polished using alumina for about 
15 minutes. 

 
FIGURE 11. Microstructure of sintered sample 1 & sample2 

 
FIGURE 12. Microstructure after etching sample 1 & sample2 
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Thus the value of the lattice parameter a is found to be 2.873 Å. From the Scherrer’s equation, the mean crystallite 
Size after 22 h milling is found to be 37.947Å and that after 30 h after milling is 23.297 Å. The crystal structure of 
AlCrFeNiZn HEA alloy is predicted from the value of average valence electron concentration and from the 
calculation it is found that alloy forms BCC lattice. The density of this HEA alloy is found to be 5.202 g/cm3 at 
atmospheric pressure and room temperature. This value is found to be much lesser than the density of constituent 
elements such as Iron, Zinc, Nickel and Chromium whereas it is higher than the density of Aluminium by about 1.95 
times. The micro hardness was found in the Vickers micro hardness scale is 132 HV which is equal to 415 MPa. 

CONCLUSION 

T Equi-atomic AlCrFeNiZnHEA has been successfully synthesized by mechanical alloying using ball milling 
process for 30h. From XRD analysis it is found that AlCrFeNiZn HEA exhibited BCC crystallite structure. 
Microstructure and density values of the HEA sintered at 850◦C are found to be comparable with literature. The 
analysis with extended hours of milling can be done Sintering and pressing can be done at the elevated temperature 
and pressure.  Different properties and characteristic of these alloys can be analyzed using SEM, wear testing, 
thermo gravimetric analysis. 
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Abstract. The researchers are undergoing in the recent years to develop the products that resists the environmental 
conditions on behalf of their increasing demands. One of the metals which is used in the condition of maximum 
temperature and corrosion are nickel super alloys, especially Nimonic 75 nickel super alloy. The applicability of this 
material is high, as it has good thermal and mechanical properties. Hence, this paper is concerned for the evaluation of 
the performance of dry condition and wet condition, on external longitudinal turning of Nimonic 75 with cutting tools, by 
knowing the characteristics and predominant wear that occurs when the processes take place. The Nimonic 75 work piece 
with 80mm length and 40mm diameter is taken. The operation is performed based on the cutting parameters like spindle 
speed of 250 m/min and feed of 0.2 mm/rev and cutting depth of 1.5 mm. The turning operation is performed according 
to the dimensions required. The wear behavior is monitored for every 0.5 min until the catastrophic failure occurs. For 
both the conditions of dry and wet turning, the main type of wear that is observed in the experiment is notch wear. It is 
occurred mainly at the time of dry machining process. 

Keywords: Turning (Dry and Wet), Nickel super alloys, Nimonic 75, Tool wear, SiAlON and Al2O3+SiCwhisker  
ceramic tools 

INTRODUCTION 

The physical properties, chemical properties and the machining processes of a material has to be developed for 
the application of the material in the severe environmental conditions. The demand for that materials are high, as 
several researches revolve around them. The super alloys possess low thermal conductivity, since they are high 
temperature resistant alloys. On behalf of this property, low rate of heat conduction to the chip occurs at the time of 
machining. Generation of high temperature and pressure will occur during the turning at the contact of tool and work 
piece. This high temperature has the ability to create tool wear, build up edge formation and tense in structure of the 
work piece. To avoid these type of problems, cutting fluid is to be applied in the turning operation. The usage of the 
cutting fluid has some other demerits in contrast to these problems. The usage of cutting fluids results in diseases 
like asthma, chronic bronchitis, hypersensitivity pneumonitis, tumors and skin problems for the workers [1]. The dry 
machining is preferred for avoiding these problems and the necessity to develop expertise in dry cutting is required 
to bring the significant technical change. A special type of tool and other parameters are required for machining the 
nickel based super alloys, since they have some special properties like limited removal rate of metal. The tool used 
here must have the ability to counter the tense generation and the temperature produced. The machining cost is high 
because these properties of nickel based super alloys. The ceramic cutting tools possess unique mechanical 
properties, as it is used mainly for machining the hard materials. The ceramic tools has the property of high thermal 
resistance, hence it is used in high cutting speeds. They also have the properties of corrosion resistance, abrasion 
resistance and low chemical affinity. With respect to tool life, ceramic tools have high tool life when compared to 
carbide tools. The demand for the ceramic cutting tool is increasing in the market as it has these properties with high 
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quality of machining and high performance of tool life. The paper deals with the tracking of formation of tool wear 
and their wear mechanisms such as flank wear, notch wear, crater wear, build up edge formation and catastrophic 
failure during the turning operation of Nimonic 75, with ceramic cutting tools in both dry and wet conditions. The 
applicability of the ceramic tool inserts are evaluated for hard machining to gain the benefit of tool variations. It also 
deals with the preference of dry turning over the wet turning process. The dry turning of Nimonic 75 with ceramic 
cutting tools were not strongly covered in the literature of present studies. The usage of coolant will accelerate the 
cost of machining in the companies. This has encouraged us to develop the expertise in this area. For this reason, the 
study of turning of Nimonic 75 is necessary for companies which uses them for decelerate the cost accelerate the 
quality of turning. 

LITERATURE SURVEY 

The dry cutting is preferred over the wet cutting in relation with environmental and economic reasons. The cost 
that is spent for buying of cutting fluid, their usage, disposal and cleaning them is equal to four times of the cost of 
cutting tools that is used in the operation. The main application of cutting fluids are disposal of chips, improvement 
of accurate machining, surface finish, and increasing the life of tool, particularly in high speed machining [1].The 
usage of cutting fluids result in diseases like asthma, chronic bronchitis, hypersensitivity pneumonitis, tumors and 
skin problems for the workers [2]. The dry machining is preferred for avoiding these problems and the necessity to 
develop expertise in dry cutting is required to bring the significant technical change. The turning of hard metal like 
super alloys showed a very good behavior when the process is done with the coated inserts. The ceramic silicon 
nitride inserts were coated with diamond coating and the result shows some positive sign on the experiment [3]. The 
hard TiN coating is applied on the tool surface. The tool used here is silicon nitride cutting tool. The turning 
operation is done on hardened steel. The result obtained from this experiment is the increase in tool life for about 
two to four times [4].The cutting tool materials with high hardness, such as cemented carbides, ceramics, and cubic 
boron nitride are most preferably used for machining the aero engine alloys like Nimonic 75. Particularly ceramic 
cutting tools are preferred because of their low cost. Ramping and rotary machining are the new adopted technique 
to eliminate the notch wear The ceramic tools possess high hardness when undergoing high speed machining and 
high cutting temperatures [5].The composite tools reinforced with whiskers which constitutes of an alumina matrix 
with silicon carbide whiskers of 25% volume approximately, which has the capability of operating at cutting speed 
till 750 m/min on some nickel based super alloys like Nimonic 75 [6]. Nickel based super alloys have excellent 
physical properties as they are used for manufacturing aerospace components. They also shows the property of poor 
machinability. The machining process is carried out conventionally using the carbide tools. By adopting the process 
named high speed machining, the material removal rate is accelerated. It will automatically increase the productivity 
[7].The major wear occurred during machining of nickel based super alloy with silicon carbide whisker reinforced 
alumina is flank wear at lower speeds. The notch wear is high at the high speed operation. The abrasion wear, 
adhesion wear and chipping are the predominant wear that is founded while performing the experiment [8].The 
nickel based super alloys are applied in aerospace, petrochemical and biochemical industries, since it has high heat 
resistance, corrosion resistance and toughness. The major defect produces on surface are carbide cracking, white 
layer formation, residual stress and microstructural alteration [9]. 

 
 

MATERIALS AND METHODS 
 

The cutting parameters are given in Table 1. The cutting parameters are selected from a journal [4] where the 
turning operation is done for Inconel 718 nickel based super alloy which has the similar property of Nimonic 75 
super alloy. Figure 1 Shows the Longitudinal Work Piece of Nimonic 75.The experiment is realized by applying 
some of the working conditions and the experience gathered from the industrial people who are related to this 
working conditions. Before starting the experiment the tools are evaluated under optical microscopy, in order to find 
the present of predominant wears. The evaluation of the wear takes place for machining of every 40 mm. The 
complete description of the experiment is given in Table 1 
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TABLE 1. Experimental Planning 
 

Conditions Dry Wet 

Analysis Wear characteristics Wear characteristics 

Ceramic tools SiAlON Al2O3+SiCwhisker 

Evaluation 
system Optical microscopy 

Cutting 
parameters 

Cutting speed=250m/min, feed=0.2mm/rev,        
Cutting depth=1.5mm 

Work Piece 

The chemical properties of Nimonic 75 is given in the Table 2. The physical and mechanical properties are given 
in Table 3. The reason for the selection of Nimonic 75 is because of their high hardness property since nickel 
content is more (71.25%). They are applied in space engineering applications like aircraft turbines which can replace 
Inconel 718 easily. 

 

FIGURE 1. Longitudinal Work Piece of Nimonic 75 

TABLE 2. Chemical Properties of Nimonic 75 
 

 

 

 

TABLE 3. Physical and Mechanical Properties of Nimonic 75 

Properties Metric Imperial 

Density 8.37 gm/cm3 0.302 lb/in3 

Tensile strength 750 MPa 109 Ksi 

Yield strength 275 Mpa 40 Ksi 

Elongation 42% 42% 

Modulus of elasticity 206GPa 29878 Ksi 

Chemicals (%) Ni Cr Ti C Si Fe Mn 

Nimonic 75 71.25 21 0.6 0.15 1 5 1 
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TABLE 4. Characteristics of Ceramic Tools 
 

  Rake 
angle [o] 

Clearance 
angle [o] Radius [mm] Substrate 

material 

Insert 
geometry 

0 0 1.2 SiAlON 

0 0 1.2 Al2O3 + 
SiCwhisker 

Tool 
holder 
angles 

-8 -8   

 
The square shaped ceramic inserts were used as it enables a 45o cut side angles of robust geometry. It gives 

better performance when turning nickel based super alloys as given in a journal [4] based on turning Inconel 718. 
Hence these inserts are preferred. The clearance angle and the geometry tested are null, but the tools on support has 
an inclination of -8o of inclination angle. 

 
Fluid Application Conditions 

 
The tests were conducted in both dry and wet conditions. The wet turning is done by the application of cutting 

fluids. The cutting fluid used here is water miscible oil. The cutting fluid is applied in the tool with the flow rate of 
l/min.  

RESULTS AND DISCUSSIONS 
 

The results found to know the tool wear behavior and the types of wear images that is observed. It is done for 
both tools in both the conditions of dry and wet turning. 

 
Ceramic Tool with Cutting Fluid Application 

 
The image of SiAlON turning tool after the operation is given in the figure 2. The wear behavior of SiAlON 

ceramic tool is shown in graph 1. In wet condition the SiAlON ceramic tool has the life time of 2.1 min. The 
maximum wear that can be happen is 0.6 mm. It is achieved at the time of 2.1 min. The useage of cutting fluid can 
increase of tool life due to lubrication and cooling effects. 

 

 
 

FIGURE 2. SiAlON Tool in Wet Condition 
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The image of Al2O3 + SiCwhisker turning tool after the operation is given in the figure 3. The wear behavior of 
Al2O3 + SiCwhisker ceramic tool is shown in graph 1. It achieves the maximum wear of 0.6 mm at the time of 1.16 
min. At that time the life of the tool insert Al2O3 + SiCwhiskeris lasted. 

The tool insert SiAlON shows better wear behavior than Al2O3 + SiCwhisker in the wet condition. The use of 
cutting fluid in the turning operation resists the formation of notch wear. The predominant wear that appears in the 
tools are notch wear and flank wear, which limits the tool life. Due to high cutting temperature oxidation and 
diffusion occurs. 

Burr formation obtained when turning of Nimonic 75. Great friction was generated between work piece and tool. 
Figure 2 & 3 shows SiAlON tool & Al2O3 + SiCwhisker tool in wet condition with wear characteristics like notch 
wear, abrasion. 

 
 

FIGURE 3. Al2O3 + SiCwhisker Tool in Wet Condition 
 

Ceramic Tool in Dry Conditions 
 

The image of SiAlON turning tool after the operation is given in the figure 4. The wear behavior of SiAlON 
ceramic tool is shown in graph 1. In dry condition the SiAlON ceramic tool has the life time of 0.75 min. The 
maximum wear that can be happen is 0.6 mm.  

 
Table 5. Comparison of wear behavior in both conditions 

 

Test Condition Insert 
Wear Time 

(mm) (min) 

1 Wet Al2O3 + 
SiCwhisker 0.84 0.5 

2 Wet Al2O3 + 
SiCwhisker 0.98 1 

3 Wet SiAlON 0.35 1 

4 Wet SiAlON 0.38 1.5 

5 Dry Al2O3 + 
SiCwhisker 0.42 0.5 

6 Dry Al2O3 + 
SiCwhisker 0.54 1 

7 Dry SiAlON 1.32 0.5 

8 Dry SiAlON 1.77 0.75 

 

020022-5
Page 1194 of 3066Page 1194 of 3066



It is achieved at the time of 0.75 min. The image of Al2O3 + SiCwhisker turning tool after the operation is given in the 
figure 4. The wear behavior of Al2O3 + SiCwhisker ceramic tool is shown in graph 1. It achieves the maximum wear of 
0.6 mm at the time of 1.25 min. At that time the life of the tool insert Al2O3 + SiCwhisker is lasted. 

The tool insert SiAlON shows poor wear behavior than Al2O3 + SiCwhisker in the wet condition. Al2O3 + SiCwhisker 
shows better wear behavior in dry turning than wet turning. It shows lower notch formation rate. This is due to high 
heat generation. 

The Combination of SiCwhisker to the Al2O3 matrix Increase the material thermal conductivity, hardness and 
toughness. Other side it reduces the wear rate and chemical stability. Figure 4 & 5 shows SiAlON tool & Al2O3 + 
SiCwhisker tool in dry condition with wear characteristics like notch wear, micro spalling. 
 

 
 

FIGURE 4. SiAlON Tool in Dry Condition 
 

 
 

FIGURE 5. Al2O3 + SiCwhisker Tool in Dry Condition 
 

The SiAlON tool shows better wear behavior than the Al2O3 + SiCwhisker in wet turning of Nimonic 75. In 
contrast to that the dry turning of Al2O3 + SiCwhisker shows better wear behavior than the SiAlON. The main wear 
that is occurred predominantly is notch wear.  
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GRAPH 1. Comparison of Wear Behavior in both Conditions 
 

 
 
 

GRAPH 2. Time of Catastrophic Failure 
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CONCLUSION 
 

1. The comparison of dry and wet turning of Nimonic 75, a nickel super alloy with ceramic cutting tool is 
covered in this experimental study. The flank wear and the notch wear are the two wears that is observed highly in 
this experiment.  

2. The main motive of this project is to develop the knowledge to the dry machining by avoiding the wet 
machining, which can reduce the health risk of the workers and it is environmental friendly. 

3. In relation to tool life experiments, the best result obtained was SiAlON, in wet condition (catastrophic 
failure occurred in 2.1 min) with application of cutting fluid.  

4. The notch wear and flank wear were found that as predominant wear. The notch wear played as main role 
in cutting depth operation during all tested conditions.  

 
TABLE 6. Time of catastrophic failure 

Condition Tool Time (min) 

Wet SiAlON 2.1 

Dry SiAlON 0.75 

Wet Al2O3 + SiCwhisker 1.16 

Dry Al2O3 + SiCwhisker 1.25 

 

The result obtained from Al2O3 + SiCwhisker in dry condition (catastrophic failure occurred in 1.25 min) better 
than SiAlON in dry condition (The catastrophic failure in 0.75 min). Hence Al2O3 + SiCwhiskeris preferable in dry 
turning of Nimonic 75.  

FUTURE SCOPE 

The researchers have to find a way to undergo dry cutting of Nimonic 75 as the results obtained have not been 
adequate yet. The main objective is to find an appropriate coating for Al2O3 + SiCwhisker since it gives better wear 
behavior in dry condition, to define the better geometrical tool configuration and the optimal cutting conditions in 
order to reduce the tool wears that is obtained predominantly and the longer tool life. 
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Abstract. This paper deals with the numerical simulation and analysis of a ballistic plate made of layers consisting of 
Boron carbide, Titanium di-boride and Ultra high molecular weight polyethylene and it is impacted by a 7.62*39mm AP 
core bullet at a muzzle velocity of 800m/s. Thickness of the ballistic plate was varied by varying the thickness of 
Titanium Diboride plate. Plates of thickness 13 mm, 15 mm, 17 mm was tested separately. Numerical computation and 
analysis was conducted using ANSYS Explicit Dynamics. Computational solutions of deformation, stress propagation, 
back-face stress, and muzzle velocity changes after impact was calculated and validated against the standards set by 
National Institute of Justice. The best plate was simulated with a .30 Caliber bullet at 878 m/s. The simulation results 
were used to predict the accurate behavior of the ballistic plate in real time environment. The results obtained proofs that 
this ballistic plate was capable of neutralizing threats up to level IV as set by NIJ and the ballistic plate was found to 
increase in strength with successive hits as compared to ballistic plates which deteriorates with successive hits. 

Keywords: Back-face Stress, Ballistic Impact, Explicit dynamics, Numerical analysis, Muzzle Velocity 

INTRODUCTION 

A bullet proof vest also known as ballistic vest is armour which absorbs the impact and stops the penetration of 
bullets into our body. Ballistic plates are used in hard body armour to provide protection against high velocity 
rounds. It is usually made of ceramics, metal, polyethylene etc. A bullet travelling at 800m/s when broken into 
fragments can be easily stopped since they have reduced velocities than the original bullet. Muzzle Energy also gets 
divided among fragments such that the plate is capable of resisting the bullet without any perforations in the front 
face. Back face signature should be as low as possible to avoid internal injuries which may lead to death. But in 
ceramic plate even a single hair line crack compromises the integrity of the ballistic plate. It is less effective in 
providing protection when hit successively. Ultra-high molecular weight polyethylene (UHMWPE) layer stops the 
bullet by reducing the friction which causes melting of polyethylene hence reducing the velocity. Polyethylene can 
be melted and hardened again repeatedly. Polyethylene hardens with the bullet fragments inside. This increases the 
protection ability of the ballistic plate. But polyethylene plate provides protection only up to level 3. An anti-spalling 
layer is used to catch the bullet fragments. Thus a tradeoff has to be done between integrity of plate and level of 
protection. By combining the advantages of these plate both integrity and level of protection of armor can be 
increased. This type of ballistic plate was designed and analyzed numerically using Explicit Dynamics software. It 
was tested for levels of protection using two bullets. A 7.62 X 39mm AP round at 800m/s and .30 Caliber M2AP 
round at 878m/s was used to test the integrity of the ballistic plate made of UHMWPE, Titanium Di Boride, Boron 
Carbide 
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LITERATURE SURVEY 

Yohannes Regassa and et al have mentioned that composite body armours are much stronger than steel armours. 
They have modelled and analysed the composite model made of Kevlar-29 using ABAQUS Explicit Dynamics. 
They used a 7.62 x 39 mm rounds. They have recommended using thermosetting epoxy resins to conduct further 
research in ballistic impact analysis. Marcos Rodriguez Millan and et al have mentioned that energy absorption 
capacity of composite depends on the fibre and properties of the material. It was also said that failure occurring 
during ballistic impact was mainly due to the nose shape of the projectile. They have used Kevlar-29 for analysis of 
ballistic impact. Manish Kumar Dubey and Parthi Bhargav Prajwal conducted numerical analysis of ballistic plate 
made of Kevlar-epoxy layers. They also used explicit dynamics to validate their findings. They found that velocity 
decreases with increase in thickness of the plate which was simulated using a hemispherical projectile of 20 mm 
diameter. L. Westerling and et al conducted numerical simulation of Tungsten rod penetration into confined 
cylinders of Boron carbide using AUTODYN solver in Explicit Dynamics. They observed that there was no 
penetration at lower velocities. But there was surface penetration at higher velocities. N. Nagendran and et al has 
conducted a numerical analysis of ballistic impact on polymer and aluminium composite sandwich plate. They 
observed irreversible deformation on the plate. 

 
     PROBLEM DESCRIPTION 

 
Ballistic plate designing involves trade-off between features like weight, cost, level of protection, reliability and 

many other features. So, a sufficient balance is necessary to provide reliable protection against high energy bullet 
impact. NIJ Standards are followed for analysis. Numerical analysis was simulated using ANSYS Explicit 
Dynamics.  

METHODS AND MATERIALS 

  Methodology  

Numerical method is useful for calculating and analyzing problems with complex material properties and 
boundary conditions. Lagrangian model is used to observe a single particle and to track its path of motion. 
Numerical analysis was simulated using Explicit Dynamics in ANSYS Workbench Environment. Explicit dynamics 
is a method used to simulate non-linear dynamic events. It is used to record and analyze short duration. The ANSYS 
Explicit Dynamics tool provides a means of performing these types of analyses entirely within its environment using 
AUTODYN Solver. 

   
    Materials used in Ballistic Plate 
 
Ultra High Molecular Weight Polyethylene (UHMWPE) is one of the thermoplastic polyethylene. 

Thermoplastics can be hardened and softened when a thermal load is applied and removed. It can also be said to be 
known as high modulus polyethylene. It is highly resistant to abrasion and it is 15 times better than carbon 
steel.Ceramics are materials made from compounds of a metal and a non-metal. Ceramics are brittle with high 
hardness. They are very strong against compression forces but weak against shearing and tension forces. Titanium 
Diboride is the stable of all titanium-boron compounds. TiB2 has very high hardness. But fracture toughness of 
material is very low. So it cannot withstand successive hits. It is more durable than other impact resistance ceramics 
that are being used. TiB2 has very high resistance to mechanical erosion. It has high density, so it is slightly difficult 
to manufacture ballistic plates. Boron Carbide is a hard, light weight boron-carbon ceramic. It is one of the hardest 
materials. It is formed by reacting carbon with boron oxide in an electric arc furnace, through reduction reaction. 
These three materials are used to form the composite layers of the ballistic plate. 
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TABLE 1. Properties of Ballistic Plate Layers 
 

Property Values 

Density of UHMWPE (Kg/m3) 945 

Density of Titanium Diboride (Kg/m3)  4520 

Density of Boron Carbide (Kg/m3) 2300 

Young’s Modulus of Titanium Diboride (GPa) 410-575 

Young’s Modulus of Boron Carbide (GPa) 440-470 

Poisson Ratio of Boron Carbide (No Unit) 0.20 

Poisson Ratio of Titanium Diboride (No Unit) 0.125 

Tensile Strength of Titanium Diboride (MPa) 340 - 370 

Compressive Strength of Titanium Diboride (MPa) 3400 - 3700 

Shear Modulus of UHMWPE (GPa) 0.360 

Specific Heat of Titanium Diboride (J Kg-1 C-1) 554 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

       FIGURE 1.Ballistic Plate Model 
 
      
       Materials used in Bullet 

 
A bullet is made of a core, filler and a metal jacket in most cases. Core is made of Steel 4340 (alloy steel 

containing chromium, nickel and molybdenum). It forms the armour piercing core. It takes more effort to deform the 
bullet core than the other parts of the bullet. Lead particles are used as filler material. Filler may be replaced with 
incendiary composition in case of armour piercing incendiary bullet. Incendiary bullets explode upon contact which 
causes explosion of bullet. It causes fatal injuries to a live target. It is banned in most places because of its lethal 
mortality rates.Copper is a ductile and malleable material. It is reddish orange in colour. It is used to make jacket of 
bullet. Bullet jacket may consist of a hard tip in case of some armour piercing bullets. Jackets deform upon contact 
with the ballistic plate leading to deformation of other layers of a bullet. Failure properties and stress methods are 
taken from ANSYS material library. Same materials and parts were used to model both 7.62 x 39 mm and .30 
Caliber M2AP Bullets. 
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TABLE 2. Properties of bullet materials
 

Properties Values 

Density of Copper Jacket (kg/m3) 8900 

Density of Lead Filler (kg/m3) 11340 

Density of Steel Core (kg/m3) 7830 

Specific Heat of Copper Jacket (J Kg-1 K-1) 0.386 

Specific Heat of Lead Filler  (J Kg-1 C-1) 124 

Specific Heat of Steel Core (J Kg-1 C-1) 477 

Shear Modulus of Copper (MPa) 46400 

 
 
 

 
 
 
 
 
 

           FIGURE 2.7.62 x 39 mm bullet 
 
 
 
 
 
 
 
      
 
 
           FIGURE 3. .30 Caliber bullet 

 

EXPERIMENTAL PROCEDURE 

Model was constructed using Solid Works. Length and height of the ballistic plate are 250 mm and 300 mm 
respectively. Thickness of UHMWPE and Boron Carbide are 4 mm and 7 mm respectively. Titanium Diboride 
thickness is varied for impact testing. It was varied as 2 mm, 4 mm, 6 mm respectively for testing. So, thicknesses of 
the plates tested for impact are 13 mm, 15 mm and 17 mm respectively. Explicit Dynamics is a method of analyzing 
propagation of stress waves, impact loads, transient loads. It is very useful in predicting the non-linear behaviour of 
a material when it is under impact loads. It computes transient events with a time scale less than one second. 
Meshing was done to know the dynamic response of the computational model. It is necessary to increment time in 
steps to increase the effectiveness of the computational solution. Muzzle velocity of 7.62 x 39 mm AP rounds and 
.30 Caliber M2AP rounds are 800 m/s and 878 m/s respectively. Muzzle energy values depend upon the rifle used to 
fire a bullet. Explicit dynamics is used to simulate high velocity impacts. It is used to determine the parameters such 
as deformation, material failure, penetration mechanics, material fragmentation, hypervelocity impacts etc., since the 
ballistic impact is nonlinear, explicit dynamics accurately describes the ballistic response of the ballistic plate when 
hit with a bullet.A coarse mesh was done to analyze the initial dynamic response of the system which was then 
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refined in further steps to produce the results as accurate as possible.Dynamic transient analysis was conducted 
based on end time gives the best possible solution which is as same as the properties exhibited during real time 
impact. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

            FIGURE 4. Analysis Test Setup of Model 
 
    
   RESULTS AND DISCUSSIONS 

 
The simulation of three combination of composite ballistic plate against 7.62 x 39 mm plate was conducted at 

point blank range of 1mm to simulate full muzzle energy impact. Stress wave propagation was recorded and 
analyzed. It was found that there was no significant propagation of waves beyond maximum. Maximum stress wave 
propagation was observed in the sides of the titanium Diboride plate. Back-face stress was analyzed. No major 
surface deformations or perforations were visible due to propagation of stress waves in the Back-face of the 17 mm 
plate. The stress wave propagation was able to produce a significant effect on the Back-face of the 13 mm and 15 
mm plate. So, 17 mm plate was able to provide a high level of protection than the others because the stress waves 
was spread out and has very less chance of causing of internal injuries. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 5. Stress Propagation due to Impact by 7.62 x 39 mm AP bullet 
 

Bullet was broken into fragments by ceramic as required and most of the broken fragments were concentrated 
around UHMWPE layer in which deformation reduces after impact. Directional deformation shows that the round 
was non-perforating in all 3 plates. 17 mm plate has stopped the bullet effectively and has not compromised its 
integrity. Even though the round was non-perforating, 13 mm and 15 mm plate showed tendency to cave in. Thus, 
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17 mm plate was more effective than the other plates. A deformation probe was used to analyze the deformation on 
the ceramic plate. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 6. Ballistic Impact on the Plate 
 
Back -face signature decides the impact absorbed by the body upon impact. It was observed that 17 mm plate has 

a very less value than the 13 mm and 15 mm plate. Thus, 17 mm plate was capable of stopping a bullet more 
effectively than the other two plates. 
 

TABLE 3. Deformation of UHMWPE layer 
 

S.No TIME(s) 
Deformation probe (mm) 

13 mm 15 mm 17 mm 

1 1.18E-38 0 0 0 

2 1E-05 2.3653 2.4954 0.0397 

3 3E-05 3.3753 3.5837 0.32205 

4 5E-05 3.6667 2.4539 0.36408 

5 7E-05 1.4914 1.8351 0.31997 

6 9E-05 1.5530 1.4733 0.39155 

7 1.1E-04 1.8336 1.4408 0.5263 

8 1.3E-04 2.0108 1.6048 0.47114 

9 1.5E-04 1.6942 1.3642 0.51362 

10 1.7E-04 1.4933 1.3467 0.553 

11 2E-04 1.7374 1.4092 0.553 

Another Deformation probe was used to analyze the signature on the polyethylene. It was found that the bullet 
has successfully penetrated the UHMWPE plate as required. But the bullet was not capable of penetrating the 
ceramic plate.  
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TABLE 4. Deformation of Ceramic Layers 
 

S.No TIME(s) 
Deformation probe (mm) 

13 mm 15 mm 17 mm 

1 1.18E-38 0 0 0 

2 1E-05 0.0464 0.0256 0.0397 

3 3E-05 0.53218 0.3842 0.3220 

4 5E-05 0.8507 0.4642 0.3640 

5 7E-05 0.7063 0.5103 0.3199 

6 9E-05 0.7674 0.5362 0.3915 

7 1.1E-04 0.9567 0.7067 0.5263 

8 1.3E-04 1.0613 0.6814 0.4711 

9 1.5E-04 1.03020 0.6886 0.5136 

10 1.7E-04 1.28230 0.8442 0.5530 

11 2E-04 1.39210 1.2453 0.5530 

 
 

Muzzle velocity reduction determines the effectiveness of the ballistic plate. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GRAPH 1. Muzzle velocity reduction after impact 
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Deformation of the bullet was analyzed and found that every part of the bullet including the armour piercing bullet 
was deformed completely indicating the effectiveness of the bullet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 7. Final shape of the deformed bullet 
 

Since 17 mm plate was more effective in stopping a bullet than the other plates of varied thickness, it was tested 
against a much powerful .30 caliber bullet at a muzzle velocity of 878 m/s. Even though stress propagation rate was 
higher than the impact due to 7.62 x 39 mm bullet, the ballistic plate was able to stop the bullet effectively. Muzzle 
velocity was also reduced to zero indicating that the bullet was successfully resisted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 8. Back-face Stress Propagation due to impact by .30 Caliber M2AP bullet 
 

 
 

CONCLUSION 
 

This research work concludes and put forth the below points from the experimental findings, 
 

Computational analysis of ballistic impact on composite plate has done by explicit dynamics. The three set of 
composite plate with three different thickness certainly 13mm, 15 mm and 17mm respectively is used for this study. 
The three different thickness were achieved by varying Titanium Diboride plate thickness (middle layer). After 
simulation the results shows that there is no visible surface perforations or cracks in the surface of the ceramic plate 

040005-8
Page 1207 of 3066Page 1207 of 3066



(inner layer). The outside layer which is made up of UHMWPE was completely penetrated as expected. The result 
of back-face deformation (deformation at ceramic layer) and back-face stress (stress at ceramic layer) suggests that 
it is not high enough to cause fatal internal injuries. Out of three set composite plate, the 17 mm ballistic plate was 
caved in which suggest that internal injuries are less possible if  this combination of ballistic plate is  used. Muzzle 
velocity and muzzle energy was also reduced completely after impact on the 17mm composite plate. From the 
simulation results it is transparent that17 mm plate is capable of providing better protection than the 13 mm and 15 
mm plate. It is providing better protection and has the ability to last long than the other plates.  17 mm plate is tested 
against a much powerful .30 Caliber M2AP Bullet and results seems to be positive that it is able to withstand the 
impact indicating the integrity of this composite ballistic plate. 

. 
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Abstract.The paper is about tribological wear behaviour of composite of Aluminium 6063 alloy with Silicon Carbide 
and Granite. Since the wear resistance of aluminium 6063 is comparatively low, we are going to increase the wear of 
aluminium 6063 by adding silicon carbide to it. The silicon carbide will not mix with aluminium 6063 completely, we are 
in need of another material to blend that two material. For that purpose we are using granite. It will also increase the 
strength of the composite material. We are going to make three different composite material which varies in their 
composition. The compositions of aluminium 6063 are 95%, 93%, 91%. The composition of Silicon Carbide is made 
constant as 3% and Granite have 2%, 4%, 6% respectively. In our project we casting three rods each of one Kg. The 
weightage of Aluminium 6063 alloy will be 950, 930, 910 grams. The weightage of Silicon carbide for all three 
composition will be 30 grams. The weightage of Granite will be 20, 40, 60 grams. 

Keywords:Aluminium 6063 alloy, Silicon carbide, Granite. 

INTRODUCTION 

The utilization of normal composite materials has been a piece of man's innovation since the primary old 
manufacturer utilized straw to fortify clay blocks. Wood is a composite it is obtained utilizing long cellulose strands 
held altogether by lignin which is a weaker substance. Cellulose is moreover found in cotton, however without the 
lignin is altogether weaker. The two weak substances lignin and cellulose together casing an extensively more 
grounded one. Collagen is in like manner found in hair and finger nails. In solitude it would not be much use in the 
skeleton anyway it can solidify with hydroxyapatite to give bone the properties that are relied upon to support the 
body. Aluminum 6063 amalgam is an adaptable designing material that has a gigantic worldwide market. Aluminum 
6063 is a fashioned combination, which have high weariness quality, greater weldability and formability is simple 
utilizing as a part of ordinary strategy.  

The significant substance are Magnesium have 0.45% to 0.9%, Manganese have 0% to 0.10%, then Zinc have 
0% to 0.10% , Silicon have 0.2% to 0.6%, Iron have 0% to 0.35%, Chromium have 0% to 0.10%, copper have 0% 
0.10%, titanium have 0% to 0.10% , other component is close to 0.05% each, 0.15% aggregate and the rest of 
Aluminum. Silicon carbide (SiC), is watched that the hardness of the composite is expanded step by step from 2-6%. 

Granite is an ordinary kind of felsic meddlesome volcanic shake that is granular and phaneritic in surface. Stones 
can be overwhelmingly white, pink, or dim in shading, dependent upon their mineralogy. Granite is a volcanic shake 
with no under 20% quartz and up to 65% antacid feldspar by volume. 
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PROPERTIES 

Physical Properties 

TABLE 1. Physical Properties for Al 6063 Alloy 
 

Properties Metric Imperial 

Density 2.7 g/cc 0.0975 lb/in³ 

Melting point 616 - 654°C 1140 - 1210°F 

 

Mechanical Properties 

TABLE 2. Mechanical Properties for Al 6063 Alloy 
Properties Metric Imperial 

Tensile strength 241 MPa 35000 psi 

Yield strength 214 MPa 31000 psi 

Elongation at break 12% 12% 

Shear modulus 25.8 GPa 3740 ksi 

 

Thermal Properties 

TABLE 3. Thermal Properties for Aluminium 6063 Alloy 

Properties Metric Imperial 

Thermal expansion co-
efficient (@20-100°C/68-
212°F) 

25.6 μm/m°C 14.2 μin/in°F 

Thermal conductivity 200 W/mK 1390 BTU 
in/hr.ft².°F 

 

MATERIALS AND METHODS 

 We are going to make three composition for three composite material in that Silicon Carbide is made 
constant. Aluminum 6063 and Granite is varied. 

 

TABLE 4. Weightage of Composite Material 
 

Material Al (gram) SiC 
(gram) 

Granite 
(gram) 

A 950 30 20 
B 930 30 40 
C 910 30 60 
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Stir casting 

In a stir casting process, the sustaining stages are scattered into fluid cross section by mechanical blending. 
Blend tossing of metal system composites was begun in 1968, when S. Beam brought alumina particles into an 
aluminum mollify by mixing fluid aluminum amalgams containing the clay powders. 

 

TABLE 5. Percentage of SiC 
 

 
 
 
 

 

 
 

Mechanical blending in the heater is a key component of this procedure. The resultant liquid combination, with 
earthenware particles. Stir casting 

TABLE 6. Stir Casting Settings 

Stirring 
Speed 
(rpm) 

Blade 
Angle 

Uniform Dispersion time (Sec) 

Three Blade 
stirrer 

Four Blade 
stirrer 

Turbine 
Blade stirrer 

200 
  
  
  
  

0 2700 2520 2340 
30 2520 2460   
45 2400 2400   
60 2100 1920   
90 2640 2460   

250 
  
  
  
  

0 1980 1800 1680 
30 1800 1800   
45 1800 1740   
60 1740 1680   
90 1920 1800   

300 
  
  
  
  

0 1320 1200 900 
30 1200 1140   
45 1080 1080   
60 900 900   
90 1200 1200   

EXPERIMENTAL METHODS AND TESTS 

Hardness Test Methods 

Few tests are taken to find out the hardness of the material and that can be seen as follows. 

Brinell Hardness Test 

The Brinell hardness test procedure contains indenting the test material with a 10 mm width set steel or carbide 
ball subjected to a 3000 kg. For milder materials the stack can be decreased to 1500 kg or 500 kg to avoid over the 

Material 
Al 

(%) 
SiC (%) Granite (%) 

A 95 3 2 

B 93 3 4 

C 91 3 6 

020028-3
Page 1212 of 3066Page 1212 of 3066



best space.The full load is routinely associated for 10 to 15 seconds by virtue of iron and steel and for no under 30 
seconds because of various metals.The separation crosswise over of the space left in the test material is estimated 
with a low energized amplifying focal point. The BHN is processed by isolating the load associated by the surface 
region of the space. 

TABLE 7. Brinell Hardness for Force 187 KgF 

Dia of 
Impression 

(d) mm 

Area (A) 
mm² 

Brinell 
Hardness 
number   
(BHN) 

1.9 3.436 54.569 
1.8 3.003 62.437 
1.9 3.436 54.569 

Rockwell Hardness 

Preloads   from 3 kgf to 10 kgf.  It is utilized as a part of the Rockwell scale) ranging to 200 kgs and purposed as 
a large scale and not some portion of ASTM E-18; see ASTM E-1842). 

 

TABLE 8. Rockwell Hardness for Load 100 Kgs 
Specimen Indenter Trial 1 Trial 2 Trial 3 Average hardness 

910 Ball and 1/16inch 25 26 27.5 26.16 

930 Ball and 1/16inch 21.5 17 15 17.83 

950 Ball and 1/16inch 24 26 29 26.33 

Charpy Impact Test 

 
TABLE 9. Charpy Impact Test For Width 10 mm, Depth 6 mm, Area 60 mm²), Frictional Energy 4 J 

 

Specimen Energy spent in Breaking (J) 
Energy Absorbed by 

Specimen(J) 

910 8 4 

930 9 5 

950 10 6 
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Wear of Composite Material 

Wear of the material is discovered by Pin on Disk Wear testing Machine. By utilizing this machine we can get 
wear, coefficient of contact, frictional drive. 
 

 

  
FIGURE 1. Pin on Disc Setup FIGURE 2. Wear Test on 910 Composition 

  

  
FIGURE 3. Wear Test on 930 Composition FIGURE 4. Wear Test on 950 Composition 
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Coefficient of friction 

  
FIGURE 5. Coefficient of Friction of 910 composition FIGURE 6. Coefficient of Friction of 930 Composition 

  

 
FIGURE 7. Coefficient of Friction 950 Composition 
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Frictional Force

 

 FIGURE 8. Frictional Force for 910 Composition 
 
 

 
FIGURE 9. Frictional Force for 930 Composition 

 
FIGURE 10. Frictional Force for 950 Composition 
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SEM Test Report 

 
FIGURE 11. SEM Test Report for the 910 Composition

CONCLUSION 

In this work 3% of Silicon Carbide is made constant for all the three composition  and it is mixed with 
Aluminium 6063 in the variation of  95%, 93%, 95% and added with Granite in the variation of 2%, 4%, 6% can 
successfully fabricated by using stir casting machine. Then moulding material could be machined to get perfect 
shape for further testing. Brinell hardness testing is done and the value is 62.437 BHN highest hardness value for 
composition 930.Rockwell hardness testing value is 22.5HRB highest hardness value for composition 950 .Then by 
charpy impact test the energy absorption of specimen is 6J highest for the composition 950 and the wear resistance 
for the component 910 is high. 
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Abstract: This paper mainly focuses on the drilling 
parameter optimization by introducing Response Surface 
Methodology (RSM). RSM is the most effective methods 
to modeling and find optimum results. In this study, three 
parameters such as cutting speed, feed rate and point 
angle has been selected as input parameters and surface 
roughness, torque, thrust force and material removal 
rate (MRR) are taken as the responses. The experiments 
are carried out over the AISI 429 steel plate with the 
dimension of 100×100×10 mm by using HSS 8 mm drill 
bit. The input parameters are predicted by using response 
surface methodology (RSM). From the results that can be 
observed clearly the predicted parameters speed and feed 
rate are the most important to get good surface integrity 
and maximum material removal rate.

Keywords: AISI, Drilling, Material removal rate, Response 
surface methodology, Surface roughness. 

I. IntroductIon

Drilling is the hole making process which enables mating 
two parts with the help of fasteners. While drilling number of 
holes over the hard material there is chance to drill bit and its 
cutting edges damage. Sometimes chips formed during drilling 
operation may stick with drill bit due to heat generated during 
operation. So this may lead lack of hole quality. That is why we 
have to make some changes in the input parameters such as drill 
diameter, point angle, speed, feed rate, etc. Many studies shows 
speed and feed rate plays a vital role to get hole quality and 
reduce drill bit damage. Amran et al. [1] investigated the effect 
of drilled hole in various speed, feed also observed in surface 
roughness using numerical approaches. The study shows there 
are interactions among parameters and also it shows that less 
surface finish because of to increase in speed, feed and drilled 
hole diameter of tool. Gaurav Chaudhary et al. [2] studied the 
effect of drilling parameters on aluminium matrix composites 
and hybrid aluminium metal matrix composites by using 

Article can be accessed online at http://www.publishingindia.com

Response Surface Method (RSM). Erol Kilickap et al. [3] 
studied the effect of surface finish in drilled hole in AISI1045 
material using Response surface methodology (RSM) and 
Genetic algorithm (GA). Nam et al. [4] discussed to achieve 
the drilled hole and selection of speed, feed also nanofluid 
volumetric concentration in micro-drilling using RSM and GA. 
Nihattosun Outcomeparameters [5] introduced grey relational 
analysis to determine optimum parameters for multi-objective 
characteristics in drilling. In this study, three different materials 
such as HSS, TiN coated HSS and carbide drill bits are used to 
make hole on AISI 4140 steel work piece. Hamzeh Shahrajabian 
et al. [6] conducted the experiment on carbon fiber reinforced 
epoxy composite to get surface roughness, delamination 
factor and thrust force. Erol Kilickap et al. [7] conducted the 
experimental investigation of burr height in drilling on Al-7075 
by integrating response surface method (RSM) and Taguchi 
method. The surface integrity and burr height. Ademcicek et 
al. [8] studied the effect of drilling parameters on AISI 304 
steel with cryogenically treated HSS drill bit by integrating 
Taguchi technique and response surface method (RSM). 
Control factors considered in this study are spindle speed, feed 
rate and full factorial design has been chosen. HSS drill bits are 
cryogenically treated which means drill bits kept at -195 ºC for 
24 hr. J. P. Davim et al. [9] investigated the effect of parameters 
on delamination of medium density fiberboard (MDF) using 
response surface method. Also shows that the increase in speed 
reduces the cutting force and materials soften due to increase 
in speed, it minimizes delamination. K. Palanikumar et al. [10] 
study the effect of drilling parameter cutting speed, feed rate 
and various point angles on medium density fiber board using 
response surface method.

II. MaterIal SelectIon

A.  Processing of AISI 429 

AISI 429 stainless steel is used in domestic, construction and 
chemical industries. AISI 429 steel is a martensitic stainless 
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steel which is smallest group among stainless steel groups. It has 
excellent mechanical properties in addition to good corrosion 
resistance due to which the stainless steel finds extensive 
application in chemical vessels manufacturing. Martensitic 
stainless steel has highest tensile strength and lowest elongation 
which depends upon the heat treatment process. Raw material 
of the stainless steel is prepared from stainless steel scrap and 
alloying elements are added based on the properties required.  

B. Composition of AISI 429 Stainless Steel

table I:  coMpoSItIon of aISI 429 StaInleSS Steel

Elements % of Composition
Carbon (C) 0.03
Silicon (Si) 0.47
Manganese (Mn) 0.54
Phosphorous (P) 0.016
Sulphur (S) 0.013
Nickel (Ni) 0.14
Chromium (Cr) 15.39
Molybdenum (Mo) 0.029
Copper (Cu) 0.085
Titanium (Ti) 0.003
Cobalt (Co) 0.032

Mechanical Properties of AISI 429

factorial design has been chosen. HSS drill bits are cryogenically treated which means drill bits 
kept at -195 ºC for 24 hr. J. P. Davim et al. [9] investigated the effect of parameters on 
delamination of medium density fiberboard (MDF) using response surface method. Also shows 
that the increase in speed reduces the cutting force and materials soften due to increase in speed, 
it minimizes delamination. K. Palanikumar et al. [10] study the effect of drilling parameter 
cutting speed, feed rate and various point angles on medium density fiber board using response 
surface method. 
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Elements  % of Composition 

Carbon (C) 0.03 
Silicon (Si) 0.47 
Manganese (Mn) 0.54 
Phosphorous (P) 0.016 
Sulphur (S) 0.013 
Nickel (Ni) 0.14 
Chromium (Cr) 15.39 
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C. Mechanical Properties of AISI 429 

 
Fig. 1: AISI 429 Stainless Steel Fig. 1: AISI 429 Stainless Steel

III. tool SelectIon

A. Drill Bit

Nowadays drilling is the most appropriate operation to fasten 
two components than any other joining process. Drill bit is used 
to make a hole over the material which is a solid rod and it has 
helical groove over its body called flute which is also carries 
chips away. There is lot of materials exist to drill hard materials 
and high strength materials, drill bit type is selected based on 
the hole size and type of hole. These grooves guide the chip to 
get out from cutting edge to hole top. Twist drill bit is preferred 
for all kind of work materials, even if super alloys and high 
strength materials. Normally, the helix angle varies between 18 

ºC to 30 ºC which two times bigger than point angle. 

B. Selection of Tool Material

High Speed Steel (HSS) is the most commonly used tool 
material, due to its low cost and high wear resistant; it is 
preferred in many industries to drill high strength alloys and 
ductile materials. Cobalt steel, TiN coated HSS and carbide drill 
bits are preferred to drill stainless steel material. While coming 
to the point of their cost, they are costlier than high speed steel. 
That is why we have decided to make hole on stainless steel 
material by means of high speed steel 8 mm M42 drill bit. In 
this study, we have decided to vary point angle of the drill bit 
which is mentioned in input parameters. 
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Fig. 2: AISI M30 Drill Bit  

Soft annealing is carried out at the temperature of 850–900 ºC and kept it for 3 hrs. Then slowly 
cooled at the temperature of 10 ºC per hour until 700 ºC reached, then stress is relieved at the 
temperature of 600–700 ºC kept 2 hrs. Hardness is increased by preheating at the temperature of 
450–500 ºC and 580–900 ºC. 
 

IV. EXPERIMENTAL DETAILS 
A. Selection of Input Factors and Matrix Design 

This investigation concentrates on the input parameters feed rate, spindle speed and point angle, 
this factors selected for three levels. Response surface method is done using Minitab17; optimum 
results are obtained by applying response surface method. Three levels such as maximum, 
medium and minimum are selected. 
  

TABLE II: SELECTION OF INPUT PARAMETERS 
Factors Parameters Levels 
    -1 0 1 
A Point angle (deg) 110 118 126 
B Speed (rpm) 500 750 1000 
C Feed rate (mm/rev) 0.075 0.1625 0.25 

Fig. 2: AISI M30 Drill Bit 

Soft annealing is carried out at the temperature of 850–900 ºC 
and kept it for 3 hrs. Then slowly cooled at the temperature of 
10 ºC per hour until 700 ºC reached, then stress is relieved at the 
temperature of 600–700 ºC kept 2 hrs. Hardness is increased by 
preheating at the temperature of 450–500 ºC and 580–900 ºC.

IV. experIMental detaIlS

A. Selection of Input Factors and Matrix Design

This investigation concentrates on the input parameters feed 
rate, spindle speed and point angle, this factors selected for 
three levels. Response surface method is done using Minitab17; 
optimum results are obtained by applying response surface 
method. Three levels such as maximum, medium and minimum 
are selected.

table II: SelectIon of Input paraMeterS

Factors Parameters Levels
  -1 0 1
A Point Angle (deg) 110 118 126
B Speed (rpm) 500 750 1000
C Feed Rate (mm/rev) 0.075 0.1625 0.25

B. Material Preparation

AISI 429 steel material is widely used in chemical industries to 
reduce corrosion; due to its hardness it is difficult to machining. 
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Experiments were carried out over the AISI 429 stainless 
steel 200×200×10 mm using HSS straight shank drill bit with 
8 mm diameter at various feed rate and spindle speed under 
dry condition. Stainless steel plate is cut into four pieces with 
the dimension of 100×100×10 mm by using cutter grinder. 
HSS drill bits are prepared at various point angles, the point 
angles are obtained by grinding. The materials are shown in 
Fig. 3. Excessive burr appears on the work material during 
cutting is removed from it by grinding the work material. 
Materials are prepared by grinding its surface to check its 
chemical composition; chemical composition results are 
confirmed that the chosen material is AISI 429 steel. Chemical 
composition test is carried out by optical emission spectroscopy 
(OES).  
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Fig. 3: Prepared AISI 429 Stainless Steel 
 

The parameter material removal rate, torque, thrust force and surface roughness has been taken 
as the responses. Recommended spindle speed, feed rate and point angle has been taken from the 
machinability data book. Studies show that the speed rate and feed rate is most influential 
parameter while considering better surface integrity. While machining hardest material some 
parameters has to be consider to get better quality hole. AISI 429 is a ductile material so lowest 
feed rate and highest speed has been considered.  

 
 
 
 
 

Fig. 4: Various Drill Bit Angles 
 
Experiments are designed by using Minitab17 and optimization is done in response surface 
method (RSM), Box-Behnken method of optimization. The experiments are carried out in dry 
environmental condition. Thrust force and torque noted down for each process and graph is 
drawn in the computer itself. One piece of plate is fixed on the table and point angle 110º is 
mounted in spindle, drilling made on the work piece based on is speed and feed rate. Another 
piece is mounted on the table and point angle 118º is fitted in spindle. Likewise, each material 
selected for making hole for each point angle. Chips are collected for every hole and it is cleaned 
by means of brush, hole number is noted down on the work material.  
 

C. Design of Matrix and Observed Values 
During machining process machining time, torque and thrust force is measured as responses. A 
dynamometer is used to measure thrust force and torque, computer is used to plot graph. Thrust 
force is also called cutting force, hardest material requires more cutting force and torque. Three 
parameters and three levels are selected based on studies and these selected parameters are 
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Recommended spindle speed, feed rate and point angle has 
been taken from the machinability data book. Studies show that 
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C. Design of Matrix and Observed Values

During machining process machining time, torque and thrust 
force is measured as responses. A dynamometer is used to 
measure thrust force and torque, computer is used to plot 
graph. Thrust force is also called cutting force, hardest material 
requires more cutting force and torque. Three parameters and 
three levels are selected based on studies and these selected 
parameters are uploaded in response surface method and 

optimum values are tabulated. Experimental sequence is shown 
in Table III. Design table depicts experimental sequence which 
is carried out during machining process. Minimum parameter 
value is taken as -1, medium value is taken as 0 and maximum 
value is taken as +1. Medium speed is entered in program 
command, maximum feed and point angle is considered for first 
hole, for same speed minimum feed and point angle is selected. 
Minimum and maximum speed is selected respectively for 
medium and minimum feed and point angle combination. 

table III: obSerVed ValueS

Sr. No. Speed (RPM) Feed Rate (mm/rev) Point Angle (Deg) Thrust Force (N) Torque (Nm)
1 750 0.25 126 3.312 9.36
2 750 0.075 110 1710 4.79
3 1000 0.1625 110 3184 7.77
4 500 0.25 118 3172 9.79
5 750 0.25 110 4250 10.74
6 750 0.1625 118 3087 7.81
7 750 0.1625 118 3019 8.8
8 750 0.075 126 1609 4.11
9 1000 0.075 118 1806 4.98
10 500 0.1625 126 2597 7.39
11 500 0.075 118 1744 3.62
12 1000 0.1625 126 2306 6.68
13 750 0.1625 118 3198 8.77
14 500 0.1625 110 2897 8.12
15 1000 0.25 118 4305 11.37
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D. Material Removal Rate (MRR) 

Material removal rate is defined as the amount of material removed from work material per unit 
of time. Material removal rate defines quality of hole, if material removal rate is higher, then 
quality of hole is lesser. MRR values for this experiment are shown in Table IV: Material 
removal rate is calculated from the formula given below,  
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E. Surface Roughness 

Surface roughness is defined as the surface waviness or deviation 
of height on profile of hole or any machined components. Surface 
roughness of the hole is measured using SURFTEST SJ-210 
roughness tester manufactured by Mitutoyo. SURFTEST SJ-
210 roughness tester setup is shown in Fig. 6.
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Two vernier height gauges is used to support surface roughness tester, tester is placed over 
height gauge scribe. Work material is placed on the fixture by tightening screw, before placing 
roughness tester; reference is taken by reference specimen shown in Fig. 6. Calibration is most 
important to check accurate value, it can be vary based on roughness required.    
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7 750 0.1625 118 62.8 3.03 
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14 500 0.1625 110 45.672 1.521 
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Fig. 6: Surface Roughness Tester Setup 

Two vernier height gauges is used to support surface 
roughness tester, tester is placed over height gauge scribe. 
Work material is placed on the fixture by tightening screw, 
before placing roughness tester; reference is taken by reference 
specimen shown in Fig. 6. Calibration is most important 
to  check accurate value, it can be vary based on roughness 
required.   

table IV: Mrr and Surface roughneSS ValueS

Sr. 
No.

Speed 
(RPM)

Feed 
Rate 

(mm/rev)

Point 
Angle 
(Deg)

MRR 
(mm3/
min)

Surface 
Roughness 

(μm)

1 750 0.25 126 71.771 3.823

2 750 0.075 110 31.4 3.057

3 1000 0.1625 110 100.48 1.181

4 500 0.25 118 62.8 1.856

5 750 0.25 110 83.733 1.684

6 750 0.1625 118 62.8 2.226

7 750 0.1625 118 62.8 3.03

8 750 0.075 126 29.552 2.236

9 1000 0.075 118 38.646 1.296

10 500 0.1625 126 41.867 4.136

11 500 0.075 118 20.096 3.03

12 1000 0.1625 126 83.733 2.157

13 750 0.1625 118 66.105 2.553

14 500 0.1625 110 45.672 1.521

15 1000 0.25 118 125.6 3.803

V. reSultS and dIScuSSIon

Drilling is carried out over three samples of stainless steel AISI 
429 with dimensions of 100×100×10 mm using HSS 8 mm drill 
bit under dry condition. Three different speeds, feed rate and 
point angle is selected to drill the material. Selected speed rate 
is 500, 750 and 1000 rpm, feed rate is 0.075, 0.1625 and 0.75 
and point angle is 110º, 118º and 126º. 

A. Outcome Parameters of MRR 

Material removal rate is defined as the amount of material 
removed from the work material. Quality of machining process 
defines the amount of material removal rate, it may affects the 
hole quality. Fig. 7 (a, b, c, d, e, f) shows effect of parameters 
on MRR. 
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Fig. 7

Average material removal rate is obtained around 60 mm3/ sec, 
main effects for MRR are plotted based on this value. From this 
graph, medium level of speed, feed rate and point angle follows 
mean material removal rate value. When the spindle speed is in 
maximum level around 1000 rpm, material removal rate goes 

above mean value. Material removal rate almost follows mean 
value at 750 rpm and it goes down at 500 rpm. The lowest feed 
rate 0.075 mm/ rev, material removal rate plotted below mean 
value, it is far from mean value. Medium level feed rate 0.1625 
mm/ rev is just above mean value and it can be said almost 
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follows mean value. If the feed rate is maximum, material 
removal rate increased above average value. Minimum tool 
angle 110º is plotted just above the mean value, at 118º point 
angle MRR value touches mean value, at 126º tool angle MRR 
just below mean value. 

VI. concluSIon

Stainless steel AISI 429 plate is selected for this study and 
HSS 8 mm drill bit is used to put hole on stainless steel plate 
under dry condition. This investigation is carried out at various 
speed, feed rate and point angle and MRR, surface roughness 
are calculated. From this study it is concluded that speed and 
feed rate is the most significant factor on material removal 
rate and surface roughness, but point angle does not shown 
any significant effect. Coefficient of determination (R2) for 
material removal rate is obtained 98.3%, for surface roughness 
coefficient of determination (R2) is obtained 84.5%. Maximum 
speed, feed rate and minimum point angle increase material 
removal rate. To increase MRR, the recommended combination 
of speed, feed and point angle is1000 rpm, 0.25 mm/ rev and 
110º respectively. Maximum speed, minimum feed rate and 
minimum point angle improves surface roughness of the hole. 
To reduce surface roughness speed 1000 rpm, feed 0.1625 
mm/ rev and point angle 110º is recommended. Minimum 
surface roughness 1.181 μm is obtained speed 1000 rpm, feed 
rate 0.1625 mm/rev and angle 110º, surface finish 4.13 μm is 
obtained at speed 500 rpm, feed 0.1625 mm/rev,angle 126º. 
Maximum MRR 125.6 mm3/ sec are measured at speed 1000 
rpm, feed 0.25 mm/ rev and point angle 118º. Minimum MRR 
20.096 mm3/ sec are measured at speed 500 rpm, feed 0.075 
mm/ rev and point angle 118º. Due to material ductility burr is 
formed as a cap at exit of the hole and roughness value is high. 
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Abstract: This paper mainly focuses on the drilling 
parameter optimization by introducing Response Surface 
Methodology (RSM). RSM is the most effective methods 
to modeling and find optimum results. In this study, three 
parameters such as cutting speed, feed rate and point 
angle has been selected as input parameters and surface 
roughness, torque, thrust force and material removal 
rate (MRR) are taken as the responses. The experiments 
are carried out over the AISI 429 steel plate with the 
dimension of 100×100×10 mm by using HSS 8 mm drill 
bit. The input parameters are predicted by using response 
surface methodology (RSM). From the results that can be 
observed clearly the predicted parameters speed and feed 
rate are the most important to get good surface integrity 
and maximum material removal rate.

Keywords: AISI, Drilling, Material removal rate, Response 
surface methodology, Surface roughness. 

I. IntroductIon

Drilling is the hole making process which enables mating 
two parts with the help of fasteners. While drilling number of 
holes over the hard material there is chance to drill bit and its 
cutting edges damage. Sometimes chips formed during drilling 
operation may stick with drill bit due to heat generated during 
operation. So this may lead lack of hole quality. That is why we 
have to make some changes in the input parameters such as drill 
diameter, point angle, speed, feed rate, etc. Many studies shows 
speed and feed rate plays a vital role to get hole quality and 
reduce drill bit damage. Amran et al. [1] investigated the effect 
of drilled hole in various speed, feed also observed in surface 
roughness using numerical approaches. The study shows there 
are interactions among parameters and also it shows that less 
surface finish because of to increase in speed, feed and drilled 
hole diameter of tool. Gaurav Chaudhary et al. [2] studied the 
effect of drilling parameters on aluminium matrix composites 
and hybrid aluminium metal matrix composites by using 

Article can be accessed online at http://www.publishingindia.com

Response Surface Method (RSM). Erol Kilickap et al. [3] 
studied the effect of surface finish in drilled hole in AISI1045 
material using Response surface methodology (RSM) and 
Genetic algorithm (GA). Nam et al. [4] discussed to achieve 
the drilled hole and selection of speed, feed also nanofluid 
volumetric concentration in micro-drilling using RSM and GA. 
Nihattosun Outcomeparameters [5] introduced grey relational 
analysis to determine optimum parameters for multi-objective 
characteristics in drilling. In this study, three different materials 
such as HSS, TiN coated HSS and carbide drill bits are used to 
make hole on AISI 4140 steel work piece. Hamzeh Shahrajabian 
et al. [6] conducted the experiment on carbon fiber reinforced 
epoxy composite to get surface roughness, delamination 
factor and thrust force. Erol Kilickap et al. [7] conducted the 
experimental investigation of burr height in drilling on Al-7075 
by integrating response surface method (RSM) and Taguchi 
method. The surface integrity and burr height. Ademcicek et 
al. [8] studied the effect of drilling parameters on AISI 304 
steel with cryogenically treated HSS drill bit by integrating 
Taguchi technique and response surface method (RSM). 
Control factors considered in this study are spindle speed, feed 
rate and full factorial design has been chosen. HSS drill bits are 
cryogenically treated which means drill bits kept at -195 ºC for 
24 hr. J. P. Davim et al. [9] investigated the effect of parameters 
on delamination of medium density fiberboard (MDF) using 
response surface method. Also shows that the increase in speed 
reduces the cutting force and materials soften due to increase 
in speed, it minimizes delamination. K. Palanikumar et al. [10] 
study the effect of drilling parameter cutting speed, feed rate 
and various point angles on medium density fiber board using 
response surface method.

II. MaterIal SelectIon

A.  Processing of AISI 429 

AISI 429 stainless steel is used in domestic, construction and 
chemical industries. AISI 429 steel is a martensitic stainless 
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steel which is smallest group among stainless steel groups. It has 
excellent mechanical properties in addition to good corrosion 
resistance due to which the stainless steel finds extensive 
application in chemical vessels manufacturing. Martensitic 
stainless steel has highest tensile strength and lowest elongation 
which depends upon the heat treatment process. Raw material 
of the stainless steel is prepared from stainless steel scrap and 
alloying elements are added based on the properties required.  

B. Composition of AISI 429 Stainless Steel

table I:  coMpoSItIon of aISI 429 StaInleSS Steel

Elements % of Composition
Carbon (C) 0.03
Silicon (Si) 0.47
Manganese (Mn) 0.54
Phosphorous (P) 0.016
Sulphur (S) 0.013
Nickel (Ni) 0.14
Chromium (Cr) 15.39
Molybdenum (Mo) 0.029
Copper (Cu) 0.085
Titanium (Ti) 0.003
Cobalt (Co) 0.032

Mechanical Properties of AISI 429

factorial design has been chosen. HSS drill bits are cryogenically treated which means drill bits 
kept at -195 ºC for 24 hr. J. P. Davim et al. [9] investigated the effect of parameters on 
delamination of medium density fiberboard (MDF) using response surface method. Also shows 
that the increase in speed reduces the cutting force and materials soften due to increase in speed, 
it minimizes delamination. K. Palanikumar et al. [10] study the effect of drilling parameter 
cutting speed, feed rate and various point angles on medium density fiber board using response 
surface method. 
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III. tool SelectIon

A. Drill Bit

Nowadays drilling is the most appropriate operation to fasten 
two components than any other joining process. Drill bit is used 
to make a hole over the material which is a solid rod and it has 
helical groove over its body called flute which is also carries 
chips away. There is lot of materials exist to drill hard materials 
and high strength materials, drill bit type is selected based on 
the hole size and type of hole. These grooves guide the chip to 
get out from cutting edge to hole top. Twist drill bit is preferred 
for all kind of work materials, even if super alloys and high 
strength materials. Normally, the helix angle varies between 18 
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High Speed Steel (HSS) is the most commonly used tool 
material, due to its low cost and high wear resistant; it is 
preferred in many industries to drill high strength alloys and 
ductile materials. Cobalt steel, TiN coated HSS and carbide drill 
bits are preferred to drill stainless steel material. While coming 
to the point of their cost, they are costlier than high speed steel. 
That is why we have decided to make hole on stainless steel 
material by means of high speed steel 8 mm M42 drill bit. In 
this study, we have decided to vary point angle of the drill bit 
which is mentioned in input parameters. 
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Fig. 2: AISI M30 Drill Bit 

Soft annealing is carried out at the temperature of 850–900 ºC 
and kept it for 3 hrs. Then slowly cooled at the temperature of 
10 ºC per hour until 700 ºC reached, then stress is relieved at the 
temperature of 600–700 ºC kept 2 hrs. Hardness is increased by 
preheating at the temperature of 450–500 ºC and 580–900 ºC.

IV. experIMental detaIlS

A. Selection of Input Factors and Matrix Design

This investigation concentrates on the input parameters feed 
rate, spindle speed and point angle, this factors selected for 
three levels. Response surface method is done using Minitab17; 
optimum results are obtained by applying response surface 
method. Three levels such as maximum, medium and minimum 
are selected.

table II: SelectIon of Input paraMeterS

Factors Parameters Levels
  -1 0 1
A Point Angle (deg) 110 118 126
B Speed (rpm) 500 750 1000
C Feed Rate (mm/rev) 0.075 0.1625 0.25

B. Material Preparation

AISI 429 steel material is widely used in chemical industries to 
reduce corrosion; due to its hardness it is difficult to machining. 
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Experiments were carried out over the AISI 429 stainless 
steel 200×200×10 mm using HSS straight shank drill bit with 
8 mm diameter at various feed rate and spindle speed under 
dry condition. Stainless steel plate is cut into four pieces with 
the dimension of 100×100×10 mm by using cutter grinder. 
HSS drill bits are prepared at various point angles, the point 
angles are obtained by grinding. The materials are shown in 
Fig. 3. Excessive burr appears on the work material during 
cutting is removed from it by grinding the work material. 
Materials are prepared by grinding its surface to check its 
chemical composition; chemical composition results are 
confirmed that the chosen material is AISI 429 steel. Chemical 
composition test is carried out by optical emission spectroscopy 
(OES).  
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The parameter material removal rate, torque, thrust force and surface roughness has been taken 
as the responses. Recommended spindle speed, feed rate and point angle has been taken from the 
machinability data book. Studies show that the speed rate and feed rate is most influential 
parameter while considering better surface integrity. While machining hardest material some 
parameters has to be consider to get better quality hole. AISI 429 is a ductile material so lowest 
feed rate and highest speed has been considered.  

 
 
 
 
 

Fig. 4: Various Drill Bit Angles 
 
Experiments are designed by using Minitab17 and optimization is done in response surface 
method (RSM), Box-Behnken method of optimization. The experiments are carried out in dry 
environmental condition. Thrust force and torque noted down for each process and graph is 
drawn in the computer itself. One piece of plate is fixed on the table and point angle 110º is 
mounted in spindle, drilling made on the work piece based on is speed and feed rate. Another 
piece is mounted on the table and point angle 118º is fitted in spindle. Likewise, each material 
selected for making hole for each point angle. Chips are collected for every hole and it is cleaned 
by means of brush, hole number is noted down on the work material.  
 

C. Design of Matrix and Observed Values 
During machining process machining time, torque and thrust force is measured as responses. A 
dynamometer is used to measure thrust force and torque, computer is used to plot graph. Thrust 
force is also called cutting force, hardest material requires more cutting force and torque. Three 
parameters and three levels are selected based on studies and these selected parameters are 
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C. Design of Matrix and Observed Values

During machining process machining time, torque and thrust 
force is measured as responses. A dynamometer is used to 
measure thrust force and torque, computer is used to plot 
graph. Thrust force is also called cutting force, hardest material 
requires more cutting force and torque. Three parameters and 
three levels are selected based on studies and these selected 
parameters are uploaded in response surface method and 

optimum values are tabulated. Experimental sequence is shown 
in Table III. Design table depicts experimental sequence which 
is carried out during machining process. Minimum parameter 
value is taken as -1, medium value is taken as 0 and maximum 
value is taken as +1. Medium speed is entered in program 
command, maximum feed and point angle is considered for first 
hole, for same speed minimum feed and point angle is selected. 
Minimum and maximum speed is selected respectively for 
medium and minimum feed and point angle combination. 

table III: obSerVed ValueS

Sr. No. Speed (RPM) Feed Rate (mm/rev) Point Angle (Deg) Thrust Force (N) Torque (Nm)
1 750 0.25 126 3.312 9.36
2 750 0.075 110 1710 4.79
3 1000 0.1625 110 3184 7.77
4 500 0.25 118 3172 9.79
5 750 0.25 110 4250 10.74
6 750 0.1625 118 3087 7.81
7 750 0.1625 118 3019 8.8
8 750 0.075 126 1609 4.11
9 1000 0.075 118 1806 4.98
10 500 0.1625 126 2597 7.39
11 500 0.075 118 1744 3.62
12 1000 0.1625 126 2306 6.68
13 750 0.1625 118 3198 8.77
14 500 0.1625 110 2897 8.12
15 1000 0.25 118 4305 11.37

Page 1228 of 3066Page 1228 of 3066



Optimization of Machining Parameters on Surface Roughness and MRR in Drilling AISI 429 Steel Using... 27

uploaded in response surface method and optimum values are tabulated. Experimental sequence 
is shown in Table III: Design table depicts experimental sequence which is carried out during 
machining process. Minimum parameter value is taken as -1, medium value is taken as 0 and 
maximum value is taken as +1. Medium speed is entered in program command, maximum feed 
and point angle is considered for first hole, for same speed minimum feed and point angle is 
selected. Minimum and maximum speed is selected respectively for medium and minimum feed 
and point angle combination.  

TABLE III: OBSERVED VALUES 

Sr. No. 
Speed 
(RPM) 

Feed Rate 
(mm/rev) 

Point Angle 
(Deg) 

Thrust Force 
(N) 

Torque 
(Nm) 

1 750 0.25 126 3.312 9.36 

2 750 0.075 110 1710 4.79 

3 1000 0.1625 110 3184 7.77 

4 500 0.25 118 3172 9.79 

5 750 0.25 110 4250 10.74 

6 750 0.1625 118 3087 7.81 

7 750 0.1625 118 3019 8.8 

8 750 0.075 126 1609 4.11 

9 1000 0.075 118 1806 4.98 

10 500 0.1625 126 2597 7.39 

11 500 0.075 118 1744 3.62 

12 1000 0.1625 126 2306 6.68 

13 750 0.1625 118 3198 8.77 

14 500 0.1625 110 2897 8.12 

15 1000 0.25 118 4305 11.37 
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D. Material Removal Rate (MRR) 

Material removal rate is defined as the amount of material removed from work material per unit 
of time. Material removal rate defines quality of hole, if material removal rate is higher, then 
quality of hole is lesser. MRR values for this experiment are shown in Table IV: Material 
removal rate is calculated from the formula given below,  
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𝑡𝑡 × 𝐿𝐿  (mm3/Sec) 
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D. Material Removal Rate (MRR)

Material removal rate is defined as the amount of material 
removed from work material per unit of time. Material removal 
rate defines quality of hole, if material removal rate is higher, 
then quality of hole is lesser. MRR values for this experiment 
are shown in Table IV. Material removal rate is calculated from 
the formula given below, 
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Surface roughness calculation
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E. Surface Roughness 

Surface roughness is defined as the surface waviness or deviation 
of height on profile of hole or any machined components. Surface 
roughness of the hole is measured using SURFTEST SJ-210 
roughness tester manufactured by Mitutoyo. SURFTEST SJ-
210 roughness tester setup is shown in Fig. 6.

D- Diameter of the hole (mm) 
 

Material removal rate calculation 
Area of hole (A) = 𝜋𝜋4 (8)2 = 50.24 mm2 

Surface roughness calculation 
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Surface roughness is defined as the surface waviness or deviation of height on profile of hole or 
any machined components. Surface roughness of the hole is measured using SURFTEST SJ-210 
roughness tester manufactured by Mitutoyo. SURFTEST SJ-210 roughness tester setup is shown 
in Fig.6. 
 

 
Fig. 6: Surface Roughness Tester Setup  

 
Two vernier height gauges is used to support surface roughness tester, tester is placed over 
height gauge scribe. Work material is placed on the fixture by tightening screw, before placing 
roughness tester; reference is taken by reference specimen shown in Fig. 6. Calibration is most 
important to check accurate value, it can be vary based on roughness required.    
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Sr. No. 
Speed 
(RPM) 

Feed Rate 
(mm/rev) 

Point Angle 
(Deg) 

MRR 
(mm3/min) 

Surface 
Roughness 

(μm) 

1 750 0.25 126 71.771 3.823 

2 750 0.075 110 31.4 3.057 

3 1000 0.1625 110 100.48 1.181 

4 500 0.25 118 62.8 1.856 

5 750 0.25 110 83.733 1.684 

6 750 0.1625 118 62.8 2.226 

7 750 0.1625 118 62.8 3.03 

8 750 0.075 126 29.552 2.236 

9 1000 0.075 118 38.646 1.296 

10 500 0.1625 126 41.867 4.136 

11 500 0.075 118 20.096 3.03 

12 1000 0.1625 126 83.733 2.157 

13 750 0.1625 118 66.105 2.553 

14 500 0.1625 110 45.672 1.521 

15 1000 0.25 118 125.6 3.803 

Fig. 6: Surface Roughness Tester Setup 

Two vernier height gauges is used to support surface 
roughness tester, tester is placed over height gauge scribe. 
Work material is placed on the fixture by tightening screw, 
before placing roughness tester; reference is taken by reference 
specimen shown in Fig. 6. Calibration is most important 
to  check accurate value, it can be vary based on roughness 
required.   

table IV: Mrr and Surface roughneSS ValueS

Sr. 
No.

Speed 
(RPM)

Feed 
Rate 

(mm/rev)

Point 
Angle 
(Deg)

MRR 
(mm3/
min)

Surface 
Roughness 

(μm)

1 750 0.25 126 71.771 3.823

2 750 0.075 110 31.4 3.057

3 1000 0.1625 110 100.48 1.181

4 500 0.25 118 62.8 1.856

5 750 0.25 110 83.733 1.684

6 750 0.1625 118 62.8 2.226

7 750 0.1625 118 62.8 3.03

8 750 0.075 126 29.552 2.236

9 1000 0.075 118 38.646 1.296

10 500 0.1625 126 41.867 4.136

11 500 0.075 118 20.096 3.03

12 1000 0.1625 126 83.733 2.157

13 750 0.1625 118 66.105 2.553

14 500 0.1625 110 45.672 1.521

15 1000 0.25 118 125.6 3.803

V. reSultS and dIScuSSIon

Drilling is carried out over three samples of stainless steel AISI 
429 with dimensions of 100×100×10 mm using HSS 8 mm drill 
bit under dry condition. Three different speeds, feed rate and 
point angle is selected to drill the material. Selected speed rate 
is 500, 750 and 1000 rpm, feed rate is 0.075, 0.1625 and 0.75 
and point angle is 110º, 118º and 126º. 

A. Outcome Parameters of MRR 

Material removal rate is defined as the amount of material 
removed from the work material. Quality of machining process 
defines the amount of material removal rate, it may affects the 
hole quality. Fig. 7 (a, b, c, d, e, f) shows effect of parameters 
on MRR. 
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Average material removal rate is obtained around 60 mm3/ sec, main effects for MRR are plotted 
based on this value. From this graph, medium level of speed, feed rate and point angle follows 
mean material removal rate value. When the spindle speed is in maximum level around 1000 
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Fig. 7

Average material removal rate is obtained around 60 mm3/ sec, 
main effects for MRR are plotted based on this value. From this 
graph, medium level of speed, feed rate and point angle follows 
mean material removal rate value. When the spindle speed is in 
maximum level around 1000 rpm, material removal rate goes 

above mean value. Material removal rate almost follows mean 
value at 750 rpm and it goes down at 500 rpm. The lowest feed 
rate 0.075 mm/ rev, material removal rate plotted below mean 
value, it is far from mean value. Medium level feed rate 0.1625 
mm/ rev is just above mean value and it can be said almost 
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follows mean value. If the feed rate is maximum, material 
removal rate increased above average value. Minimum tool 
angle 110º is plotted just above the mean value, at 118º point 
angle MRR value touches mean value, at 126º tool angle MRR 
just below mean value. 

VI. concluSIon

Stainless steel AISI 429 plate is selected for this study and 
HSS 8 mm drill bit is used to put hole on stainless steel plate 
under dry condition. This investigation is carried out at various 
speed, feed rate and point angle and MRR, surface roughness 
are calculated. From this study it is concluded that speed and 
feed rate is the most significant factor on material removal 
rate and surface roughness, but point angle does not shown 
any significant effect. Coefficient of determination (R2) for 
material removal rate is obtained 98.3%, for surface roughness 
coefficient of determination (R2) is obtained 84.5%. Maximum 
speed, feed rate and minimum point angle increase material 
removal rate. To increase MRR, the recommended combination 
of speed, feed and point angle is1000 rpm, 0.25 mm/ rev and 
110º respectively. Maximum speed, minimum feed rate and 
minimum point angle improves surface roughness of the hole. 
To reduce surface roughness speed 1000 rpm, feed 0.1625 
mm/ rev and point angle 110º is recommended. Minimum 
surface roughness 1.181 μm is obtained speed 1000 rpm, feed 
rate 0.1625 mm/rev and angle 110º, surface finish 4.13 μm is 
obtained at speed 500 rpm, feed 0.1625 mm/rev,angle 126º. 
Maximum MRR 125.6 mm3/ sec are measured at speed 1000 
rpm, feed 0.25 mm/ rev and point angle 118º. Minimum MRR 
20.096 mm3/ sec are measured at speed 500 rpm, feed 0.075 
mm/ rev and point angle 118º. Due to material ductility burr is 
formed as a cap at exit of the hole and roughness value is high. 
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Abstract. The pool boiling offers better solution to electronic equipment cooling. The primary requirement for better 
heat transfer in pool boiling is to enhance critical heat flux and heat transfer coefficient. The surface modification is one 
of the major techniques to enhance energy transfer in multiphase heat transfer. The emery abrasion is one of the quite 
simple and low cost methods among numerous surface modification techniques. The wettability is one among all 
factors to be considered in surface energy improvement. In this present work the copper surface is modified with three 
grade of emery sheet by abrasion. The wettability nature of the surface is measured by water contact angle. The water 
contact angle shows the surfaces are in the nature of hydrophilic. The pool boiling experiments are conducted for plain 
and three emery abraded surfaces. The investigation report shows the heat transfer coefficient and critical heat flux are 
improved for emery abraded surfaces. 

INTRODUCTION 
 

Most of the electronic equipment are emitting more heat. The emitted heat has to be removed for better 
working condition and long life. The researchers are doing lot of work to improve the performance of the 
equipment. [1]The investigation of the heat transfer rate over the micro and nano scale structures through pool and 
flow boiling. The irregular structures in nano and micro scale are created through anodic oxidation process, coating 
of metallic and non-metallic layers and deposition of powder. For increasing the bubble nucleation sites the 
cavities are created on the surfaces in both micro and nano scale. [2]The etching of hydrofluoric acid on the 
stainless steel produced super hydrophilic porous surface. The characteristics of the surface were changed with the 
etching time. The etched substrate speeded up the quenching process by increasing the boiling heat transfer and 
improved the critical heat flux. The destabilized vapor film is produced due to the evaporation of the wicked liquid 
present in the capillary tubes of the etched surface. The most wickable surface consists of improved boiling heat 
transfer due to faster quenching. [3]The micro and nano structures on the substrate are produced by the 
femtosecond laser surface process technique. It produces microstructures that are covered by layer of 
nanostructures. The critical heat flux and heat transfer coefficient are investigated by pool boiling method using 
deionized water as working fluid. From the results, the critical heat flux increased with the wetting and the wicking 
ability of the surface. [4]The enhancement of the pool boiling heat transfer is due to the surface modification 
through the microstructures and wetting properties. The investigation of the velocity field of computational 
domain, the heat transfer coefficient, the vapour bubble behaviour was carried out. The growth rate of heat transfer 
coefficient of the mixed hydrophilic and hydrophobic microstructures was higher than the hydrophilic 
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microstructures. [5] The surface modifications were carried out by chemical vapour deposition and sputtering. The 
pool boiling experiments were carried out on the super polished silicon surface through the resistance temperature 
detector and the heater. The pool boiling experiment showed that the critical heat flux increased for more wettable 
surfaces. [6]The thermal performance was increased with the surface modifications and nano fluids. The 
suspension consists of mixture of alumina and copper oxide nanoparticles at different proportions in deionized 
water. The critical heat flux and the heat transfer coefficient of the hybrid nanofluids was always higher than the 
single Nano fluid and it decreases with the increase in concentration of the nanofluids in the DI water. [7] The 
boiling performance in the nucleate boiling was increased by the porous structures. The Alumina sponge like nano 
porous structures (ASNPS) is used to increase the surface area and number of active nucleation sites. The coating 
of hydrophobic self-assembled monolayer (SAM) also increases the nucleation sites. The enhancement in the heat 
transfer coefficient is achieved by the combination of ASNPS and hydrophobic SAM. [8]The nanoparticle surface 
on platinum wire was obtained by the deposition of -Fe2O3 nanoparticles through the processes such as vigorous 
boiling and electrophoresis. The heat transfer and CHF of two fluids with poor wettability and high wettability 
such as water and pentane are studied. The resistance in heat transfer increased as the layer thickness of nano 
coating increased. The resistance of heat transfer decreased with the rise in boiling temperature and nucleation 
begins. [9]The high flux value and the low super heat value was obtained by the use of nanofluids as the base 
fluids. The TiO2 nanofluids of two different mixtures were used to test the nucleate pool boiling. The heat transfer 
coefficient increased with the increase in the concentration of the TiO2. [10]The size of the cavity in the porous 
and the wettability both were considered to enhance the pool boiling. The micro nano porous surface was prepared 
by using the hydrogen bubble template deposition method and the modified micro nano bi porous surface was 
prepared by using the low current density. The modified porous surface with changes in the wettability reduced the  
interface energy and increased the departure of the bubbles from the surface. [11]The nano particle deposition over 
the pin fin was carried out by the electrostatic deposition and etching method. The pool boiling heat transfer for 
both with and without nano coating pin fins were investigated. The FC-72 was used as the working fluid and the 
pool boiling heat transfer was examined. The critical heat flux for the nano coated surface was further increased. 
[12]The ethanol have of low boiling point and it was used as working fluid in the high heat flux applications. The 
biphilic pattern was produced for the ethanol boiling. The nucleate boiling was reduced in the patterned surface 
and the heat transfer rate increased with the rise in the surface temperature with lower pitch to diameter ratio. 
[13]The surface modification was done by spraying the boron nitrate to increase the boiling heat transfer. The 
process such as spraying, drying and annealing was carried out to form the coating over the surface. The coated 
surface exhibits enhanced CHF. The further increase in the thickness reduces the HTC. The thermal properties of 
the coated surface were worse than the uncoated surface. [14] The nano-CuO coating on the stainless steel is done 
by using Sol-gel dip coating method. The parameters such as porosity, roughness, and wettability of the surface 
were increased by coating. The heat transfer coefficient increased for the coated surface. The concentration of the 
CuO sol determined the heat transfer rate of the surface. Heat transfer investigations in pool boiling with emery 
abraded surfaces instead of microstructures are needed to investigate. The present work investigates the critical 
heat flux and heat transfer coefficient for emery abraded surface with different emery grades. 

EXPERIMENTAL WORK 

Four copper substrates of 5 mm radius and 3mm thickness were used for Experimentation. One of the surface  
is plain surface and also not treated. Two other surfaces were emery abraded with two dissimilar emery grade. One 
surface was abraded with emery pane of plain, 180, 320, 400 grade. The abrasion was done by unidirectional 
technique manually by hand. There was increase in nucleation site by scuff of copper surface with different 
category of emery sheets as mentioned above. The contact angle of the surface was computed by contact angle of 
water on the surface. The water droplet of 3μl was applied to contact on the surface. The scattering of water is 
witnessed by the goniometer and also the contact angle of water formulated with the surface is determined. For the 
plain surface the contact angle of water on the surface was 85 degree. The contact angle for 180G emery abraded 
surface was 64 degree. The surface abraded with 320G emery achieved the contact angle as 52 degree and also the 
surface abraded with 400G emery has achieved contact angle as 42 degree. Thus it clearly showed that the contact 
angle of the surface by abrasion tends to decrease. The surface showed enhanced surface energy after emery 
abrasion. The enhanced energy on the surface exhibited improved wettability and it leads to hydrophilic nature. 
The hydrophilic nature surfaces operate for enhanced heat transfer. The critical heat flux equipment includes 
Alternating Current power supply unit, furnace lump, Cartridge warmer, K type thermocouples, condenser and 
supplementary warmer. The copper lump of 12 mm diameter that lugs four cartridge warmers of 200 watts 
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respectively. Four K type thermocouples were used to compute the hotness of copper lump and copper substrate. 
One supplementary warmer of 200 watts were used to compute the hotness of water. The distilled water was used 
in this experimental work. A litre of water was filled in glass vessel of the experimental set up. Nevertheless the 
water was warmed for three hours at soaking temperature at atmospheric pressure. In this method the non-
condensable gases were eradicated from the water. The condenser wind was used to condense the saturated vapor 
to retain the required water level in the chamber. The heat contribution was given to the copper heating lump by 
four cartridge heaters. The heat is transferred to the copper surface and the temperature below 0.5 mm of the 
surface was computed. Heat dissipation was evaluated and heat contribution is progressively raised. In the 
beginning stage, the water is evaporated at minimal superfluous temperature. The unremitting heat contribution 
enhanced the superfluous temperature and forms gurgle on the surface. The auxiliary enhancement in heat 
contribution enhanced the bubble development rate and bubbles were transported as jets and columns. By 
unremitting heat contribution at one stage the radiation heat transmission was occurred on the surface. The heat 
flux at this stage was computed as Critical Heat Flux. The auxiliary heater is used to uphold the water hotness at 
saturation state. The data logger is used to record the hotness from all the thermocouples. 

RESULTS AND DISCUSSION 

Surface study 

The minuscule view of bare, 180, 320, 400 grade emery abraded surface were considered. The emery abraded 
was done unidirectional and suitable consistency was achieved. The numbers of nucleation sites were increasing 
for surfaces abraded with emery grades of 180, 320 and 400 respectively. So the wettability of abraded surface was 
increased and greater than that of plain surface. The contact angle of plain surface is 85°.The contact angle of 
copper substrate obtained by abraded 180 grade was attained as 64° and by 320 grade it was attained as 52°. 
Moreover contact angle was 42° in copper substrate by abraded 400 grade shown in Fig.1. Thus the surface energy 
of copper was enhanced by abrasion of the surfaces. The hydrophilic nature of the surface was evidenced 
significantly the improvement of critical heat flux of boiling heat transfer. Greater nucleation sites were the reason 
for enhanced heat transfer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1. Contact angle of surfaces a) Bare copper surface  b)180 G Emery abraded surface c) 320 G Emery 
abraded surface  d) 400 G Emery abraded surface 
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Critical heat flux 

In this report the critical heat flux values were studied and the improvement was accounted for surface with 
high wettability. Greater the nucleation site tends to improve capillary effect and hence high pumping was gained 
also more quantity of water was in contact with the surface with high temperature. Due to this effect enhanced 
transfer of  heat was achieved on the surface. The heat flux value was obtained by Fourier law of heat conduction 
and Taylor series equation. Correspondingly the boiling heat transfer coefficient was found. 

 
Heat flux q = - k.  
 

Where is Temperature gradient 
 
 = (3T1 -4T2 +T3) / (2. ∆x) 
 
Thus the increase in nucleation sites clearly shows that the critical heat flux is increased steadily by 3%, 10% 

and 16% for emery grades of 180, 320 and 400 respectively which are shown in the Fig.2 
 

 
 
 
 

 
 
 
 
 
 

 

 

 

 

 

 

 

FIGURE 2. Critical Heat Flux with wall superheat 

 

Heat transfer coefficient 

In this study the boiling heat transfer coefficient was enhanced during nucleate boiling method at all surfaces. 
The boiling heat transfer coefficient was increased for emery abraded surfaces but it was minimum on the surfaces 
which were not treated. This improvement was significant and it is meant for improved heat removal rate. The 
BHT is increased considerably by 3%, 10%, 36%for emery abraded grades of 180, 320, 400 respectively shown in 
Fig.3 
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Heat flux q = h . A . (Tw –Tsat) 

Where h = Heat transfer coefficient in W/m2 

A = Area of heat transfer surface in m2 

 

 
 

FIGURE 3. Heat transfer coefficient with excess temperature 
 

CONCLUSION 

Wettability of the copper substrates was enhanced by emery abrasion on the surfaces as of decreasing contact 
angle. The numerous active nucleation sites were formed by emery abrasion from coarse to fine grade. The copper 
surface produced the hydrophilic nature and it was the due cause for  transfer of energy in multiple phase transfer 
of heat. The Critical Heat Flux were increased by 3%, 10% and 36% for the 180G, 320G and 400G respectively 
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ABSTRACT

Theapplicationsofartificialintelligence(AI)arebecomingmorepopularandrelevantresearch
have been conducted in every field of engineering and science by using these AI techniques.
Therefore, this research aims to examine the influence of wire electric-discharge machining
(WEDM)parametersonperformanceparameterstoimprovetheproductivitywithahighersurface
finishoftitaniumalloy(Ti-6Al-4V)byusingtheartificialintelligenttechnique.Inthisexperimental
analysis,theAdaptiveNetworkBasedfuzzyInferenceSystem(ANFIS)modelhasbeenhighly-
developedandthemulti-parametricoptimizationhasbeendonetofindtheoptimalsolutionforthe
machiningofthetitaniumsuperalloy.Thepeakcurrent(Ip),taperangle,pulseontime(Ton),pulse
oftime(Toff)andthedielectricfluidflowratewereselectedasoperationconstraintstoconduct
experimentaltrials.Thesurfaceroughness(SR)andMRRwereconsideredasoutputresponses.
TheinfluenceonmachiningperformancehasbeenanalyzedbyanANFISmodelandthedeveloped
modelwasvalidatedwiththefullfactorialregressionmodels.Thedevelopedmodelsshowedthe
minimummeanpercentageerrorandtheoptimizedparametersbytheGRAmethodshowedthe
considerableimprovementintheprocess.

KEyWORDS
ANFIS, Artificial Intelligence Techniques, GRA, Titanium Alloy, Wire-EDM

1. INTRODUCTION

Non-conventionalmachiningprocessesaretherequirementsofthefastestgrowingindustriesbecause
oftheprecision,complex,intricateshapeoftheworkmaterial,highertolerancesandeconomically.
Hardmaterialsandsuperalloyssuchastitaniumalloys,tungstencarbides,highcarbontoolsteels
generallyusedintoolindustries,automotiveandelectronicsindustries,medicalandaerospaceare
verydifficult–to-machinebyconventionalmanufacturingprocesses.Therefore,theeaseofmaterial
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cuttingandmachiningnon-conventionalmachiningispreferred.WEDMisgenerallyusedtoproduce
complexshapesdiecavitiesandformingtools,fixtures,gauges,etc.whicharedifficulttoproduceby
meansofanyotherconventionalandnon-conventionalmachiningmethodsexceptmicro-machining
(Sommer&Sommer,2016).

Titanium alloys (Ti-alloys) are mostly utilized in aerospace and automotive industries to
manufacture higher precision components. Ti-6Al-4V grade 5 titanium alloy is used for the
manufacturingofdieselenginecomponentssuchasconnectingrods,gasturbineparts,intakevalves,
etc.andthisalloycoversthe50%oftotalglobalconsumption(Veiga,2012).

WEDMisavariationanddevelopmentofEDM.In1969,theSwissfirmAgiedevelopedand
deliveredtheworld’sinitiallyWEDMmachine.Thesemachineshadmachiningabilitytocutthe
materialabout21mm2/min.perhour.Thesemachineswereextremelyslowinproductionrate.After
the continuous improvements in the machining ability, the machining speed improved. WEDM
removesmaterialfromtheworkmetalwiththeuseofelectricitybymeansofsparkerosionasshown
inFigure1.Itismostimportantrequirementthattheworkmaterialshouldbeelectricallyconductive.
ACservemotorsareexploitedtoprovidepositioning,stabilityandenhancementofwiretension.A
DCorACservomechanismmaintainsthegap(0.051to0.076mm)betweentheelectrodeandthe
workmaterial.Thismaintainedgappreventstheshortcircuitingofwire.

‘Dielectric’istheshieldbetweenthewireelectrodeandmaterial.De-ionizedwaterisgenerally
usedasadielectricmediumbecausethedielectricmediumactsasaninsulator.Inthisprocess,the
materialissubmergedinthedielectricmedium.Whenthevoltageisapplied,theelectricpulsesare
generated,fluidionizesandasparkgeneratesbetweentheelectrodewireandworkmaterial, the
controlledsparkpreciselyerodesthemetalfromtheworkmaterialcausingittomeltandvaporize.
Pressurizeddielectricfluidflowscontinuously.Itcoolsthevaporizematerialandcarryawaythe
particlesfromthecuttingsection.Thedielectricpassesthroughthefiltertoremovesuspendedparticles
anditisusedcontinuously.Chillersareusedtomaintainthetemperatureofdielectricfluidsforhigher
machiningefficiencyandaccuracy.InWEDMthewireelectrodenevercomesincontactwiththe
workpiece,thereforethisprocessisstressfreecuttingoperation(Sommer&Sommer,2013;Kumar
&Subramani,2018;Anwaretal.,2017;Milleretal.,2004).

Various researchers have been reported work on WEDM to measure the influence of input
parametersonperformanceparameterssuchas,Y.S.Liaoetal.,(1997)reportedtheinfluenceof
Wire-EDMconstraintssuchas‘ontime’(Ton),‘offtime’(Toff)andfeedrateonthebehaviorofpulse
traini.e.shortratio,arcratio,normalratioandgapwidth.ExperimentswereconductedonSKD11

Figure 1. Working principle of WEDM
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The present work focuses on experimental quality analysis of electrical discharge machining (EDM) of two super alloys 
namely Inconel 718 and Inconel 625 with different diameter of hole of multiple holes copper electrodes. The diameter of 
hole of multiple holes in electrode, pulse current and (Ton) pulse on time have been chosen as process parameters to conduct 
the experiment trails. The MRR, EWR and form tolerance have been considered as output responses.  

Keywords: Electrical discharge, Machine, Multi hole, Electrode, Form tolerance, Super alloys 

1 Introduction 
Due to their enhanced mechanical and thermal 

properties, the nickel-contained super alloys are 
widely employed in some aerospace components, 
turbines, motors for rocket and space crafts1-4. These 
alloys are difficult to machine by using conventional 
machining processes due to capable of withstanding 
high temperature and highly corrosive resistant. In 
the recent past, a few research studies have been 
used for different machining tools like coated and 
uncoated PCBN tools, film coated tools, tungsten 
carbide (K20) insert and different powder coated 
tools on high speed dry and wet conventional 
machining processes5-7 to machine these super 
alloys. Despite the emergence of new alloy tools, the 
super alloys are considered as difficult - to - machine 
materials in conventional machining process6,7. 
These reasons make electrical discharge machining 
process as the best suited in machining of super 
alloys. EDM is one of the successful, less expensive 
and widely employed in non-traditional machining 
processes irrespective of materials’ hardness like 
these super alloys8-20. EDM has been explored to 
machine these alloys by using electrodes made up of 
different materials. 

Traditionally, in EDM process electrical 
conductive any material is used as tool electrode to 
machine super alloys and this process is found to be 

with less in Material Removal Rate (MRR). A few 
researches were carried out by using hallow brass 
and copper electrodes, rotary single and multi-
channel electrodes, bundled small tube electrode to 
promote the MRR and to decrease the electrodes 
wear rate8-11. While the above researches improved 
MRR, the impact of electrode on other quality 
requirements such as form tolerances (Cylindricity 
and circularity) were ignored. All the previous 
researches ignored the analysis on cylindricity and 
circularity of the holes made on these components 
by EDM. Recently, micro-EDM drilling of Inconel 
718 was optimized by some researcher for hole 
narrow and hole dilation using Grey relational 
analysis17,20.  

In this research work, a challenge has been made to 
promote MRR and reduce EWR by machining with 
different multiple holes electrodes having holes in the 
order of Ø 0.008 cm, Ø 0.016 cm and Ø 0.024 cm on 
EDM while machining of Inconel 625 and Inconel 
718, respectively. Our survey of literature reveals that 
there is no more works on cylindricity and circularity 
while machining of Inconel 718 and Inconel 625 in 
EDM process by using these multiple holes 
electrodes. Consequently, as an attempt the form 
tolerances were analyzed in EDM of Inconel 625  
and Inconel 718 by using these multiple holes 
electrodes17. Taguchi technique was used to develop 
design of experiments (DoE) to reduce the number  
of trails15-17. 

—————— 
*Corresponding author (E-mail: dhanabalan69@gmail.com) 
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2 Materials and Methods 
In the present investigation, the die sinking 

SPAKONIX–EDM was used to carried out the 
experimental trails. The machine had a maximum 
current capacity of 15A. The Inconel 718 and 625 
work material and copper electrode material were 
connected to the positive and negative polarity, 
respectively. The machine had 10 pulse on time (Ton) 
setting and 10 pulse off time (Toff) setting. The 
kerosene was flushed with 0.5 kg/cm2 pressure 
between electrode and super alloy by using center 
flushing technique. Three multiple hole electrodes as 
shown in Fig. 1 were employed in EDM processes.  

The mass loss of the copper and as well as super 
alloys were measured with an 10-3 digital  accuracy in 
terms of grams.  
 

Expression used for calculating Material Removal 
Rate (MRR) is: 

 timeMachining

 machined  material  e  workpiecof  Mass
 (g / min)

 … (1) 
 

Expression used for calculating Electrode Wear Rate 
(EWR) is: 

 timeMachining

outn   that wormaterial  electrode  of  Mass
 (g/ min)

 … (2) 
The form tolerance for circular electrodes was 

calculated by TESA micro-hite 3DCo-ordinate 
Measuring Machine (CMM). 

The numbers of experiment trails were reduced by 
using Taguchi approach.  A total of three parameters 
namely diameter of hole of multiple holes, current and 
Ton were selected as the input parameter. It was 
designed to have 3 levels, namely low, average, and 
high which represented by 1, 2 and 3, respectively, as 
shown in the Table 1. 
 

3 Results and Discussion 
The calculated MRR, EWR, and measured form 

tolerances for electrical discharge machined super 
alloys are given in Table 2 and Table 3. 

In general, the improved MRR is one part of the 
main goals of any EDM process. In this work, the 
effect of three different diameter of multiple hole 
electrodes made up of copper are analyzed while 
machining of super alloys using EDM. Figure 2 
shows the multiple holes electrode having Ø 0.24 mm 
holes. It gives higher MRR when compared to that is 
given by the multiple holes electrodes having Ø 0.08 
mm holes. In the multiple hole electrodes having 
holes of Ø 0.08 mm is having less spark area due to 
large number of holes area. Therefore, MRR is less 
while using it. At the same time, when using this 
electrode, the maximum amount of dielectric fluid is 
flushed through this electrode which tends to reduce 
the discharge energy due to continuous protection of 
work piece. This is also a reason for low MRR. On 
the other hand, electrode having minimum numbers 
holes of Ø 0.24 mm is having high spark area. This 
increases the MRR. Whereas the MRR was given by 
the electrode having holes of Ø 0.16 mm falls 
between other two MRR. 

 

Table 2 — INCONEL 718 data. 

S.No. Diameter of multihole 
electrode(mm) 

Current  
(A) 

Pulse on time 
(µs) 

Flu.pressure 
(kg/m2) 

MRR 
(g/min) 

EWR 
(g/min) 

Circularity 
(mm) 

Cylindricity 
(mm) 

1 0.08 4 200 0.1 0.003 0.0009 0.0337 0.0441 
2 0.08 8 400 0.2 0.067 0.00016 0.0112 0.0135 
3 0.08 12 600 0.3 0.082 0.00016 0.0536 0.0633 
4 0.16 4 400 0.3 0.045 0 0.0710 0.0913 
5 0.16 8 600 0.1 0.062 0 0.0205 0.0093 
6 0.16 12 200 0.2 0.094 0.0088 0.0557 0.0602 
7 0.25 4 600 0.2 0.033 0 0.5584 0.0102 
8 0.25 8 200 0.3 0.050 0 0.0791 0.0538 
9 0.25 12 400 0.1 0.049 0 0.0100 0.0185 
 

 

 
 

Fig. 1 — Multiholes electrode. 

 

Table 1 — Machining parameters and their levels. 

 Parameter Unit Level l Level 2 Level  3 
A Diameter of 

multihole 
electrode 

mm 0.08 0.16 0.24 

B Current A 4 8 12 
C Pulse on time µs 200 400 600 
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From Fig. 2 to Fig. 8, it is inferred that the MRR 
and form tolerance measures for Inconel 718 are 
better than those Inconel 625. This is might be due to 
low melting point (1336 ºC) and high thermal 
conductivity (11.4 W/m K) of Inconel 718 when 
compared with high melting point (1,350 ºC) and low 
thermal conductivity (9.8 W/m K) of Inconel 625. 

The MRR is increasing with respect to discharge 
current. This is because the increase in discharge 
power and impulse energy as the peak current 
increased. Consequently, the MRR get increased due 
to the raise of melting and vaporizations of super 
alloys. 

The MRR was varied with respect to Ton duration. 
The MRR is increased up to 400 μs and then the MRR 
is decreased on further increase in Ton. Increasing Ton 

increases the input energy. This promotes the extra 
chopping on the gap between the multiple holes 
electrode and super alloys materials. This is 
producing a short circuit which reduces the quality 
characteristics of EDM processes.  

Figures 3 and 4 show the effect of electrode hole 
diameter on circularity and cylindricity deviation. 
From Fig. 3, it is clear that the variation in 
circularity deviation increases with electrode hole 
diameter. This is due to the reason that the increase 
in electrode hole diameter with less number of these 

electrodes holes leads to higher spark area in  
the circumference of the electrode. Due to this  
reason, the circularity gets increased.  The 
cylindricity initially reduced and then increased as 
shown in Fig. 4. 
 

 
 

Fig. 3 — Electrode hole diameter versus circularity. 
 

 
 

Fig. 4 — Electrode hole diameter versus cylindricity. 
 

 
 

Fig. 5 — Current versus circularity. 
 

 

Table 3 — INCONEL 625 data. 

S.No. Diameter of multihole 
electrode(mm) 

Current (A) Pulse on time 
(µs) 

Flu.pressure  
(kg/m2) 

MRR 
(g/min) 

EWR 
(g/min) 

Circularity 
(mm) 

Cylindricity 
(mm) 

1 0.08 4 200 0.1 0.009 0.002 0.0183 0.0441 
2 0.08 8 400 0.2 0.045 0.001 0.1042 0.0125 
3 0.08 12 600 0.3 0.086 0.002 0.0216 0.0613 
4 0.16 4 400 0.3 0.013 0.0005 0.085 0.0533 
5 0.16 8 600 0.1 0.048 0.0017 0.0625 0.0003 
6 0.16 12 200 0.2 0.099 0.0002 0.0043 0.0272 
7 0.25 4 600 0.2 0.022 0.0027 0.1294 0.0482 
8 0.25 8 200 0.3 0.059 0.0074 0.0011 0.0528 
9 0.25 12 400 0.1 0.074 0.0078 0.0320 0.0345 
 

 

 
 

Fig. 2 — Electrode holes versus MRR. 
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The sparking area takes place bottom of the 
electrode as well as it is lateral face also. Therefore, 
the EWR increases with current and it also affects the 
cross sectional area of the electrode. As the current 
increases further the circularity deviation increases to 
a peak value and then it decreases as shown in Fig. 5. 

As the current increases the cylindricity deviation 
increases as shown in Fig. 6. Because of higher 
current discharge energy which is increase the 
electrode wear as well as the cylindricity deviation. 
Unlike the cylindricity deviation, the circularity 
deviation is not increasing continuously. This is due 
to the reason that the continuous machining will 
produce taper in the machined hole which will 
increase the cylindricity deviation and circularity 

deviation is measured in a single plane which is not 
increasing continuously. 

Figures 7 and 8 show that the variations of MRR 
and EWR with respect to Ton duration. As the Ton 

increases, the circularity and cylindricity are gradually 
reduced up to 400 µs. Then, further increased Ton 

enhances cylindricity.  
 
4 Conclusions 

In this work, the Taguchi L9 array table was 
employed to design the experimental works for 
Electrical Discharge machining of super alloy like 
Inconel 718 and Inconel 625 with help of multiple 
holes electrodes the subsequent conclusions was 
made: 

(i) The MRR of EDM in machining selected super 
alloy increases with increase in spark discharge area 
which is higher for multiple hole electrodes having 
holes of Ø 0.24 mm. 

(ii) The direct impact on MRR is shown by the 
variation in discharge current and it also affects the 
form tolerance.  

(iii) The increase in Ton improved the MRR 
initially, but the further increase let to decreased 
MRR.  

(iv) The value of cylindricity deviation and 
circularity deviation first reduces with an increment 
on Ton values (up to 350 µs) and then improved with 
an additional increment in the Ton values. 

(v) Use of multi hole electrode gives very high 
value MRR when compared to EDM with rotation of 
electrode and EDM with increased flushing pressure. 
It also gives negligible EWR with considerable MRR. 
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High heat flux at low excess temperature is the prime factor in pool boiling 

heat transfer. One of the methods to enhance peak heat flux in nucleate 

boiling is surface modification. The substrate of the copper has been 

modified by SiO2 thin film coating. The coating was performed on the 

substrate at three different thicknesses 250nm, 500nm and 750nm. The thin 

film coating was done by sputtering technique. The water contact angle was 

measured for bare and SiO2 thin film coated substrates. The contact angle 

decreased drastically because of more nucleation sites involved for wetting 

the substrate. The coating characteristics reported that the wettability of the 

copper substrate plays an important role in the critical heat flux 

enhancement. The critical heat flux test was carried out for bare copper 

substrate and SiO2 thin film coated copper substrates. The SiO2 thin film 

coating exhibited superhydrophillic nature on the substrate because of 

greater wettability. The superhydrophillic nature of the substrate enhanced 

the peak heat flux significantly. Also the boiling heat transfer coefficient was 

improved at high heat flux in nucleate boiling regime.  

 

Key words: Pool boiling; Critical Heat Flux; Wettability; Thin film coating; 

Heat transfer coefficient  

1. Introduction 

The cooling of electronics components and nuclear reactor cooling are very important in 

thermal management system. The rate of cooling in multiphase heat transfer is expected to be 

efficient. In pool boiling heat transfer the critical heat flux plays a vital role. The achievement of high 

critical heat flux at low wall superheat provides better life of multiphase heat transfer equipment. 

Rinku Kumar Gouda  et. Al [1] compared the heat transfer performance of segmented fin 

configuration in micro channels with bare substrates and micro channel with uniform cross section. 

The results showed that the enhancement in heat transfer achieved significantly for segmented fin 

configuration substrates due to better wetting over the substrate. Han Seo [2] et.al. investigated the 

nucleate boiling heat transfer over the surfaces provided with holes of different patterns. Indium tin 

oxide layer was used as heater material. They reported the CHF  and BHT enhanced significantly than 

the plain surface due to rewetting concept. Hong Seok Jo [3] et.al found enhancement in critical heat 

flux of the surface modified by micro pillars of different sizes. The modification was done on copper 
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substrates by spraying copper micro particles supersonically through a mesh of wire. Jin S.Kim et.al. 

[4] prepared copper surfaces by polytetra fluoroethylene coating and reported the enhancement of 

boiling heat transfer coefficient. The results showed roughness of the surfaces induced good wetting 

over the surfaces which lead to significant heat transfer. Pradeep Mohan Kumar et.al. [5] achieved  

60% enhancement of CHF and 300% BHT than the polished copper substrates due to more nucleation 

sites on the modified surface. Udaya Kumar Ganesan et al. [6] investigated the pool boiling heat 

transfer over the surface patterned by seamless graphene/CNT. The results indicated the enhancement 

observed due to rewetting characteristic performed on the modified surface. Jure Voglar et. Al [7] 

showed that numerous active nucleation sites caused the significant improvement in peak heat flux. 

The nucleation sites are developed by creating cavities in microns by laser texturing on surfaces. The 

size of the cavities ranges from 0.2 to 10 μm in diameter. The CHF enhanced 3.7 times higher than 

that of plain surface. Aavudaiappan et al. [8]  said critical heat flux was enhanced at high surface 

temperature because of hydrophillicity. Ryan Holguin et.al [9] conducted investigations for dielectric 

fluid on copper surface modified as binary surfaces. The peak heat flux was observed 2.2 times and 

heat transfer coefficient enhanced by 7.5 times. Vivekanandan et. al [10] investigated the heat transfer 

characteristics of TiO2 nano structured surfaces at various thicknesses. The electron beam evaporation 

technique was adapted for coating and they reported the significant enhancement in heat transfer due 

to the greater wettability achieved on the substrate. Saravanan et al. [11] conduted experiments in pool 

boiling in water on porous surfaces. The critical heat flux enhancement was achieved significantly 

because of liquid entrainment due to capillary wicking characteristics. Arvind Jaikumar., et. al [12]   

investigated heat transfer for the surfaces coated by carbon which was more conductive and graphene 

oxide. They reported the enhancement maximum to 192 W.cm-2 than the ridge microstructures made 

on the surface. Seongpil An et.al. showed the improvement in wettability of reduced graphene oxide 

and significant improvement in critical heat flux due to roughness created the more nucleation sites.  

The nucleation caused better liquid mixing and lead to small scale bubble formation. The proposed 

study reveals that the nucleate boiling heat transfer on SiO2 thin film coated copper substrates with 

three different coating thicknesses. In this present work, the sputtering technique is adopted and heat 

transfer investigations are carried out. The sputtering technique offers high strength coating and better 

binding energy between copper substrates coating material.  

2. Methodology 

2.1. Deposition of Thin film  

The copper substrate of 3 mm thickness and 10 mm diameter were taken for the nucleate boiling 

experiment. The sputtering technique was employed for coating SiO2 thin film on the pure copper 

substrate in sputtering machine (PLASSYS MP 300, FRANCE).  The following steps were carried out 

during thin film deposition process. Initially the SiO2 target was mounted on the holder in the coating 

chamber. Copper specimen was prepared by emery sheets of 1000G and cleaned by acetylene to 

remove dusts and impurities present on the surface. The polished copper substrate was mounted on 

workplace in the chamber. The power of 100 Watts was selected for SiO2 target and all the SiO2 

particles in nano size were deposited during the coating process. The vacuum pump and diffusion 

pumps were employed for maintaining vacuum inside the chamber. The thin SiO2  film was grown on 

the surface slowly and the thickness were controlled by varying the coating duration. The thickness 
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monitoring indicator in the sputtering machine was used for measuring the thickness of film. The 

deposition time for 250nm, 500nm and 750nm were approximately 35 minutes, 62 minutes and 94 

minutes respectively.  

2.2. Surface Characterisation techniques  

The characterisation SiO2 thin film coated surfaces were studied by different techniques. First, 

the water contact angle of the bare substrate was tested and similarly all the SiO2 thin film coated 

surfaces were measured by water contact angle goniometer (KRUSS GmbH-FM40Mk2, GERMANY). 

In the sessile drop method the water droplet of 3µl were used for testing. The surface morphology was 

studied with results from scanning electron microscope. The surface roughness was studied on the thin 

film deposited surfaces. The structural properties were studied by the results from X-ray diffraction 

measurement technique (PANALYTICAL-X’PERT, NETHERLAND). 

2.3. Experimental Setup  

The pool boiling experimental setup shown in fig.1 consists of boiling chamber, Main heater, 

Auxiliary heater, K-type thermocouples, copper block, power supply unit, data acquisition system, 

pressure gauge, chiller unit and reflux condenser. The copper specimen was fixed on the top of the 

copper block with thermal paste. The copper block accommodated four cartridge heaters of 250 Watts 

each. The entire copper block was covered by glass wool to ensure one dimensional heat conduction in 

axial direction. The copper block was machined to accommodate three thermocouples and one 

thermocouple inserted at copper specimen.  The boiling chamber was filled with DI water and the 

auxiliary heater was used to maintain the temperature of DI water at saturation state. Another 

thermocouple was used in the boiling chamber to measure the temperature of water.  The reflux 

condenser was made as a coil which was inserted into the chamber to cool the water vapour 

evaporated from the chamber during boiling process. The hot water from the condenser is cooled 

down by chiller unit available in the pool boiling setup.  

 

Fig. 1 Schematic illustration of pool boiling experimental set up  
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1. Pressure gauge   2. Reflux condenser   3. Auxiliary heater   4. Test surface 5. Teflon 

Insulation surface   6. Drain valve    7. Rigid stand     8. Glass wool insulation 9. Heater block 10. 

Main heater   11. Pressure relief valve   12. Pool boiling chamber 13. Thermocouple for test specimen 

14. Thermocouple for water 15. Data logger 16. Power supply unit 

 

The pressure gauge was used to measure the pressure inside the chamber and pressure relief 

valve mounted on chamber to release the excess pressure of water vapour. The upper and lower 

portion of the chamber was separated by Teflon base for providing better insulation. The 

thermocouples were connected to the data acquisition system to read the temperatures at every 

moment. The heat inputs to the heaters are adjusted by power supply unit. Initially, the experiment 

was run for 5 hours to remove non condensable gases. Then the heat input was adjusted to raise the 

heat flux. Once the system reached steady state condition, the heat flux and heat transfer coefficient 

were calculated. The heat flux was calculated up to the regime of boiling reached the peak heat flux. 

The peak heat flux point has been attained by observing the temperature jump to higher value in very 

short period. In this burnout point the heat flux to heater block was stopped. The experiment was run 

for all SiO2 thin film coated surfaces of three different thicknesses.  

3. Results and discussions 

3.1. Effect of wettability  

The wettability is one of the prime factors in nucleate boiling heat transfer. The more wetting 

behaviour of the surface exhibits hydrophillic nature. The water contact angle of the surface 

determines the wettability. In the present work, the water contact angle of the bare copper substrate 

and SiO2 thin film coated substrate were measured. The contact angle of the bare copper substrate read 

at 83o followed by thin film coated substrates were read 28o, 25o and 15o for 250 nm, 500nm and 750 

nm thick surfaces respectively shown in fig.2 The contact angle of 750 nm coated substrate exhibited 

more wettability than other surfaces. The surface energy of the thin film coated substrates increased 

and produced more wettability on the surface and these surfaces are called superhydrophillic surfaces. 

The numerous nucleation sites are created due to this nature. Also the surface area becomes large due 

to more nucleation sites and more wetting caused the enhancement in boiling heat transfer.  

 

    

Fig. 2 Contact angle of SiO2  thin film coated copper substrates for (a) 250 nm thickness  (b) 500 

nm thickness (c) 750 nm thickness 

3.2. Surface roughness analysis  

The surface roughness plays a vital role in pool boiling heat transfer investigations. The surface 

roughnesses of the thin film coated substrates were measured by Stylus profilometer (BRUKER). The 
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results showed that 250 nm SiO2 coated surface was read at 0.145 µm and 500 nm SiO2 copper 

substrate was read at 0.153 µm and for 750 nm was 0.328 µm. More roughness values provided more 

nucleation sites on the boiling surface. The tendency of increasing roughness enhanced the wetting 

and rewetting characteristics of the substrate. The more voids on the surface and increased surface area 

offered better mixing of boiling liquid and caused for liquid entrainment during nucleate boiling. 

These capillary wicking characteristics of the boiling surface enhanced the heat transfer further more.  

3.3. Effect of surface characterisation  

The morphology of the surface was studied on the thin film SiO2 coated substrates. The SiO2 

coated surfaces were scanned by scanning electron microscope. The SiO2 thin film was spreaded 

uniformly on all the area of the surfaces at all thicknesses. The bonding between thin film and 

substrate were good and surface energy exhibited was good.  

 

     

Fig. 3 FE SEM images of SiO2 thin film on copper substrates a) 250 nm b) 500 nm and c) 750 nm 

 

 

Fig. 4  XRD pattern of SiO2  thin film coated surface 

 

The adhesiveness of SiO2 over the copper substrate found good and FESEM images shown in 

fig.3 revealed that the numerous nucleation sites were formed on the sites. The more nucleation sites 

increased more surface area and good wetting property. The evidenced morphology of the SiO2 thin 

film on copper substrate enhanced the critical heat flux and boiling heat transfer coefficient 
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significantly. The X-ray diffraction spectrum in fig.4 showed that the presence of SiO2 on the copper 

substrates. The peaks were evidenced on the surface at 44.6o for SiO2 thin film and another peak at 

51.7o for copper substrate.  

3.4. Boiling characteristics  

The experimental results on heat flux of SiO2 thin film coated substrates were analysed and 

these results have been compared with bare surface. The critical heat flux of the bare copper substrate 

was found at 123.8 W.cm-2. Since the contact angle of the SiO2 thin film coated substrates are very 

low, the substrates offered more heat transfer area and especially enormous active nucleation sites. 

Initially the bubbles were formed in the nucleation sites at low wall superheat. At higher heat flux, 

bubble formation and detachment occurred in a rapid manner and system attained critical heat flux. 

The trend of increasing heat flux with increase in wall superheat occurred for all kind of surfaces in 

pool boiling heat transfer. From this investigation, it was observed that the critical heat flux for the 

thin film coated substrates increased substantially.  

 

Fig. 5 Heat flux variation with wall superheat 

The critical heat flux for 250 nm coated substrate was found at 195 W.cm-2. The copper surface 

coated with 500 nm thick was observed at 221 W.cm-2 and for 750 nm was evidenced at 245 W.cm-2. 

The significant enhancement in critical heat flux was found in all SiO2 thin film coated substrates. The 

trend of enhancement in critical heat flux with increasing thickness for all SiO2 thin film surfaces were 

evidenced due to improved wettability, more surface roughness, extended heat transfer surface area 

and better surface morphological properties. The heat transfer enhancement was achieved 58 %, 79% 

and 98% greater than that of bare copper substrate. The curves shown in the fig.5 provided the 

information about the enhancement of heat flux with respect to wall superheat. The improvement in 

heat transfer surface area offered by the nucleation site and roughness of the surface exhibited good 

achievement in boiling heat transfer coefficient. The boiling heat transfer coefficient started to 

increase significantly after interface evaporation. This increasing trend occurred greatly up to the 

surface reaches critical heat flux regime. Due to more heat transfer area on the surface, the energy 

carrying fluid DI water transferred more heat than the bare substrate. The heat flux versus heat transfer 
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coefficient curves shown in fig.6 revealed that the SiO2 thin film coated copper exhibited better heat 

transfer. The various factors of sputtering technique produced thin film coating with good 

adhesiveness and excellent structural stability. The remarkable enhancement of critical heat flux and 

boiling heat transfer coefficient for SiO2 thin film coating on copper substrate revealed best alternative 

for heat transfer applications like nuclear reactor, electronics cooling etc.  

 

 

Fig. 6 Heat transfer coefficient curve with Heat flux 

 

3.5. Bubble formation and detachment characteristics  

In this work the bubble was formed on the SiO2 thin film coated surface at 32.2 W.cm-2 for the 

wall superheat of 5 K and for thickness of the film was 250 nm. The bubble formed on the surface was 

detached from the surface and condensed in the DI water itself due to difference vapour pressure at the 

saturation temperature. The addition of heat input increased the bubble formation frequency and 

departure rate. At wall superheat 10 K the formed bubbles reached top surface the water and energy 

was transferred. The heat flux at this stage was evidenced 67.9 W.cm-2 and heat transfer coefficient 

was attained 67906 W.m-2.K-1. The heat input for further added which in turn enhanced the critical 

heat flux and it was observed at 24 K. The same scenario was happened for all SiO2 thin film 

deposited copper substrates. But the formation of bubble for 500 nm and 750 nm were happened at 

42.5 W.cm-2 and 53.9 W.cm-2 respectively. The trend of increase in heat flux was happened for bubble 

detachment and also for reaching to top surface of fluid. The heat flux at 500 nm thick SiO2 thin film 

coated was evidenced 87.2 W.cm-2. This enhancement was obtained 28% greater than that of 250 nm 

thick SiO2 deposited substrate and 1.43 folds higher than that of bare copper substrate. The heat flux at 

burnout point was evidenced at 195.8 W.cm-2 for 250 nm thick SiO2 deposited substrate, 221.4 W.cm-2 

for 500 nm thick SiO2 deposited substrate also evidenced at 245.6 W.cm-2 for 750 nm thick SiO2 

deposited substrate. This enhancement for 500 nm thick SiO2 coated substrate was 13% higher than 
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that of 250 nm thick SiO2 coated surfaces and 79% greater than that of bare copper substrate. But the 

highest heat flux achieved for 750 nm thickness coated substrate was 25% higher than that of 250 nm 

thick coated and 11% greater than that of 500 nm thick SiO2 coated copper substrate. This remarkable 

enhancement in critical heat flux and heat transfer coefficient is best suitable for multiphase heat 

transfer applications.  

4. Conclusion  

SiO2 thin film coating on the copper substrate was done by sputtering technique. The SiO2 thin 

film deposited on the copper substrates at three different thicknesses are 250 nm, 500 nm and 750 nm. 

The thickness of the coating was controlled by different parameters in the sputtering machine. The 

coating and surface characterisations were studied from FESEM and XRD techniques. The SiO2 

coated surfaces exhibited superhydrophillic nature due to enhanced wettability. The pool boiling 

investigations were conducted on the bare and SiO2 thin film coated substrates. The critical heat flux 

and heat transfer coefficient of bare and SiO2 thin film coated surfaces were analysed. The critical heat 

flux for 250 nm, 500 nm and 750 nm SiO2 thin film coated substrates were found at 195 W.cm-2, 221 

W.cm-2 and 245 W.cm-2. The critical heat flux was enhanced 58 %, 79% and 98% greater than that of 

bare copper substrate. The significant enhancement in critical heat flux and heat transfer coefficients 

offers best alternative for effective thermal management systems.  
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Abstract-   In the modern engineering scenario, the maintenance, repair, cost and upgrading of structures are plays a 

vital role and there is a scope for technical involvement for the design and construction of new structures. Upgrading 

usually involves strengthening of an existing structure which was found unsatisfactory due to poor performance under 

service loading or inadequate strength. To improve the strength and reduce the cost, there is a need to optimize the 

structure with appropriate engineering tools. In this research work, Ground structure approach & Finite Element 

Analysis are used to optimize truss and column. By using the general optimization techniques the numbers of columns are 

optimized. Observing the things present in the structure and Finite Element Analysis helps to improve the strength of the 
structures, number of iterations made and convergence achieved. 

 
Keywords – Ground structure approach, finite element analysis, structural optimization 

I. INTRODUCTION 

 Structural optimization is a design tool in structural engineering for identification of optimized material 

distributions for trusses (pinned connections) and frame structures (moment-resisting connections). This technique is 

more general than other structural optimization approaches because it allows for member sizes and topological 

features of the design (e.g., member connectivity) to change simultaneously within the iterative design process 

Structural Topology Optimization (STO) is often performed with the “ground structure” approach. The ground 

structure is a dense mesh of candidate structural members, which serves as the initial guess for the optimizer. In each 

and every iteration, a finite element analysis is performed to quantify the structural performance, i.e., determining 

the objective function and design constraints. Moreover, a sizing optimization is performed to optimize the objective 

function (gradient-based methods in this work) while the constraints are satisfied. From the design domain members 

having mild cross sectional areas are taken out during the end of the optimization iteration.  
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Roofs are mostly constructed in the malls, bus stand, and railway station. The specified roof structure should bear 

more loads as roof weight, so the roof structures should be well designed. Both beam and column should be 

designed well and this study is to design a well-structured beam and column, enlarged length of the beam. Existing 

roof structures were analyzed and data’s are taken for better improvement. Existing distance between columns of the 

roof structure is long in distance, occupies a lot of space, involves in more money investment and it takes more time 

to build and a new structure for beam and column is designed in this work. Few literatures are available for the 
structural optimization using ground structure approach. Navid Changizi & Mehdi Jalalpour (2018) presented about 

optimization in topology of steel frame structures with constraints on individual member and overall member 

instabilities. They used the ground structure approach which is successfully implemented in minimum compliance 

topology STO under a prescribed volume of material, where novel designs with very high stiffness are developed. 

B.J. Yang and C.J. Chen (2018) presented about Stress-based topology optimization that the major difficulties in 

stress based topology optimization problems are two-fold. First, a large number of constraints considered, and 

proposed that increases the computational complexity of both the optimization and sensitivity analysis associated 

with the conventional topology optimization problem. Lei Li and Kapil Khandelwal (2017) presented about 

Topology optimization of geometrically nonlinear trusses with spurious Eigen modes control. Topology 

optimization of geometrically nonlinear trusses with and without stability constraints is investigated. It is shown that 

if classical minimum compliance formulation is considered without any stability constraints, the optimized designs 

are unstable and convergence issues may been countered in the nonlinear structural analyses. 

II. PROBLEM DESCRIPTION  

Optimize the number of columns by using the finite element approach and general optimization techniques which is 

installed in the railway stations. Objective function of this proposed design is to maximize the space in the railway 

stations to handle the crowd effectively with the new structural element with the same fatigue life and cost. 

Topology optimization shortens that design process considerably and also helps to minimize the compliance and 

increase the stiffness.In this kind, in the software topology optimization volume and some amount of constraints 

with forces are specified. Least compliance shows the stiffness value in maximum and it is the essential parameter in 

the several applications. Similarly high stiffness with low weight is also essential.  But  it is normally simple to get 

maximum stiffness even in the absence of simulation.  

 

Optimization in structural topology is a dominant methodology for the analysis of the structural 
distributions in optimized material within a domain design. The application to periodic lattices or trusses, search the 

ideal location and cross section of individual member with in the design domain. This method can be easily adapted 

with the method of ground structure approach. The individual member of cross sectional area can be modeled as a 

design variable in continuous manner. 

 

In a practical scenario, the cost of assembling a structural topology complex is only related to the material 

cost. But various topological severity will generally give very high fabrication cost. In this work, cost function with 

a more comprehensive is proposed which includes fabrication cost and material cost. A step function of regularized 

Heaviside is used to the problem for cost associated with individual member. 

 

We observed from various railway stations that railway platform roof is designed as an inconvenient 

structure for the crowd management. In the peak hours, people often struck to reach their coach position due to 
having crowd and low space in the platform. These low space can be remove by introducing new platform roof 

design by optimizing the column space. It leads to reduce the cost of columns and also space. The Span length of the 

single platform roof is 12.74 meters which is having two columns. Approximations made on the platform roof count 

are 20. Then we can optimize the 20 columns to minimize the cost and maximize the space in the railway stations. 
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Figure 1.  Railway platform structure 

 
Figure 2.  Front view of roof structure 

 

 
Figure 3.  Isometric view of roof structure 
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Figure 4.  Custom view of roof structure 

 

 

 

 

Figure 5.  Isometric view 
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Determine cross section shape of members to be 
used 

Select either stress or Deformation as the 

objective 

Measure the dimensions of the elements 

StartModelling 

Evaluate the objective function 

Identify the stress distribution 

Evaluate the optimizing techniques 

Re-modelling with the new proposed design 

Compute Factor of Safety 

If it is not optimized, then start next iteration 

Solution Algorithm:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Flow chart of the proposed algorithm 

 

 

III. RESULT AND DISCUSSIONS 

In this A36 Structural Steel is considered for the truss. In the static structural analysis, the standard earth 

gravity is applied as load and fixed support condition is given instead of ground structure approach for the feasibility 

of simulation process. 

 

Numerous iterations are made to optimize the railway platform structure. We obtained here as the objectives 

are as follows: Stress, Strain, Life and Factor of Safety. All of the numerical values are obtained as expected with the 

better performance that with the reduced stress and strain component than the previous iterations. Von mises effective 

stress is reduced in the all elements of the component and Strain also effectively reduced at the same life period. By 

using the Finite Element Analysis, These results are obtained. 
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(a)                                                       (b) 

 
(c)                                                       (d) 

Figure 7. (a) Equivalent elastic stress (b) Equivalent elastic strain (c) Fatigue (d) FOS against life 

 

(a)                                                 (b) 

 
(c)                                        (d) 

Figure 8. (a) Equivalent vonmises stress (b) Equivalent vonmises  strain (c) FOS (d) Fatigue life 
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Figure 9. Vonmises effective stress comparision  

 

Figure  10. Vonmises effective strain comparision  

 
 

Table -1  Result under metric unit system 

 

Property Before Optimization After Optimization 

Stress 3.13e8 N/m2 3.12e8 N/m2 

Strain 0.00176 0.00065 

Life 8.64e10 Cycles 8.65e10 Cycles 

 

 The maximum values of the Stress and Strain are plotted. Almost the same Fatigue cycles are obtained in comparison 
between the before optimization and after optimization of structure. 

IV.CONCLUSION 

This paper presented the methodologies to optimize the overall structure. The Column member buckling 

prevention in STO of steel frames using both the deformation and stress-based design objectives. A Finite Element 

analysis was performed to determine the Stress, Strain and their corresponding Factor of Safety. It was shown that 

during the optimization iterations, some elements primarily has relatively low volumes. These Low Volumes were 

termed as Stress Concentration Zones and a methodology to identify them was implemented. Further, it was shown 

that these modes should be discarded to avoid Stress Analysis, and make sure the design is driven by members that 
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have a meaningful contribution to structural performance. Safety against overall structure buckling, Stress, Strain 

was achieved with the Finite Element Analysis. Moreover, we presented a new methodology to efficiently optimize 

the number of Columns into a single column. For illustration purposes, the Column buckling was estimated here by 

using ductile material and Euler equation. 
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Abstract: This research made an attempt to synthesize
aluminum metal matrix composites through stir cast-
ing technique. The matrix material chosen in this study
was AA7050 and the reinforcement material was ZrSiO4.
The composites AA7050, AA7050-10%ZrSiO4, andAA7050-
15%ZrSiO4 were used. The wear behavior of the aluminum
matrix composites was investigated by using pin-on-disc
tribometer. The advanced material has substantial devel-
opment in tribological behavior when the reinforcement
percentage is increased. From the experimental results, it
was confirmed that sliding distance of 1200 m, applied
load of 3 N and sliding speed of 2 m/s result in mini-
mum wear loss and coefficient of friction, while adding
10%ZrSiO4 to the AA7050.

Keywords: Stir casting, metal matrix composites, tribolog-
ical behavior

1 Introduction
Aluminum matrix composites with enhanced properties
aremost desirable in the field of aerospace and automotive
field [1]. Nowadays, due to various advances in the field of
engineering and its applications, metal matrix composites
possess several advantages.Whenwe compare particulate
reinforcedMMCswith fiber strengthenedMMCs, the partic-
ulate reinforced MMCs cost much lesser. Zircon strength-
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ened composites retain better confrontation to abrasion;
these are also thermal resistant and free from chemical oc-
currences [2]. MMCs proved that it has greater tribological
andmechanical properties in various engineering applica-
tions [3]. Due to its high strength, high stiffness and wear
resistance, aluminumbased composites have been accred-
ited as superior material in all the engineering fields [4].
The aluminumalloy based composites are especially being
used as automobile components manufacturing such as
piston, connecting rod, microwave filters, vibrator compo-
nent, contactors, impellers and space structures because
of its extended properties [5]. Stir casting technique is one
of the promising techniques tomanufactureMMCs in large
quantities. Owing to its easiness and litheness, it has been
fascinated. Complicated components with proper distribu-
tion of particulates in thematrixmaterial canbe fabricated
by stir casting method [6–9].

In this study, aluminummetalmatrix composites have
been fabricated through the stir casting technique and the
tribological behavior has been investigated.

2 Experimental Details

2.1 Materials

The aluminumalloyAA7050wasused as amatrixmaterial,
its chemical composition and properties are presented in
Table 1 and Table 2. ZrSiO4 was used as a reinforcement
material and its properties are presented in Table 3.

2.2 Preparation of composites

The composites were prepared through liquid metallurgy
method. Initially, the matrix material AA7050 was melted
in a crucible furnace. The temperature maintained in the
furnace was 800∘C for a time period of 4 hours. Before
pouring the ZrSiO4 into themelt, it was preheated at a tem-
perature of 150∘C. Finally, the essential amount of ZrSiO4
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Table 1: Chemical composition of AA7050

AA7050 Si Fe Cu Mn Mg Cr Zn Ti Pb Sr Zr Al
Weight (%) 0.061 0.139 1.629 0.105 2.543 0.218 5.243 0.084 0.022 0.002 0.003 Bal

Table 2:Mechanical properties of AA7050

Properties AA7075
Density 2.83 g/cc
Ultimate tensile strength 524 Mpa
Melting point 629∘C

Figure 1: Experimental setup of stir casting

was mixed with AA7050 to make a cast. At that time, the
stirring speed was maintained at 300–500 rpm [10]. The
temperature maintained was 750∘C and stirring was done
for a time period of 10 min.

2.3 Wear behavior

The wear behavior of the different composites was investi-
gated by using a pin-on-disc tribometer. The experiments
were conducted under dry conditions at different loads
and speeds to investigate the wear behavior such as fric-
tion loss and co-efficient of friction for different compos-
ites.

Table 3:Mechanical properties of ZrSiO4

Properties ZrSiO4
Density 3.9 g/cm3

Ultimate tensile strength 290 Mpa
Melting point 2550∘C

Figure 2: Load versus wear loss

Figure 3: Load versus COF

3 Results and Discussions
The wear loss and coefficient of friction behaviors of
AA7050,AA7050-10%ZrSiO4, andAA7050-15%ZrSiO4were
investigated by using pin-on-disc apparatus. The experi-
mentswere done at different loads of 3 N, 6 N, 9N, 12 N and
15 N, different sliding distances of 1200m, 1700m, 2200m,
2700mand 3200m, anddifferent sliding speeds of 0.4m/s,
0.8 m/s, 1.2 m/s, 1.6 m/s and 2.0 m/s.

The experimental results showed that when the ap-
plied loadwas increased, thewear loss also increased. The
results of wear loss and coefficient of friction against load
and sliding speed are listed in Table 4 and Table 5. The
least wear loss of 0.0154 gm and least coefficient of friction
of 0.165 µ were achieved for AA7050-10%ZrSiO4 compos-
ite, while applying a load of 3 N. From the graphs, it was
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Table 4:Wear loss (gm) and coeflcient of friction (µ) for applied load (N)

Applied Load AA7050 AA7050-10%ZrSiO4 AA7050-15%ZrSiO4
(N) Wear Loss

(gm)
Coeflcient
of Friction

(µ)

Wear Loss
(gm)

Coeflcient
of Friction

(µ)

Wear Loss
(gm)

Coeflcient
of Friction

(µ)
3 0.0175 0.185 0.0154 0.165 0.0161 0.168
6 0.0182 0.194 0.0162 0.169 0.0173 0.176
9 0.0190 0.203 0.0170 0.175 0.0182 0.182
12 0.0199 0.213 0.0184 0.185 0.0195 0.188
15 0.0207 0.219 0.0191 0.193 0.0208 0.197

Table 5:Wear loss (gm) and coeflcient of friction (µ) for sliding speed (m/s)

Sliding speed AA7050 AA7050-10%ZrSiO4 AA7050-15%ZrSiO4
(m/s) Wear Loss

(gm)
Coeflcient
of Friction

(µ)

Wear Loss
(gm)

Coeflcient
of Friction

(µ)

Wear Loss
(gm)

Coeflcient
of Friction

(µ)
0.4 0.0186 0.196 0.0188 0.185 0.0192 0.197
0.8 0.0178 0.188 0.0182 0.179 0.0185 0.191
1.2 0.0170 0.177 0.0176 0.175 0.0180 0.186
1.6 0.0169 0.170 0.0169 0.167 0.0174 0.181
2.0 0.0165 0.164 0.0159 0.161 0.0170 0.175

Figure 4: Sliding speed versus wear loss

Figure 5: Sliding speed versus COF

clear that at high sliding speed, wear loss and coefficient
frictions were minimum. At a sliding speed of 2 m/s, the
least wear loss achieved was 0.0159 g and least coefficient

friction was 0.161, identified for the composite AA7050-
10%ZrSiO4.

4 Conclusions
1. The aluminum metal matrix composites with differ-

ent reinforcement weight percentage were success-
fully fabricated through stir casting technique.

2. The wear properties such as wear loss and friction
coefficient were influenced by 10%ZrSiO4.

3. The least wear loss and coefficient friction was de-
tected for the composite AA7050-10%ZrSiO4 with an
applied load of 3 N.

4. The least wear loss and coefficient friction was at-
tained for the composite AA7050-10%ZrSiO4 at a
sliding speed of 2 m/s.
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a b s t r a c t

Computer mouse made by ABS (acrylonitrile butadiene styrene) plastic which is well known for shock
Resistance, Structural stability and Stiffness. Life span of computer mouse is six to twelve months from
the start of use whereas ABS plastic takes hundred years to degrade. To reduce the environmental impact
by ABS plastic the PLA plastic is introduced which has similar characteristics of ABS plastic. PLA plastic is
made by natural resources such as corn starch and cassava roots. Use of environmental friendly and
biodegradable PLA plastic for manufacturing components can reduce the environmental impact of com-
ponents made by ABS plastic.
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Recent Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

PLA (Polylactic Acid) is a bioplastic derived from biomass
mostly by starch powder from corn or sugar cane. It is the second
largest production plastic used to make plastic films, bottles, and
biodegradable medical devices. Polylactic Acid (PLA), polypropy-
lene (PP), polyethylene (PE), or polystyrene (PS) has similar charac-
teristics but Polylactic Acid (PLA) is biodegradable. A computer
mouse is a basic tool for a desktop or a laptop computer device
connected by a USB and is used to aid in navigation, selection
and creation of documents and images. The computer mouse made
by injection molding process by ABS plastic material for mass pro-
duction. PLA material can be used for medium life span products or
components [1]. The Polylactic Acid could be a choice instead of
making medium life product in ABS plastic such as computer
mouse components. SOLIDWORKS design software is used to make
3D computer mouse and also used for sustainability analysis. 3D
printer is used to manufacture model components using plastic
filaments which is available in market in roller form [2]. The 3D
printer can make prototype of mouse using Polylactic material
with good surface finish which is suitable for real time application.
Racemic PLLA (Poly-L-lactic Acid), Regular or common PLLA
(Poly-L-lactic Acid), PDLA (Poly-D-lactic Acid), and PDLLA

(Poly-DL-lactic Acid) are the types of Polylactic Acid and each have
slightly different in their characteristics. PLLA is used for making of
prototype computer mouse (Fig. 1).

2. Literature survey

� Dr. Boris Ceranica (2015) uses sustainable design analysis using
information from building modelling (BIS) to measure the sus-
tainable impacts of build models and provided a way of
approach in sustainable design of building models.

� Y. Song and Y. Li (2017) examined the mechanical properties such
as toughness, tensile strength and compressive strength of PLA
material by manufacturing a cube shape PLA part using 3D printer.

� Bupe G Mwanza and Charles Mbohwa (2017) made a study on
the obstacles to plastic industry when it comes to sustainable
design of plastic components included with plastic waste recy-
cle, and solid waste dumping.

� Lu Wan and Yanhua Zhang (2018) conducted a test on hydroly-
tic degradation of PLA by reinforcement of PLA-WFmaterial and
modified mechanical property.

� Roberto Avolio, Rachele Castaldo, Maurizio Avella and Mari-
acristina Cocca (2018) uses two step melt mixing process for
nano composite of polylactic acid containing calcium carbonate
nano particles and two different molecular weight plasticizers
to get the beneficial effects on the modulus on elasticity and
yield stress (Fig. 2).
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3. Methodology

Process 1 – Design of computer mouse using SOLIDWORKS
software.

Process 2 – Creating material library for PLA material and ABS
material in SOLIDWORKS.

Process 3 – Run sustainability analysis.
Process 4 – Comparison of carbon footprint, Acid rain formation,

Ease of availability and other sustainable parameters.
Process 5 – Manufacturing of PLA computer mouse using 3D

printer (Fig. 3).

4. Modeling

A typical mouse is designed with the image processing tech-
nique in SOLIDWORKS.

Two dimensional, multi view mouse drawings are taken and
converted into 3D computer mouse (Fig. 4).

5. 3D printing

The designed computer mouse converted into sld file for 3D print-
ing purpose. The 3D printing software called Flash Print can read sld
part file and allow to edit the density of component. Full density given
in the computer mouse 3D printing. The 3D printing speed is depends
on the part size and density of part to bemade. The density can be var-
ied to 25%, 50%, 75%, and 100%. For real time application the computer
mouse should be given for full density. The printer adjustments and
printing orientation can change using printer software [4]. All tables
should be numbered with Arabic numerals. Every table should have
a caption. Headings should be placed above tables, left justified [5].

Only horizontal lines should be used within a table, to distin-
guish the column headings from the body of the table, and imme-
diately above and below the table. Tables must be embedded into
the text and not supplied separately. Below is an example which
the authors may find useful.

6. Specification of ABS and PLA plastics

Density – The density of PLA is 1.25 Mg/m3 whereas ABS is
1.01–1.21 Mg/m3.

Young’s Modulus – 3.5 GPa for PLA and 2.9 GPa for ABS.
Tensile Strength – 36–55 MPa for PLA and 25–50 MPa for ABS.
Weight of the computer mouse could be high due to higher in

density but the tensile strength and young’s modulus values are
comparatively good in PLA hence the durability of both plastics
are certainly similar [6].

Fig. 1. Computer mouse design using SOLIDWORKS.

Fig. 2. 3D printing software.

Fig. 3. (a) 3D printer; (b) Mouse printing process.

Fig. 4. Biodegradable mouse housing.
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7. Sustainability analysis

Air Acidification – Acidification of lakes and soils are happening by
emission of sulphur dioxide and nitrous oxide. The emission of such
acidic elements mixes with air and increase the acidity of rain water.
The acidification of lakes and soils makes water and land harmful for
plants and aquatic life [7]. Also man made materials (ex concreate)
can absorb acid rain and acid rain can dissolve in it slowly. Kg Sulphur
dioxide equivalent (SO2), and moles H+ equivalent are the common
measure of the air acidification impact [3].

Carbon Footprint – fossil fuels burning process releases Carbon-
dioxide and other gasses. These gases can accumulate in the atmo-
sphere and increases the average temperature of earth. Carbon-
dioxide acts as an agent for the huge impact factor to GWP (Global
Warming Potential). Global warming is hold liable for disappear of gla-
ciers, and more ultimate weather problems, dying out of species [3].

Total Energy Consumed – it is the measure of amount of energy
required or utilized by a product in its entire life cycle and mea-
sured in the units of mega joules (MJ). This parameter measures
not only electricity or fuel used for the life cycle of a product, but
also ambitious energy needed to obtain and operation on these
fuels and the incorporate energy of materials which would be

delivered if blazed [8]. The Total calorific value of energy demand
from non-renewable resources (e.g. petroleum, natural gas, etc.).
Efficiencies in energy transformation (e.g. power, heat, steam,
etc.) are considered to express the total Energy Consumed [3].

Water Eutrophication – Addition of excessive nutrients to a
water ecosystem causes the occurrence eutrophication [9]. Nitro-
gen and phosphorous addition in waste water and in agricultural
fertilizers causes a superabundance of algae to flowering plants,
which then extract the water of oxygen [10]. This results in the
expiration of both plant and animal life. This impact is measured
in kg phosphate equivalent (PO4) or kg nitrogen (N) equivalent [3].

Life Cycle Assessment (LCA) – It is the quantitative approach to
determine the environmental impact of a product all through its
entire lifecycle, from the processing of the raw materials, through
the manufacturing, delivery, utilize, scrapping and recycling of that
product [3].

8. Environmental impact results

SOLIDWORKS material library gives an option to import custom
material properties for new materials. The Sustainability module
provides environmental impacts such as the amounts of Carbon
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dioxide emission, Total energy utilized, Air acidification and Water
Eutrophication for both Polylactic Acid and ABS plastics. The
results are in graphical representation which is easy to compare
the sustainable parameters for both materials. Blue region repre-
sents material impact, yellow region represent manufacturing
impact purple region represents transportation impact and sky
blue region represents the end of life impact.

9. Result discussion

Energy consumption for manufacturing the ABS plastic com-
puter mouse is 0.885 MJ whereas 0.273 MJ required for biodegrad-
able plastic computer mouse. From the result it is clear that energy
required to manufacture one unit of computer mouse is less for
PLA plastic.

The Acid rain formation by the ABS Plastic computer mouse is
about 3.1E-4 kg SO2e whereas 9.6E-5 kg SO2e for biodegradable
plastic computer mouse. Here the environmental impact due to
Acid rain formation is less for PLA plastic.

Water Eutrophication by the PLA plastic computer mouse is
2.4E-5 kg PO4e and for ABS plastic the amount of Water Eutroph-
ication is 8.7E-6 kg PO4e. The impact to environment due to Water
Eutrophication is less for PLA plastic.

Carbon Footprint value for PLA is 0.016 kg CO2e and for ABS is
0.048 kg CO2e. PLA plastic is lesser in carbon Footprint value and
reduces the global warming potential factor.

10. 3D prototyping

Flash printer is used to make 3 dimensional computer mouse
with the help of FLASHPRINT software. The part file from SOLID-
WORKS saved in sld file format and copied in the 3D printer.

This process takes 1 h to complete the 3D printing. The proto-
type computer mouse housing is assembled with the electronic
components for real time application.

11. Conclusion

Use of biodegradable material to replace conventional materials
helps to reduce the environmental impacts. The carbon footprint,

acid rain formation, energy consumption and water eutrophication
are the major environmental impact factors which can be reduced
using biodegradable materials. Computer mouse making volume is
high for market requirement and use of PLA material instead of
ABS for housing will reduce the environmental impacts. The dura-
bility of PLA plastic computer mouse is similar to the conventional
ABS plastic mouse. Hence Polylactic acid plastic (PLA) is recom-
mended for manufacturing the computer mouse instead of ABS
plastic. The designed mouse is tested by one thousand clicks and
it works quite similar to the conventional mouse.
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a b s t r a c t

In this effort waste cooking oil and timber chips are used biomass for preparing bio-diesel, Flammable
and Non-flammable gases which reduces cost of fuel also protects the atmosphere it is keep uniform
gas composition & supplied to the an inducted fuel, bio-diesel used CIE Compression ratio 18 and perfor-
mance, combustion and emission parameters are calculated with different injection pressures. The liquid
fuel consumption rate is decreased with increasing injection pressure in the order of 1.11, 1.05 & 1.00 kg/
h with the corresponding injection pressure of 160, 210 and 260 bar. Fuel injection pressure 210 bar is
concluded optimum injection pressure due to ignition delay of 13.60.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

Biofuels are fills gotten from biomass as solids, vaporous and
fluids. Biomass is a natural issue created by plants and creatures.
It involves principally wood, horticultural harvests and items,
sea-going plants, ranger service items, deposits and creature
squanders. Biomass feedstock is one among the reasonable vitality
asset than the other sustainable sources.

Fuel gas, delivered by the decrease of coal and peat, is utilized
for warming as right on time as 1840 in Europe and by 1884 had
been adjusted to fuel motors in England. Preceding 1940, gas gen-
erator units were well-known, however not widely used innova-
tion. Notwithstanding, oil deficiencies amid World War II
prompted far reaching gas generator applications in the trans-
portation businesses of Western Europe [1,2].

The maker gas produced by a thermo-substance change of bio-
mass (bio-mass gasification) is a promising fuel in perspective of
natural security [3,4]. Gasification is the way toward changing over
strong/fluid fuel in to vaporous fuel. It includes the usage and
transformation of biomass in an environment to create a medium
or low calorific esteem gas. Gasification is a type of pyrolysis, did
at high temperature. The proportion of oxygen to biomass is regu-
larly around 0.3 [6,7]. The subsequent gas, known as maker gas, is a

blend of carbon monoxide, hydrogen and methane, together with
carbon dioxide and nitrogen.

Sahoo et al. announced that maker gas could be utilized in CI
motor, with no alteration in the motor. Anyway it can’t be worked
on maker gas alone without the infusion of a little measure of die-
sel oil on the grounds that the maker gas won’t touch off under the
overall states of temperature and weight. Henceforth a diesel
motor should be double filled.

Mustafa Canakci et al., Saravanan et al. prescribed that mixes up
to 20% biodiesel (B20 – 20% Biodiesel with 80% mineral diesel) can
be utilized in about all diesel hardware and are good with most
capacity and conveyance gear. These low level mixes don’t require
any motor adjustment [8,9].

John B. Heywood detailed that fuel infusion weight is one of the
imperative parameter to want about the extent of the fuel beads to
be infused inside the ignition chamber and speed of the drop to
enter and blend with air. Over infiltration of the beads will
encroach the burning chamber divider which will decrease the sur-
face contact zone with air results poor ignition and higher dis-
charges. Then again under infiltration likewise results poor use of
air because of decreased surface contact region of fuel beads. Thus
it is fundamental to streamline the fuel infusion weight and in this
present examination, tests have been led on four stroke single
chamber coordinate infusion water cooled variable pressure pro-
portion motor (Table 1).
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2. Fuels

2.1. Biodiesel

Surprising expense of crisp vegetable oil having constrained life
in nourishment industry because of their pollution with material
and its unsaturated fat development nature. In the present work,
concentrating the fixation on least expensive, bounty accessible
‘‘close to squander” utilized cooking oil which is utilized as a feed-
stock, gathered from sustenance preparing industry, junk food
businesses, lodgings, inn and eateries which likewise limit the
waste oil transfer issues. By the method for transesterification bio-
diesel is delivered.

The transesterification is a synthetic response for change of veg-
etable oil to biodiesel which lessens the thickness. Biodiesel does
not contain any oil based commodities and it is good with regular
diesel. It very well may be mixed with diesel or can be utilized
specifically with no significant alterations in IC motors. In actuality,
Rosca Radu et al. furthermore, Ayhan Demirbas detailed that the
biodiesels having cool begin issues, bring down vitality content,
fuel pumping trouble and stopping up due its higher thick in nat-
ure. For defeating the abovementioned, the biodiesel is mixed with
fossil diesel and especially in this investigation B23 is utilized as a
fluid – infused fuel.

2.2. Flammable and non-flammable gas mixture

In this research, optimized double walled fixed bed small scale
down draft gasifier is used to produce Flammable and Non-
flammable gases. The cooling tower, cyclone separator organic fil-
ter and fabric filter ensures the high quality of Flammable and
Non-flammable gases. The Flammable and Non-flammable gases
composition is about 12.31% H2, 10.13% CO, 1.48% CH4, 14.58%

CO2, 2.7% O2 and rest N2. While the engine inlet manifold is cou-
pled with gasifier, the engine will decorate, consequently more liq-
uid fuel will be supplied to the engine to maintain the speed
constant with the help of governor, which leads incomplete com-
bustion and misfiring [5]. To overcome the problems the Flam-
mable and Non-flammable gases is collected and stored in the
gas bags for a while and then it is supplied to the engine through
the inlet manifold with suitable arrangements along with air to
maintain the fixed gas composition ratio, heating value and con-
stant flow rate throughout the trial [10,11].

3. Experimental setup

A mid the motor start up and shutdown, the motor is permitted
to keep running with unadulterated fossil diesel to clean the igni-
tion chamber and also fuel stream lines. After the motor achieves
enduring state conditions biodiesel is provided and assist the
motor is permitted to run fifteen minutes again to achieve consis-
tent state with biodiesel. At last maker gas is provided alongside air
through the air consumption complex and tweaking is made to run
the motor consistent with biodiesel and maker gas in blended fuel
mode. After all the working parameters achieve relentless express,
the readings are taken for figuring’s.

The fuel infusion weight is fluctuated by utilizing diverse
adjusted fuel injector in the scope of 150, 200 and 250 bar. The
spout has three openings with a distance across of 0.3 mm with
a splash edge of 120�. The fuel infusion timing (230 BTDC), pres-
sure proportion (18) and maker gas stream rate (40 lpm) is kept
steady all through the preliminary [21].

The design of the exploratory setup is appeared in Fig. 1.
In this present work, U compose manometer is utilized to quan-

tify the air and gas stream rates to the gasifier and motor, whirl-
pool ebb and flow dynamometer is utilized as stacking gadget
and load cell is utilized to gauge the connected load on the motor,
MMW air reasonable smoke meter is utilized to quantify murki-
ness of fumes gas, KM9106 – quintox vent gas analyzer is utilized
to gauge the pipe gas creation, AUTO-CHRO WIN gas chromatogra-
phy is utilized to quantify the gas piece, K compose thermocouples
are utilized to gauge the motor fumes gas, calorimeter fumes gas,
calorimeter water delta, calorimeter water outlet and encompass-
ing temperature. Hot wire mass wind stream sensor is utilized to
gauge the mass of wind current rate, optical space sensor gave in
the fuel level marker is utilized to quantify the fuel stream rate,
wrench edge encoder mounted on the camshaft is utilized to quan-
tify the motor wrench point, piezoelectric weight transducer is uti-
lized to gauge the burning weight and rota meters are utilized to
gauge the water stream rate.

Table 1
Specifications of engine.

Producer: Kirloskar AV1 engine
Engine type: Single cylinder water cooled, variable compression ratio four

stroke engine
Stroke length in mm 80
Bore diameter in mm 100
Compression ratio 5:1 to 20:1
Stoke volume in litter 0.553
Fuel injection time 23� BTDC
Speed of the Engine in rpm 1450 to 1600
Ratting in Kw 3.7
Loading Electrical
Data monitoring system Test express V5.76

Fig. 1. Layout of experimental setup.
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4. Results and discussion

4.1. Performance parameters

Brake thermal efficiency is a Flammable and Non Flammable
Gas mixture of combustion efficiency in the sense how viably the
vitality from the fuel is changed over into valuable work. Fig. 2
demonstrates the impact of load on brake thermal effectiveness
for biodiesel and Flammable and Non Flammable Gas mixture in
blended fuel mode with various fuel injection pressure (Fig. 3).

Brake thermal efficiency is a Flammable and Non Flammable
Gas mixture of combustion efficiency in the sense how viably the
vitality from the fuel is changed over into valuable work. Fig. 2
demonstrates the impact of load on brake thermal effectiveness
for biodiesel and Flammable and Non Flammable Gas mixture in
blended fuel mode with various fuel injection pressures.

It is seen that the brake thermal efficiency is increased with
increase in fuel injection pressure and load. During part load con-
ditions efficiency is maximumwith fuel injection pressure 200 bar.
Both under penetration at lower fuel injection pressure and over
penetration at higher fuel injection pressure of biodiesel fuel dro-
plets will reduce rate of energy conversion. Moreover higher igni-
tion delay with low fuel injection pressure and lower burning rate
of the producer gas has its own impact on the brake thermal effi-
ciency reduction. At full load the brake thermal efficiency of
25.07, 26.77 and 26.90% is observed with the fuel injection pres-
sure 160, 210 and 260 bar respectively.

Liquid fuel consumption rate is gradually increasing with
increasing load invariably with fuel injection pressure. Fixed flow
rate of producer gas will not compensate the same ratio of energy
contribution at maximum load than the part load conditions and it
is only compensated with the liquid fuels. The governor regulates

the required liquid fuel supply to the engine. It also observed that
the liquid fuel consumption rate is during the fuel injection pres-
sure 210 bar is observed as 0.44, 0.52, 0.65, 0.82 and 1.09 kg/h with
0, 25, 50, 75 and 100% load respectively.

Brake specific energy consumption of the biodiesel and pro-
ducer gas in mixed fuel mode operation in comparison with differ-
ent fuel injection pressures is represented in the Fig. 4.

Since the Flammable and Non Flammable Gas mixture flow rate
and biodiesel blend ratio is fixed, the fuel injection pressure affects
the brake specific energy consumption significantly. The specific
energy consumption decreases with increasing load invariably for
all fuel injection pressures. During part load conditions the brake
specific energy consumption is minimum at fuel injection pressure
of 210 bar. The poor atomization of injected fuel at low and higher
fuel injection pressure increases the brake specific energy con-
sumption. On the other hand reduction in inducted air and pro-
ducer gas mixture flow during higher load conditions affects the
combustion process which leads higher brake specific energy
consumption.

4.2. Combustion parameters

Fig. 5 shows the peak pressure with respect to load for different
fuel injection pressures. Peak pressure increases with increase in
fuel injection pressure and this could be due to better atomization
of fuel is achieved at higher fuel injection pressure

Drastic improvement of peak pressure is observed up to fuel
injection pressure 210 bar. Beyond that only slight increase in peak
pressure is observed. Also the peak pressure increases with
increasing load. The peak pressure and maximum rate of pressure
raise is mainly depends on the viscosity and volatility of the liquid
fuel and burning nature of producer gas [12]. More fuel burning at

Fig. 2. Effect of load on brake thermal efficiency for different fuel injection
pressures.

Fig. 3. Shows the liquid fuel consumption rate for different fuel injection pressures.

Fig. 4. Effect of load on brake specific energy consumption for different fuel
injection pressure.

Fig. 5. Effect of load on cylinder peak pressure for different fuel injection pressures.
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high engine loads during premixed burning phase could be one of
the reasons for high peak pressure and higher rate of pressure raise
[13].

Fig. 6 shows the ignition delay with respect to load and different
injection pressures.

Ignition delay period is the time between the start of injection
and start of ignition which mainly depends on the types of fuel
used, temperature and pressure of intake air, compression ratio,
injection pressure, injection timing, engine load and speed
[12,14,15]. During 160 bar injection pressure the ignition delay is
higher at no load condition. Delay period decreases with increasing
load and this could be due to higher combustion chamber wall
temperature and residual gas temperature. At maximum load igni-
tion delay is very close to fuel injection pressure 210 and 260 bar.
The ignition delay decreases with increasing fuel injection pressure
but beyond 210 bar only marginal increment is traced out. This
could be due to higher fuel injection pressure the fuel droplets
impinges the combustion chamber wall reduces the wall tempera-
ture and also the surface contact area of the fuel droplet with the
air, results poor evaporation. Higher the volatility and viscous bio-
diesel and poor burning quality of producer gas increases the igni-
tion delay and combustion duration [14].

Effect of load on combustion duration for different fuel injection
pressures is represented in the Fig. 7.

The combustion duration increases with load invariably for all
fuel injection pressure and it decreases with increasing fuel injec-
tion pressure. Even though the ignition delay is minimum at full
load conditions the combustion duration is maximum and this
could be due to slow burning nature of biodiesel and producer gas.

Fig. 8 shows the heat release rate for different fuel injection
pressures in mixed fuel mode at 75% of load. There is no such sig-
nificant heat release rate difference is observed between the differ-

ent fuel injection pressures. Only marginal increase in heat release
rate is observed with increasing FIP.

4.3. Emission parameters

Fig. 9 depicts the Carbon monoxide emission with different load
and fuel injection pressures. Carbon monoxide emission is an indi-
cation of incomplete combustion inside the combustion chamber
[12,16–18].

Due to reduction of air and lower gas temperature, the interme-
diate combustion product of CO is formed rather than complete
combustion product of CO2. At lower fuel injection pressure the
size of biodiesel fuel droplet injected inside the combustion cham-
ber is high, reduces the surface contact area with producer gas and
air mixture. On the other hand at higher fuel injection pressure
leads over penetration and wet the combustion chamber which
reduces the wall temperature as well as rate of vaporization and
contact surface area. Hence the incomplete combustion results
higher CO emission at lower and higher fuel injection pressure.

CO emission decreases with increasing load invariably for all
fuel injection pressure. At higher load the reaction temperature
will be the maximum and it ensures the better combustion with
reduced carbon monoxide emission. Moreover CO emission is
inversely related with in cylinder combustion temperature [19].
Carbon dioxide emission is not considered in this study because
of carbon present in the biodiesel and producer gas does not con-
tribute to global warming since it is a part of global carbon cycle
[22].

Fig. 10 shows the impact of load on exhaust gas temperature
with different fuel injection pressures.

Fig. 6. Effect of load on ignition delay for different fuel injection pressures.

Fig. 7. Effect of load on combustion duration for different fuel injection pressures.

Fig. 8. Effect of load on heat release rate for different fuel injection pressures.

Fig. 9. Effect of load on CO emission for different fuel injection pressures.
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Exhaust gas temperature is increased with load invariably with
all fuel injection pressure. Exhaust gas temperature with fuel injec-
tion pressure of 150 bar is maximum for all load conditions. Mini-
mum exhaust gas temperature is observed with fuel injection
pressure of 200 bar which represents the better combustion.
Beyond 210 bar it again tends to increase. The maximum temper-
ature is observed as 3470 �C with 160 bar fuel injection pressure at
full load conditions. Longer ignition delay leads to increase the
exhaust gas temperature by delayed combustion process [20].

Fig. 11 shows the smoke opacity with different load and fuel
injection pressures. Smoke opacity is maximum at 150 bar fuel
injection pressure which indicate the poor combustion.

Lowest smoke opacity of 10% is observed with 200 bar fuel
injection pressure at no load condition. Maximum smoke opacity
of 72% is observed with 150 FIP at full load conditions. However
FIP of 200 bar shows the optimum smoke emissions than the rest.
This could be due to better.

Combustion with premixed mixtures and better atomization of
injected fuel. Smoke opacity significantly increases with load
invariably with all fuel injection pressures due to presence of fuel
rich core at high loads. Higher the smoke emission also represents
the incomplete combustion [18].

5. Conclusion

Fuel injection pressure is an important constraint and thereby
the optimization is carried out in the four stroke diesel engine
using biodiesel, flammable and non-flammable gas in mixed fuel
mode. From that study it is concluded that

Effective consumption of renewable fuels, biodiesel and pro-
ducer gas is successfully achieved in the IC engine.

Gas bag ensures the constant flow rate and composition of flam-
mable and non-flammable gas throughout the trial.

Flammable and non-flammable gas storage unit (gas bag) elim-
inates the IC engine to be coupled with gasifier. Moreover gasifier
can run separately and the stored producer gas can be utilized to
run the engine.

Fuel injection pressure 210 bar is optimum for all load condi-
tions in the view of

1. Higher brake thermal efficiency, lowest brake specific energy
consumption, lowest brake specific energy consumption and
less liquid fuel consumption

2. Lowest ignition delay and Maximum pressure inside the com-
bustion chamber

3. CO emission is minimum, minimum Smoke, Minimum Exhaust
gas temperature
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a b s t r a c t

In this research is to make the sheet made of jute reinforced polyurethane which has the properties of
non toxic with high tensile strength, stiffness and bending strength Ramesh et al. and Naga Prasad
Naidu et al. [1,6] it will make the good replacement over the normal concrete asbestos. In previous
research the normal concrete asbestos affects the humans with the diseases of lung cancer and mesothe-
lioma. The mesothelioma is a cancer occurs and effects on the linings of lungs and abdomen Krug et al.
[3]. The worst thing is that peoples are not aware about it. And also cannot simply ignore concrete asbes-
tos because it has the advantage of very good thermal insulation Sanjeevamurthy [5] and cheaper cost to
reduce the usage of asbestos with our project of replacing by jute reinforced polyurethane roofing.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

The heterogeneous mixture of two or more materials to obtain
the high strength, wear resistance for the structural and dynamic
applications [2] is called as composites. One constituent of the
composite is called as the reinforcing phase and the other one in
which the reinforcements are embedded is called the matrix phase.
The reinforcements can be of the forms such as fiber, particle, or
flake [7]. They may be continuous in the form or discontinuous
in the form. The matrix phase materials are generally continuous.
Examples of composite systems include concrete reinforced with
steel and epoxy reinforced with graphite fibers.

Natural fibers which we are going to use become more superior
alternatives of other fibers as -reinforcements for polymeric com-
posites due to their high flexural modulus [4] and which results
in impact strength. In addition to this, natural fibers are eco
friendly, biodegradable, more available, renewable with low den-
sity and cheap [15].

1.1. Polymer matrix composites (PMC)

Polymers can be work as usual materials as they are processed
easily, possess low weight, and also desirable mechanical proper-
ties. It also follows that high temperature resins are widely used

in aeronautical applications. Two main types of polymers are ther-
moset and thermoplastics. Thermoset polymers have very good
qualities such as a good-bonded three-dimensional molecular
structure after process [9]. They usually will decompose instead
of melting on hardening. Merely changing its composition of the
resin is good enough to change the conditions to make more suit-
ably for curing and determine the other characteristics. Polymers
can also be retained in a partially cured condition too over very
prolonged periods of time, rendering Thermoset too very flexible.
Thus, polymers are most essential materials for advanced condi-
tions fiber reinforced composites [10].

2. Identification of problems

2.1. General

The major cons of using asbestos material is that it can cause
seriously hazardous to health. Asbestos contains of invisible small
particles which when released in the atmosphere can cause dis-
eases if it is inhaled for a continuous period of time. Because of this
major cons new materials are being manufactured for the replace-
ment of the asbestos.

2.2. Health concerns

The asbestos cement should not allow asbestos fibers to mix
with air as it can occur several health issues with careless con-
struction methods and without much proper maintenance. And
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most importantly long-term exposure to asbestos micro particles is
linked to causing lung cancer and mesothelioma. Since the Asbes-
tos fibers are microscopic, someone may not even be aware the
fibers are in the air. Any asbestos cement showing signs of wear
needs immediate attention.

Any individual who considers or knows they were presented to
asbestos eventually in time ought to promptly tell their essential
think specialist about their introduction history. This will guaran-
tee mesothelioma and different asbestos- related maladies are
not precluded as the reason for the indications.

Like some other items, asbestos can be unsafe without watching
legitimate precautionary measures. In the event that there is indis-
creet development technique concerning asbestos, the asbestos fil-
aments can be held up into the air. In spite of the fact that it may
appear that there’s nothing unique about it, asbestos strands rep-
resent an extraordinary hazard to one’s well being.

The individuals who are straightforwardly presented to asbes-
tos like development laborers and woodworkers, can be beset with
lung disease and mesothelioma. Mesothelioma is characterized as
an uncommon growth that influences the linings of the lungs or
belly. Because of its well being dangers, certain asbestos items
are prohibited in the United States [14].

2.3. High repair costs

While the solidness is great, in the long run even asbestos bond
must be repaired or supplanted [12]. While certainly feasible, awe-
some care and exceptional hardware is expected to chip away at
asbestos-containing materials to keep the filaments from discharg-
ing. For instance, asbestos materials ought to stay wet or evacuated
in place. Laborers should utilize veils or other breathing channels
while working. Thusly, the reserve funds on asbestos concrete at
development could undoubtedly progress toward becoming
refuted not far off from repair and substitution costs.

3. Preparations

Initially we have discussed about the materials that have been
used in our day to day life and studied every material’s behavior
nature. And we found that concrete asbestos produces cancer
and mesothelioma. So we decided to produce an alternative to
the normal concrete asbestos. And we have listed all the demerits
of concrete asbestos like heavy weight, low stiffness properties.
And we have a idea about using natural fibers. In natural fibers jute
is the most affordable one and very cheaper one because of that we
decided to use that. And in the selection process of polymer we
studied lot of materials such as polypropylene, polyurethane and
polyester etc. and finally we chose polyurethane. And for the bond-
ing purpose general polymer resin was a very good option so we
used it. And in order to speed up the reactions cobalt and catalyst
are used. For avoiding sticky with die wax is used. Initially, polyur-
ethane sheets of size 300 mm � 200 mm � 1 mm were prepared
by dumping on hot water for 30 min and it is placed in a compres-
sion molding set up, which consists of a mould set. The woven Jute
fabric and the polymer sheets were arranged one over the other in
the mould. And the polymer sheets was kept between the woven
Jute fabric. To prevent sticking of polymer sheets to the mould
plates, 2 mm thickness Teflon sheets were used on the top and bot-
tom. The melting temperature of Teflon sheet is too high as com-
pared to the Polymer sheets. The entire assembly was pressed for
120 min. Finally removal of composite laminates takes places.
The experimental composites were prepared by varying the weight
percentage of the fiber reinforcement to 30, 40, and 50 percent. In
order to prevent from sticking of jute in the die, wax is applied in

the Teflon sheets and in the die. If the wax is in the solid form the
wax is preheated to cream and it is applied (Table 1).

4. Results and analysis

4.1. Tensile test

The results states that when we add the jute above 35% of total
weight the tensile strength of the composite material decreases.
Thus we concluding that jute should not be added more than
35% of total weight (Fig. 1).

5. Conclusion

Asbestos has got a property of high thermal insulation capacity
which is greater than the thermal insulation capacity of composite
materials. Asbestos roofing sheets can withstand up to high tem-
perature of 400–500 �C approximately, which cause in reducing
the strength of the sheet with respect to increase in temperature.
But in composite material the thermal insulation capacity is lower
but sufficient to withstand the atmospheric temperature.

Since change is inevitable should also try to adapt to the
changes. And main objective of our project is to stop the people
affecting by the concrete asbestos and to make the revolution in
this field making this essential replacement whenever required.
It reduces the greatest disadvantages of concrete asbestos (being
nontoxic). It has great scope in the field of roofing. And in future
in thought of reducing the only drawback of our project is less
thermal insulation. This is going to be achieved by using less ther-
mal insulation resins (Epoxy, General polymer). It doesn’t have
conditions such as should be used in wet conditions and hope this
can make a revolution in this field.
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a b s t r a c t

Leaf springs, oldest forms of suspension system used in automobiles. The behavior of the automobile sys-
tems is based on performance of leaf spring. Heavy weight of leaf spring is considered as drawback. To
avoid this, researchers pointed out in reducing weight of leaf spring with the help of alternate materials.
Objective of this paper is to reduce weight of leaf spring by using composite materials like Glass, carbon,
Aramid fibers and Epoxy resin. The different specimens were prepared using Manual layup method, they
are taken for Flexural, tensile and Impact test. All values are tabulated and compared.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

Leaf spring was first introduced by Obadiah Elliot in 1804 which
is used as a suspension for horse drawn cart. Later it was incorpo-
rated for automobile vehicles. Weight decrease plays an important
role in vehicle industry because of its spare material and vitality
[1]. Normal leaf spring may leads to failure due to leaf spring dis-
appointment which leads to accident. This steel leaf spring can be
modified by using fiber reinforced polymer, so it can reduce the
half the failure (or) mischance of leaf spring due to spring disap-
pointment [2]. For reducing the weight the best solution is using
substitute material, for making this material reinforced fabricating
method is utilized [3]. Likely 20% of unsprung weight in the vehicle
consist leaf spring weight also, for reducing this spring weight we
need to find an alternate source, by the way we can reduce the
energy loss occurred in the vehicle [4]. The Main objective of our
project is to reduce weight and increase the suspension system.
More effectively without change in the strength of the spring.

1.1. Composite material

The term composite material is first used at the period of 1950s
in abroad. Later in 1960s the word composite can be used by all the

people. Composite material is complex multi-part different-stage
framework and it is hard to define the word composite material.
In the ‘‘material dictionary” which is corrected by ‘‘Changxu Shi”
gave a elaborate and broad meaning for the word composite. The
composite material are new material which consists of different
components to make this single component [5]. This can be man-
ufactured by regular polymer, inorganic metal or non-metal
through compound advancement. The structure of composite
material have two phases, framework and stronghold. the commit-
ment of stronghold is achieving nature of the composite and the
lattice have the obligation of holding of the fortresses and the com-
posite have mix of properties, for instance immovability quality,
weight, high temperature execution, hardness and conductivity.
If the composite to be manufacture by using polymer, then it is
called as fiber reinforced polymer. Any metal to be used for manu-
facturing then it is called as metal matrix composite.

2. Manufacturing method

The primary manufacturing methods used to produce compos-
ites include:

� Manual Lay-Up
� Compression moulding
� Spray-Up
� Filament Winding
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� Injection moulding
� Resin Transfer Moulding

2.1. Manual lay-up method

It is a open moulding method used for making composite mate-
rials that differ from small to large size. Production of composites
using this method is very slow but its feasible to produce the
enough quantity using multiple molds. When compared to other
types of molding methods, this one will be of less investment.
Quality and production rate is based on the efficiency of the oper-
ator. The simple replacement of leaf spring by composite yield sig-
nificant weight saving. It is not an easy task to replace steel by
composite leaf spring. In these project glass fiber and carbon fiber
and epoxy resin material is used to make the leaf. There are differ-
ent types of techniques are available for the fabrication of compos-
ite leaf spring. For the fabrication of leaf spring we use the hand lay
up method. It is also known as open moulding method and it
required least amount when compare to other methods [6]. This
method is used to fabricate all kinds of materials from large to
small. This method includes fiber and resin for developing. Fiber
is used in the system in hand and resin with brush or roller. It is
one of the simplest moulding method with low cost tooling and
simple processing. For better quality surface, with the help of spray
gun a gel type of coat is applied [7]. Once the gel coat is cured, then
the fiber is manually placed on the mould. The laminating resin is
applied by pouring, brushing, spraying, or using a paint roller. FRP
rollers, paint rollers, or squeegees are used to consolidate the lam-
inate, thoroughly wetting the reinforcement and removing
entrapped air. Subsequent layers of fiberglass reinforcement are
added to build laminate thickness. The layer by layer of resin and
fiber are applied by the method of hand lay up method. This is
known as sandwich construction.

3. Material

Conventional steel leaf spring and composite leaf spring are two
types of leaf springs on which the analyses conducted. The materi-
als used in the steel leaf spring are plain carbon steel, chromium
vanadium steel, chromium nickel molybdenum steel, silicon man-
ganese steel are materials used in design of steel leaf spring. The
composition percentage of the conventional steel material are
shown in the Table 3.1 and the design Parameters of steel leaf
spring are shown in Table 3.2. The commercially used fibers are
Glass, Carbon and Kevlar Fibers other fibers such as Boron, Silicon
Carbide, Aluminium Oxide are the materials used in certain quan-
tities. The matrix may be a polymer, ceramic are any Metal. Here in
our composite leaf spring consists of E-Glass fiber, Aramid and Car-
bon fiber. Hence that the carbon have greater strength when com-
pared to steel [8]. The parameters for the composite leaf spring are
listed below.

Glass fiber is a material consisting of numerous extremely fine
fibers of glass. Glass fiber has roughly comparable mechanical
properties to other fibers such as polymers and carbon fiber. Car-
bon composite is an extremely strong and light fiber-reinforced
plastic which contains carbon fibers. CFRPs can be expensive to
produce but are commonly used wherever high strength-to-
weight ratio and stiffness (rigidity). Aramid fibers are a class of
heat-resistant and strong synthetic fibers. Aramides have a very

high melting point (>500 �C). Glass fiber and aramid fiber have ten-
sile strength above 3000 N/mm2 and carbon fiber have higher
strength then the steel [9]. So we can use this fiber for making
the composite leaf spring. These are parameter of composite leaf
spring. And the testing and results are listed below.

4. Testing and result

Result for carbon, glass and aramid fiber.
In order to check the mechanical properties of manufactured

specimens, the three types of tests were carried out. They are

� Flexural test
� Tensile test
� Impact test
� Hardness test

4.1. Flexural test

Flexural strength are also known as bend strength or rupture
strength. It is a materials property defined as the stress in a mate-
rial just before it yields in a rupture test or simply it is said as the
maximum stress observed by the materials. Flexural test analysis.
ASTM of flexural test is D790 (Figs. 4.1 and 4.2 and Tables 4.1 and
4.2).

4.2. Tensile test

A pliable test, otherwise called pressure test, is presumably the
most principal sort of mechanical test you can perform onmaterial.
As the material is being pulled, you will discover its quality along-
side the amount it will lengthen. ASTM for tensile test is D7960 or
D638 (Figs. 4.3 and 4.4 and Tables 4.3 and 4.4).

4.3. Impact test

Izod impact testing is an ASTM standard method of determining
the impact resistance of materials. ASTM for Impact test is D256. A
pivoting arm is raised to a specific height (constant potential
energy) and then released. The arm swings down hitting a notched
sample, breaking the specimen. The energy absorbed by the sam-
ple is calculated from the height the arm swings to after hitting
the sample.

Sample – I
Impact values in joules: 18
Sample – II
Impact values in joules: 16

Table 3.1
Materials composition of steel leaf spring (55Si2Mn90).

C% Si% Mn% Cr% Mo% P% S%

0.55 1.74 0.87 0.1 0.02 0.05 0.05

Table 3.2
Design parameters of steel leaf spring.

Parameters Values

Materials selected 55Si2Mn90
Tensile strength 1200 MPa
Impact strength 30 J
Flexural Strength 310 kN
Hardness Strength 92
Total Length 1540 mm
Spring Width 70 mm
Number of Leaves 01
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Fig. 4.1. Load vs displacement graph for flexural test for sample 1.

Fig. 4.2. Load vs displacement graph for flexural test for sample 2.

Table 3.3
Dimension for carbon, glass and aramid fiber.

Parameters Sample 1 Sample 2

Width 25 mm 25 mm
Thickness 13 mm 13 mm
Length 200 mm 250 mm

Table 3.4
Dimensions for carbon and glass fiber.

Parameters Sample 1 Sample 2

Width 38.55 mm 39.37 mm
Thickness 9.68 mm 9.46 mm
Length 25 mm 25 mm
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4.4. Hardness test

There are variety of hardness test are present here we have cho-
sen the Rockwell Hardness Testing. Hardness is a characteristic of a
material, not a fundamental physical property. It is defined as the
resistance to indentation, and it is determined by measuring the
permanent depth of the indentation. With the help of the Rockwell
hardness test we have obtained the value of the test specimen such
as 89 and 90.

Result for carbon and glass fiber.

4.5. Flexural test

Flexural strength are also known as bend strength or rupture
strength. It is a materials property defined as the stress in a mate-
rial just before it yields in a rupture test or simply it is said as the
maximum stress observed by the materials. Flexural test analysis.
Here in graph Fig. 4.5 represents the flexural test of specimen 1.
This graph is plotted for rectangular specimen. The dimensions
for the given specimen is shown in the Tables 3.3 and 3.4. The
specimen absorb the maximum force of 5.760 KN. At this point
the failure of specimen takes place.

4.6. Tensile test

A pliable test, otherwise called pressure test, is presumably the
most principal sort of mechanical test you can perform onmaterial.
As the material is being pulled, you will discover its quality along-
side the amount it will lengthen. This graph Fig. 4.6 represent the
tensile strength of the given specimen. The dimensions for the
given specimen is shown in the Tables 3.3 and 3.4. The specimen
absorb the maximum force applied is 34.620 KN. The specimen
can withstand up to 92.955 MPa. These value is taken for area
372.440 mm2. At this point the failure of specimen takes place.

4.7. Hardness test

There are variety of hardness test are present here we have cho-
sen the Rockwell Hardness Testing. Hardness is a characteristic of a
material, not a fundamental physical property. It is defined as the
resistance to indentation, and it is determined by measuring the
permanent depth of the indentation. With the help of the Rockwell
hardness test we have obtained the value of the test specimen such
as 83, 84 and 85.

Table 4.1
Description for flexural test (Sample 1).

Parameter Description

Material Carbon, Glass, Aramid Fiber Composite
Machine Universal Testing Machine, 600 kN
Sample type Rectangular
Width 25.23 mm
Thickness 13.34 mm
Gauge length 50 mm

Results of Flexural Test:
Maximum Force (Fm): 7.920 kN.

Table 4.2
Description for flexural test (Sample 2).

Parameter Description

Material Carbon, Glass, Aramid Fiber Composite
Machine Universal Testing Machine, 600 kN
Sample type Rectangular
Width 24.94 mm
Thickness 12.83 mm
Gauge length 50 mm

Results of Flexural Test:
Maximum Force (Fm): 6.900 kN.

Fig. 4.3. Load vs displacement graph for tensile test for sample 1.
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4.8. Impact test

Izod impact testing is an ASTM standard method of determining
the impact resistance of materials. ASTM for Impact test is D256. A
pivoting arm is raised to a specific height (constant potential
energy) and then released. The arm swings down hitting a notched
sample, breaking the specimen. The energy absorbed by the sam-
ple is calculated from the height the arm swings to after hitting
the sample.

Sample – I
Impact values in joules: 18
Sample – II
Impact values in joules: 16

5. Conclusion

The above table contains the results of both sample tests in
three different methods. The above values are compared with the
default leaf spring which is also mentioned. Based on the tested
values we can say that the composite leaf spring will provide better
performance when compared to ordinary steel leaf spring. So selec-
tion of composite materials for the manufacturing of leaf spring
will provide better efficiency. Each fiber having higher strength
when its individually but when combining these fiber it may have
some less strength when compared with steel leaf spring also man-
ufacturing method is important. By using manual lay up method
give reduced strength due to air molecule inclusion present in
the fiber at time of manufacturing. So its suitable for light moving
vehicle. These composite leaf spring can absorb more vibration and
also give more cushion and better suspension effect. When com-
pare these two result and we conclude Glass, Carbon and Aramid
Fiber spring can give more strength than Carbon and Glass Fiber
spring (Tables 5.1 and 5.2).
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a b s t r a c t

Shorter cellular manufacturing systems (CMSs) have emerged to cope with such production requirements
and have been implemented with favourable results. Designing and implementing effective CMS involves
many problems such as cell formation, machine layout, alternative process routes and inventory lot siz-
ing. To review different heuristic, meta-heuristic, hybrid and exact solution algorithms developed to solve
NP-hard problems associated with medium and large sized CMS problems. However, most of the
researchers mainly focus on single optimization problem as multi-optimization results in poor perfor-
mance. Hence, a robust meta-heuristic algorithm with hybridization is essential to address multiple
CMS problems simultaneously.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

With spiraling demand for more mid-volume and medium vari-
ety of products with shorter life span, there is increasing burden on
the producers to design effective products using better manufac-
turing systems. An effective manufacturing system consists of a
number of cells each containing not more than 5 machines [2]
for better productivity, production process, efficiency, efficacy, to
reduce production cost etc., in order meet customer’s demand on
time [16,20]. Traditional cell manufacturing systems (CMS) such
as functional layouts (job shops) and product flow layout (flow
shops) cannot handle such high efficiency and efficacy as individ-
ually they consume high cycle time level and results in less flexibil-
ity and job satisfaction [16]. Hence Group Technology (GT) strategy
was introduced in the recent years for achieving better production
through cell manufacturing systems (CMS). GT in CMS aids to solve
NP- hard problems by collating non-similar machines into manu-
facturing cells or machine groups and similar parts into part fam-
ilies. Such part families can be processed within single machine
group [14] which forms the basis of effective production design

and planning [16]. Similarly, GT helps to group production system
into many distinguishable production cells to produce different
parts from part families [2,14,20]. Also, it helps to group similar
products requiring same process into families and produced in a
cell consisting of functionally, non-similar machines, thereby
enhancing production volume and solving long production times
in batch manufacturing process by optimum use of machines or
parts [2,23]. Since, large production volume is achieved through
process and product grouping, CMS based on GT takes advantage
of both product and functional layout by combining the efficiency
of conventional flow shops with flexibility of job shops [2]. Recent
days demand for more multifunctional manufacturing equipment
and such needs are accomplished by processing production
throughmultiple routes. Alternative process route enables efficient
and flexible cell manufacturing system [25] by minimizing capital
investment in machine, reducing intercellular movement of parts
[4], better utilization of resources or machines and more number
of independent cells [10]. Apart from reducing material flow by
minimizing inter and intracellular movements, CMS with GT were
developed to reduce process set up time. When similar tools or
workers are grouped together, the set-up time decreases and
batch-size reduce. It is important to achieve shorter set up time
as it can affect batch size hence work-in-progress (WIP) levels.
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For example, a production batch size can be reduced to 1 if the set
up time is reduced to 0. With small batch sizes, parts do not travel
far as machines are grouped together resulting in low WIP levels,
in-process scheduling, material handling cost and lead times [2].
Therefore effective CMS design is required to improve throughput
times, product quality and management systems and finally to
achieve better production efficiency and floor control [2,14].

2. Problems faced by electronic manufacturing industries

In manufacturing industry, each cell contains several function-
ally dissimilar machines which can be used modified to be used
in different operations. Such, production cells can be utilized to
process production of various electronic goods. For effective func-
tioning of these industries, it is important to group part types
based on their similarities so that they can be effectively used in
different processing lines such as fabrication, insertion, assembly,
packaging etc. [16]. It is important to minimize intercellular move-
ment of parts which is affected by a number of factors such as total
number of parts present in the industry, number of batches, batch
sizes, process sequence and routing[7].Therefore, designing an
effective, real time applicable CMS involves many steps such as cell
formation (CF), layout, alternative routing process etc., of which
addressing cell formation problem (CFP) is the most important step
[16,24]. CFP is a non-polynomial (NP) complex optimization prob-
lem [5], which involves the identifying and grouping machines and
parts into cells and families with an objective to minimize inter
and intra cellular movements [14]. Though CF can be both static
and dynamic [24], with growing demand for effective machine
and cells utilization, in a dynamic environment, were the produc-
tion quantity does not necessarily equate to the demand, there
can be increased demand for parts by various product mixes. This
NP-hard problem can be overcome by integrating the CMS and Pro-
duction Planning (PP) [28]. Production planning done beforehand
in order to estimate and reconfigure the number and type of
machines required to be placed for a particular period of time in
a manufacturing cell [16,18] helps to optimize CF results by reduc-
ing production process time, cost involved in machine handling
and labor, number of set-up required thereby enhancing product
quality [7] however achieving such optimization using current
algorithms might take long time and not necessarily result in bet-
ter optimality [16].

Followed by CFP, the second most important step to be opti-
mized is layout design, as it affects productivity of an organization.
The different types of layout which requires to be optimized are
machine and cell layout which includes both process and product
layout respectively [21]. Modern days manufacturing process
require optimization of machine layout problems (MLP) as a single
machine may be required to performmulti functions by processing
various parts to develop different products. Alternative processing
routing is required as different parts in cells may have different
sequence of operation due to the demands placed by various prod-
ucts [7]. Also, replication of machine is not possible or resolved to
be last step in solving machine layout problem due to high capital-
ization cost of machine [16]. Hence, machine layout problem
should be optimized to minimize intercellular movements of parts,
machine coinciding and duplication [36,37] (Table 1).

The next NP-hard problem to solve in designing effective CMS is
cell layout. A cellular layout consist of both product and process
layout [21]. Grouping in cell layout enables collation of a set of
machines with a number of components into unique machine-
component cells so that process requirements of components in
each machine cell is achieved within a cell [21], hence minimizing
inter-cell movement of parts. The other problems include produc-
tion, cell related costs, alternate routing, system reconfiguration,

lot spitting and workload balance among machine and cells [16].
Fig. 1 represents different problems of CMS designing.

From literatures, it is understood that when researchers
attempt to combine and solve CFP, MLP and cell layout problem
(CLP) using single algorithm or approach, they mostly results in
poor optimization and computational time. Hence, it is not advis-
able to solve multiple CMS problems through single approach.
Sequencing of CMS problems results in better and effective CMS
design [31]. Recently, several authors have preferred use of heuris-

Table 1
Problems in designing effective CMS.

CMS designing problems

Cell Formation Problems (CFP) in which machine groups and part families are
formed

Intra-cell or Machine layout determines the location of each machine in each
cell

Inter-cell or Cell layout specifies the location of each cell
Group scheduling, lot splitting or workload balance
Resource (human, tool and materials) allocation problem.
Cell-related cost

Source: Modified from Ameli et al. [1].

Fig. 1. Different optimization algorithms used in Cell Management Systems (CMS).
Source: kamalakannan et al. [34,35].
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tic or meta-heuristic algorithms against mathematical modelling
in solving large complex problems of CMS [16]. Moreover, some
researchers have even attempted to use meta-heuristic or hybrid
algorithms in multi-objective optimization of CMS owing to its
efficiency [14] which is also discussed in detail in this review
[34,35] (Table 2).

3. Meta-heuristic algorithms

Meta-heuristic algorithms are derivatives of powerful heuristic
algorithms, which on basis of heuristics methods, identify best
possible solutions by guiding them over the search space [2].

3.1. Genetic Algorithm (GA)

One of the most widely used meta-heuristic algorithm in solv-
ing complex CMS problems is GA. GA was developed by Holland
[8] on basis of natural evolution and genetics. It does intelligent
random search within search space to solve NP- hard problems
by providing best optimal solutions. GA starts with initial set of
random population and each individual in the population analogy
to behavior of chromosome, acts as solution of the object function.
With search space, based on objective function each member of the
population compete and select best neighbor. This process of selec-
tion is based on evaluation called as ‘fitness function’. In concur-
rent steps, a new set of population is generated from crossover
and mutation and the process continues to a set number of itera-
tions known as ‘stopping criterion’ till best optimal solution is
achieved.

The six steps of GA are as follows;

Step 1. Identification of initial population (random)
Step 2. Fitness function to evaluate each individual population
Step 3. Selection of best neighbor through search space
Step 4. Creation of new set of population by crossover
Step 5. Mutation of the population
Step 6. Iteration of steps based on stopping criterion till best
optimal solution is achieved.

According to What is six sigma [31], performance of GA can be
improved by choosing proper parameter values before implement-
ing the algorithm. Since, grouping of machine and parts in manu-
facturing cells minimize cell idleness and enhance its efficiency, a
GA was proposed were a special procedure was used to generate
random initial population were one machine and one part is
assigned to only one cell. Roulette Wheel selection procedure
was used as selection strategy and for mutation, individuals are
randomly chosen from the population in the proposed algorithm.
When compared to grouping efficacy of ZODIAC, GRAFICS, GATSP,
GA, EA and SA, the proposed algorithm showed better grouping
efficacy in 6 problems and equivalent to best one in 11 problems
[17]. Saraç and Ozcelik [26] developed a novel GA by combining
different reproduction types with different crossover operators.
Single, double and uniform crossover operators and roulette wheel,
stochastic sampling and tournament was used in various combina-
tion to solve CFP and to maximize grouping efficacy. When com-
pared with algorithms such as simulated annealing (SA), tabu
search (TS), classic genetic algorithms with single point crossover,
ant system (AS) and competitive neural network (CNN) developed
by previous authors, the proposed algorithm showed equal group-
ing efficacy as best ones for 8 problems and improves grouping
efficacy values for 6 problems. In order to address CF problem such
as optimization of alternative processing route to minimize total
intercellular movements of parts, process sequence and routing
[7] developed a genetic algorithm heuristic and its optimization

results was compared with existing algorithms such as SA, TS,
fuzzy approach and similarity coefficient method and was reported
to be better or comparable to the existing algorithms.

3.2. Particle swarm optimization algorithm (PSO)

Similar to GA, PSO is newly developed nature inspired,
population-based local random search technique for addressing
complex optimization problems. Developed by Kennedy and Eber-
hart [15] based on social interaction by flock of birds and school of
fishes. The movement of the group or swarm is based on the lea-
der’s knowledge. Similarly, in PSO algorithm, solutions are
obtained by following the best performer in the group. Being a
member of swarm intelligence, it helps to solve continuous nonlin-
ear problems [9]. Husseinzadeh Kashan et al. [9]. Developed a nov-
el, discrete PSO, GBPSO algorithm based on grouping
representation and grouping operation (group encoding) to solve
cell formation problems. The proposed algorithms performance
was compared against grouping genetic algorithm in 40 test prob-
lems. It was found that the developed algorithm gave better solu-
tion for 23 problems and for remaining 17 problem, the solution
for both algorithms remained the same. Hence, for same popula-
tion size and iteration, the optimal solution provided by GBPSO
is more effective than GGA with minimal CPU time. However,
hybridization of grouping genetic algorithm with a local search
algorithm showed better solution against GBPSO hybridized with
same local search. Similarly, Mahmoodian et al. [19] proposed a
novel intelligent algorithm combining artificial individual intelli-
gence and swarm intelligence, PSO and self-organization map
(SOM) neural network (IPSO) for solving discrete CF problems.
The proposed algorithm works in phases. Firstly, it trains network
groups to learn on basis of distance measurement followed by sec-
ond phase training were particles are directed to viable regions.
The optimization results of the proposed algorithm was compared
against standard PSO and best known solutions from literature for
efficiency and efficacy. Though the developed algorithm was found
to be effective. It had its own limitations such as the proposed algo-
rithm does not provide optimal solution for cell clustering and has
to be tested on larger problems.

3.3. Hybrid algorithm

Pachayappan and Panneerselvam [21] proposed a hybrid
genetic algorithm (HGA) were the initial population was generated
randomly using ideal seed heuristic and fitness function value of
each chromosome was evaluated. Crossover and mutation process
was applied on the subpopulation to produce offspring and their
fitness function value was assessed. This process was repeated till
best fitness function value among machine-component is selected
and implemented. It provided better grouping efficiently and
grouping efficacy when compared to ZODIAC and GRAFICS algo-
rithms. A hybrid grouping genetic algorithm (HGGA) developed
by James et al. [11] local search with a standard grouping genetic
algorithm to solve machine-part cell formation problem (MPCF).
Selection is based on rank based roulette wheel selection, along
with the GGA 2 point crossover operator with repair heuristic.
No mutation operator was used. 35 problems were identified from
literature and tested for HGGA against ZODIAC, GA, MST-Clustering
Algorithm, GRAFICS, GATSP, genetic programming (GP) and evolu-
tionary algorithm (EA). When compared to GGA, HGGA performs
best in 30 problems and similar to GGA in 5 problems. The HGGA
performs equivalent to other algorithms. Though EA showed better
performance on few problems when compared to the HGGA due to
rounding, data inconsistencies and few single reported studies on
EA lead to poor comparison of the EA against hybrid grouping
genetic algorithm.
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Table 2
Different heuristic and meta-heuristic algorithms developed to solve CMS NP-hard problem.

Author and Year Proposed Algorithm Problems addressed in CMS Compared algorithms Total
number of
problems

Total number of
problems with
best solution

Total number of
problems with
equivalent solution

Mahdavi et al. [17] GA with Roulette Wheel selection procedure and
randomly chosen individual for mutation

Cell layout – grouping efficacy ZODIAC, GRAFICS, GATSP, GA, EA
and SA

17 6 11

Saraç and Ozcelik [26] GA working with different crossover operators
(single-point, double-point and uniform) and
reproduction types (roulette wheel, stochastic
sampling and tournament)

Cell formation – grouping efficacy SA, TS, original GA with single point
crossover, AS and CNN

14 8 6

Hazarika and Laha [7] GA Cell layout – intercellular movements SA, TS, fuzzy approach, similarity
coefficient method

– – –

Husseinzadeh Kashan
et al. [9]

GBPSO algorithm based on grouping representation
and grouping operation

Cell formation problems GGA 40 23 17

Mahmoodian et al. [19] IPSO – PSO with SOM neural network Discrete CF problems PSO – – –
Pachayappan and

Panneerselvam [21]
HGA with ideal seed heuristic CF problem ZODIAC and GRAFICS – – –

James et al. [11] HGGA with local search. rank based roulette wheel
selection and 2 point crossover operator with the
repair

Machine-part cell formation problem
(MPCF).

ZODIAC, GRAFICS, MST, GATSP, GA,
GP and EA

35 30 5

Wu et al. [32] SACF CF problem for grouping efficacy ZODIAC, TSP-GA GA 25 18 6
Jouzdani et al. [12] SA with local search Cellular layout – inter and intra-cellular

movements; set up cost, alternative
routing

SA, BB 10 – –

Wang et al. [30] SSPPO cell formation and parts scheduling
problem (CFPSC)

SSSPT, SSODD and SSFIFO 12 – –

Ameli et al. [1] MOSS cell formation and layout design problems Epsilon constraint and NSGA-II. – – –
Bajestani et al. [3] MOSS along with MADM technique (TOPSIS) dynamic cell formation problem along

with cell load variation and cost
minimization

SPEA-II and NSGA-I 10 – –

Solimanpur et al. [27] ACO Sequence, production volume problems
along with minimizing intercellular
movements and voids

CLASS, clustering, minimum
spanning tree, GA, neural network

8 4 4

Kamalakannan et al.
[13]

ACO MPCF ZODIAC, GRAFICS, MST-Clustering
Algorithm, GATSP, GA & EA.

16 5 8

Karoum et al. [14] CS along with Local search CFP ZODIAC, GRAFICS, EA, SA, GRASP
heuristic, GA and large neighbour
search (LNS)

35 31 4

Tavana et al. [29] DCOA along with GT resource allocation, manufacturing cost
and system productivity problems

FF, RR and GA 40 – –

Gómez et al. [6] TS with multithread processing CFP TS 11 5 3
Papaioannou and

Wilson [22]
TS with short-term memory and overall iterative
searching strategy

CFP Mixed integer linear programming – – –

Source: kamalakannan et al. [34,35].
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3.4. Simulated annealing

Developed by Kirkpatrick et al, SA is a powerful heuristic
method which avoids local minimum by jumping to higher energy
state until best solution is found in search spaces. Unlike other
heuristic and meta-heuristic methods, SA proves to be an effective
and easy to implement multi-objective algorithm to address mul-
tiple optimization problems. Developed SA algorithm for CF prob-
lem (SACF) was the number of cells resulting in the best grouping
efficacy is generated automatically, or users are given the flexibil-
ity to choose the number of cells they prefer. Also, additional indi-
cators are used to speed up the search process in local optima. 25
problems from literature were identified and tested against
ZODIAC, TSP-GA and GA algorithms. It was found that the proposed
algorithm showed improved group efficacy values in 18 and equiv-
alent values in 6 problems respectively.

In its first attempt to consider inter and intra-cellular move-
ments based on operation sequence, and setup costs along with
alternative routings and machine reliability [12] developed an SA
algorithm with a local search procedure. Out of 4 problems identi-
fied from the literature and 6 randomly generated test problems,
the computational results were comparable with original SA and
Branch and Bound (BB) method. Apart from its efficiency and effi-
cacy calculation, time spent on obtaining solution and quality of
solution obtained was difficult to compare.

3.5. Scatter search

SS is a heuristic proposed by Grover in 1977 were non-random
solutions are generated. Instead of working on a single solution,
similar to other evolutionary based algorithms, it embeds a set of
combined solutions to construct new solutions. This initial set of
solutions is obtained from prior problem solving memory and
not only based on objective function values. Though Tabu Search
(TS) metaheuristic and SS share same origin, as both derive at solu-
tions based on memory, it was initially assumed that SS was a pro-
cess available inside the framework of TS. However, over past
decade, SS has received considerable attention from researchers
as it is a flexible meta-heuristic approach which can incorporate
a number strategies like local search, TS etc. to solve complex prob-
lems [30]. Wang et al. [30] Developed SSPPO a scatter search (SS)
algorithm combining different dispatching rule such as Processing
time (PT), PW and Operation Due Date (ODD) and compared its
performance with other SS algorithms with dispatching rules like
Shortest Processing Time (SPT), First In First Out (FIFO) and Oper-
ation Due Date (ODD) namely, SSSPT, SSODD and SSFIFO respec-
tively to solve2 joint problems namely CF and parts scheduling
(CFPSC). CFPSC is a nonlinear mixed integer programming model
were a number of machine and parts required for batch processing
is identified and sequenced to increase productivity and reduce
penalty cost. When tested on 12 problems, it was found that SSPPO
provided least penalty cost and achieved better solutions with rea-
sonable computational time. To test the efficacy of the proposed
model, solution combination methods and improvement methods
was used namely BCM, CCM, FIM and SIM to form 4 different
SSPPO namely SSPPO-BF, SSPPO-CF, SSPPO-BS and SSPPO-CS).
Low computation time was given by SSPPO-BS and SSPPO-CF gave
least penalty cost.

To solve cell formation and layout design problems of CMS,
Ameli et al. [1] proposed a multi-objective scatter search (MOSS)
algorithm. The computational results of the proposed algorithm
was compared against multi-objective evolutionary algorithm
(MOEA), and non-dominated sorting genetic algorithm II (NSGA-
II). It was reported that the developed MOSS algorithm produces
optimal solutions for small-sized problems and performed better
than NSGA-II.

Another multi-objective scatter search (MOSS) given by Bajes-
tani et al. [3] aims to address dynamic CFP along with cell load
variation to minimize cost involved. The proposed model was
tested against two different meta-heuristic algorithms namely,
NSGA-I and Strength Pareto evolutionary algorithm (SPEA-II). It
was found that the developed algorithm outperforms the two
meta-heuristic algorithms. Moreover, when Technique for Order
of Preference by Similarity to Ideal Solution (TOPSIS) and multi-
attribute decision making (MADM) techniques was applied, it
enabled decision makers to define attribute weights by specifying
whether diversity is more important or proximity in the proposed
algorithm.

3.6. Ant colony optimization (ACO)

Dorigo and Caro developed ACO, a mathematical analogy to
behavior of the real ants based on probabilistic technique. Real
ants in search of food, leave their colony and find the optimal or
shortest part to reach the food and carry it back to its nest. As ants
are blind, when they leave their nest, they secrete a chemical called
pheromone along their path in search of food. The following ants
also secrete this substance and the path with optimal distance
has high pheromone when compared to other paths. Posterior ants
simply follow the path with high pheromone to reach their objec-
tive at shortest time [27]. Solimanpur et al. [27] gave a novel model
ACO algorithm, to solve sequence and production volume prob-
lems to minimize intercellular movements of parts and idleness
in CMS. 8 problems were identified from literature and the results
of the proposed algorithm was evaluated against cell and layout
solution using sequence data (CLASS), clustering, minimum span-
ning tree, GA, neural network. It was found that the proposed algo-
rithm showed better improvement in 4 problems and equivalent to
4 problems.

Another work by [13] used single objective ACO algorithm to
solve MPCF problem. Machine index based local search procedure
was used to enhance group efficacy. Termination criteria were set
at 1000X number of iterations, and sensitivity analysis was con-
ducted to identify the best suitable value of evaporation factor.
16 problems were identified from the literature, and the results
of the proposed algorithm was tested against ZODIAC, GRAFICS,
MST-Clustering Algorithm, GATSP, GA & EA. It was observed that
ACO algorithm showed better grouping efficacy in 5 problems,
equivalent to 8 problems and performed poor grouping of 3
problems.

3.7. Cuckoo search algorithm (CS)

CS algorithm is yet another nature inspired, global optimisation,
meta-heuristic algorithm developed based on lifestyle and parasi-
tic behavior of some cuckoo bird species which mimick eggs of
chosen host birds and lay their eggs in host nest [33]. Developed
by Xin-She Yang and Deb in 2009, it helps to solve multimodal
functions based on 3 rules. Similar to other evolutionary algo-
rithms, CS starts with initial population were each egg in a nest
represents a solution and cuckoo egg represents good solution.
As a cuckoo lays an egg, it places it in a randomly chosen nest. Nest
with high number of quality eggs (solutions) gets iterated to next
generations. Finally, as the number of host nests is fixed the
chances of host discovering alien egg is at probability of pa 2
[0,1]. Discovery occurs in worst nest whose solutions are dumped
[14]. Karoum et al. [14] Proposed a modified CS algorithm by com-
bining local search approach as it is simple and use the same mea-
sure to intensify search and generate good results to solve
manufacturing cell formation problem. The obtained results were
compared with algorithms like ZODIAC, GRAFICS, evolutionary,
simulated annealing, GRASP heuristic, GA and large neighbourhood
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search (GA-LNS). The proposed model provided the best solution
for 31problems out of 35 test problems (88.57%). However, the
proposed method was not assessed for other cell formation prob-
lems such as parts routing number and applicable manufacturing
data. Tavana et al. [29]. Developed a discrete cuckoo optimization
algorithm (DCOA) based on grouping technology to solve large
sized resource allocation problems, reduce manufacturing cost
and increase system productivity. The efficiency and efficacy of
the proposed algorithm was tested on 40 test problems and com-
pared with first fit (FF), round robin (RR) and GA algorithm. It
was reported that the developed algorithm performance was
equivalent to GA in large sized problems.

3.8. Tabu search strategy (TS)

Developed by Glover in 1986 to solve finite solution set opti-
mization problems. It is a meta-heuristic which aids local search
heuristic by finding solution through dynamic neighborhood
search using tabu list. The tabu list restrict movement to areas
which was previously explored based on its memory structure.
These memory structures store a list of searches made previously
during the process which can be used to intensify or diversify
search in space [6]. Gómez et al. [6] proposed a tabu search with
multithread processing to explore optimum local areas in solving
CFP. The proposed model was tested against other tabu search
strategies developed in two kinds of literature. It was observed that
for 11 problems identified from literatures, the proposed strategy
produced best solution for 5 problems and 3 equivalent solutions.
For rest of the problems, the proposed strategy showed the poor
solution. Another experiment by Papaioannou and Wilson [22]
uses short-term memory and overall iterative searching strategy
TS with simple search process to solve real time machine-part
grouping problems of cell formation. The performance was com-
puted along with mixed integer linear programming and was
found to be promising for larger datasets.

4. Discussion

Though many nonlinear mathematical model are developed and
applied for small size CMS problems, they are not suitable for
addressing large sized, real-time, NP-hard problems observed in
designing an effective CMS. Hence, many researchers have resolved
to develop algorithms which could address problems such as cell
formation, layout problems, resource allocation, costing etc. Mah-
davi et al. [17] used genetic algorithm to address cell layout issue
in CMS. It was reported that out of 22 problems identified from lit-
erature the proposed model showed best grouping efficacy for 6
problems, good solution for 11 problems and equivalent grouping
efficacy for 5 problems against algorithms like ZODIAC, GRAFICS,
GATSP, GA, EA and SA proposed in previous literatures. Similarly,
Saraç and Ozcelik [26] developed GA with different crossover oper-
ators and reproduction types to solve cell formation problem by
maximizing grouping efficacy, it was found that the developed
model showed better grouping efficacy in 6 problems and equal
efficacy in 8 problems with 1 exception. Also work by Hazarika
and Laha [7] showed better or equivalent approach based on GA
for optimizing intercellular movements of parts and best route
selection against well-known conventional models. Therefore, it
can be concluded that GA is better meta-heuristic algorithm to
solve CFP. However, choice of operators and parameters plays
major role in obtaining better performance of the GA in solving
CMS problems. Similarly, the above studies have focused on single
optimization instead of focusing on multi-optimization such as cell

formation and cell layout problems. Hence, for effective CMS
designing, GA along with other heuristic algorithm can be used
to address multi CMS problems simultaneously.

Similar to GA, PSO has been proposed by many researchers to
address CMS issues mainly cell formation problem. GBPSO pro-
posed by Husseinzadeh Kashan et al. [9] combines PSO with group-
ing technology. When tested its performance against GGA using 40
test problems identified from the literature, it was found that
GBPSO was able to provide better grouping efficacy in 23 problems
and equal solution to 17 problems, however, the results were not
significant enough to conclude that PSO is better than GA in
addressing CFP. Another work by [19] which only compared the
efficacy of the developed algorithm IPSO against semi-PSO and
ordinary PSO to solve discrete CF problem in 30 identified prob-
lems, the study reported both developed, and semi-PSO showed
better solutions for the identified issues. Hence, it can be con-
cluded that both PSO and GA offer a better solution for CFP in effec-
tive CMS designing. Pachayappan and Panneerselvam [21] Hybrid
GA with ideal seed heuristic showed better and equivalent group
efficiency and group efficacy in 24 literature identified test prob-
lems against ZODIAC, GRAFICS, Algorithm I and Algorithm II. Sim-
ilarly, hybrid GGA with 2 point crossover operator, showed the
better solution in 30 problems and equivalent solution in 5 prob-
lems in MPCF problems against ZODIAC, GRAFICS, MST, GATSP,
GA, GP and EA. Hence, it can be concluded that hybridization of
GA produces better results than ordinary GA and group GA.

Against 25 identified test problems, the proposed SA developed
by researchers Wu et al. [32] except 1, enhance grouping efficacy in
18 problems and achieve an equivalent solution in 6 problems
when compared to well-known algorithms such as ZODIAC and
TSP-GA and GA. Similarly, SA with local search was used to address
multiple problems such as layout and alternate routing, however,
the results achieved is not better than original SA and BB when
compared against 10 literature identified problems. Hence, hybrid
SA is not effective in addressing multi CMS problems.

Several researchers have used SS to address multi problems of
CMS such as cell formation along with layout or scheduling or load
variation or cost minimization Wang et al. [30,1], Bajestani et al.
[3]. Though studies have identified 10–12 problems from literature
and compared its performance against previously developed SS or
evolutionary algorithm and genetic algorithm, the studies have not
reported its efficacy or efficiency against compared models numer-
ically. Hence, it can be concluded that SS is best for multi optimiza-
tion however as the complexity increases, its performance is
indeterminate.

ACO is used by researchers for single and multi-optimization.
Solimanpur et al. [27] Developed ACO to address both sequence
and intercellular movement problems. When tested its perfor-
mance against 8 literature identified problems and well known
algorithms such as CLASS, clustering, minimum spanning tree,
GA, neural network, it was found that 4 problems were given best
solution and 4 equivalent solution. Hence, ACO is equivalent in its
performance when compared to other meta-heuristic approaches
such as GA and neural network. Another work by Kamalakannan
et al. [13] which used ACO to address MPCF problem alone
reported that out of 15 test problems, best solution was given to
5 problems when compared against ZODIAC, GRAFICS, MST-
Clustering Algorithm, GATSP, GA & EA. Hybrid Cuckoo search is
used by researchers to address CFP and resource allocation prob-
lems[14,29]. When compared to algorithms like GA, FF, RR,
ZODIAC, GRAFICS, EA, SA, GRASP heuristic, GA and large neighbour
search (GA-LNS), hybrid CS produce better efficiency and efficacy
against large complex test problems.
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5. Conclusion

From the above review, it can be concluded that meta-heuristic
algorithms such as GA, PSO, CS offer better grouping efficiency and
efficacy for discrete NP-hard cell formation problems. However,
most of the researchers mainly focus on single optimization prob-
lem as multi-optimization results in poor performance. Hence, a
robust meta-heuristic algorithm with hybridization is essential to
address multiple CMS problems simultaneously.

6. Future scope

Hence, it was concluded that developing an algorithm to solve
multiple realistic, complex model is very costly and close to impos-
sible as it has to consider the following factors; multiple machines
of identical type, an unknown number of machines which should
be considered as model variables and an unknown number of cells.
Similarly, human resource planning and scheduling should also be
considered. Hence, a multi-objective model should be developed in
the near future considering material handling costs, resource allo-
cation cost which includes human, reliability costs, etc.
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a b s t r a c t

The drilling process is most important in manufacturing industries. In this case various drilling process
parameters have been performed to cut the material. In this paper mainly focusing on material removal
rate and better surface roughness. The various drill holes to produce in AISISS317L material based on
given input parameters of speed, feed and selected drill tool. The SS317L material basically high hardness
and high corrosion resistivity material using in various industrial applications. The output parametric
optimization has been performed in thrust force, torque, material removal rate and surface finish based
on the results confirmations using in minitab-17 tool.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications

1. Introduction

Now a days the various applications of alloys and composite
materials are widely used in manufacturing field, to concentrated
for higher material removal rate and good surface roughness. Pra-
sanna introduced the advancement of process parameters of little
gap dry drilling in Ti–6Al–4 V utilizing Taguchi and grey relational
process examination the result of the exploration was finished by
uncovered that spindle rotational speed and output of air pressure
have the most critical effect on the dimensional exactness of the
drilling hole, spindle speed and feed rate controls the manufactur-
ing process [1]. Laurentiu investigated in robust engineering of
profound drill hole procedure by surface state streamlining to
advance the better surface structure, also considered by optical
measurements [2]. Takashi Matsumura [3] was done the experi-
mental work the orthogonal cutting data of Carbon Fiber Rein-
forced Plastics (CFRP) also of titanium composite materials are
connected to manufactured in different models of tool cutting
geometry [15] according to the change in difference materials.
The cutting force model is well known in approximation between
the executions and deliberate in a cutting armed forces [14].
Ahmet Taskesen [4] studied the multi-target examination on drill
hole of boron carbide reinforced metal network composites utiliz-
ing grey relation investigation TiAlN coated carbide drills [16]

demonstrated the better output concerning the surface finish and
also ANOVA demonstrated that the most successful factor on grey
relational review was observed to be weight division and took after
by drilling in a given material. Mayuet et al. [5,18] indicated that
the harmed region based investigation of the break-in and out
imperfections in the dry drill hole of CFRP territory is ascertained
from picture examination of the area in a drill holes. For that the
reason, dry drill holes test was conducted by uncoated WC-Co
drills have been directly measured [10,11]. Taskesen et al. [6,7]
studied the optimization of drilling parameters in wear of the tool
and drill hole precision in B4C Reinforced aluminium alloy and the
outcomes uncovered that ideal blend of the drilling process could
be utilized to get both least device wear and delamination errors.
Redouane Zitoune was studied in Drilling of composite material
and Aluminum alloys they did wear, amid initial 30 different holes,
thrust force in CFRP experiences a more important of increment
(90%) [17] than compared of aluminum (6%) [8,9]. in this experi-
mental investigation is used for the higher cutting accuracy in
dry cutting environment [12,13]. The tool was having various types
of speeds, various types of cutting diameters then constant feed
rate then using the L9 [19,20] orthogonal array can be used to dril-
ling AISI 317L SS materials the work peace, sizing for
50 � 50 � 20 mm. The material can used to drilling three average
holes after finishing the project and also using the drill tool
dynamometer having the result of thrust force and then torque
measured. So the project must be tested on the surface roughness
for using tele surf surface tester, and then applied the values then
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get to Taguchi method analysis. The resistance, toughness, hard-
ness and S/N ratio in addition, due to analyzed from MiniTab 17
Software.

1.1. Experimental methods

In this investigation was performed in, AISI SS317L austenitic
stainless steel material. The measurements of the work piece are
50 � 50 � 20 mm. and the drill tool was used in 6 mm, 8 mm,
10 mm. The drilling test was conducted by Sidhapura radial dril-
ling machine, with a most extreme shaft speed of 2500 rpm and
the cutting velocities 500,850 and 1300 rpm, feed rate is
0.012 mm/rev while gap profundity was kept consistent at
20 mm. All experiments were conducted by dry cutting
environment.

2. Material properties

AISI SS317L is an austenitic stainless steel grade material prop-
erties as shown in Table 1.

2.1. Chemical composition of AISI SS 317l

AISI SS317L is an austenitic stainless steel grade material. The
stainless steel is the basic name for an expansive group of iron
compounds. Steels can either be thrown specifically to shape or
into ingots which are warmed and hot worked into a created shape
by manufacturing, expulsion, rolling, or different procedures is
mentioned in Table 2.

3. Machine and dynamometer

The radial drilling machine is better optimized drilled hole to be
produced in a way of material cutting technology is showed in
Fig. 1.

3.1. Drill tool dynamometer

The Fig. 2 is a drill tool dynamometer is a device for measuring
force, torque in a various drill hole. It is a standard testing output
has been measure from United States Environmental Protection
Agency (US EPA).

3.2. Drill tool

The Twist drill tool is used in this experimental work is carried-
out in a way of better performance give job as shown in Fig. 3.

4. Measurement of thrust force

The drilling thrust force measurement was measured in, a Kis-
tler piezoelectric dynamometer. The signals of dynamo meter
using a Kistler 5070 – intensifier, and afterward recorded on a
PC. In the trial arrangement using in components of the cutting
force happened amid drilling procedure, to be specific fundamental
cutting force, thrust force and radial drilling forces are estimated.
The forces are following up on both cutting edge is considered to
offset each other. As fundamental cutting power esteems got in
the drilling tests are essentially small amount of thrust force was
investigated in three cutting power esteems were estimated, but
output of thrust force values only evaluated as shown in Figs. 4
and 5.

MRR ¼ Area of drill� Feed rate � cutting speed

4.1. Design of Experiments

Genichi Taguchi built up a structure for a mathematics model-
ing outline experimental tests adjusted to the specific prerequisites

Table 1
SS317L material Properties.

Properties of material Metric

Tensile strength 595 mpa
Yield strength 260 pa
Modulus of elasticity 200 gpa
Poissons ratio 0.27–0.30
Elongation 55%
Hardness (hrc) 85

Table 2
Chemical Properties of SS317L.

C Si Mn P Cr Ni Mo S Others

0.3 1 2 0.045 18–20 11–15 3.0–4.0 0.03 Remain irons

Fig 1. 2D Radial Drilling machine.

Fig 2. Drill tool dynamometer.
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of engineering level as shown in Table 3. Taguchi recommended
that the outline procedure comprises of three stages:

� Systematic design
� Parametric design
� Tolerance level of design

In the framework configuration stage the fundamental idea is
chosen utilizing theoretical learning and experience to measure
in the essential parameter esteems to give the execution required.

Taguchi said that the two types of variables, the name is called
the control factors and noise factors. Control factors variables are
basically economically controlled. Noise factors variables are
expensive to control in exercise although can be controlled in
experimental procedures.

5. Design of experiments

The Signal to noise ration proportion changes a few repetitions
into one esteem which mirrors the measure of variety exhibit and
the mean reaction or response. The various characteristic of signal
to noise ratio is nominal is better, smaller is better and larger is the
better. The finally calculation of output response for no loss values
can accepted in nominal is better. The settled level of accomplish-
ment wanted is known as the objective and better nominal values.

The formula for signal to noise ratio in nominal is best charac-
teristics is defined as

L Yð Þ ¼ K Y �Mð Þ2:
Formula for nominal is the best vale is:

SN ¼ 10 log Y2=S2ð Þ ¼ 20 log Y=Sð Þ

5.1. Cutting parameters and their levels

Table 4 is Number of level factors to be considered for improve-
ment the quantity of collaborations to be analyzed the quantity of
levels required for each factor the target of the test, and obviously
the accessibility of exploratory spending plan and sources.

5.2. Orthogonal array of Taguchi L9

In this investigation the surface finish and thrust force were
estimated by means of the test plan for every blend of the control
factors. Assurance of the quality attributes of the deliberate control
factors are given by Signal to noise ratio proportions attributes
through an lowest number of tests. The choice of which Orthogonal
Array to utilize transcendently relies upon the accompanying
things arranged by need the quantity of variables. The experi-
menter may run a larger test which will have a higher Resolution
potential however will likewise be more costly to finish. The cut-
ting tool speed, feed were chosen as control factors for the surface
finish and values are decided. The cutting parameters utilized for
the chose Orthogonal array are allocated to every section sixteen
blends or combinations are (3 � 3 � 1 = 9) cutting parameters
were produced in Taguchi technique based on number of trails.
Taguchi proposes the utilization of orthogonal array for arranging
the outline or process optimizing test.

Fig 3. Selection of drilling Tool.

Fig 4. Drilling process.

Fig 5. Work and tools.
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6. Experimental results and discussions

The Taguchi techniques utilizes the Signal to noise proportion
to quantify the various trial outline. The condition of smaller than

the better was chosen for the estimation of Signal to noise ratio.
Since the most reduced estimation of the surface finish and thrust
force has been coveted in a better results. Signal to noise ratio of
surface finish has utilizing to appeared in drill hole input parame-
ters are isolated by allowing for diverse levels and conceivable
impacts, as indicated by the chose Orthogonal array. From the after
effects in different testing experiments the normal estimation of
surface finish has been computed as shown in Table 5.

6.1. Experimental calculation

Rap ¼ Traþ A3 - Trað Þ þ B4 - Trað Þ þ C5 - Trað Þ
The elements output parameters and their levels were utilized

as a part of the estimation of the better ideal thrust force by think-
ing about their individual impacts. The condition determined for
the anticipated ideal push drive is mentioned below

Ffp ¼ TFf þ A1� TFfð Þ þ B2� TFfð Þ þ C1� TFfð Þ
The A1 is the mean trail results are in primary level factor. B3 is

the mean 813.2.3 N of test trials at the 3 level of orbit factor B. C1 is
represented the mean 775.6 N of experiment results in various
level of factor C. As indicated by these values, the ideal thrust force
was generated as 725 N.

Table 3
Design of Experiments.

Trail no L9 A B C

1 1 1 1
2 1 1 2
3 1 1 3
4 2 1 1
5 2 1 2
6 2 1 3
7 3 1 1
8 3 1 2
9 3 1 3

Table 4
Drill tool cutting parameters.

S.No Parameters Input parameter levels

1 Cutting tools (Ct) 6 mm 8mm 10 mm
2 Cutting Speed (V-m/min) 500 850 1300
3 Feed rate (f-mm/rev) 0.012 0.012 0.012

Table 5
Experimental Input and output.

SI No Cutting Speed (rpm) Feed Rate (mm/rev) Drill Dia (mm) Thrust Force (kgf) Torque (kgm) Surface Finish (mm) MRR (m3/min)

1 500 0.012 6 40.00 0.25 0.7566 169.460
2 500 0.012 8 43.33 0.966 1.86 402.123
3 500 0.012 10 57.00 0.533 1.61 785.398
4 850 0.012 6 52.667 1.60 1.63 170.421
5 850 0.012 8 45.00 0.40 1.25 326.230
6 850 0.012 10 34.00 0.666 1.84 800.235
7 1300 0.012 6 30.00 0.266 1.44 155.236
8 1300 0.012 8 35.66 0.333 1.65 311.124
9 1300 0.012 10 21.33 0.20 0.90 902.101

Fig 6. S/N Ratio of Surface Roughness.
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6.2. Effect of control factors in surface roughness

The Figs. 6 and 7 represents better optimal results, in a mean
values of signal to noise response in surface roughness and thrust
force is given control factor have been performed, The ANOVA
results expose that feed rate and speed are the maximum signifi-
cant influencing on the thrust force and torque of a surface finish.

7. Conclusion

In this paper, has been analyzed the values of the different input
parameters to ensure that the specified confines for MRR, Surface
Roughness, are best performance of given work piece and tools.
A dynamometer based on a set up experiments the deterioration
model was developed as a frontward model in the first part of this
paper, where the well-known ANOVA analyses were used to study
the degree of consequence of the different parameters the different
set of calculation. The optimum process parameters in the drilling
of AISI SS 317L material given input Speed of 500 rpm, feed rate at
0.012 mm/rev using drill dia 6 mm where as for parameters of tor-
que, better speed is 500 rpm, selected feed rate is 0.012 mm/rev,
drilling diameter 8 mm are found to be optimum. speed at
800 rpm, feed rate of 0.012 mm/rev, and drill dia is 10 mm for best
surface roughness and for metal removal rate (MRR) it is the opti-
mum value compared with speed 800 rpm, feed rate 0.012 mm/rev
and drilling tool size is 8 mm. while conducting hard material sur-
face roughness and material removal rate (MRR) analysis using sig-
nal to noise ratio S/N analysis the speed of 800 rpm and torque
value is 34 kgf surface finish is 1.84 mm is the best optimum value
to be concluded.
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a b s t r a c t

Aim of this work is to remove an oil effluent from water. While disaster of ships or boats in ocean, lake or
pond makes hazardous for environment of aquatic fauna and flora. Oil spills is a major problems in many
countries and industries to facing a situation to remove an oil from water. In oil skimmer coated using
Teflon or activated carbon for separator systems of roller. Roller absorbs the oil from water and gliding
and collecting through scrapper. The collected oil can reused in many purpose and some oil will be toxic
or reusable.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

Oil spilling is grown steadily with the increasing of ship acci-
dents and oil transporting, which become a worldwide problem
in recent years. Oil spills are endanger to human health, aquatic
fauna and flora, destroy of natural resources and drastically alter
the economy of the country. All country government are take steps
to prevent oil spills and to clean them once they occur hazard.
There is a better alternative solution for oil spills containing and
controlling. Which are quickly respond and in a well-organized
manner. Now a day’s technology are achieving rapidness, various
machines and the equipment are being manufactured. The Engi-
neers response and design a modern equipment and its suitable
for varies of sea and weather conditions. Local usage of oil and
chemical laboratory will also increase an oil spill response strate-
gies. Sea conditions influence the behavior of spilled oil and deter-
mine the effectiveness of response techniques. When oil spilled on
water, the physical and chemical properties of oil change progres-
sively. Spilled oil has an undesirable taste and odor and causes sev-
eral environment damage on water, material life and surrounding.

The pollution increasing various sectors of the world:-

i. Increasing in industrial activities using petroleum as a pri-
mary source of energy.

ii. Import and exports oil via ships and boats at oil resource
countries.

iii. Removing of vegetable waste and primary household usage
are drained into the river.

2. Literature review

Frank A. Richards [1] had studied that impurity mixture in an
oil-water is to be separated and then conveyor is used to segregate
the waste particles from a water. This conveyor is also used to seg-
regate the dilapidated and floating objects from the mixture. Kay-
lor et al. [2] had studied a drum is rotated in a clockwise manner
through this rotation oil is absorbed by the drum then this
absorbed oil is scrapped by the scrapper which is fixed near to
the drum. Finally the collecting oil gladding to the oil tank that
are kept separate from the skimmer. Stephen L. Walczyk et al. [3]
studied the environmental parameters of a belt oil skimmer and
the properties of belt skimmer is known. The environmental
parameters which consists of speed of belt and wave height. To
know the present oil rate in the mixture and oil removal rate in
the mixture, the belt material is to be vary on each kind of applica-
tions based on the oil mixed with water. Brian Slone, Hammond
et al. [4] has studied a conveyor system for transporting material
from an origin to an destination includes a conveyor surface that
moves a plurality of pivotal flight members along a continuous,
predetermined path. The pivotal flight members allow the con-
veyor surface to freely travel along rollers positioned both within
and outside of the conveyor loop for various applications. Mamta
Patel et al. [5] through this paper we were studied improvement
of oil skimmer design and aspects of skimmer design properties
then the overview of the results. The modified design aspects
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which includes shaft size, rope material and scrapper design and
scrapper placement speed of the system and scrapper material.
The structure of oil skimmer is quite simple through this design
aspects the efficiency of the system is slightly improved and also
studied different types of oil removal systems and differentiating
each other with respective parameters. The limitations of each
method is to be identified, Prof. P.A. Patil et al. [6] had explained
that the separation of oil is based on surface tension, specific grav-
ity and viscosity. He studied the operation of oil skimmer on vari-
ous positions of the belt like inclined, vertical, horizontal axis of oil
tank. Melvin P. Judkins et al. [7], Portland, Oregon., Teflon-coated
safety guides for patient safety and the patch finding purposes of
sophisticated selective arterial catheterization are well served by
the inherent softness and elasticity of polyurethane for oil absorp-
tion. Khadija Ahmida et al. [8], activated carbon is an catalytic pro-
cess that includes separation and purification among others, which
is mixed with an air and ethanol treatment processes compared to
other adsorbents [9].

2.1. Maintaining the integrity of the specifications

The problems in the surroundings which dictated us the serious
situation of irrespective change in the nature there is enormous
products and things are wastage and through it into a water that
makes a contaminant to increase a microbes and acid content in
a water. World are facing a major problems of removing a wastage
form industries and domestic areas. Example our work gives solu-
tion for hazardous oil spills through this oil glider. Oil spills is an
major problems in many countries and industries to facing a situ-
ation to remove an oil from water. So the oil separator system are
need to solve for this problem.

3. Methodology

The basic principle is gliding an oil from water using oil skim-
mer and coated materials like Teflon or activated carbon, etc., is
very sticky to the oil more than the sticky property of water. So
the main thing is to be happen in the system of oil recovery skim-
mer that is attached to an boat, it is carrying the skimmer to move
in all direction and we give an additional coated materials, these
kind of coated material like activated carbon and Teflon using as
a sticky material in the process of recovering an oil from a surface
of water and also the main part of the system is to be the roller
part. From the roller part is made up of sheet metal or plastic.
The surface of the roller object is covered with the coating like
material activated carbon, Teflon.

This unit of making a boat that controlling motor are operated
to move and change the direction which is running at speed of
60 rpm. There are four 12 V DC motor are fixed at the edge of boat
that is controlled from single switch. At the end of the boat fixed an
steel roller at the required dimension that are attached to an bear-
ing to rotate smoothly which diameter of roller are fixed as the
ratio of boat height and water level. The roller are rotated at
100 rpm 12 V DC motor coupling with shaft pulley to motor and
fixed a gear box to operate for controlling the speed and produce
a high torque to withstand a load capacity.

The long shaft is to be placed on the across or center to the
drum of the system. Then in the shaft the pulley is connected for
the rotation of the drum with synthetic rubber material. The pulley
is connected with the DC motor and then the speed of that DC
motor is varying by the pedaling option. The pulley in the motor
and the pulley in the shaft of the drum is connected by the leather
belt. The motor get actuate then the pulley connected from that
motor is run, based on that the pulley is on the shaft would be
rotate for the rotation of the drum [10]. When the drum is rotate

on the surface of water oil mixture the thing that happen is the
oil is stick on that coated material. Here the oil is sticking on the
rolling drum then oil also rotate along with the rotating drum.
Here the speed of the rotating drum is very less because avoiding
the scattering of the water oil mixture from the storage tank. High
speed of the drum would be makes the scattering of the water oil
mixture.So the scattering will be reduced through reduction of the
speed of the roller drum in the system [11]. The oil stick on the
drum is scrapped by the scrapper attached on the collecting tank.
The scrapping material would be short in length and broad in the
width so the scraper will be scrapping the oil would and then oil
would be collecting the collecting tank. The collecting tank is made
up of ever silver material the corrosion range is very low for that
material so the collecting will be safe in that collecting tank.

4. Fabrication

Boat type oil skimmers would contain the parts are boat, roller
and scrapper, coated material, motor, gear box, collecting tank,
bearing, belt and pulley and tank level indicator. Roller is coated
with a Teflon sheet, these roller is perpendicular to the scrapper,
which is adjustable to change the position and removal type. The
rotating part of roller connected to a bearing and belt connected
to motor pulley. The scrapper are placed slant between collecting
tank and near to roller. The motor are placed over the boat the
things of all component are attached to back side of the boat as
indicated in Fig. 1.

5. Coated materials

In the oil skimmer gives a coating to reduce a pollution from
affected oil spills in ocean. In some cases oil skimmer material in
corrosion will affect an aquatic living organism, so that the reason
we produce a coating of two different methods used to produce an
ecofriendly to a pollution from water.

Two Different Methods of Coating:

� Teflon sheet
� Activated charcoal coating

i. Teflon Sheet

Teflon sheets are used to stick an oil and unsticking of water to
paste an over the drum coating. It’s easy to remove an oil from tank
and scraping of oil is remove quickly and easy. Teflon coating is a
super hydrophobic and transparent coatings are deposited onto
paper by spraying alcohol suspensions of nanoparticles that
increases a water repel and oil stick. Super hydrophobicity depends
on the aggregation states of nanoparticles mixed with oh group,
which are activated charcoal is determined by the type of nanopar-
ticles are suspending over the ethanol and NaCl. PTFE’s or Teflon

Fig. 1. Boat type oil skimmer.
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sheet are low cost of super-hydrophobic coating to absorb the oil
and water repellent which makes a better efficiency. To cut the
sheet into 20 cm � 20 cm pieces, for a required size of roller which
is clean and clean them ultrasonically in acetone solution for 5 min
and then rinsing in distil water, removing oil from the surface.
Finally, wash repeatedly with deionized water, and dry them in
the drying cabinet.

ii. Activated Carbon

Carbon materials are widely used in many applications includ-
ing activated carbon, catalysis, etc., and activated charcoal (AC) is a
well-known material to be used in industrial applications that
includes absorption of oil easily, purification and catalytic pro-
cesses, among others. In many decades, agriculture waste, traffic
pollution that AC has extended its application to air and water
treatment processes as green adsorbents. The preparation of these
material depend on the source and preparation conditions. Car-
bonization and Chemical activation with ethanol and NaCl, the
washed, dried and crushed AC (50 g) were impregnated with
100 ml of ethanol (30%), and NaCl (50 g) for 24 h at room temper-
ature as indicated in Table 1.

In Fig. 2. Left side coated is Activated Carbon, NaCl and Ethanol
Right side coated is Activated Carbon, NaCl and Water
Activated Carbon, Nacl and Ethanol is a best absorption oil con-

tent and non-sticking of water. Its absorbs of 99% oil from a water
in the ratio of 1:1:2. Which gives a better proposition to absorb an
oil effectively.

� Mixture of ethanol solvent much better than water solvent.
� Water solvent it’s less capable of blinding the activated carbon
and NaCl.

6. Calculation

Volume flow rate efficiency:

� Volume rate = Thickness of oil film � diameter of roller � cir-
cumferential area of shaft � speed rotation of shaft

� V = t � D � p � d � N
� T = Thickness of film in mm.
� W =Width of roller in cm.
� d = Diameter of roller drum in mm.
� N = Speed of rotation of shaft in rpm Volume rate of oil recover
per turn when shaft is rotating at 60 rpm.

V ¼ 1� 30� 3:14� 400� 60

V ¼ 226:08ml=min

7. Result and discussion

� High viscosity of oil
� For 60 rpm speed of roller oil recovery rate = 85%
� Capacity oil given 500 ml and recovery oil 450 ml
� For 60 rpm speed time taken 25 min indicated in Table 2.

Application

� Separating oil from water
� Swimming pool sanitation
� Milling Machine
� Surface Grinders.
� Automats

8. Conclusion

As studied in the past oil spill has occurred several times. These
oil spills have caused a great collision on ecological life around the
region of spillage. The main causes of oil spills is destroy of boats
and leakage of industries, because of the carelessness of transport-
ing authority and sometimes due to unpleasant weather causing
storm which results in spilling of large tons of oil in water. The
oil spilled is waste oil as well as destroys the coastal life of aquatic
animals around it. While assembling for this work, concluded that
the oil spillage is not only harmful but also results in loss of lives
and money. So the separation and removal of spilled oil is very nec-
essary. Work is oil skimmer which is one of the method of regain-
ing the oil which is spilled. India and other country where demand
of oil is increasing rapidly, so that think it will be very useful. So
after regaining spilled oil we can use it for other purpose.
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a b s t r a c t

To reduce the pH vale of the hard water by using the parabolic through collector with the help of tem-
perature generated by sun light in the drought and desert region. The vacuum in the internal portion
of the evacuated tube collectors have the reflective coating designed for heat generation encapsulated
in the vacuum inside of the tube, which will not damage until the vacuum is lost. This process utilizes
the renewable sources to reduce the salinity as well. This paper desalination is done with a parabolic
trough collector.
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Recent Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

The most specific Solar Energy definition is liveliness from the
sun. There are two kinds of solar energy are thermal energy and
electric energy. The sun’s diameter is 1.39E9 m which is 120 times
larger than earth and the aforementioned thing’s distance from
earth is 1.495E11 m. The effective blackbody temperature of sun
is 5777 K. In 1800 s A.M. Perkins and J. Perkins established Perkins
tube and in 1944 R.S. Gaugler familiarized the usage of a wicking
structure. Later in 1964 G.M. Grover issued research and coined
the name ‘‘Heat Pipe”. A heat pipe is a heat-transfer device that
syndicates the principles of both thermal conductivity and phase
transition to capably bring about the transfer of heat between
two solid interfaces. At the hot interface of a heat pipe a liquid
interaction will be with thermally conductive solid surface turns
into a vapour by engrossing heat from that surface [3–5]. The
vapour then travels inside the heat pipe to the cold interface. In
this cold interface, the heat in the liquid is transferred to the cold
surface of the pipe and then the vapour condenses back into a liq-
uid with discharging the latent heat [7]. The liquid then returns to
the hot interface through any capillary action, centrifugal force, or
gravity, and the sequence repeats. Due to the very high heat trans-
fer factors for boiling and condensation, heat pipes are highly oper-
ative thermal conductors [8,10]. For Copper envelope the working
fluid is Water which is used in electronics freezing [1]. This is the
most mutual type of heat pipe. For Copper or Steel envelope the

working fluid is refrigerant R134a which is used for energy regain-
ing in HVAC structures. In Aluminium envelope, the working fluid
is Ammonia that is used for spacecraft thermal controller. And
finally for Super alloy envelope the working fluid is Alkali Metal
composed of Cesium, Potassium, Sodium which is used for high
temperature heat pipes, most frequently used for adjusting pri-
mary temperature measurement devices. Evacuated Tube Solar
Collector reduces conduction and convection losses and allow the
collector to operate at high temperature [2]. The conventional flu-
ids which are used as the heat transfer medium in solar collectors
suffer from poor thermal and heat absorption properties [11–13]. It
has been found that these conventional fluids have a limited capac-
ity to carry heat up, which in turn limits the collector performance
he tubes are made from low emissivity borosilicate glass (glass
with a very low iron content that has superior durability and heat
resistance) with an all-glass seal and they employ AL/N on AL
selective coating, which enables the use of the whole solar energy
range to generate heat [6].

In India an environmental analysis has been conducted in 58
places for the solar trough power plants. India receives more than
5000 trillion kW h per year of solar energy with average daily glo-
bal radiation of around 5 kW h/m2 per day. According to a National
Renewable Energy Laboratory survey on April 2013 [9], South India
received an average of above 7.5 kW h/m2 of solar radiation per
day during December, January and February [14–17]. Currently
many countries have started solar power plants for power genera-
tion and in a few years almost all countries will run in solar power.
As per the Energy and Resources Institute India’s current electricity
capacity is 13,402 MW and by 2030 a electricity generation
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capacity of around 800,000 MW will have to be produced with a
high contribution from renewable energy.

2. Performance analysis of parabolic trough collector

Solar parabolic trough collector (SPTC) consists of an absorber
(working fluid chamber), a concentric transparent cover and a
parabolic reflector plate. The absorber is fixed permanently at the
focus of the parabolic concentrator. The concentric transparent
cover is used to protect the absorber tube from the heat losses
and hence a vacuum pressure is maintained. The parabolic concen-
trator is placed on a rigid structure and the solar tracking mecha-
nism is placed on the rigid structure to track the solar radiation
by the parabolic concentrator shows the schematic diagram of
SPTC.

Garcia-Cortes et al. focused on the reflecting plate with rigid
link of PTC and specified that the main factor for deformation of
solar collector is self-weight. Numerous researchers have studied
the design performance issues of solar PTC structures and parabolic
concentrator. Eckhard and Michael have studied the self- weight
issues and done a performance enhancement by experimental pro-
totype testing Vasquez Padilla et al. have done a one dimensional
heat transfer analysis on parabolic trough solar receiver and con-
cluded that the reduction of 41.8% of convective heat loss result
in an improvement of performances. Edenburn has done a perfor-
mance study on cylindrical parabolic collector by comparing theo-
retical evaluation with the experimental result. Naeeni and
Yaghoubi have performed wind flow analysis on PTC by changing
the orientation of the collector with wind velocities of 2.5, 5, 10
and 15 m/s. The resultant force acting on the collector structure
was found to be normal and the pressure fields acting around the
collector are found 15–20 times lesser than the collector aperture
area. The related things shown in Figs. 1 and 2. Rojas et al. have
focused on a capillary system on the absorber tube for direct steam

generation which can be used for many applications. Kalogirou
resolved the coupling of solar thermal power with the coal-based
thermal power plant and saved around 24% of coal consumption
[18–21]. This analysis gives encouragement and innovation on sus-
tainable solar energy development for policy matters, solar energy
producers and manufacturers of solar equipments [22–25].

3. Thermal efficiency of solar parabolic trough collector

A brief review of thermal analysis on PTC is showed below. Also,
one of the main components in the solar PTC for the improvement
of efficiency is the solar tracking system. The solar tracking device
keeps the PTC towards the sun direction all through the day for
receiving the solar radiation. Michael and Eckhard have developed
two high performance SPTC (Eurotrough 100 and Eurotrough 150)
with the optical concentration ratio of 82:1 and operating temper-
ature of over 500 �C. They also did a wind channel and Finite Ele-
ment Analysis (FEA) for analyzing the geometrical structure of
the collector and finally concluded with the result of an additional
thermal annual output of up to 20% higher efficiency. Bakos has
designed a two axis sun tracking system for PTC, and has found
that thermal efficiency improvement and collector with moving
surface has 46.46% more efficient than the fixed surface [26–28].
Valan Arasu and Sornakumar have designed a fiber reinforced plas-
tic based solar PTC that resulted in an improvement of thermal effi-
ciency and also in a reduction in cost. Jeter has done a performance
analysis by considering parameters such as optical efficiency, con-
centration ratio for absorber and concentrated flux density. The
optical efficiency refinement can only be done based on reflection,
transmission and absorption properties of collector. Optimization
study has been done for improving the heat transfer rate on the
absorber tube with parameters such as diameter, length and heat
transfer fluid flux and intensity of incident radiation.

Parametric analysis shows the improvement of design proper-
ties like absorber emittance and absorptance influences on the col-
lector efficiency. Lobon et al. have reported about the behavior of
direct steam generation considering water as working fluid by
comparing Computational Fluid Dynamics (CFD) analysis using
package STAR CMM with the experimental result, which showed
better thermal efficiency with a very small variation in tempera-
ture of about 3 �C and pressure losses of maximum 0.02 MPa.
You et al. have done a flow and heat transfer ana- lysis using a
finite difference method and the validation with experimental
result shows a better temperature range of above 300 �C which
directly improves the efficiency. Risi et al. have made an innovative
transparent SPTC which has been working with gas based nanoflu-
ids. The simulation shows a thermal efficiency of 62.5%. They also
reported that the temperature of nanofluid was about 650 �C.

Generally existing absorbers are made of metal pipe and a bet-
ter coating around the absorber will improve both the solar
absorption ability and the low emittance coefficient and hence
thermal losses will be reduced this ultimately leads to maximize
thermal efficiency. Research regarding the aerodynamic aspect of
PTC and its heat transfer coefficient around the collector has been
conducted, studying the enhancement of thermal efficiency. A PTC
plant also advances by using synthetic oil as working fluid for
obtaining 400 �C temperature range. Studies also focused on
numerical analysis and evaluated the plant efficiency with the
experimental result. Heat transfer performance has been studied
on the absorber tube of PTC considering synthetic thermal oil as
working fluid and applying unilateral longitudinal vortex, which
shows a thermal loss reduction of 2.23–13.62%. Yaghoubi et al.
have presented experimental analysis of heat loss in the absorber
tube showing that heat loss in lost vacuum tube is about 40%
higher than in the vacuum jacket tube which results in a 3–5%

Fig. 1. Parabolic trough collector.

Fig. 2. Electricity generation in South India from various energy sources.
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decrease in the collector efficiency. From the above reviews, the
experimental results have been validated by using FEM, CFD and
parametric optimization methodology. These methods can be used
for further research and development on solar energy to improve
its thermal efficiency.

4. Applications of solar energy

In the modern era solar energy usage has increased enormously
in all the domestic and industrial purposes. The applications of
solar energy are briefed below.

4.1. Solar energy as air heating system

The solar air heating systems are used for drying purposes in
textiles, marine foodstuffs and agriculture. It also plays a vital role
in the heating of buildings and renewing dehumidify agents. The
solar air heating system makes no adverse effect to atmosphere
since it is a green energy source. This energy is time dependent,
hence thermal storage systems are also used to improve the enact-
ment of the air heating process. There are three types of solar air
heating systems namely active, hybrid and passive systems with
or without storage systems. The further of them with storage sys-
tem uses two methods namely rock bed and Phase Change Materi-
als (PCM). Tyagia et al. have discussed about air heating system
with PCM. Their work shows that the latent heat storage system
is more precise than the sensible heat storage system. The solar
air heater with PCM based Thermal Energy Storage System (TESS)
stores energy by phase change from solid to liquid. It recovered the
energy during night or cloudy days through vice versa. Generally
hydrated salts (calcium chloride hexahydrate), paraffins, non-
paraffins and fatty acids are used as thermal energy storage mate-
rials. The optimum physical properties of phase change energy
storage materials are determined by simulation techniques. Ham-
mou and Lacroix have proposed a New Hybrid Energy Storage Sys-
tem (HTESS) using phase change materials to store solar energy
during night or cloudy days for reducing overload during high elec-
tric energy demand period. Thus, use of HTESS reduces electric
energy during peak period also consumption by house hold pur-
poses diminishes by 32% and finally more than 90% consumed only
during off peak period. Enibe designed and carried out perfor-
mance evaluation on a single glazed flat plate collector passive
solar air heating system using PCM, experimentally in Nigeria. This
system shows peak cumulative useful efficiency of 22% at ambient
temperature range of 19–41 �C with the maximum air flow rate of
about 0.058 kg/s. It is more successful for crop drying applications.
The thermal storage air heating system is suitable for better uti-
lization of solar energy.

4.2. Solar energy for desalination process

The process in which the sea water is converted into fresh water
is referred as desalination process. Generally, desalination is done
through a reverse osmosis method. Nafey and Sharaf have ana-
lyzed different heat transfer fluids on a combined solar organic
rankine cycle with Reverse Osmosis (RO) for the desalination pro-
cess. Toluene and water as heat transfer fluids showed better per-
formance at superheated temperature compared to butane and
hexane. The various working fluids like dodecane, nonane, octane
and toluene are examined using parabolic trough collector for
extraction of heat from solar energy. In India Minjur seawater
desalination plant is the biggest desalination plant, and is working
with reverse osmosis process. The cost of the plant is 5.51 billion
rupees and it produces 100 megalitres of water per day. Sharaf

et al. have performed an analysis on a combined solar organic cycle
with multi-effect distillation desalination process.

The system results in higher gain ratio and requires less area of
solar field. Karellas et al. have investigated a hybrid solar thermal
organic Rankine cycle with general RO desalination system to pro-
duce fresh water and electrical energy. Mohamed and Papadakis
analyzed a stand-alone desalination plant working with solar
energy and wind energy. It produces the output capacity of
250 m3 of water per day. Bruno et al. optimized an organic Rankine
cycle with PTC using RO desalination system, finding better results
than only with a PTC system. Hence the application of SPTC in a
desalination process makes it more economical and cost-effective
compared to an electrically operation which requires numerous
electrical grids etc. Solar energy for desalination purposes finds
good applications in making fresh water.

5. Construction of parabolic trough collector

The PTSC is constructed as show in the Fig. 4. It consists of a
parabolic reflector and a steel pipe at the focal point of the reflec-
tor. This help to enhance the heat transfer efficiency. And there will
two containers available in which one is use to supply water which
has to be desalinated and another one is used to collect the desali-
nated water.

Solar parabolic trough collector (SPTC) consists of an absorber
(working fluid chamber), a concentric transparent cover and a
parabolic reflector plate. The absorber is fixed permanently at the

Fig. 3. Schematic diagram of solar parabolic trough collector.

Fig. 4. Experimental setup of PTSC for desalination of water.
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focus of the parabolic concentrator. The concentric transparent
cover is used to protect the absorber tube from the heat losses
and hence a vacuum pressure is maintained. The parabolic concen-
trator is placed on a rigid structure and the solar tracking mecha-
nism is placed on the rigid structure to track the solar radiation
by the parabolic concentrator. Fig. 3 shows the schematic diagram
of SPTC.

6. Readings

We have analysed the process for four days in a five interval of
time and the time intervals are 10 A.M., 11 A.M., 12 P.M., 1 P.M., 2
P.M. and the pH value of the input and output water are recorded.
We have also recorded the quantity change in the input and output
water. Based on the observation the output formulated as in Tables
1–4 and Graph 1,2.

The graph is plotted for the pH value variation and the quantity
of water varied during the desalination process the graph is as
followed.

7. Conclusion

The work is carried out here at various temperature and the
data gathered in the form of pH value, Quantity of water. According
to the data which has been gathered from the various tests on the
device at various time is economically better. The major problem
faced in this project is to transfer the absorbed heat to the water
(heat storage medium). The overall performance of a device is
not efficient as compare with other technologies like RO System
but alteration in design and heat storage medium will enhance
the overall performance.
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a b s t r a c t

In this research carried out to analyse the tensile strength of serially pinned bolted joints in composite
plates which is made of pure E-glass and E-glass blended with fly ash. Fabrication of both plates in hand
lay-up method by using vinyl ester, methyl ethyl ketone per-oxide and cobalt-2-naptanate. Analyse the
tensile strength of plates with one, two, three and four serially pinned bolted joints done by experimen-
tally. Experimental studies has been done by consider the following parameters are edge distance to-hole
diameter ratio (E/D), plate width-to-hole diameter (W/D) Hole-to-hole distance ratio (K/D) as per ASTM
standards.
� 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

Composite material could be a macroscopic combination of two
or additional distinct materials, having a recognizable interface
between them. Composites are used not just for their structural
properties, however conjointly for electrical, thermal, tribiological,
and environmental applications [1]. Modern composite materials
are typically optimized to attain a specific balance of properties
for a given vary of applications. The advantage of composite mate-
rials over typical materials stem for the most part from their higher
specific strength, stiffness and fatigue characteristics, that permits
structural style to be additional versatile. By definition, composite
materials carries with it two or additional constituents with phys-
ically divisible phases [2–4].

The reinforcement could also be platelets, particles or fibres and
are usually sometimes side to boost mechanical properties like
stiffness, strength and toughness of the matrix material. Long
fibres that orienting within the direction of loading provide the
foremost economical load transfer [5]. this is often as a result of
the strain transfer zone extends solely over little a part of the
fibre-matrix interface and perturbation effects at fibre ends could
also be neglected. In alternative words, the ineffective fibre length
is tiny. Common fibres on the market as continuous filaments to be

used in high performance composites are glass, carbon and aramid
fibres.

Over the last thirty years composite materials, plastics and
ceramics are the dominant rising materials. The quantity and vari-
ety of applications of composite materials have fully grown steady,
penetrating and conquest new markets unrelentingly. Modern
composite materials represent a big proportion of the designed
materials market starting from everyday product to stylish niche
applications [6–8]. Whereas composites have already established
their value as weight-saving materials, the present challenge is
to form them value effective. The efforts to provide economically
engaging composite parts have resulted in many innovative pro-
ducing techniques presently getting used within the composites
business. It’s obvious, particularly for composites, that the advance
in producing technology alone isn’t enough to beat the value hur-
dle. It’s essential that there be associate degree integrated effort in
style, material, process, tooling, quality assurance, producing, and
even program management for composites to become competitive
with metals [9].

1.1. Bolted joints

Bolted joints realize their applications in each nook and corner
of the engineering field. From the little two wheeler to very large
aircraft’s has fast joints. Most of the craft elements are connected
by bolts. These days most of the economic and residential buildings
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are created from steel sections that square measure connected to
the muse by suggests that of bolts [10]. The engines of the jet air-
craft’s are connected to the body by suggests that of fast affiliation.
In sensible applications these joints square measure subjected to
dynamic loading. A bolted joints typically consists of a bolt and a
nut that has volute threads on its and that they are permanent
joints. Riveted joints have the advantage of simplicity and that they
are troublesome to separate when the joint is formed [11,12]. The
fast joints have the advantage that they’re temporary joints, which
might be separated simply once required. They a lot of stronger
than riveted joints and even have high fatigue life than riveted
joints [13].

2. Materials and method

The following materials are used to fabricate the E-glass and E-
glass blend with fly ash composite plates and enhance the mechan-
ical properties.

2.1. Electrical grade glass (E-glass) fibre

Electrical grade glass was originally developed insulators for
electrical wiring. As fibres are being created, they’re randomly
arranged and flattened with size and coupling agents. These cut
back the consequences of fibre-fibre abrasion which may consider-
ably degrade the mechanical strength of the individual fibres. Dif-
ferent treatments may additionally be wont to promote wetting
and adherence of the matrix material to the fibre. It had been later
found to possess glorious fibre forming capabilities and is currently
used virtually solely because the reinforcing introduce the fabric
normally referred to as fiberglass. E-Glass is a low alkali glass with
a typical nominal composition.

� Si02 54 wt%,
� Al2O3 14 wt%,
� CaO + MgO 22 wt%,
� B2O3 1O wt %
� Na2O + K2O less than 2 wt%. Properties that have made E-glass
so popular in fibre glass are low cost, relatively low density,
resistant to heat, relatively insensitive to moisture, good chem-
ical resistance and good electrical insulation.

2.2. Vinyl ester resin

Vinyl ester resins are unsaturated resins shaped by the reaction
of dibasic organic acids polyhydric alcohol it is thermoset plastics
and like different resins, cure exothermally. The utilization of
excessive catalyst might also cause the merchandise to fracture
or type a rubbery material.

2.3. Methyl ethyl ketone peroxide (MEKP)

MEKP has the molecular formulae of C8H1806 and its colourless,
oily liquid whereas solvent peroxides a white power. Its additional
wise to temperature and shock and additional stable in storage.
MEKP may be a serve skin pain in the neck and cause progressive
harm.

2.4. Cobalt-2-napthanate

Mixture of cobalt (2) derivatives of naphthenic acid. These coor-
dination complexes area unit wide used as oil drier for the autox-
idative crosslinking of drying oils. Molecular formula COC22H14O4.

Fig. 1. Hand Layup Process.

Fig. 2. Fabricated E glass with fly ash Composite plate before dimensioning.

Fig. 3. E glass plate after Dimensioning.

Fig. 4. E glass test specimen.
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2.5. Magnetic stirrer

In magnetic stirrer processing, the resin was taken out in a bea-
ker and put on a magnetic stirrer for 20 min at 75 �C and 350 rpm.

The rotational speed was increased in step as vinyl ester resin
being a liquid does not allow the magnetic needle to rotate at rated
speed in starting. After the vinyl ester resin get heated and become
less viscous, the speed was put to 350 rpm. Filler material, fly ash
8% by weight of resin was poured slowly into the beaker.

2.6. Hand layup process

In hand lay-up process, fiberglass (typically E-glass) continuous
strand mat and different materials like woven roving area unit
manually placed within the mould. Every ply is sprayed with Catal-
ysed organic compound and also the organic compound is worked
into the fibre with brushes and rollers to wet-out and compact the
laminate. The mat is cut Turkish monetary unit our needed dimen-
sion and so organic compound is applied on the mat and so stacked
one over the opposite tin the desired dimension is achieved. Then
the stacked half is unbroken in Owen for activity in daylight for few
hours and so it’s removed. Accelerator is mixed with the organic
compound that accelerates the hardening process abundant
quicker. Hand layup process shown in Fig. 1.

2.7. Plate fabrication

E glass fibre proportion: 60% fibre sheet + 40% resin.
E glass with fly ash proportion: 60% fibre sheet + 32% resin + 8%

fly ash.
The above proportion obtained from previous researches car-

ried out by this area. Plate of size (220x 50x 6 mm) is fabricated
by the hand layup technique and then secondary process is carried.
Then the plate is drilled with 8 mm drill bit as per the design of
parameters. The drilling process is done with the help of hand dril-
ler. The holes drilled per plate may vary from one to four holes.
Fabricated plate shown in Figs. 2 and 3 respectively. The final test
piece shown in Figs. 4 and 5 respectively.

2.8. Parameters

The parameters to be considered for the design of holes in the
composite plates are E/D ratio, K/D ratio, W/D ratio.

The ASTM standard length, breadth and width is 220*50*6 mm
and diameter 8 mm.

These ratios for all plates are tabulated in Table 1.
E-Distance from edge of the plate to centre of the hole.
W-Width of the plate.
K-Distance from centre of the hole to other centre of the hole.

Fig. 5. E glass with fly ash.

Table 1
Ratios of test Specimen.

No of bolted joints E/D ratio K/D ratio W/D ratio

1 13.75 – 6.25
2 9.16 9.16 6.25
3 6.875 6.875 6.25
4 5.5 5.5 6.25

Fig. 6. Specimen Dimensioning.

Fig. 7. Load vs Displacement values for E glass plate with single bolted joint.
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P-Tensile load applied to composite plate on positive �
direction.

Considering the number of holes and material combination 8
composite plates tested by using universal testing machine. The
specimen dimensioning shown in Fig. 6.

3. Results and discussion

The tensile test has been done for the above mentioned 8 com-
posites plates which are fabricated as per the design of the param-
eters. In testing the load vs displacement graphs shown in Figs. 6
and 7 respectively. The maximum force and ultimate load has been
found using the tensile test which is carried out in universal testing
machine. The values are tabulated and shown in Table 2.

4. Conclusions

This experimental investigation on E-glass fibre composite has
led to the following specific conclusions from the Figs. 8 and 9.

1. The glass fibre, fly ash composite plates of required, size by sim-
ple hand-lay-up techniques which is a cost effective technique
employed in composite fabrication, are successfully done. The
values obtained from the tensile test are tabulated and the
graphs are drawn using those values.

Table 2
Ultimate Load Comparison with no of joints.

No of joints Plate type Maximum load
(KN)

1 E-glass 29.94
2 20.91
3 19.50
4 11.70

1 E-glass with fly ash 46.50
2 40.35
3 35.88
4 34.92

Fig. 8. Load vs Displacement values for fly ash added plate with single bolted joint.
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Fig. 9. Ultimate load vs no of joints.
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2. From the results obtained from the tensile test it is observed
that as the number of holes increases the structural strength
of the composite plate decreases. From the comparison of ten-
sile test results maximum failure load and minimum failure
load is obtained.

3. The maximum failure load of the plate is observed when the E/D
ratio is 13.75 for E-glass material and minimum failure load is
observed when the E/D ratio is 5.5 for natural fibre. The most
influencing parameter is E/D ratio when serial pinned holes
are drilled such that this parameter is most influencing than
the other two parameters like K/D ratio and W/D ratio.
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a b s t r a c t

The main objective of this work to reduce the wear rate of the brake drum material used for braking pur-
pose. Aluminium alloy of AA6061 is reinforced with the reinforcement materials of Silicon Carbide and
Graphite in the various proportions to study the Tribological Properties and Mechanical properties for
the application of Automobiles. After the fabrication of composite material for the brake drum is tested
by using pin-on disc equipment for friction wear and hardness is measured by using Impact test. SEM
analysis is carried out to view the image of mixing of Proportions evenly in the fabricated material.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

A drum brake is a brake that usages pounding caused by a
course action of shoes or pads that press outward against a turning
chamber shaped part called a brake drum. The term drum brake for
the most part suggests a brake in which shoes push on the internal
surface of the drum. Right when shoes push apparently of the
drum, it is regularly called an attach brake. Where the drum is
pressed between two shoes, similar to a conventional plate brake,
it is on occasion called a crush drum brake, however such brakes
are for the most part remarkable. A related sort called a band brake
uses a versatile belt or ‘‘band” wrapping around the outside of a
drum. Remembering the ultimate objective to grow the capability
of operation and better handiness, the brake drum material should
satisfy the going with necessities Light weight, Good wear protec-
tion, Good warm conductivity, High quality to weight proportion,
Free from rust, Easy to cast.

Brake drum ought to be planned and created with such high-
lights to fulfill the above necessities. Rising fuel costs, shorter ceas-
ing separation necessities, and the development in half breed
vehicles all prompt an expanded request in lightweight vehicle
segments. Changing business sector needs create inventive items.

One inventive item is a lightweight aluminum metal grid compos-
ite (MMC) brake drum that is generously lighter than the custom-
ary cast press item.

The circle cast press with sharp surface is embedded by alu-
minum, gives a solid attachment aluminum and high warmth
exchange to aluminum. The outcomes demonstrated that the heap
and the sliding separation influence the wear rate of the amalgams
and the wear rate expanded with expanding load for both the com-
posites by [1]. The size and volume portions of the MMC fortifica-
tions, wear and scraping qualities and additionally elasticity were
assessed [2]. The required material properties for motor applica-
tions are more prominent quality, light weight, controlled warm
development, high warm conductivity and great wear protection
[3]. Proposed aluminum based composites with bring down wear
protection have better tribological properties [4]. Fortified practi-
cally reviewed aluminum network composite barrels and non-
strengthened aluminum chambers by centrifugal casting to get
the microstructure and mechanical properties for assessment
[5,7,8]. Aluminum composites are broadly utilized as a part of avi-
ation and car enterprises because of their low thickness and great
mechanical properties, better consumption protection and wear,
low warm coefficient of development when contrasted with regu-
lar metals and alloys [6]. Development of Metal Matrix Composite
for Brake Drum [9] Advanced Hybrid Materials Manufacturing &
Characterization [10].
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2. Methodology

STEP 1: Identification of Problem
STEP 2: Composition of Materials in Different Proportions
STEP 3: Casting of Materials
STEP 4: Machining of Work Pieces
STEP 5: Testing of friction & wear properties and Hardness and
Impact strength
STEP 6: Testing of SEM

All the Specimens are fabricated as per the ASTM Standards.

2.1. Problem identification

The following effect of failures identified in the brake drum
(Figs. 1 and 2). � Friction, wear failure Brake Drum.

� Thermal expansion of drums.
� Temperature rise while applying brake force
� Brake Drum weight.
� Corrosion of sliding places.

2.2. Experimental procedure

By Using the Stir Casting Furnace all the Compositions are fab-
ricated under certain Specifications as mentioned below (Tables 1
and 2).

2.2.1. Ratio of reinforcement materials
See Tables 3 and 4.

3. Results and discussion

3.1. Friction & wear test

SAMPLE 1 (2 kg load) (Table 5) (Figs. 3–5)
SAMPLE 1 (3 Kg Load) (Figs. 6–8)
SAMPLE 2 (2 kg Load) (Figs. 9–11)
SAMPLE 2(3 kg Load) (Figs. 12–14)

3.2. Hardness test reading

See Table 6.

3.3. IZOD impact testing

Specimen Detail

Length = 75 mm
Breadth = 10 mm

Formula

Impact strength (I) = K/A

Fig. 1. Wear failure.

Fig. 2. Corrosion.

Table 1
Stir casting furnace specification.

Specification
Furnace temperature 900 �C
Stirrer speed 600 rpm
Metal Melting Temp 810 �C
Reinforcement Pre heating Temp in �C 600 �C
Stirrer Timing 5 min

Table 2
Stir casting furnace condition.

Work pieces Furnace Temp �C Metal Melting Temp �C Stirrer Speed RPM Stirrer Timing Min Reinforcement Pre heating Temp �C

Sample 1 800 – 850 785 – 800 750 5 565–575
Sample 2 800 – 850 785 – 800 750 5 615–630

Table 3
Ratio of sample 1.

S. No Materials Composition (wt%)

1 Base material AA6061 93%
2 Reinforcement SiC 4%

Gr 3%
3 Total 100%

Table 4
Ratio of sample 2.

S. No Materials Composition (wt%)

1 Base material AA6061-T6 92%
2 Reinforcement SiC 3%

Gr 4%
3 Total 100%
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Table 5
Friction & wear test readings.

Work pieces Track Radius By Time in Min By load in Kg Speed in (RPM) Frictional Force in (N) Wear in (Micron) Co-efficient of friction

Sample1 30 30 2 1200 11 109 0.37
3 1250 13 111 0.43

Sample2 30 30 2 1200 10 76 0.48
3 1250 12 49 0.40

Fig. 3. Wear.

Fig. 4. Friction force.

Fig. 5. Coefficient of friction.

Fig. 6. Wear.

Fig. 7. Friction force.

Fig. 8. Coefficient of friction.
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K-Energy absorbed in J
A-Area in mm2

Sample-I (Figs. 15 and 16)
Sample-II (Figs. 17 and 18) (Table 7)

Fig. 9. Wear.

Fig. 10. Friction force.

Fig. 11. Coefficient of friction.

Fig. 12. Wear.

Fig. 13. Friction force.

Fig. 14. Coefficient of friction.

Table 6
Hardness test reading.

S. No Material Hardness (BHN)

1 Sample 1 69.5 BHN
2 Sample 2 76.7 BHN
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3.4. Scanning electron microscope (SEM)

In this work, AA6061 brake drum was dispersed with differ-
ent contents of reinforcement of SiC-(3%, 4%), Gr-(4%, 3%), is
fabricated by using the stir casting technique. The result of
hardness shows that the thermal, mechanical properties should
be increased for adding the reinforcement of materials. Finally
the SEM and hardness, wear & friction test report have been.
The above discussion deals with testing their properties. The
wear rate will be affected due to the applied load and the slid-
ing distance of the material and it should be reduced (Figs. 19
and 20).

The wear rate of the material will be increased if the load
applied increases for all the alloys. Wear rate increases linearly
at low loads and while increasing the sliding distance it will
be increased. The size and shape of the aluminium alloy pow-
ders are depends on the cooling rate, flow rate of the cooling
medium and the surface tension of aluminium alloy melt. The
hardness value indicates the increase in hardness when the rein-
forcement percentage is increased linearly. Impact Strength also
shows the increased strength. The SEM image of the second
sample shows the uniform distribution of the base material
and reinforcement material when compared with the first sam-
ple (Figs. 19–21).

4. Conclusion

Aluminium Silicon alloy composite materials are widely used
for a many number of applications like engineering structures,
aerospace and marine application, sporting goods and so on.
Here this work is mainly focused on Automobile application
and especially for the brake drumased on our work we have
found that the weight to strength ratio for Al alloy 6061 with
Sic + Gr is better. The minimum wear rate and good strength
has been obtained at AA6061 93% Sic 3%& Gr 4% ratio. This indi-
cates that this composite material is having less weight with
high Strength and it is very convenient to use in all the type
of Practical applications.

Fig. 15. Specimen before IZOD testing.

Fig. 16. Specimen after IZOD testing.

Fig. 17. Specimen before IZOD testing.

Fig. 18. Specimen after IZOD testing.

Table 7
IZOD test results.

Workpiece Energy Absorbed (K) in J Impact strength (I) in J/mm2

Sample-1 22 0.028
Sample-2 27 0.037

Fig. 19. SEM testing specimens.
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Fig. 21. SEM Images Sample 2.
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a b s t r a c t

The main contribution of this project is to reduce man power and time in the plantation area. Our drilling
machine would can able to drill in varies size and shape. And the entire trolley frame is connected
through two wheels. Here wheels are used for two purposes to balance the machine and for moving
the machine from one place to another easily. The trolley made with adjustable purpose which can help
to drill at any particular angle for the control of lifting the weight, we placed two compression spring, this
spring can able to withstand 350 kg of load.
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Recent Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

Flexible hole driller is new innovative and effective concept
mainly used for several places. It is simply used in all type of form-
ing lands in any condition with flexible and portable for all places.
Flexible hole driller is mainly used for plantation in huge area. It
consists of a motor and gear box to produce the required amount
of torque for the drilling. Here we use an single phase induction
motor whose belt is connected to a rotating part. The universal
joint connected with gear box to make the required angle for
drilling in the land. The tool is fixed with the universal joint for
more stability. When we switch ON the engine to FORWARD to
begin boring and we swings to the REVERSE to pivot in backward.
Thus the drilling process is carried out through this machine
(See Figs. 1–4).

This project mainly is to reduce the labours work. In many place
the labours have more difficult to made the holes in land for plan-
tation. For that purpose we have introduce this project. The main
advantage is to adjust the height of our drilling machine. In some
cases the height cannot be adjusted but in our machine height
and angle can be adjusted. We have installed some features. The
tool has fixed in the right corner of the frame. The wheel has fixed
for the two corners to drag the machine from one place to another
place for drilling process. By fixing the wheels we can easily move
the driller and drill the lands and to reduce the labour stress. The

motor has be placed at the top of the frame and to connect with
the control box and the belt has been attached with gear box
(Fig. 1). Thus the efficiency of the machine is better and gives the
better performance. The time consumption is to be very less
compared to the manual drilling process.

2. Materials used

Cast press is a gathering of iron-carbon compounds with carbon
content more prominent than 2% [1].

Press is the base metal of steel. Press can go up against two crys-
talline structures (allotropic structures), body focused cubic (BCC)
and face focused cubic (FCC), contingent upon its temperature [1].
In the body-focused cubic course of action, there is an iron iota in
the focal point of each solid shape, and in the face- focused cubic,
there is one at the focal point of every one of the six countenances
of the 3D square [12]. It is the collaboration of the allotropes of iron
with the alloying components, fundamentally carbon that gives
steel and cast press their scope of extraordinary properties [2].

2.1. Butt joint

Butt welds are welds where two pieces of metal to be joined are
in the same plane. These types of welds require only some prepa-
ration and are used with thin sheet metals that can be welded with
a single pass. Common issues that can weaken a butt weld are the
entrapment of slag, excessive porosity, or cracking. For strong
welds, the goal is to use the least amount of welding material
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possible. Butt welds are prevalent in automated welding processes
(Fig. 3), such as submerged-arc welding, due to their relative ease
of preparation [3].

An induction motor or asynchronous motor is an AC electric
motor in which the electric current in the rotor needed to produce
torque is obtained by electromagnetic induction from the magnetic
field of the stator winding. An induction motor can therefore be
made without electrical connections to the rotor. An induction
motor’s rotor can be either wound type or squirrel-cage type [4].

GEAR BOX: It is used to change the speed and torque of vehicle
according to variety of road and load condition. A gear box changes
the engine speed into torque when climbing hills and when the
vehicle required. Sometimes it is known as torque converter. Main
functions of a gear box is as follow-

1. Provide the torque needed to move the vehicle under a variety
of road and load conditions. It does this by changing the gear
ratio between the engine crankshaft and vehicle drive wheels.

2. Be shifted into reverse so the vehicle can move backward [5].

FRAME: In our project frame is made up of square tube steel
material, Compare to other material it is very less weight. Spring
is connected to this frame for hold the huge load. The frame is
made in adjustable manner. The frame is connected to wheels for
withstand the entire load and adjustable purpose. Frame which
is designed for giving a particular shape for the machine and to
withstand the entire load of the machine [7].

Belt drives for power transmission are classed as frictional
drives. The belt transmits power by friction contact between the
belt and the driving and driven sheave. Power transmission belts
are available in several types: flat belts, V-belts, synchronous belts,
and multi-ribbed belts. To obtain the best service from any partic-
ular belt application, remember Environmental conditions in
which the belt will operate, such as: exposure to oil and grease,
range of operating temperatures, abrasive dust and chemical con-
ditions, sunlight, and other weather conditions (Fig. 2).

3. Experimental setup

The flexible holing machine can penetrate the opening in the
shaping area, by utilizing of power. The outline needs to settle
for our required purpose. The engine needs to put in the best idle
of the holing machine. At that point the wheel needs to been
welded in the base of the casing. At that point the belt is interfacing
the rigging box with the engine for the turn of the penetrating
apparatus [8]. At that point the device is associated with the all
inclusive joint for the penetrating in the required edge in the land.
The power from the engine is exchange through the assistance of
the belt. The pole connected in the universal joint when the joint
began turning the bar or apparatus likewise began to pivot, the
capacitor has settled in the engine to lessen the additional power
and the twofold spring balance for lifting the weight thus the pen-
etrating machine can lift colossal weight in UP and DOWN. When
we switch ON the engine to FORWARD to begin boring and we
swings to the REVERSE to pivot in backward. The venture is to
change over the rotating movement to direct movement. Encoder
mounted on the camshaft is utilized to quantify the motor wrench

Fig. 1. Gear Box.

Fig. 2. 2D layout.

Fig. 3. Welding technique used.

Fig. 4. Multipurpose pit digger machine.
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point, piezoelectric weight transducer is utilized to gauge the
burning weight and rota meters are utilized to gauge the water
stream rate [9].

We need to give double excitation to make a DCmotor to rotate.
In a DC motor, we give one supply to the stator and another to the
rotor through brush arrangement. But in induction motor, we give
only one supply, so it is really interesting to know how an induc-
tion motor works. It is very simple, from the name itself we can
understand that here, induction process is involved. When we give
the supply to the stator winding, a magnetic flux is produced in the
stator due to the flow of current in the coil. The rotor winding is
arranged in such a way that each coil becomes short-circuited in
the rotor itself (Fig. 4).

The flux from the stator cuts the short-circuited coil in the rotor.
As the rotor coils are short-circuited, according to Faraday’s law of
electromagnetic induction, current will start flowing through the
coil of the rotor. When the current through the rotor coils flows,
another flux gets generated in the rotor. Now there are two fluxes,
one is stator flux, and another is rotor flux. The rotor flux will be
lagging with respect to the stator flux. Because of that, the rotor
will feel a torque which will make the rotor to rotate in the direc-
tion of rotating magnetic field. This is the working principle of an
induction motor of either type – single and three phases [10].

4. Results and discussion

In this present work, Bevel gears are used in differential drives,
which can transmit power to two axles spinning at different
speeds, such as those on a cornering automobile. Bevel gears are
used as the main mechanism for a hand drill [6]. As the handle
of the drill is turned in a vertical direction, the bevel gears change
the rotation of the chuck to a horizontal rotation. The bevel gears in
a hand drill have the added advantage of increasing the speed of
rotation of the chuck and this makes it possible to drill a range
of materials two important concepts in gearing are pitch surface
and pitch angle. The pitch surface of a gear is the imaginary tooth-
less surface that you would have by averaging out the peaks and
valleys of the individual teeth. The pitch surface of an ordinary gear
is the shape of a cylinder. The pitch angle of a gear is the angle
between the face of the pitch surface and the axis [13].

The most familiar kinds of bevel gears have pitch angles of less
than 90 degrees and therefore are cone-shaped. This type of bevel
gear is called external because the gear teeth point outward. The
pitch surfaces of meshed external bevel gears are coaxial with
the gear shafts; the apexes of the two surfaces are at the point of
intersection of the shaft axes [11].

Bevel gears that have pitch angles of greater than ninety
degrees have teeth that point inward and are called internal bevel
gears.

Bevel gears that have pitch angles of exactly 90 degrees have
teeth that point outward parallel with the axis and resemble the
points on a crown. That’s why this type of bevel gear is called a
crown gear.

TITANIUM NITRIDE (TIN) is A more expensive coating that
increases the hardness of the bit and provides a thermal barrier
resulting in increased production rates and longer tool life in
harder materials. TiN also provides the same benefits as black
and bronze oxide. TiN coated bits are suitable for drilling iron
and steel as well as aluminum, magnesium, etc.

Tools we used in our project:
Here we use three different sizes of tools

TOOLS DIAMETER IN CM

TOOL 1 1.25
TOOL 2 2.15
TOOL 3 3.9

5. Conclusion

The main contribution of our project is to reduce the man
power and working time required in the plantation field. We use
three different sizes of drill bit (35 cm dia, 15 cm dia, 9 cm dia).
We can drill up to 3–4 feet depth and it will help to plant the sup-
port strike for some plants. At the same time bund formation is
done to reduce the man power and cost and also reduces the usage
of fuel and fuel cost by using motor to drilling. We use universal
joint to make the drill at the required angle. By using our driller
machine in plantation field the large number of man power and
time required is reduced. In our machine drilling tool can be easily
changed for the required amount of plant size.
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a b s t r a c t

The aim of this project is to prepare a polymer matrix composite with epoxy resin as matrix reinforced
with glass and palm fiber for reducing the weight and increasing the hardness and strength of compo-
nents for automotives. From the results obtained it is noted that by increasing the phase ratio of fiber par-
ticles the tensile strength of the composite is increased. From flexural test, it is concluded that hybrid
fiber shows more advantage than the available composite. Similarly hardness test represents that the
composite can be utilized for high strength to low weight applications. Thus the prepared composite is
eco-friendly in nature with low cost.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications All rights reserved.

1. Introduction

Acomposite ismade of twomaterialswhere there is a reinforcing
phase in the form of fibers which is put into the other phase called
thematrix phase. The reinforcement can bemetal, ceramic, or poly-
mer. The fiber particlemay be continuous or discontinuouswhich is
a load carrying member supported by matrix. The matrix is flexible
than fiber which accounts for the toughness of the composite.

Bindu et al. [1] investigated the influence of tensile strength and
flexural properties of short fiber composites and concluded that
the increase in fiber volume increases the mechanical properties
of the composites. Dabade B. M. et al. [2] developed hemp and Pal-
myra fiber on polyester matrix by varying the ratio of fiber lengths
and weight. The variation of fiber length and weight accounts for
improvement of different properties. Chabba et al. [3] analysed
the modified cross linking of soy flour with glutaraldehyde and
reported that, tensile and thermal properties are sufficient for
indoor structural applications of biodegradable green composites.
Mishra et al. [4] presented a Palm and glass composites of
polypropylene matrix with fiber to plastic ratio of 40:60 and at dif-
ferent proportions by weight. This shows good effect on the elastic
modulus. The impact strength of these palm and glass composites

has been found to be more than matrix [5]. Also the water absorp-
tion rate was also low compared to unpalm and glassified compos-
ite. Mohanty et al. [6]. Observed the effects of NaOH treatment and
tri methoxysilane treatment on the impact and compressive prop-
erties of these Palm and glass composites. There was a variation in
tensile strength of unsaturated polyester based Palm and glass–
palm composites with fiber loading. Mukherjee and Satyanarayana
[7] studied the stress strain curve of natural fiber and stated that
the weak primary cell wall of fiber gets collapses and decohesion
of fiber takes place by increasing the applied stress. Rao et al. [8]
studied about vakka a new natural fiber which was used as fillers
in a polymeric matrix composite for load carrying structures and
lightweight applications. An investigation on tensile, flexural and
dielectric properties of composites was made and compared with
those of established composites like Palm and glass, bamboo and
palm and glass made as with same methods. Priya et al. [9] studied
the tensile strength of these palm and glass composites and found
palm and glass composites has higher properties than matrix. The
mechanical properties of these composites were found to increase
by increasing the fabric content. There was also good chemical
resistance and interfacial bonding between matrix and the
reinforcement which was examined using Scanning Electron
Microscope. Samrat et al. [10] reported the variability of mechan-
ical properties of palm and glass fibers with respect to diameter,
testing speed and gauge length [11]. The findings on palm and
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glass fibers showed improvement for the fibers when the speed is
increased with lower density and higher gauge lengths reduces the
properties due to flaws increase in the structure.

Satyanarayana et al. [12] analyzed the properties of fibers from
different parts of coconut tree and reported that the internal struc-
ture and chemical composition such as cellulose plays vital role in
its properties. Sapuan et al. [13] Investigated the tensile and flexu-
ral properties of Palm and glass/Epoxy woven natural fiber com-
posite. 3 samples were prepared and subjected to Statistical
analysis using ANOVA-where the results obtained are not signifi-
cant, which shows stable mechanical behavior of the composites.
Harish et al. [14] investigates the effect of palm and glass fiber
palm with polypropylene matrix. Incorporating the results shows
that the tensile, thermal, water resistant and impact strength
was enhanced by adding palm and glass fiber to the composites.

2. Materials and methods

In our study, the matrix material taken was epoxy resin 70 per-
centage and the reinforcements were selected as glass fiber 15 per-
centage and palm fiber 15 percentage. The epoxy resin used in our
study is LY556 and the hardener is HY951. The Palm fiber used is
dried and brushed for fiber quality without moisture content. Arti-
ficial drying result in better properties than sun drying.

2.1. Glass fiber

Glass fibers mostly used are expensive as all fibers. The compos-
ite material is 15% glass fiber reinforced plastic (Fig. 1 and Table 1).

2.2. Palm fiber

Fiber is extracted by a process known as decortications, where
leaves are crushed and beaten by a rotating wheel set with blunt
knives, so that only fibers remain. Dry fibers are machine combed
and sorted into various grades, largely on the basis of the previous
in-field separation of leaves into size groups. The Palm fiber used is
dried and brushed for fiber quality without moisture content
(Fig. 2 and Table 2).

2.3. Mould Preparation

To prepare the composite the hybrid fiber is sized into a
required number of plies of size 350 � 350 mm. The hand lay up
method is used to prepare the composite. The hybrid fiber is kept
at top and bottom of the laminate. The natural fibers are sized to
desired length and kept in between the laminates. The natural fiber
weighing around 15–20 g is spread in the laminate. In hybrid
composite the plies are aligned in the order of intermediate hybrid
fiber and natural fiber (Figs. 3 and 4 and Table 3).

Fig. 1. Photograph of fiber glass.

Table 1
Properties Of Glass Fibre.

Properties Glass Fibre

Density (kg/m3) 2500
Flexural modulus (GPa) 2–5
Tensile strength (MPa) 54
Young’s modulus (GPa) 3.4878

Fig. 2. Photograph of palm fiber.

Table 2
Properties of palm Fibre.

Properties Palm Fibre

Density (kg/m3) 1450
Flexural modulus (GPa) 12.5–17.5
Tensile strength (MPa) 68
Young’s modulus (GPa) 3.774

Fig. 3. Photograph of mould preparation.

Fig. 4. Photograph of prepared composite.
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3. Results and discussion

3.1. Tensile test

Tension test is made by holding the test specimen between
cross-heads. By adjusting the lower and upper cross heads the
specimen can be held tightly for the test. The 100KN universal test-
ing machine was used for the test.

The tensile strength of composite with glass fiber reinforcement
from Fig. 5 shows 96 MPa which is 17% higher compared to the
composite with palm fiber as reinforcement of value 82 MPa. Sim-
ilarly when comparing the hybrid reinforcement of value 120 MPa
with palm fiber reinforced composite, there is an increase of 46%.
When comparing the hybrid reinforced composite with glass fiber
reinforcement, the tensile strength is also increased by 25%.

3.2. Impact test

The izod impact test was conducted to study the energy absorb-
ing capacity of the composite.

The impact test results of glass fiber reinforced composite
shows 27.4% increased values compared to the composite with
palm fiber as reinforcement with value 116 J and 91 J. The hybrid
reinforcement with glass and palm fiber shows 108 J which is
18.6% increase with palm fiber reinforced composite as in Fig. 6.

But when comparing the hybrid reinforcement with glass rein-
forcement, there is a 6.9% decrease in its values.

3.3. Hardness test

The material to be tested is held on the anvil of the machine and
then the suitable indenter is to be fixed on the chuck. A minor load
of 10 kg is applied to seat the specimen. Then the dial indicator is
set at zero. Now the major load 100 kg is applied to the indenter to
produce a deeper indentation. The hardness value is noted which is
displayed on the indicator.

The hardness value of 99 HRB for glass reinforced composite
shows 26.9% increase when compared with palm fiber reinforce-
ment of value 78 HRB. Similarly the hybrid reinforcements with
hardness value 102 HRB shows 30.7 increase with palm fiber rein-
forced composite. Comparing the hardness value of glass fiber rein-
forcement and hybrid reinforcement, the hybrid reinforcement
shows an increase in its value by 3% as shown in Fig. 7.

4. Conclusion

Bio-composites were prepared with the help of hybrid fiber and
epoxy and hardener using handmade mould. The analyzed result
shows that the new composite fabricated with NaOH treated fiber
have high strength than the other composite materials.

Tensile strength results specify that the ratio of both glass and
palm fiber addition to the composite shows higher tensile strength
compared to individual reinforcement of palm and glass fiber
composite.

The impact strength shows a lower value for hybrid composite
where the glass fiber reinforcement shows higher strength than
other composites.

Hardness test also represents that the composite with both
palm and glass reinforcement has higher hardness compared to
the other individual reinforcements.

The automobile components can be replaced by this hybrid
composites of glass and palm fiber reinforcements for low cost
and easy decomposition ability. Further the proportion of rein-
forcement can be varied and analysed for different properties.
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a b s t r a c t

The PEMAMEK is a panel processing machine after 6 years of usage the overall equipment effectiveness
(O.E.E) of machine is gradually reduced to 50%. To improve O.E.E of machine, initial analysis is taken on
availability, performance and quality. The company is expecting to produce 250 m sub-panel for every
120 min, but actual is 110 m. To improve the O.E.E, used the Work Study and Time study method.
Actual availability of machine is 45%, which is increased to 70% by properly using manpower and reduc-
ing rework of welding, availability time of the PEMAMEK has been improved efficiently.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

PEMA assembly and welding station is an innovative solution for
manufacturing tubular and conical work pieces. The assembly line
can be fully integratedwith PEMA column and boom and PEMA con-
trol systems, therefore the operator is able to assemble and weld in
the same station [1]. It is a CO2 gas welding in which 4 sub panels is
welded in 2 passes. It is also called flat fin welding. It is used for
welding a fin in between the two tubes, used for water panels (ripple
type and plain type tubes) It is fully controlled by the PLC [2]. First
the tube and fin is fed through two pairs of roller shafts. The roller
shafts are attached with form rollers depending upon the diameter
of the tube. As the tubes and fins cross the second pair of roller shaft,
the flux cored wire flow takes place and the welding torch is
adjusted for weld with appropriate adjustment of side [3].

Flux cored wire is of 1.6 mm diameter. Flux cored wire is fed at
the top of the hopper, it is heated at temperature ranges from 60 to
70 �C. The side pressing rollers and fin bar supporting unit is used
to avoid the air gap between the fins and tubes [4]. As the tubes
and fins passes across the welding torches, after welding, the flux
are sucked by the vacuum valve and the tube enters the third
and fourth pair of roller shafts. The flux vacuum valve is operated
pneumatically. The conveyor draws out the finished fins and tubes.

Even though it is an eight torch welding machine in this only six
torch are active and the remaining two torches are ideal. The active
torches in the machine system are A1, A2, B1, B2, C1 and C2. The
ideal torches are D1 and D2 [5].

It is a CO2 gas welding in which 4 sub panels are welded in 2
passes, It is also called flat fin welding, It is used for welding a
fin in between the two tubes, used for water panels (ripple type
and plain type tubes), It is fully controlled by the PLC. First the tube
and fin is fed through two pairs of roller shaft, The roller shafts are
attached with form rollers depending upon the diameter of the
tube [6]. As the tubes and fins cross the second pair of roller shaft,
the flux cored wire flow takes place and the welding torch is
adjusted for weld with appropriate adjustment of side. Flux cored
wire is of 1.6 mm diameter Flux cored wire is fed at the top of the
hopper. It is heated at temperature ranges from 60 to 70 degreesC,
the side pressing rollers and fin bar supporting unit is used to avoid
the air gap between the fins and tubes [7].

The basic technique for GMAW is quite simple, since the elec-
trode is fed automatically through the torch. By contrast, in gas
tungsten arc welding, the welder must handle a welding torch in
one hand and a separate filler wire in the other, and in shielded
metal arc welding, the operator must frequently chip off slag and
change welding electrodes. GMAW requires only that the operator
guide the welding gun with proper position and orientation along
the area being welded [8]. Keeping a consistent contact tip-to-
work distance (the stickout distance) is important, because a long
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stickout distance can cause the electrode to overheat and will also
waste shielding gas. Stickout distance varies for different GMAW
weld processes and applications. For short-circuit transfer, the
stickout is generally 1/4 inch to 1/2 in., for spray transfer the stick-
out is generally 1/2 inch. The position of the end of the contact tip
to the gas nozzle are related to the stickout distance and also varies
with transfer type and application [9]. The orientation of the gun is
also important – it should be held so as to bisect the angle between
the workpieces. That is, at 45 degree for a fillet weld and 90 degree
for welding a flat surface. The travel angle or lead angle is the angle
of the torch with respect to the direction of travel, and it should
generally remain approximately vertical. However, the desirable
angle changes somewhat depending on the type of shielding gas
used – with pure inert gases, the bottom of the torch is out often
slightly in front of the upper section, while the opposite is true
when the welding atmosphere is carbon dioxide [10]. The Fig. 1
shows the GMAW Weld Area.

An installation produces outputs by transforming inputs. An
installation is a certain well-chosen level of corporate assets where
a transformation process takes place. For instance, in the welding
line of a car factory, steel (input) is transformed into car doors (out-
put). However steel is not the only input. Labor and energy are
other examples of an input, productivity is defined as the actual
output over the actual input (e.g. number of cars per employee).
The effectiveness of the installation is the actual output over the
reference output. Productivity can be influenced not only by
changing the effectiveness but also by altering the efficiency; this
is the actual input over the reference input Tables 1–3.

It is obvious that installation effectiveness is one of the impor-
tant factors that influence the production cost-prize. Other con-
tributing factors are raw materials, utilities, people and work
methods. Raw materials as input can be actual raw materials as
well as semi-manufactures (altering the raw material to create a
portion of, but not the final product), from a previous installation
but they have to be exterior to the own installation. It should be
clear that the maximization of installation effectiveness can’t be
the one and only goal. The costs of maximizing effectiveness
should not outweigh the benefits.

2. Overall Equipment effectiveness (OEE) calculations

The value of the OEE is a measure for the effectiveness of the
installation in the available time for production.

The OEE is quantified as

OEE ¼ Valuable operating time=Available production time

The value of the OEE is an indication for the size of the technical
losses as a whole. The difference between the value of the OEE 0 or
100% indicates the share of technical losses in relation to the avail-
able production time.

2.1. Planning factor

Planning factor is a measure for the utilization of the installa-
tion in the theoretical production time and can be quantified as
follows:

Planning factor ¼ Available production time=Theoretical production time

The planning factor indicates the percentage of the total theo-
retical production time planned for – or realized, without express-
ing anything about the way the installation has been used in terms
of effectiveness. It is a measure for the extent of not utilizing the
installation.

The available production time is the time in which normally
production is planned/realized. The span of the available produc-
tion time can vary for the planned as well as the realized value.
It depends on the amount of (planned and unplanned) external
losses that in turn depend on the market needs. Seasonal fluctua-
tions cannot always be overcome or prevented.

The theoretical production time is the (maximum) amount of
time units (hours/days) available in the observed period and is a
constant in time. A day always consists of 24 h of 60 min. A week
always consists of 7 days of 24 h. A year always consists of
52 weeks, With an increase of the (planned/unplanned) external
losses the value of the planning factor will inevitably decrease,
the theoretical production time is a constant value for a fixed
observed period (365 days), Note that the planning factor as desig-
nation is not completely correct as it can be changed by an
unplanned event, for instance a lack of raw material.

2.2. Total OEE

Total OEE ¼ Valuable operating time=Theoretical production time

The total OEE is an indication of how effectively your machine
has been used compared to how its use could theoretically be max-
imized. The consequences of not working during weekends or hav-
ing two 8-hour shifts a day instead of three are reflected in this
factor.

Note that the total OEE can also be calculated as follows:

Total OEE ¼ OEE � Planning factor

2.3. Effectiveness factors

The previous diagram indicates that the availability is a mea-
sure for the down time losses. The definition is as follows:Fig. 1. (a) Diagram of the GMAW Weld Area.

Table 1
Technical data.

Diameter of the tubes 25.4–76.1 mm
Tube wall thickness 2.3–10 mm
Width of the fin bars 10–110 mm
Thickness of the fin bars 5–12 mm
Panel length 4000–25,000 mm
Max. width of panels 2500 mm

Tube materials
Carbon steel SA192, SA210A1, SA210C
Alloy steel SA209T1, SA213T11
Stainless steel SA213TP304H, SA213TP321H, SA213TP347H

2 R. Sivakumar, R. Manivel /Materials Today: Proceedings xxx (xxxx) xxx

Please cite this article as: R. Sivakumar and R. Manivel, Analysis on overall equipment effectiveness of a PEMAMEK panel processing machine, Materials
Today: Proceedings, https://doi.org/10.1016/j.matpr.2019.06.132Page 1333 of 3066Page 1333 of 3066

https://doi.org/10.1016/j.matpr.2019.06.132


Availability ¼ Gross operating time=Available production time

When down time losses are zero, the availability is 1 or 100%,
the gross operating time equals the available time for production.
In other words, the installation throughput equals zero in no point
of time, during the available time for production. At the end of the
installation, there is continuously an output and this without
interruption.

2.4. Performance

The performance only concerns the gross operating time. A
property of the gross operating time is that the speed exceeds zero
at any time. There are no down time losses in the gross operational
time. The speed is not zero but this does not mean that the refer-
ence throughput is continuously achieved. The performance factor
is a measure for the speed losses and is quantified as follows:

Performance ¼ Net operating time=Gross operating time

Speed losses can be calculated as:

P ¼ Number of parts produced= Gross operating timeð
Theoretical cycle time= Þ
In order to quantify speed losses, the theoretical cycle time has

to be known. This is not necessarily the design cycle time, The the-
oretical cycle time depends on installation and product. It is useful
to pay attention to its value. If it is falsely calculated, parts of the

losses are not visible and a better effectiveness is shown than is
the case. These false calculations come about by taking into
account unavoidable losses.

These are for instance losses caused by cleaning activities:

� Imposed from a legal/hygienic point of view (food industry)
� Necessary to prevent contamination of products

It can’t be stressed enough that it is worthwhile to find out the
manner in which the value of theoretical cycle time comes about.
Usually the client becomes aware of the importance to correctly
quantify the theoretical cycle time and the consequences if this
is not done properly. The theoretical cycle time can in principle
be determined by a neutral instance. It is necessary that production
and maintenance be consulted.

2.5. Quality factor

During the net operational time, no down time or speed losses
occur. In other words, the output related to the net operational
time is the product of the reference throughput (units per time
unit) � the number of time units of the net operational time. How-
ever it is not certain that the total produced output is conform
quality specifications. To gain insight into this, the quality factor
is defined:

Quality factor ¼ Valuable operating time=Net operating time

Table 2
Availability.

Overall equipment effectiveness calculation

(No. operator, No. Cranes and Equipment Breakdown Time are consider as zero)

Date Total Availability
Time

NO. Load Time Planned
Maintenance Time

Loading Time Job Setting and
Change Over Time

SUM Operating Time Availability (%)

20.02.2019 120 20 0 100 20 20 80 80.00
21.02.2019 120 25 0 95 25 25 70 73.68
22.02.2019 120 20 0 100 15 15 85 85.00
25.02.2019 120 20 30 70 30 30 40 57.14
26.02.2019 120 0 0 120 25 25 95 79.17
27.02.2019 120 15 0 105 18 18 87 82.86
28.02.2019 120 15 0 105 10 10 95 90.48
01.03.2019 120 10 0 110 15 15 95 86.36
02.03.2019 120 10 0 110 19 19 91 82.73
06.03.2019 120 10 0 110 23 23 87 79.09
07.03.2019 120 15 0 105 16 16 89 84.76
08.03.2019 120 0 0 120 18 18 102 85.00
09.03.2019 120 0 0 120 25 25 95 79.17
11.03.2019 120 5 0 115 20 20 95 82.61
12.03.2019 120 5 0 115 15 15 100 86.96

Table 3
Performance and OEE.

S. No Performance (%) Quality (%) OEE = A*P*Q OEE (%)

1 56.25 88.89 0.40 40.00
2 64.29 100.00 0.47 47.37
3 88.24 93.33 0.70 70.00
4 50.00 75.00 0.21 21.43
5 73.68 85.71 0.50 50.00
6 48.28 100.00 0.40 40.00
7 52.63 100.00 0.48 47.62
8 44.21 88.10 0.34 33.64
9 67.03 100.00 0.55 55.45
10 71.26 100.00 0.56 56.36
11 66.29 100.00 0.56 56.19
12 52.94 81.48 0.37 36.67
13 68.42 92.31 0.50 50.00
14 89.47 100.00 0.74 73.91
15 90.00 100.00 0.78 78.26
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Product specification and product planning (at what time what
product should be produced) are the starting points for quantifying
quality losses. When reasoning in this way, there are only
approved and rejected products. Producing products that are not
included in production planning means that the entire production
is rejected, resulting in a zero quality factor and OEE. This is also
the case if products are made according to the production plan,
but do not conform to product specification. This resembles a black
and white situation and this is not always necessary or wanted.

A conscious decision for differentiation of quality losses should
be made. If opting for quality differentiation, a decision has to be
made concerning producing, not conform product planning (other
products than required/agreed). In principle production should be
considered ‘‘not conform” in this case. But then there is still the
question of what to do with product that is in the ‘‘not conform,”
category. For example: A product is produced that does not fit
the original specification, yet it is acceptable for a different (lower
cost) product specification. So, this lower-spec, lower cost product
may be sold. In this case, the product is not a complete loss, and
some money can still be recuperated. But there is still some loss,
since the machine and tools used to make this product are
designed to deliver a different product. The investment is probably
higher in this case, so you have to calculate some losses. This
should be addressed in the product specification portion of the
planning.

A decision has to be made when a product is completely
rejected and subsequently the different quality levels must be
determined with the accompanying product specification. When
determining the number of quality levels, one should reckon with
what still can be traded in the (internal or external) market. Per
class hard criteria and norms will have to be defined, possibly with
the help of quality aspects. Finally, per class the total size of the
loss should be quantified. For example, when producing a product
of a certain quality class, 14% of the produced volume/numbers are
losses because they do not live up to the quality specifications of
that class. An overview table will have to be made per product
indicating:

� The different quality levels
� The quality specification per level
� The factor per level to quantify the losses

2.6. Overall Equipment effectiveness (OEE)

The three effectiveness factors offer a second way to quantify
the OEE:

OEE ¼ Availability� Performance� Quality factor

The individual value of the three effectiveness factors lies
between 0 and 1. Studying each one of the effectiveness factors
independently, a satisfactory value would be 0.9 or 90%. The value

of the OEE is in this specific case = 0.9 � 0.9 � 0.9 = 0.73. The size of
the technical losses is in this case approximately 27% of the avail-
able time for production, which is a serious amount. This results
mainly from the multiplication effect of the three factors. Note that
in many cases, down time losses also cause speed and quality
losses. The reference throughput is not immediately achieved after
a down time of the installation and the first products do not neces-
sarily comply with quality specifications. The use of effectiveness
factors helps with prioritizing the size, but does not indicate the
financial consequences that can differ per factor

3. Conclusion

The Availability, Performance rate and Quality rate were
increased by 40%. The labor hours can be effectively utilized which
consequently increases the production rate to 20%. Occurrence of
breakdown could be reduced to an extent of one part. O.E.E of
PEMAMEK is increased considerably upto 70% if the suggestions
were implemented. By using the time study, the machine idling
time 20 min reduced which can be calculated, useful during main-
tenance. The reduced performance can be boosted by this OEE
analysis.
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a b s t r a c t

In this project dissimilar aluminium alloys (Al2024 & Al6063) are welded using tungsten inert gas weld-
ing in the butt joint with single V edge preparation. The welding is carried out with modifying three set of
parameters such as current, gas flow rate and root gap. Welded materials is then subjected to various
mechanical behaviour analyses such as tensile strength, hardness, corrosion test and microstructure ana-
lyze also carried out using scanning electron microscope for metallurgical study purpose. The main aim is
to analyze how welding process parameters changes affect the mechanical behaviour of the aluminium
alloys.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

Aluminum combinations are notable for their applications in
manufacturing industries [1]. Al6063 is an aluminum alloy with
magnesium and silicon as the alloying components. It has com-
monly great mechanical properties and is heat treatable and weld
able too. Al2024 aluminum compound is an aluminum amalgam
with copper as the essential alloying component. It is utilized in
application requiring high solidarity to weight proportion just as
great exhaustion obstruction.

Welding is a joining process used to join different materials like
metals, composites or plastics, together at their achieving surfaces
by usage of warmth or possibly weight [2]. Weld limit of a material
depends upon different segments like the metallurgical changes
that occur in the midst of welding, changes in hardness in weld
zone in light of speedy solidifying, level of oxidation on account
of reaction of materials with natural oxygen and tendency of split
game plan in the joint position [3]. In TIG welding, the electric arc
is produced between a non-consumable tungsten electrode and the
work piece. There is an electrode holder in which the non-
consumable tungsten electrode is fixed. By supplying the electric
power between the electrode and the work piece, the insert gas
from the cylinder passes through the nozzle of the welding head

around the electrode. The insert gas surrounds the arc and protects
the weld from atmospheric effects and hence defect free joints are
electrode. The insert gas (argon) surrounds the arc and protects the
weld from atmospheric effects and hence defect free joints are
made. This process is also called as Gas Tungsten – Arc welding
(GTAW).

1.1. Tungsten inert gas welding

Tungsten Inert Gas (TIG) shown in (Fig. 1) welding utilizes the
warmth created by an electric bend struck between a non-
consumable tungsten terminal and the work piece to combine
metal in the joint region and produce a liquid weld pool. The bend
zone is covered in an inactive or diminishing gas shield to ensure
the weld pool and the non-consumable cathode. The procedure
might be worked autogenously, that is, without filler, or filler
might be included by bolstering a consumable wire or bar into
the built up weld pool [4]. TIG creates extremely top notch welds
over a wide scope of materials with thicknesses up to around 8
or 10 mm. It is especially appropriate to sheet material.

The strength of the welding depends on following factors

� The decision of selecting inert gas
� Tungsten electrode
� Current and voltage
� Root gap between the work piece
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1.2. Aluminium alloys

Aluminium 6063 is generally have good mechanical properties
and is heat treatable and weld able. The Alloying composition of
Aluminium 6063 is shown in (Table 1)

Aluminum 2024 contains copper as primary alloying agent. It is
used in application where high strength to weight ratio and good
fatigue resistance is needed [5]. It is difficult to weld through gas
tungsten arc welding so that it is joined with aluminium 6063 to
test its welding ability. The alloying element of Al2024 is shown
in (Table 2).

2. Experimental procedure

In this project the Aluminium alloys in different series (Al 2024
& Al 6063) has been taken and welded in butt joint with single V
edge preparation by using gas tungsten arc welding process [6].
The welding is carried out with modifying the three set of param-
eters such as current, gas flow rate and root gap.

The detailed experiment procedure followed in this analyze is
first the aluminium alloy of different series Al2024 and Al6063
with size of (10*6*1) cm shown in (Fig. 2) has been taken and made
a single V edge preparation on it for butt joint. The gas tungsten arc
welding is carried out by using argon as a inert gas with changing
the root gap of 0.5 mm, 1 mm and 1.5 mm, inert gas flow rate, volt-
age and current applied. After the welding process carried out, the
welded sample is carried out with different mechanical behaviour
and microscopic structure analysis such as hardness test, tensile
test, impact, corrosion test and scanning electron microscopic
analysis.

The above welded samples are made by changing the various
welding process parameters. For each samples different root gap,
current, voltage and inert gas flow rate to be maintained. The var-
ious changes for each sample is shown in (Table 3)

3. Experimental tests on welded dissimilar Aluminium alloy

In this work various weld parameters of TIG welded Aluminum
alloy are examined by conducting the following tests.

� Hardness Test with Vickers Hardness Testing Machine.
� Tensile test by using UTM.
� Corrosion Test
� Microstructure analysis using SEM.

3.1. Hardness test on the welded specimens (Vickers hardness test)

Hardness is the property of a material that empowers it to stand
up to plastic disfigurement, for the most part by entrance. Be that
as it may, the term hardness may likewise allude to protection
from bowing, scratching, scraped spot or cutting. The Vickers hard-
ness test technique, likewise alluded as a smaller scale hardness
test strategy, is for the most part utilized for little parts, slender
Segments, or case profundity work [7]. The Vickers strategy
depends on an optical estimation system. The Vickers hardness test
technique comprises of indenting the test material with a precious

Fig. 1. Gas tungsten arc welding.

Table 1
Chemical composition of Al6063.

Elements % of composition

Silicon 0.2–0.6
Iron 0.35
Copper 0.10
Manganese 0.45–0.9
Magnesium 0.10
Chromium 0.10
Zinc 0.10
Titanium 0.10
Aluminium Remaining

Table 2
Chemical composition of Al2024.

Elements % of composition

Silicon <0.5
Iron <0.5
Copper 4.3–4.5
Manganese 0.5–0.6
Magnesium 1.3–1.5
Chromium <0.5
Zinc <0.5
Titanium <0.5
Aluminium Remaining

Fig. 2. Welded dissimilar Aluminium alloys.

Table 3
Welded samples process parameters.

Sample Voltage (V)
Volt

Current (I)
Amps

Root gap (R)
mm

Gas flow rate (G)
litre/mins

1 30 60 0.5 16
2 40 70 1 18
3 50 80 1.5 20
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stone indenter, as a correct pyramid with a square base and a point
of 136 degrees between inverse faces exposed to a heap of 1 to 100
kgf. The full burden is typically connected for 10–15 s.

The two diagonals of the space left in the outside of the material
after expulsion of the heap are estimated utilizing a magnifying
instrument and their normal determined. The zone of the inclining
surface of the space is determined. The Vickers hardness is the
remainder gotten by separating the kgf load by the square mm ter-
ritory of space. Hardness Test is finished with Vickers Hardness
Testing machine for inspecting the Variation of hardness of Gas
tungsten arc Welded Aluminum alloy with various root holes and
at various process parameter changes.

3.2. Tensile test

Tensile test is performed on welded sample as shown (Figs. 3
and 4). The after effects of malleable tests are utilized in choosing
materials for designing applications. Malleable properties much of
the time are incorporated into material details to guarantee qual-
ity. Ductile properties frequently are estimated amid advancement
of new materials and forms, with the goal that various materials
and procedures can be looked at. At last, elastic properties regu-
larly are utilized to foresee the conduct of a material under types
of stacking other than uniaxial strain [8]. These proportions of sol-
idarity are utilized, with suitable alert (as security factors), in
designing structure. Likewise, of intrigue is the material’s pliability,

which is a proportion of the amount it very well may be twisted
before it cracks

3.2.1. Corrosion test
The salt shower test is an institutionalized and prominent cor-

rosion test strategy shown in (Figs. 5 and 6), used to check con-
sumption opposition of materials and surface coatings. Normally
the materials to be tried are metallic completed with a surface cov-
ering which is expected to give a level of consumption assurance to
the basic metal. Salt shower testing is a quickened erosion test that
delivers a destructive assault to covered examples so as to assess
the appropriateness of the covering for use as a defensive comple-
tion [9]. Test term relies upon the erosion obstruction of the cover-
ing, by and large the more consumption safe the covering is, the
more drawn out the time of testing before the presence of erosion
rust.

4. Result and discussions

4.1. Vickers hardness test values

The TIG welding test samples are subjected to Hardness test
using Wilson Wolpert Micro hardness tester [10]. Each sample
was tested at four locations with the test specimen being subjected

Fig. 3. Welded sample before tensile test.

Fig. 4. Welded sample after tensile test.

Fig. 5. Salt spray test chamber.

Fig. 6. Corrosion test arrangement.
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to a load of 0.5 kg for a dwell time of 10 s for each location and the
results are shown in (Table 4). The specifications of the test are
given below:

Machine Name: Micro Vickers Hardness Tester
Testing load range: 10 g to 1 Kg Load
Make: Wilson Wolpert – Germany
Vernier caliper least count: 0.01 mm
Available Hardness testing Scale: HV, HRA, HRC, 15 N, 30 N etc.

4.2. Corrosion test results

Sample id: Hi-tensile aluminium –TIG welding 3 Nos.
History: Three aluminium welding specimen was subjected to

salt spray corrosion test as per ASTM B 117-14. The sample was

Table 4
Hardness test results.

Properties Location Sample 1 Sample 2 Sample 3

H.V @0.5 kg load 1 31.8 37.2 34.1
2 32.6 37 35.2
3 33.1 36.4 33.9
4 31.5 36.8 34.5

Average 32.3 36.9 34.5

Table 5
Corrosion test result.

Sample Initial weight(gm) Final weight (gm) Weight loss (gm)

1 5.960 5.940 0.02
2 5.982 5.966 0.016
3 5.976 5.965 0.011

Fig. 7. Tensile test result for sample 1 (0.5 mm root gap).

Fig. 8. Tensile test specimen for sample 2 (1 mm root gap).
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loaded in the chamber for 24 h and the details are given below in
(Table 5).

Humidity 98% as measured by hygrometer during the test. Tem-
perature of the test is 33 Degrees centigrade.

Pressure of Air for atomizing was 2–3 bar continuously by pres-
sure regulator. Composition of the salt solution for 1 L of solution,
5% of Sodium chloride, 1% of Magnesium chloride, 94% of De-
ionized water pH of the solution maintained at 7.2 by addition of
buffer solution. Determined by calibrated by pH meter with stan-
dard buffer solution. Measurement of pH, measured once in 8 h
[11]. Type of loading of castings is tied with plastic wire and hung
in the hangers.

Corrosion observation & measurements: The tool after cleaning
with organic solvents and degreasing solution washed with D.M.
water dried and weighed [12]. The initial weight before loading
and the final weight after 24 h exposure were measured and given
below. The casting surfaces were periodically observed and the
images of the surfaces were captured after 24 h.

4.3. Tensile test results

The tensile result and stress strain curve for sample 1 with
0.5 mm root gap is shown in (Fig. 7).

The tensile result and stress strain curve for sample 2 with
1 mm root gap is shown in (Fig. 8).

The tensile result and stress strain curve for sample 3 with
1.5 mm root gap is shown in (Fig. 9).

4.4. Microstructure analyses

The scanning electron microscope (SEM) is one of the most
versatile instrument available for the examination and analysis
of the microstructural characteristics of solid objects. It enables
us to contemplate the dispersion of the aluminium 6063 phase
in the Aluminium Alloy 2024 Metal Matrix by TIG welding.
There must be a uniform distribution of the reinforcement mate-
rials in the Aluminum 6063 Matrix. The welding samples were

Fig. 9. Tensile test specimen for sample 3 (1.5 mm root gap).

Fig. 10. SEM image of 0.5 mm root gap weld sample in Polished stage.
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Fig. 11. SEM image of 0.5 mm Welded sample in etched condition.

Fig. 12. SEM image of 1 mm root gap weld sample in polished stage.

Fig. 13. SEM image of 1 mm root gap weld sample in Etched condition.
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polished metallographically prior to examination. Characteriza-
tion is done in etched conditions. Etching was accomplished
using Keller’s reagent. Microscopic studies to examine the mor-
phology, particle size and microstructure were done by a Philips
XL 30 FEG scanning electron microscope (SEM) equipment. Mul-
tiple Images were taken at different scaling sizes and volume
fractions.

The Microstructure itself reveals the increased dispersion of
Al6063 in the Al 2024 matrix with the increase in alpha phase.
The Bonding interface and multi-grain refinement enhances the
mechanical properties of the welding material. The below figures
exhibits the SEM images of Aluminum 6063 alloy and Al2024 in
different welding condition. Polished and Etched SEM images of
0.5 mm root gap welded sample is shown in Figs. 10 and 11
respectively.

Sample 2: Polished and Etched SEM images of 1 mm root gap
welded sample is shown in Figs. 12 and 13 respectively.

Sample 3: Polished and Etched SEM images of 1.5 mm root gap
welded sample is shown in Figs. 14 and 15 respectively.

From the above microstructure figures we can observe that with
the increment in root gap from 0.5 mm to 1.5 mm the heat affected
zone (HAZ) area increasing.

5. Conclusion

� The tensile strength of the GTAW Al 6063 & Al 2024 sample (2)
is increases with the increases the current and root gap.

� Similarly the tensile strength of the GTAW Al 6063 & Al 2024 is
increases with the increment of gas flow rate and voltage.

� The hardness of the GTAW Al 6063 & Al 2024 is increases with
the increment of root gap 1 mm to 1.5 mm and gas flow rate
18–20 lit/min.

� The corrosion test of the GTAW Al 6063 & Al 2024 sample (3) is
having the minimum weight loss in the increment of the root
gap and gas flow rate.

� From the SEM analysis, with increment of current the heat
affected zone area also increasing, affecting the grain size and
microstructure of the Aluminium alloy.

Fig. 14. SEM images of 1.5 mm root gap welded sample in polished stage.

Fig. 15. SEM image of 1.5 mm root gap welded sample in Etched stage.
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� From the above investigation we can conclude that increment of
root gap between the weld specimens from above 1.5 mm is
given low Weld ability.

� Similarly the variation of current and gas flow rate in the spec-
imen, current 70–80 amp and gas flow rate 18–20 lit/min can
give the more Weld ability

From the above analysis, the augmentation in root gap between
the weld samples from 0.5 to 1.5 mm, there is similarly less metal
stream rate at weld partition and the combination zone will have a
lot higher disengagement thickness, higher grouping of point
absconds, which thus results the decrement in mechanical proper-
ties like rigidity, hardness and so forth.
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a b s t r a c t

This paper describes a method to analyze the NITINOL (NICKEL TITANIUM ALLOY) of prismatic cantilever
beam with non uniform curvature subject to self weight and point load at free end. The main aim of this
approach is to do dynamic analysis of single segment continuum robot using large deflection method. In
this approach deflection of beam is determined due to combined load of self-weight and more than one
point load act in the beam. Numerical solution was done by using runge kutta 5th order method and
results are presented in tabulated form.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

The study of large deflection of cantilever beam comes from
theory of elasticity. Theory of elasticity state that ‘‘solid material
will deform under the application of an external force it will again
regain their original position when external force is removed is
referred to as elasticity”. We took beam made of nickel titanium
alloy which regain their original shape after removing external
force act on the beam. It’s a prismatic circular cross section beam.
Initial shape and curvature of nickel titanium alloy depend upon its
length and self-weight of the beam large deflection of combined
loading was proposed by kyongoo lee [1] finding deflection of
non-linear elastic cantilever beam and solved governing equation
using numerical integration of one- parameter shooting method.
Bishop and drucker [2] investigate large deflection of cantilever
beam of linear elastic material.

We are using nitinol (nickel titanium alloy) beam it’s having a
lowmodulus of elasticity (E) which shows good spring back behav-
ior which regain its original shape after removing external load.
Who’s bending stiffness is low compared to other material like
stainless steel. Due to this property at very low external load large

deflection take place in the beam. We are going to find the deflec-
tion in both horizontal and vertical direction. We are using nitinol
(martensite) whose young’s modulus is low. In this paper we shall
investigate the bending momentum occurs at fixed end. Under
combined loading of uniformly distributed load due to its mass
and one vertical load at free end [3]. The aim of this study is to find
the curvature of nitinol when it subjected to external load to find
the curvature of beam we need angle of rotation at each cross sec-
tion of beam and changes occurring in angle due to external load act
over the beam. In our study we found that curvature of the nitinol
rapidly changes throughout the beam it means radius of curvature
was not constant throughout the beam [4]. Governing equationwas
derived using shear force instead of bending moment diagram to
avoid the complexity and due to some computational advantage
over the bending moment formulation [5]. The result of slope and
angle of rotation at each cross section was plotted in graph.

2. Formulation of governing equation theoretically

2.1. Formulation for flexible beam

In this section, the governing equations of the flexible beam
have been derived. Since the main component of these robots is
flexible beam, mostly focus on that. Fig. 1 depicts the deformation
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of a flexible cantilever beam under tip force and moment along
with its self-weight. During its operation, sections of the flexible
beam undergo large rotation staying within the small strain
regime. Which entails, nonlinearity is purely geometric nonlinear-
ity. Mainly, loads get transferred to the beam through the actuation
disk and the spacer disk. Both cases, load can be in the form of
either axial or transverse or moment [7]. However, axial stiffness
is high and this suppresses the axial deformation. Furthermore,
due to its very high slenderness, shear deformation is also negligi-
ble. So, move forward with Euler-Bernoulli beam model, which is
given in Eq. (1).

EI
du
ds

¼ M extð Þ sð Þ ð1Þ

Here, I is area moment of inertia of uniform cross section, M is
bending moment at a distance s along the beam from the fixed end
and q = @u

@s is the curvature of the beam at s (as shown in the Fig. 2).

EI
d2u
ds2

¼ dM extð Þ

dS
ð2Þ

differentiation of Eq. (2) with respect to ‘s’ is as follows.

dMðextÞ

dS
¼ �w L� sð Þcosuþ Fðcosðu� ðuLþbLÞÞ ð3Þ

Now, combining above equations, the governing equation for
the flexible cantilever beam is presented in Eq. (3).

EI
d2u
dS2

¼ �w L� sð Þcosuþ Fðcosðu� ðuLþbLÞÞ ð4Þ

Boundary condition for the cantilever beam, uð0Þ ¼ 0 and
qL ¼ M

EI. Solving this system analytically is difficult except for few
cases.

2.2. Formulation for Multi-segment continuum robot

In this section, the governing equations of the multi-segment
continuum robot have been presented. The formulation for this
section remains same as in the previous section. Only, multiple
point loads need to be taken care of.

The moment at a generic section for the external loads can be
formulated as in Eq. (4).

MðExtÞ ¼ �
Z L

S
W X að Þ � X Sð Þð Þ þ

XN
i¼n

ð�Fi L� Lxi � x sð Þð Þ cos ui þ bið Þ

� Fi LYi � y sð Þð Þsinðui þ biÞ �Mi ð5Þ
By following the similar steps, the governing equation for the

multi-segment robot reads as

EI
d2u
ds2

¼ w L� sð Þcosui þ
XN
i¼n

Fiðcosðu� ðuiþbiÞÞÞ ð6Þ

Boundary condition for the cantilever beam, uð0Þ ¼ 0 and
qL ¼ MN

EI . Again, this is not an easy task to solve Eq. (6). Moreover,
complexity of the system has been added due to multiple point
loads. In this work a novel technique has been developed to handle
Eq. (6).

3. Domain decomposition method to solve multi-segment
continuum robot

The domain has been split into N number of sub-domains,
based on the number of disks [8]. Decompose the beam into mul-
tiple sub-domain and these decomposition are done in such a way
that point load are acting at the end of the each sub-domain inter-
ference point are considered to be the point of inflection. Each sub-
domain subjected to self-weight of the beam and point force and
point moment at the end of the sub-domain. Sub-domain is
denoted d1; d2; d3:::::::dN. Sub-domain 1 whose length is l1 from
fixed end point load acting at a distance of l1. d2Denote sub-
domain 2 whose length is l2 from the end of the sub-domain 1 to
end of sub-domain 2 in the Fig. 3.

Here, solution methodology has been discussed. As mentioned
in the previous section, it is quite difficult to solve Eq. (3) analyti-
cally [9]. There are few numerical techniques available to handle
this kind of nonlinear boundary value problem. Particularly,

Fig. 1. External Forces Acting on Flexible Beam.

Fig. 2. External Force Acting on Multi-Segment Robot.
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shooting method and multiple shooting methods are usually
employed. Also, finite element method has gained importance
[10]. But finite element method is slightly more expensive.

In this conteigure 4.

f
du
ds

s ¼ 0ð Þ
� �

¼ du
ds

s ¼ Lnð Þ �M extð Þ
nþ1 þMdnþ1

s¼0ð Þ
EI

ð7Þ

For a single iteration, process starts from the Nth domain, and
move backward towards the global fixed end [11]. In the begin-
ning, all the segments are a straight cantilever beam. During this
process, the fixed end moment is being transferred to the preced-
ing domain’s free end [12]. Once this process is complete, move
forward form the fixed end to the free end and transfer the free
end rotation to the succeeding domain [13]. Note, for the cantilever
type beam, this will cause rigid body rotation for the entire domain
[14]. One iteration step has been described in Fig. 4. Stop the iter-
ation when angle u of the entire domain computed from the pre-
vious step are very close to the current step [15]. This closeness is
measured in terms of L2 norm.

4. Results-simulation of a beam due to moment at free end

Here we have substantiated our framework by numerical simu-
lations. First of all, I have solved a single segment case with an end
moment [16]. This particular problem possesses analytical solution
and validates our solution technique for the each sub-domain.
Fig. 5 shows the deformed configurations of the beam for different
end moments. In Fig. 9, one can observe that for a particular

moment, beam has deformed into a circle. The circumference of
this circle is equal to the total length of the beam. Now to validate
the entire domain decomposition method, I have solved a two-
segment robot only with point moments. The present method
could capture perfect ‘S’ shape, which is anticipated for a particular
set of moments as mentioned in Fig. 5. Note, this problem can also
be solved analytically. For both the simulations, material and geo-
metric properties are provided in Table 1 and in Fig. 6.

Simulation of a beam due to self-weight and point load:
Next I have tested this newly developed method to predict the

deformation due to its self-weight. In Fig. 11, one can clearly
observe that the deformation increases with the increase in length.
And it is important to note that the deformation due to its self-
weight itself significant (around 140 mm for 500 mm beam, in
Fig. 7). For this particular problem, properties are used as in Table 2.

Fig. 3. Domain Decomposed into Multiple Sub-Domains.

Fig. 4. ith Iteration of the Domain Decomposition Method.

Fig. 5. Deformed Configuration of the Beam for Tip Moment.
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To gain more confidence on this method, a beam under follower tip
normal point force has been solved. This has been solved for vari-
ous magnitude of the follower load. The result shown in the Fig. 8
agrees with the result solved by the other techniques (see [6]).
Beam properties are given in Table 2.

Simulation of a beam due to self-weight and point load at free
end:

Deflection o Basically this method is developed to apply our
concept in flexible robot where each sub-domain is considered to
be an each segment which is controlled separately through motor
by actuating tendon [17]. In this method assume that Shear force in
succeeding segment should not affect the preceding segment
which can be considered to be an important assumption for follow-
ing numerical solution but in actual case if it’s not a robot simply a
beam than preceding segment was not fixed then shear force in
succeeding segment will affect the preceding segment these
inter-related force can be obtained by obtaining a force relation
between each sub-domain to its previous sub-domain. Solve some
problem related to domain decomposition method Fig. 9 shows the
deformation of the beam due to self-weights and point load at free-
end [18]. Even very less amount of force is needed to obtain such
large deflection in NITINOL.

Load is applied in upward and downward direction when more
than one point load acting over the beam sub- domain 2 will not
affect the sub-domain 1. By considering this important assumption
Shear force of succeeding sub-domain will not affect the preceding
sub-domain because I am fixing each sub-domain after applying
load over each sub-domain but position of succeeding segment
change based on change in position of preceding sub-domain.

Simulation of beam due to self-weight and 2 point load at dif-
ferent position:

Now solve the problem when two loads are acting at different
position in the beam. Let us consider point load 1 is acting at the
mid position of the beam and point load 2 is acting at the end posi-
tion of the beam. Split the domain into sub-domain 1 and sub-
domain 2 based upon point load acting over the beam. Then the
governing equation shown in Eq. (6), 7, 8 of domain and each
sub-domain has been solved using numerical integration method
discuss in the preceding topics. Then their simulation in MATLAB
result is shown in the Fig. 7 (Fig. 10).

Fig. 8 shows the load at second segment is fixed at constant load
of 5 N and point load in segment 1 is varying from �4N to 4 N.

To solve the problem when four load are acting at different
position in the beam. Let us consider point load 1 acting at some
distance l1l1 from fixed point and considered this as sub-domain
1, point load 2 acting at a distance of l2l2 from sub-domain 1 con-
sidered this as sub-domain 2, point load 3 acting at a distance of
l3l3 from sub-domain 2 considered this as sub-domain 3, point load
4 acting at a distance of l4l4 from sub-domain 3 considered this as
sub-domain 4. Then the governing equation for domain and each
sub-domain of the beam has been solved using numerical integra-
tion method discuss in the preceding topics.

Table 1
Material Properties.

Parameters Value

Density 6.5*106Kg/mm3

Inertia 1.667*104mm4,
Modules of elasticity 210*103N/mm2

Length 1000 mm

Fig. 6. Deformed Configuration of the Two-Segment Robot.

Fig. 7. Deformed Configuration of the Beam Due to Self-weight.

Table 2
Deflection and Momentum at End Point Due To Combined Load

LOAD
DIRECTION

S.
NO

Nitinol Beam
length in mm

Self weight of
the beam in (N)

external load p
in Newton(N)

Momentum at fixed
end M in N-mm

Horizontal
Deflectiondx In
mm

Vertical
deflection dy In
mm

Angle of rotation at free
end in degree un

DOWNWARD 1 500 5.008*10�5 No load 6.2626 455.70365 �154.3 �49.9483
2 500 5.008*10�5 0.1 29.6631 388.1 �226.3 �85.422442986983
3 500 5.008*10�5 0.2 32.6414 304.4 �266.7 �120.47875758685
4 500 5.008*10�5 0.3 46.79804 220.4 271.9 �155.2331324628
5 500 5.008*10�5 0.4 159.5366 149.9 248.4 �189.8097033907

UPWARD 1 500 5.008*10�5 0.1 4.1624 494.3 58.6 �13.963184198281
2 500 5.008*10�5 0.2 1.42062963 494.2 46.64 22.5908495479663
3 500 5.008*10�5 0.3 �37.3434 455 143.1 59.7255990081471
4 500 5.008*10�5 0.4 �72.65541 384.9 214.8 97.4026580453872
5 500 5.008*10�5 0.5 �123.8814 298.9 250 135.536512265070
6 500 5.008*10�5 0.6 �156.7676 216.1 248.1 174.005834683160
7 500 5.008*10�5 0.7 �292.7310 152.7 217.7 212.671184428488
8 500 5.008*10�5 0.8 �240.94508 116.3 172.7 251.395342732041
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Simulation of beam preceding segment affect the succeeding
segment:

Now for solving the problem when two loads are acting at dif-
ferent position in the beam, let us consider point load 1 acting at
the mid position of the beam of length l1l1 = 50 mm and length

l2l2 = 50 mm. Point load 2 acting at the end position of the beam.
Above governing equation shown in process1, process 2, process

3 using numerical integration method Runge-kutta5th 5th order
method. Then their simulation in MATLAB is shown in the Fig. 8.
Took the modulus of elasticity value for NITINOL (martensite) of
48GN/M2M2 of circular prismatic beam of diameter 1 mm and
solve non linear governing equation in MATLAB using two param-
eter shooting Runge Kutta 5th order method did the numerical
computation in MATLAB (Fig. 11).

Fig. 9 shows the applied load of 6 N at the end of the Sub-
domain dl1 and then varies the load at end of sub-domain dl2 from
0 N to 8 N which affect the load at Sub-domain dl1 which is shown
in the above MATLAB simulation.

Simulation of continuum robot single segment:
Now can solve the problem of single segment continuum robot

by considering all the constrained in the robot. Solve the governing
equation 22 for single segment continuum robot. In this above
Fig. 11 free end of the continuum robot tough the fixed end. The
governing equation shown in equation 22 is split into number of
sub-domain and they are solved by using domain decomposition
method which is discusses in above paragraph using the Figs.10
and 12.

Fig. 8. Single Segment Continuum Robot under Transverse Force.

Fig. 9. Deflection due to Self-Weight and Point Load at Free End.

Fig. 10. Deflection due to Two Point Load at Different Position.

Fig. 11. Preceding Segment Affect the Succeeding Segment.
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5. Conclusion

Quasi-static analysis of multi-segment continuum robot under
combined actuation loading with its self-weight has been
considered in this work. This paper presented the generalized gov-
erning equations for the primary backbone of the continuum robot.
This paper studied the physical model of single and multi-segment
continuum robot. This work is restricted to the two-dimension.
Mainly, this study includes tendon-driven continuum robot.
Point loads are generated due to tension developed in the sec-
ondary backbone. This paper derived the general governing equa-
tion by considering all the constrained present for the continuum
robot.

References

[1] G. O. Young, ‘‘Synthetic structure of industrial plastics (Book style with paper
title and editor),” in Plastics, 2nd ed. vol. 3, J. Peters, Ed. New York: McGraw-
Hill, 1964, pp. 15–64.

[2] W.-K. Chen, Linear Networks and Systems (Book style), Wadsworth, Belmont,
CA, 1993, pp. 123–135.

[3] H. Poor, An Introduction to Signal Detection and Estimation, Springer-Verlag,
New York, 1985, ch. 4.

[4] B. Smith, ‘‘An approach to graphs of linear forms (Unpublished work style),”
unpublished.

[5] E.H. Miller, ‘‘A note on reflector arrays (Periodical style—Accepted for
publication),” IEEE Trans. Antennas Propagat., to be published.

[6] J. Wang, ‘‘Fundamentals of erbium-doped fiber amplifiers arrays (Periodical
style—Submitted for publication),” IEEE J. Quantum Electron., submitted for
publication.

[7] C. J. Kaufman, Rocky Mountain Research Lab., Boulder, CO, private
communication, May 1995.

[8] Y. Yorozu, M. Hirano, K. Oka, Y. Tagawa, ‘‘Electron spectroscopy studies on
magneto-optical media and plastic substrate interfaces(Translation Journals
style),” IEEE Transl. J. Magn.Jpn., vol. 2, Aug. 1987, pp. 740–741 [Dig. 9th Annu.
Conf. Magnetics Japan, 1982, p. 301].

[9] M. Young, The Techincal Writers Handbook, University Science, Mill Valley, CA,
1989.

[10] (Basic Book/Monograph Online Sources) J. K. Author. (year, month, day). Title
(edition) [Type of medium]. Volume(issue). Available: http://www.(URL)

[11] J. Jones. (1991, May 10). Networks (2nd ed.) [Online]. Available: http://www.
atm.com

[12] (Journal Online Sources style) K. Author. (year, month). Title. Journal [Type of
medium]. Volume (issue), paging if given. Available: http://www.(URL)

[13] R.J. Vidmar, August). On the use of atmospheric plasmas as electromagnetic
reflectors Available: IEEE Trans. Plasma Sci. [Online]. 21 (3) (1992) 876–880.
http://www.halcyon.com/pub/journals/21ps03-vidmar.

[14] R. Kamalakannan et al., An Ant Colony Optimization Algorithm for Cellular
Manufacturing System, Appl. Mech. Mater. 854 (2016) 133–141.

[15] R. Kamalakannan, R. Sudhakara Pandian, A Tabu search strategy to solve cell
formation problem with ratio level data, Int. J. Bus. Intell. Data Min. 3 (1/2/3)
(2018) 209–220.

[16] R. Kamalakannan, R. Sudhakara Pandian, A Simulated annealing for the cell
formation problem with ratio level data, Int. J. Ent. Network Manag. 10 (1)
(2019) 78–90.

[17] S. Saravanan, A. Godwin Antony, V. Vijayan, M. Loganathan, S. Baskar,
Synthesis of SiO2 nano particles by using sol-gel route, Int. J. Mech. Eng.
Technol. 1 (2019) 785–790.

[18] S. Dinesh, A. Godwin Antony, K. Rajguru, V. Vijayan, Experimental
investigation and optimization of material removal rate and surface
roughness in centerless grinding of magnesium alloy using grey relational
analysis, Mech. Mech. Eng. 21 (2017) 17–28.

Fig. 12. Simulation of Continuum Robot.

6 A. Sabari Nathan et al. /Materials Today: Proceedings xxx (xxxx) xxx

Please cite this article as: A. Sabari Nathan, M. Vijay and R. Kamalakannan, Quasi-static analysis of continuum beam of nickel titanium alloy and an
approach to solve dynamic analysis of continuum robot using large deflection method and domain decomposition method, Materials Today: Proceedings,
https://doi.org/10.1016/j.matpr.2019.05.366

Page 1349 of 3066Page 1349 of 3066

http://refhub.elsevier.com/S2214-7853(19)31224-6/h0010
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0010
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0010
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0015
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0015
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0015
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0045
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0045
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0045
http://www.halcyon.com/pub/journals/21ps03-vidmar
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0070
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0070
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0075
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0075
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0075
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0080
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0080
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0080
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0085
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0085
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0085
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0085
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0090
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0090
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0090
http://refhub.elsevier.com/S2214-7853(19)31224-6/h0090
https://doi.org/10.1016/j.matpr.2019.05.366


Stability analysis of heat transfer hybrid/water nanofluids

P.C. Mukesh Kumar a, K. Palanisamy b,⇑, V. Vijayan c

aUniversity College of Engineering, Dindigul, Tamil Nadu 64223, India
bM. Kumarasamy College of Engineering, Karur, Tamil Nadu 639113, India
cK. Ramakrishnan College of Technology, Trichy, Tamil Nadu 621112, India

a r t i c l e i n f o

Article history:
Received 13 June 2019
Accepted 28 June 2019
Available online xxxx

Keywords:
Hybrid nano fluids
Stability
Weight concentration
Al2O3–Sio2

a b s t r a c t

Now a days cooling system faces very big challenge in order to meet out the cooling demand due to
advanced technology. At the same time, the traditional cooling or heat transfer fluids exhausted their
cooling capacity. The new heat transfer fluids have been developed to overcome this hurdle. The new heat
transfer fluids is called as nanofluids, nanofluid is the dispersion of nanoparticle into base fluid. The new
generation of heat transfer fluids for various industrial applications like Chemical processing industries,
Power stations, Nuclear reactors, Transportation industries, Electronic industries and (Heating,
Ventilation and Air Conditioning) HVAC face challenge in meeting out the cooling demand for the past
decades. Instability is a common problem associated with nanofluids, the recent progress on the study
of nanofluids, such as, the evaluation methods for the stability of nanofluids. In this experimental inves-
tigation, stability of Al2O3–Sio2/water hybrid nanofluid, are studied. The Al2O3–Sio2/water based nano-
fluid at 0.2 wt%, 0.4 wt% and 0.6 wt% particle weight concentration have been prepared by using two
step method. The prepared nanofluids were characterized by UV–Vis Spectrophotometer, Zeta potential
analysis and Photograph capturing techniques for analyzing the stability of nanofluids. It is found that the
0.2 wt% nanofluid possesses very poor stability, 0.4 wt% has moderate stability and 0.6 wt% nanofluids
has comparatively good stability even after one month duration in static condition by the three tech-
niques for stability analysis.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

Stability of the nanofluid suspension is a crucial issue for both
scientific research and practical applications to provide better cool-
ing. To consider and evaluate stability of nanoparticles inside the
base fluid, sedimentation velocity calculation of small spherical
particles is found by using Stokes law. Stokes law ‘‘Eq. (1)” includes
the effective parameters for stability of nanofluids (show the
Table 1.1).

v ¼ 2r2

9l
qp � qf

� �
g ð1Þ

where ‘v’ is the sedimentation velocity, ‘r’ the radius of particles, ‘l’
is viscosity of liquid; ‘q’ is the density while ‘p’ and ‘f’ subscripts are
the particles and liquid, respectively. Finally, ‘g’ is the gravity accel-
eration, which is the main reason of sedimentation [4]. There are

three forces acting on suspended particle such as buoyancy force,
drag force and body force. Their balance makes the nanoparticle
stable. Buoyancy and drag forces are acting upward and resisting
against body force acting downwards resulting from gravitational
attraction Hiemenz and Dekker [3]. Therefore, lower particle size,
lower viscosity, lower temperature difference are the stability
parameters. Addition of surfactant, pH control and Ultrasonic agita-
tion (vibration) are the three common techniques for making stable
nanofluids. Addition of surfactant and pH control is the two tech-
niques to prevent clustering and agglomeration while ultrasonic
vibration is applied to break down agglomeration. Zhu et al [20],
Wang et al [14] and Pantzali et al [12] used all three techniques
to improve the stability of nanofluid.

Surfactants can be defined as chemical compounds added to
nanoparticles in order to lower surface tension of liquids and
increase immersion of particles [5]. Several literatures talk about
adding surfactant to nanoparticles to avoid fast sedimentation,
however, enough surfactant should be added to particle at any
particular case. In researches, several types of surfactant had been
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utilized for different kinds of nanofluids. The most significant ones
could be listed as (a) Sodium dodecyl sulfate (SDS) Chandrasekar
et al [1], (b) Cetyltrimethylammoniumbromide (CTAB), Jiang [6],
(c) Dodecyl trimethylammonium bromide (DTAB) and sodiumoc-
tanoate (SOCT), Li et al. [10], (d) Hexadecyltri methyl ammonium
bromide (HCTAB), Yu et al. [19], (f) Polyvinyl pyrrolidone (PVP),
Pantzali et al. [12], and (e) Gum Arabic, Madni et al. [11]. Xie
et al. [17] showed the stability of carbon nanotubes/water nanoflu-
ids by taking simple acid treatment. This was caused by a
hydrophobic-to-hydrophilic conversion of the surface nature due
to the generation of a hydroxyl group [7]. As the pH value of the
solution departs from the Iso Electric Point (IEP) of particles the
colloidal particles get more stable and ultimately modify the ther-
mal conductivity of the fluid. The disadvantage of adding surfac-
tant at the high temperatures as above than 60 �C leads to
damage the bonding between surfactant and nanoparticles. Gha-
dimi [2], reviewed the stability of nanofluids, instruments and
methods that can rank the relative stability of nanosuspension.
Ho C.J [19] investigation on thermal conductivity and viscosity of
nanolubricant on Al2O3/PAG the result shows the increase in ther-
mal conductivity by increasing concentration but decreases in
temperature Viscosity of nanolubricant increases by increasing
concentration higher than 0.3%. The thermal conductivity and vis-
cosity where measured by the operating temperature of 303 K to
353 K. The list includes UV–Vis spectrophotometer, zeta potential,
sediment photograph capturing, TEM (Transmission Electron
Microscopy) and SEM (Scanning Electron Microscopy), light scat-
tering, three omega and sedimentation balance method [8].

In this investigation, Al2O3–Sio2/water hybrid nanofluid have
been prepared with two step method and the UV–Vis spectrome-
ter, zeta potential analysis and sediment photographmethods have
been carried out to analyze the stability.

2. Material and method

In this investigation, Al2O3–Sio2 metal oxide nanoparticles is
taken as nanomaterials and distilled water is taken as base fluid.
Two-step method is taken for preparing Al2O3–Sio2/water hybrid
nanofluid. This is because the two-step method is better for oxide
particles and this method gives higher stability and less agglomer-
ation as proposed Das et al. [13], and Ghadimi et al. [2]. Preparation
of Al2O3–Sio2/water hybrid nanofluid is done by dispersing Al2O3–
Sio2 nanoparticles into distilled water. The required particle vol-
ume concentration is taken in chemical measuring flask with the
accuracy of 0.5 ml. The mass of nanoparticles is estimated by using
weight machine, Phoenix, supplied by Nitiraj Engineering Ltd. India
with the maximum capacity of 300 g, minimum capacity of 0.2 g,
accuracy of 0.01 g. Das et al. [13] proposed the ultrasonication is
the most effective method for breaking and even dispersion of
agglomeration when particles are dispersed into water. They have
suggested this technique will maintain fluids with less than 2%
weight of particles in suspension indefinitely. The nanofluids are
kept under ultrasonic vibration continuously for 4 h to get even

dispersion, break down the agglomeration and stable suspension.
Lee et al. [9]. Therefore, Ultrasonification method was taken to pre-
pare nanofluid in this investigation. Ultrasonic bath (Citzen, India)
generating Ultrasonic pulses 100W at 36 ±3 kHz was switched on
for 4 h to get the uniform dispersion and stable suspension. Fig. 1
shows Al2O3–Sio2 water/hybrid nanofluid of 0.2 wt%, 0.4 wt%, and
0.6 wt% particle weight concentration have been prepared.

3. Result and discussions

Ultra Violet–Visible spectrophotometer (UV–Vis) measure-
ments have been used to quantitatively characterize the stability
of nanoparticles dispersed in base fluids. The UV–Vis spectropho-
tometer exploits the fact that the intensity of the light becomes dif-
ferent by absorption and scattering of light passing through a fluid.
Jiang et al. [6] were the first who proposed nanofluid sedimenta-
tion estimation by using UV–Vis spectrophotometer. In this inves-
tigation, the UV–Vis. spectrophotometer, Lambda 35 model, Perkin
Elemer make, absorption range of 200–1200 nm was used to study
the stability of nanofluid. The inspection range is from 230 nm to
1000 nm.

The U–V vis. spectrometer works under the principal of Beer–
Lamberts law. Beer–Lamberts law relates that an absorbance of
light and proportion of material through is passing. The lesser
the suspended particles in the solution makes the light absorption
lesser [15]. In this method, the first step is to find the peak absor-
bance of the dispersed nano particles at very dilute suspension by
scanning. The relative stability measurement is followed by
preparing the desired concentration of nanofluid and put aside
for a couple of days. Whenever it is needed to check the relative
stability, the supernatant concentration is measured by UV–Vis
spectrophotometer and the absorbance is plotted against
wavelength.

Fig. 2 shows the stability of 0.2 wt%, 0.4 wt% and 0.6 wt% nano-
fluid just after preparation by using ultrasonic agitation. It is
shown that all three nanofluids light absorption strength (broad-
band of Full Width at Half Maximum (FWHM)) is wider in range
of 230–300 nm. The range of suspended nanoparticles absorption
is 0.5–0.8.1. It is seen that the absorption strength of 0.2 wt% nano-
fluid is lower. This is because the 0.2 wt% nanofluid leaves more
‘particle free region’ in base fluids. The 0.4 wt% and 0.6 wt%
nanofluids absorption strength are relatively higher than 0.2 wt%

Table. 1.1
Description of Al2O3/ SiO2 nanopowder.

Aluminum oxide nanopowder Silicon oxide nanopowder

Molecular Formula Al2O3 SiO2

Molecular weight 101.6 60.08
Properties
Form Solid Solid
Diameter 20–30 nm 15 nm
Specific Surface Area 32–40 m2/g 650 m2/g
Purity 99.9% 99.5%
Supplier Sisco Research Laboratories Pvt

Fig. 1. Al2O3–SiO2/water hybrid nanofluids prepared.
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nanofluid. The 0.2 wt%, 0.4 wt% and 0.6 wt% nanofluids are stable
just after preparation.

Fig. 3 it is observed that the light absorption strength of 0.2 wt%
nanofluid just after preparation is wider than the 0.2 wt% nanofluid
after four weeks. Therefore, the 0.2 wt% nanofluid just after prepa-
ration possesses good stability and the 0.2 wt% nanofluid after four
weeks of preparation is fairly stable. This is because the light
absorption strength is significantly reduced after four weeks.

Fig. 4 it is observed that the light absorption strength of 0.4%
nanofluid just after preparation is wider than the 0.4% nanofluid

after four weeks The peak is maintained in the range same range
of wavelength. Therefore, the nanofluid just after preparation and
after four weeks days possesses good stability.

Fig. 5 it is observed that the light absorption strength of 0.6 wt%
nanofluid just after preparation is wider than the 0.6 wt% nanofluid
after four weeks days. The peak is maintained in the same range of
wavelength. Therefore, the nanofluid just after preparation and
after four possesses good stability. On the comparing the results
of UV spectra of 0.2 wt%,0.4 wt% and 0.6 wt% Al2O3–SiO2/water
hybrid nanofluid, the 0.1 wt% nanofluid possesses poor stability
and 0.4 wt% and 0.6 wt% nanofluid have good stability even after
four weeks of preparation.

4. Stability inspection by measuring Zeta potential value

The Zeta potential value of the nanofluid prepared for experi-
mental investigation was found using Zeta potential Analysis (SZ
100 model, accuracy 0.02, in the range of 0.3 nm–8.0 lm) and
the measured value was around �60.7 mV. The measured Zeta
potential value of the prepared nanofluid is not in the range of
the iso-electric point of Al2O3–SiO2/water hybrid nanofluid. This
measurement deviation ensures that the nanoparticles are uni-
formly dispersed and stable in base fluid [16]. Due to very large
repulsive forces among the nanoparticles, the Zeta potential value
measured is not within the limit of iso-electric point nanoparticles.
Moreover, it is examined that a very little settlement of nanoparti-
cles was found after keeping the nanofluid in a stationary condition
for duration of four weeks and it reveals that the nanoparticles are
stable in base fluid.

Table.1.2 represents the zeta potential value for different
volume concentration. It is seen from the zeta potential value of
the Nanofluids 0.4% wt. concentration has higher optimum zeta

Fig. 2. UV–Vis. Spectrum obtained for Al2O3–SiO2/water hybrid nanofluid just after
preparation.

Fig. 3. UV–vis. spectrum obtained for 0.2 wt% Al2O3–SiO2/water hybrid nanofluid after 4 week.

Fig. 4. UV–vis. spectrum obtained for 0.4 wt% Al2O3–SiO2/water hybrid nanofluid after 4 week.
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potential value for the Al2O3–SiO2/water hybrid nanofluid. There-
fore 0.6 wt% concentration Al2O3–SiO2/water nanofluids achieve
more suitable for keep on for long period compare to other naoflu-
ids concentration.

5. Stability inspection with photograph capturing technique

The photographs of test tubes with nanofluid were taken by
using Sony digital camera of 16.1 Mega Pixel, W Series, 5x Optical
Zoom Cyber-shot (Black). It is seen from Fig. 6 the 0.2 wt%, 0.4 wt%
and 0.6 wt% nanofluids do not show the visible sedimentation of
nanoparticles [18]. It means that the prepared nanofluids are stable
just after preparation.

Fig. 6 the 0.2 wt% nanofluid shows much visible sedimentation
at the bottom of the test tube. The 0.4 wt% and 0.6 wt% do not show
much sedimentation. Therefore the 0.2 wt% nanofluid has poor

stability and 0.4 wt% and 0.6 wt% nanofluid have good stability
when the nanofluids are kept static for four weeks.. This is because
of low particle volume concentration 0.2 wt% nanofluid tends to
agglomerate easily. The low particle weight concentration has lack
of nanoparticles to generate adequate repulsive forces for making
stable suspension.

Fig. 7 shows the stability of 0.2 wt%, 0.4 wt% and 0.6 wt% hybrid
nanofluid. It is seen from figure that there is no observable sedi-
mentation even after four week. This is because of re-
establishment of nanoparticles when nanofluids are made flow.
Therefore, under static condition the 0.4 wt% and 0.6 wt% nanoflu-
ids show good stability even after four weeks and 0.2 wt% nano-
fluid shows sedimentation

6. Conclusions

This investigation was carried out to study the effect of Al2O3–
SiO2/water hybrid nanofluid on stability. The nanofluid Al2O3–SiO2

at 0.2 wt%, 0.4 wt% and 0.6 wt% particle weight concentration. It is
studied that the prepared nanofluids were characterized by UV–Vis

Fig. 5. UV–vis. spectrum obtained for 0.6 wt% Al2O3–SiO2/water hybrid nanofluid after 4 week.

Table 1.2
Zeta potential value for various concentration of Al2O3–SiO2/water Hybrid nanofluids.

Particulars After preparation After preparation Fourth week

Al2O3–SiO2/water hybrid nanofluid 0.2 wt% 0.4 wt% 0.6 wt% 0.2 wt% 0.4 wt% 0.6 wt%
Zeta Potential values �20.9 mV �31.1 mV �42.7 mV �30.9 mV �42.7 mV �60.7 mV

Fig. 6. Photograph of Al2O3–SiO2/water hybrid nanofluid at static condition : Just
after preparation.

Fig. 7. Photograph of Al2O3–SiO2/water hybrid nanofluid at static condition : four
weeks after preparation.
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Spectrophotometer, Zeta potential analysis and Photograph cap-
turing techniques for analyzing the stability of nanofluids. It is
found that the 0.2 wt% nanofluid possesses very poor stability,
0.4 wt% has moderate stability and 0.6 wt% nanofluids has compar-
atively good stability even after one month duration in static con-
dition by the three techniques for stability analysis.
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a b s t r a c t

The understanding of the concept, maximum profit is not only the aim of an organization but consider-
ation of their effects on society and environment also matters, leads to the concept of Green management.
The recent change in the environment and climate increased the concern of environmental protection,
which depicts the necessity to transform into green production. In order to solve the environmental
related issues, the first step of the production is to find the right vendor for raw materials, that is imple-
mentation of Green supplier is one of the methods and the criteria are greening the vendor or supplier.
When the first step is taken according to Green management principles obviously the further stage con-
tinue to follow the principles. However, selection of a supplier is a basic multi-criteria decision-making
problem. The traditional method for supplier selection is hectic and not practical. For this, most popular
MCDM technique TOPSIS (Technique for order preference by similarity to ideal solution) is used and the
solution obtained through Analytical Hierarchy Process (AHP) is checked.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International
Conference on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

The Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS) is a multi-criteria decision analysis method,
which was originally developed by Ching-Lai Hwang and Yoon in
1981 with further developments by Yoon in 1987, and Huwang,
Lai and Liu in 1993. It is a technique to evaluate the performance
of alternatives through the similarity with the ideal solution.
According to this technique, the best possible value will be closest
to the positive-ideal solution and longest from negative-ideal solu-
tion [1]. Simplicity, rationality, simple mathematical form and an
infinite input are some of the advantages and reason that studies
are carried out in TOPSIS nowadays as shown in Fig. 1.

2. Methodology

The input data obtained is tabulated and exhibited above
(Table 1).

3. Analysis & solution by TOPSIS

First, a score table according to the input data is constructed
and the score is given from Tables 1–3. The score for each criterion

Fig. 1. Supplier framework.
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is from 0 to 100 [2]. Score 100 is for the best case and 0 for the
worst case (Table 2).

3.1. Weighted normalization

The normalized score is multiplied by weight of criteria. It is
done as follows as shown in (Tables 4–7).

Weighted normalization = normalize score �weight [3].
The weight is given according to priority. Here equal weight is

given to all criteria (0.333)

3.2. Separation from positive ideal alternative

The values are subtracted from the highest value

A* = Vj � �Vijð Þ2 where,Vj*=highest valueVij = column values [4]

3.3. Separation from negative ideal alternative

The values are subtracted from the lowest value as shown in
Tables 8–10.

A’= Vj0 � Vijð Þ2where,
Vj’= lowest value
Vij = column value [5]

3.4. Separation from ideal (S*) and negative ideal (S’)

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 ðVij � �VjÞ2

q

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 ðVij0 � VjÞ2

q

Table 1
Supplier data.

V-I V-II V-III V-IV

Pollution control Bad Excellent Good Good
Green image Good Very bad Very good Bad
Green competencies Very good Good Bad Excellent

Table 9
Comparision of Vendor Based Pollution Control.

V1 V2 V3 V4

V1 1 5 0.333 0.111
V2 0.2 1 0.1428 0.333
V3 3 7 1 5
V4 9 3 0.2 1

Table 7
Separation values.

SCORE S* S’ S’/(S’+S*) Rank

V1 0.1907 0.1786 0.4836 3
V2 0.2334 0.1766 0.4307 4
V3 0.1920 0.2249 0.5394 1
V4 0.1835 0.1805 0.4958 2

Table 10
Comparision of Vendor Based on Green Image.

V1 V2 V3 V4

V1 1 5 0.2 7
V2 0.2 1 3 0.1428
V3 5 0.333 1 9
V4 0.1428 7 0.111 1

Table 8
Criterion comparison table.

Pollution
control

Green
image

Green
competencies

Pollution control 1 3 5
Green image 0.333 1 6
Green

competencies
0.2 0.166 1

Table 2
Score data.

Pollution control Green image Green competencies

V1 30 50 70
V2 90 10 50
V3 50 70 30
V4 50 30 90

Table 3
Competency values.

Pollution control Green image Green competencies

V1 0.2535 0.5455 0.5466
V2 0.7606 0.1091 0.3904
V3 0.4225 0.7637 0.2342
V4 0.4225 0.3273 0.7027

Table 4
Weight normalization.

Pollution control Green image Green competencies

V1 0.0844 0.1816 0.1820
V2 0.2532 0.0363 0.1300
V3 0.1407 0.2543 0.0779
V4 0.1407 0.1089 0.2339

Table 5
Separation values.

Pollution control Green image Green competencies

V1 0.0285 0.0052 0.0027
V2 0 0.0475 0.0107
V3 0.0126 0 0.0243
V4 0.0126 0.0211 0

Table 6
Separation values.

Pollution control Green image Green competencies

V1 0 0.0211 0.0108
V2 0.0285 0 0.0027
V3 0.0031 0.0475 0
V4 0.0031 0.0052 0.0243
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Vendor 3 gets the highest rank. The same data is used for AHP.

4. AHP methodology

The most difficult task in decision making is to choose the fac-
tors or criteria that are important for the decision [6]. To a person
unfamiliar with the subject will be confused with what to include
and how to include it. In AHP we arrange these factors in descend-
ing order from overall objective to criteria, sub-criteria and alter-
natives [7]. Arranging those criteria helps in the overview of the
problem and assess the priority of the level. Analytical hierarchy
process (AHP) is a decision- making method used for prioritizing
the alternative in the hierarchy [8]. It is used for measuring both
qualitative and quantitative attributes. The advantage of AHP is
shown in Table 11.

1. Its ability to structure a complex, multi-person, multi-attribute
and multi-period problem hierarchically (Saaty 1980).

2. It is simple to use and understand (Chaan 2003)
3. Its ability to reconcile inconsistencies in managerial judgments

and perception (Handfield 2002)

5. Analysis and solution by AHP

All the above matrices are normalized and overall priority
weights are assigned to get an overall score [9]. From the overall
score matrix, the vendors are ranked as shown in Table 12.

6. Result Comparison of TOPSIS and AHP

The results are compared

Vendor TOPSIS Rank AHP Rank Tally

V1 3 3 –
V2 4 4 –
V3 1 1 –
V4 2 2 –

In both AHP and TOPSIS Vendor 3 is first rank and vendor 2 has the
last rank. From this observation, it is clear to select vendor 1 from
other vendors.

7. Conclusions

I. There are several issue and secrets to solve multi criteria
decision making problem. Every method has its individual
uses and limitations. In this work supplier criteria are calcu-
lated and this study can be extended to analyze other several
criteria such as warranty, reputation and quantity.
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Abstract- The main objective of our work is to perform and to analyzed the mechanical behaviors of kenaf and glass fiber 

using various mechanical tests such as strength, hardness and many other properties which helps to apply in various 

industrial and mechanical oriented applications. In this research, Kenaf is separated as treated and untreated composite 

materials. The kenaf is dipped with the mixture of ethanol and silicon di oxide which is known as treated process and the 

non-dipped kenaf is known as untreated process. The plates are arranged in the form of 2 kenaf layers and the glass fibre 

is inserted in the middle, it is molded with the help of epoxy resin. Then each plate are separated with silicon of 1%,2% 

and 2.5%. Then various tests such as flexural, tensile, impact are being performed and noted as treated and untreated 

values .The resulting values are plotted in the form of graph which will be easy for the comparision of treated and 

untreated materials. By finding these ratios, it helps in the replacement with other material properties. So we conclude 

that our aim is to test and compare both treated and untreated plates to find their properties and applications.     

 
Keywords – Kenaf fibre, Glass fibre, Silane, Siline, Epoxy resin 

I. INTRODUCTION 

Glass fibre, which is a material with various Mechanical properties. It is also one of the fibre reinforced composite 

material combined with kenaf. These combination results to show their better than the individualone.Its major role is 

to achieve more strength and capacity to carry over the load, light weight for the corrosion resistance. Glass fibre 

normally exists with long life span, under various conditions it ensure itself to high tensile, impact loadings, inter 

laminar shear strength and acts as low penetration to the hardness. During long time use, it is not easy to obtain 

critical stresses and minor cracks on the smooth surface. The overall performance of these combinations looks like 

more inferred. Vishwas et al. [1] Besides on hybridization of the kenaf/glass fibre composites behaves with impact 

test, which overcomes the damaged area to be preferred for increased energy absorption. The fine kenaf and glass 

fibre contributes to be preserving natural fossil resources. Kishor Kumar et al. [2], By the way fracture toughness 

and its vibrational modal analysis, it’s to be cleared that there is plenty of vibration capturing capacity is available in 

glass fibre. Similar to the hybridization; it also performs as high level energy to be absorbed.                                     

Jeswin Arputhabalan et al. [3], Influencing with water absorption for these reinforced composite material, it 

contributes extremely fine fibre compared to the other materials. However its unique feature that helps to be 

required conventional composites. Other than its properties, it is considered for the reduction of using alternative 

glass fibre layers on the composite material. Muhammad et al. [4],These physical and chemical properties like as 

stronger, longer, lighter, capable of replacing other materials are considering and evaluated as per the ASTM 

standards. These polymers are polymerized and obtained tensile and compression testing and analysis with infrared 

spectroscopy and scanning electron microscopy. Dapeng Wang et al [5], The flexural properties of  fibres are 

comparatively high than the composite material. For structural application these composite materials helps in 

designing process and other mechanical properties. The tests have been done and evaluated and the following results 
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are plotted in the form of graph. The hybrid of any material such as kenaf or a glass fibre helps in increase in 

transverse as well as longitudinal strength. Fouad et al. [6],As the effect of the kenaf fibre plate the fibre material 

and treatment of chemicals  on the tensile response of thermoplastic fibre metal laminates are being investigated. 

Overall the treated and untreated laminates given show the higher tensile and flexural value of strength and modulus 

of treated and untreated laminates. The investigation of tensile performance of the laminates gives different 

orientations and number of fibre layers. Parthipan et al. [7], Based of scanning electron microscope observation it 

was found that impregnation significantly helps to enhance the compatibility of kenaf and glass fibre, Apart from 

mechanical properties the advantage is reflected in the reduction of energy consumption and environmental impacts. 

The SEM observation revealed greatly improved interface compatibility between kenaf and glass fibre.                   

Noor Azammi et al. [8], The fibre volume fraction are manufactured by the process of resin transfer moulding. The 

lamination process is being tested for strength and modulus factor under tensile test and modulus under tensile and 

flexural loading. The similarity between the kenaf and glass fibre lamination process shows as the tensile and 

flexural modulus is compared with the volume factor of 15%. Ramesh et al. [9], The major effect of the fibre 

hybridization and arrangement helps along with the loading axis and helps to know about the flexural dynamics and 

statical properties. The aim of our process is to analyise the effect of the hybridization and configuration process on 

the mechanical dynamic factor and static flexural properties of kenaf and glass fibre composite. This implies the 

reliability and strength of the material. Savitha et al. [10], Kenaf plants are usually harvested for several times in a 

particular year which depends upon the source of the plants. The yield and work of these plant components are 

affected by various factors by both natural and artificial method. It also helps in reducing the wastage of composite 

material and helps to develop a healthier environment. Rassamann et al. [11], Epoxy based hybrid Nano composites 

is prepared by dispersing different Nano particles and composite material. The increase of value in the dynamic 

mechanical properties and kenaf material of epoxy hybrid composites material are relatively higher than any other 

material. It shows a high possibility in the rate of advanced light weight structure. Saba et al. [12],The purpose of 

this research is to develop more kenaf composites and  glass reinforced hybrid composite materials. The damage 

progression of the two materials is similar. The kenaf and glass hybrid composite materials are fabricated 

successfully using the combination of two methods namely layup method and cold press method. The polymer 

matrix may get failed with a whole and cracking sound in initial method. Salleh et al. [13], The Mechanical 

properties of kenaf fibre polypropylene composite material have been elaborated. As for the mechanical and 

physical testing which are normally performed towards composites material such as high force tension. Explorations 

on kenaf fibre reinforced composites have created more influence among the research due to some of the ecological 

factors. SadiaMahzabin et al. [14], The Kenaf material is one of the natural fibre used for reinforcements in case of 

polymer matrix. Kenaf is one of the important sources of fibre which is used as a composites. In overall bout 35% of 

kenaf is known as best fibre which is appropriate for paper textiles and industries. The morphology of bio 

composites was not an effected material for fibre hybridisation. NurulHidayah et al. [15],Kenaf and glass composite 

materials has a good power in recent development of the materials with a high strength and weight factor. The glass 

fibre which are fabricated by the method of compression moulding process gives good mechanical properties. The 

comparison charts shows the difference between tensile test, flexural tests and other modes of tests to be performed. 

Alias et al. [16], The coated glass fibre were hybridised with the kenaf fibre to create hierarchical composite 

laminates by means of hand layup and vacuum bagging method. The kenaf laminated epoxy composite by  spraying 

process to improve the flexural and thermo mechanical properties, which helps to show the higher values. 

NabihahSallih et al. [17], the kenaf on the bio composite based on the water adsorption and impact properties. Both 

water adsorption and impact properties are found to be reliant on loading process. The increase of water adsorption 

percentage on bio composite as loading is been increased. Hence the impact strength of the material is reduced by 

continuous loading. Indra Reddy et al. [18], Higher kenaf content with lower barrel temperature result in composite 

sheets when compared to the high average mechanical properties in various modes and methods of testing process. 

The average fibre length found in this study results in final composites properties when comped to those with longer 

fibres which is manufactured using compression moulding machines. Haniffa et al. [19],The variation within the 

theoretical and experimental values of the tensile modulus are not considerable. The scale ratio among the 

reinforcement of different aspect ratios acts as control factor in various mechanical properties. The overall 

mechanical behaviour of the hybrid composite helps in the systematic comparison and used as parameter for 

optimizing the hybrid properties. Abu Bakarsulong et al. [20],An experimental study is been carried out which helps 

to investigate the tensile and flexural characters of polymer hybrid composite material. The tensile and flexural 

properties of the kenaf fibres are increased by the reinforcing action of the fibres. Hence these composite materials 

are used for various applications. 
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II.  EXPERIMENTAL PROCEDURES 

2.1  Material Used 

The epoxy resin is used as a liquid in the treatment of kenaf fibre. The epoxy resin has a density of 1.2 g/cm
3
. It is 

blue in colour with a kinematic viscosity of 12,000 Cps. At first two bottle of ethanol is poured in a vessel and 

stirred for about 10 minutes. Then 25ml of 3-Aminopropyletriethoxysilane is used added with ethanol and then 

stirred for about 5 minutes. Then the pieces of kenaf fibre is dipped in the mixture of chemical liquid and left for 30 

minutes. The ethanol and 3-Aminopropyletriethoxysilane reacts with the kenaf fibre dipped inside. After 30 minutes 

the kenaf fibre is taken out and dried in sunlight for about 2 days. The kenaf mats pieces dipped are known as 

treated. And the other kenaf fibre mats are untreated. For SEM test the pieces of kenaf with glass fibre mats are 

cutted into small pieces and the SEM image of the mats are taken. 
 

2.2 Treatment of Reinforcements 

The composites of kenaf and glass fibre are fabricated into 270mm square shape plates and are cutted into the 

required size for tensile test, flexural test impact test and Inter laminar shear stress (ILSS). The Nano particles and 

kenaf fibre are treated in an oven at a temperature of 100 degree Celsius which helps to eliminate the bound 

moisture. Ethanol and water with the value of 95/5% are initially taken and treated for about 10 minutes. The 

necessary quantum of silane substance of 2wt% is in general added as drop by drop to form an uniform blend and 

then it is stirred for 5 to 10 minutes. The silicon dioxide and kenaf fibre are absorbed in the ethanol and water 

solution for about 10 to 15 minutes. Then they are taken out and washed with the help of ethanol to eliminate the 

excess of silane and are dried in the oven with the temperature of 100 degree Celsius to remove the moisture content 

in the material. 
 

2.3 Composite Fabrication 

The quantity of fibre at 50% of volume and silicon dioxide at different values of 1.0, 2.0 and 2.5 were mixed with 

epoxy resin at a room temperature and stimulated continuously until the process gets completed. Then the epoxy and 

hardener with the ratio of 10:1 is taken and stirred until it forms as a homogeneous solution. Then the compression 

moulding is done by applying wax over it which helps to separate the plating after the moulding process. At first two 

kenaffibre are placed and the glass fibre is placed in the between the two kenaf fibres. Then using compression 

moulding the process takes places for about 30 to 40 minutes with the temperature of 92 to 96 degree Celsius. After 

the fabrication process is done the plates are left to cool down for about 10 minutes and taken out. 
 

2.4 Specimen Preparation Process 

The epoxy kenaf and glass fibre silane 4 oxide particle is prepared and reinforced as shown. These composite 

material sheets are cutted by moulded sheets by shearing process. The abrasive water absorption is prepared by the 

test specimens on ASTM standards. Many test such as tensile test, Impact test, Flexural test and Inter laminar shear 

stress (ILSS). The further more tabulations and its properties are briefly explained below. 

III GENERAL CHARACTERIZATION 

3.1 Mechanical Testing 

These testing are obtains properties like Tensile, Impact, Interlaminar shear strength, Hardness were carried out fully 

by pure ASTM standards. The ASTM standards for the tensile is ASTM D-3039 and for the flexural is ASTM D-

790, and for the impact is ASTM D-256, and for the water absorption is ASTM D-5229, and for the inter laminar 

shear strength is ASTM D-2344, and atlast for the hardness is ASTM D-2240.Tensile test is performed using a 

machine called as Universal testing machine with maximum capacity load of 100KN(SR.NO. 121101) then follows 

by impact test which it is carried out by mini impact testing machine with maximum capacity load of 30J.Then 

finally all the samples are here to undergone various testing’s and preferred for results. According to various ranges 

of silicon, the results will be changed. In terms of its properties, it will shows table no.1 its capacity and its 

withstands. 
Table 1 Material composition 

S.no Material Epoxy% Kenaf & 

Glass% 

Silicon% 

1 EKG 50 50 0 

2 EKGS1 49 50 1 

3 EKGS2 48 50 2 

4 EKGS3 47.5 50 2.5 
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3.2 Morphological analysis 

The SEM is the process of scanning the plates to make a magnifies image consisting with the electron beam and its 

analysis. It is also called as a effective micro analysis. Although the solid of inorganic and organic materials and 

composite materials are also included to get magnified image. The two dimensional image is also fully examined. 

The SEM image test and magnified images are successfully carried out by the TESCAN VEGA3 machines as shown 

in figure.1 (a),(b). 

 

 

 

 

 
                                   

 

 

 

IV RESULT AND DISCUSSION 

4.1 Mechanical properties and procedure 

The tensile, flexural , impact, hardness  test are received and silane-treated with silicon di oxide dispersed kenaf and 

glass fibre-reinforced epoxy hybrid composite materials are used presented in the table 2 and 3. It is used that 

addition of the include and surface-modified silicon di oxide. The mechanical properties are improved in the epoxy 

resin fetched and kenaf and glass fibre resultant. The tensile material percentage are improvement of 53-60 above 

are found as a tensile strength and modulus of EKG, EKGS1, EKGS2 and composite designed. The kenaf fibre 

material and dispersed silicon di oxide particles are improvement of the load sharing ability are composite material. 

It acquired moisture particle are absorbs in the creating bonding with matrix. And other mechanical properties are 

improved in the epoxy resin fetched and kenaf and glass fibre resultant. The flexural material percentage are 

improvement of 55-62above were observe flexural strength and modulus are EKG, EKGS1, EKGS2 and composite 

designed. It silicon di  oxide particle are continuous load sharing and long kenaf and glass fibre are improvement 

and highly compacted tested. The impact test were absorbed in silicon di oxide are kenaf and glass fibre into a epoxy 

resin of mechanical properties . The impact percentage and improvement of 57-65 above were observed impact 

strength and modulus are EKG, EKGS1, EKGS2 and composite material. It acquired moisture particle are flexural 

test is greater than impact test load sharing with bond matrix are kenaf and glass fibre are improvement and highly 

compacted test.The results for each and every tests are shown in table 2,3 and figure.3, 4. 

 
Table. 2 Kenaf and glass fibre  of untreated process 

Material Tensile 

strength 

(MPa) 

Tensile 

modulus  

(MPa) 

Flexural 

strength 

(MPa) 

Flexural 

modulus   

(MPa) 

Izod 

Impact (J) 

Inter laminar 

shear strength 

(MPa) 

Hardness 

(HRC) 

EKG 139 6192 213 5820 4.82 33 92 

EKGS1 147 6254 234 5891 4.98 37 93 

EKGS2 162 6463 247 5942 5.43 42 95 

EKGS3 184 6684 262 6084 6.21 48 98 

 

 

 

 

 

 

 

 

 

 

 

 
               Figure.3  Kenaf and glass fibre  of untreated process 

  

 

 

Figure.  1 a) SEM image of kenaf fiber    Figure.  1 b) SEM image of nano 
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Table. 3 Kenaf and glass fibre  of treated process 

Material Tensile 

strength 

(MPa) 

Tensile 

modulus 

(MPa) 

Flexural 

strength 

(MPa) 

Flexural 

modulus 

(MPa) 

Izod 

Impact 

(Joules) 

Inter laminar 

shear strength 

(Mpa) 

Hardness 

(HRC) 

EKG 142 6198 219 5829 4.91 34 92 

EKGS1 153 6262 241 5897 4.99 38 96 

EKGS2 171 6472 253 5958 5.58 44 97 

EKGS3 191 6691 269 6091 6.32 49 99 

 

 

 

 

 

 

 

 

Figure.4  Kenaf and glass fibre  of treated process 

4.1.1 Tensile test 

During tensile test, the natural glass fibre and kenaf fibre reinforced to shows the breaking load values for each and 

every testings. Addition with the silicon to the all the plates which will considerably increases the breakeven point. 

It also obtains yield stresses and also leads to the ultimate stresses. There exists there sudden elongation on the 

pulling up in the each of the end. The remarkable values which to shows better than the other composites. The final 

resultant values are obtained morphologically. For the untreated process the percentage elongation values are 1.440, 

1.430 and 1.930 for each EGK, EGKS1 and EGKS2.Then its universal testing values are 39.171 N/mm², 36.307 

N/mm² and 40.957 N/mm² for EGK, EGKS1 and EGKS2 respectively. The same like in treated plates are also 

tabulated as on the percentage elongation and its universal testing values. Which in percentage elongation value 

2.430, 1.600 and 1.190 which is totally differ from untreated process. Then for the universal testing values it obtains 

46.911N/mm²,37.916N/mm² and 30.882N/mm² for each EKG, EKGS1 and EKGS2.It comparisons shows the 

treated process as much more capable property. It completely defines there is percentage increase in the treated 

process. Comparing to this plates, there is 0.8%, 0.3% and 0.2% increases in the plates. The figure 5.(a),(b) are 

shows their each plates behaviour in its treated and untreated plates. 

 

                        

  

          
                                    

 
 

Then tensile values depends on its universal values are tabulated below. Here it is clear that’s the breaking load 

occurs on either on the both the treated and untreated plates depends upon the pulling force, which been surface has 

to recover to withstand its properties. 
 

4.1.2 Impact test 

The impact test that is used in determining the behaviour of the material by subjecting the material into a sudden 

shock. This test is used to determine to know how the material will respond to a sudden applied stress. At first the 

material EKG, EKGS1, EKGS2 of untreated plates are used for the impact test and the point of sudden shock were 

the plates are broken are noted and tabulated. In the same way the EKG, EKGS1, EKGS2 of treated plates are used 

in the impact test and the values are tabulated. For the impact tests, untreated process and treated process as 

thickness along with in the range of about to1-2mm as shown in figure 6 (a), (b). For the untreated plates of  

Figure.5  a) Tensile Untreated                                      Figure 5. b) Tensile Treated 
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EKG,EKGS1 and EKGS2 obtains the value of 1.15mm,1.70mm and 1.55mm.Then on the treated plates, the 

obtained values are 1.10mm,0.90mm and 2.00mm respectively. 

 

 

 

 

  

                        

 

 

 
    

4.1.3 Flexural test 

The Flexural test is employed which helps to measure the bending of the material. It helps to refer to the material 

resistance and permanent indentation. At first the EKG, EKGS1, EKGS2 and EKGS3 of untreated plates are taken. 

The force is applied at a particular point with a certain pressure. After that the point where the force is applied is 

marked with the help of chalk. Then the EKG, EKGS1, EKGS2 and EKGS3 of treated plates are taken and the same 

procedure is followed. Then the plates are taken and the marked area is zoomed by micro hardness test and result is 

noted as shown in figure. 7(a), (b). 

                      

 

 

       
 

4.2 Morphology Analysis 

Morphological analysis scanning electron microscope helps to perform a focused beam of high energy electron 

which helps to generate a multiple signals on the surface of solid specimens. The plates of EKG, EKGS1, EKGS2 

and EKGS3 is undergone SEM test and the result is noted as images. The signals that are derived from the electron-

sample interaction that reveal the information of the sample of external morphology and chemical composites that 

helps in developing the image result. The SEM is also able of performing various analyses in the selected point 

location on the plates for the images. The accelerated electrons present in the SEM helps in carrying significant 

amount of kinetic energy which helps in developing the SEM image. The SEM test is usually used to generate the 

high resolution in order to develop spatial variation in chemical compositions as shown in figure.8 (a,b) as untreated 

and treated tensile testing. And the impact test analysis for untreated and treated in kenaf glass fibre as shown in 

figure 8. (c,d). 

 

 

 

 

                                   

 

 

 

 

                       

Figure. 6 a) Impact Untreated                  Figure . 6 b) Impact Treated 

Figure. 7a) Flexural Untreated                     Figure.7 b) Flexural Treated 

Figure. 8 a)  Un Treated  Tensile                     Figure. 8 b) Untreated Tensile 

Figure. 8 c) Treated Impact Figure 8 d) Untreated Impact 
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4.3 Image Damage Analysis 
The impact damage of various fabricated composite plating is shown. The dropload of impact is separated into 3 

layers such as side damage mid surface damage and penetration damage at the end of untreated composites of E and 

EKS3. The surface damage found on the composite EK is more than composite EKS3 this is due to the absence of 

load in micro mechanism. The least amount damage of the impactor receiving side of composites takes place in 

EKS3. The mixing of 2.5% silicon in composite matrix were it absorb high load and transfers to matrix due to the no 

stress intensity factor. It shows the impact damage between E and EKS3 of the penetration side damage. It shows the 

impact damage of treated composite designation of EKS3 in side receives damage and penetration side also 

undergoes impact damage. Thus the silane treated process improves the impact load phenomenon of absorbed layer 

composites.  

IV.CONCLUSION 

Materials and composites of various volume and surface activated kenaf and glass fibre and silicon di oxide 

reinforced epoxy composites are prepared. The tests such as impact, tensile,fluctural and hardness help in 

developing the mechanical properties of the kenaf and glass fibre in many ways. The fibre helps in improving the 

mechanical properties and also in addition of epoxy composites helped to improving the surface. The treated and 

untreated plates of kenaf and glass fibre silane particle helps in increase of adhesion of matrix. Thus it is suggested 

that even as make a high concert natural composite material used in structural and machine guard applications to 

performing a surface modified and silicon added hybrid composite materials.   
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a b s t r a c t

Lean Manufacturing is a philosophy of continuous improvement to eliminate waste. This paper is the
result of a case study conducted in south India’s textile industry. Although the concept of lean manufac-
turing has shown good results in continuous process industry, compared with discrete manufacturing
industry it has not been extensively utilized. Process industry and particularly textile industry has highly
inflexible automatic machinery with high volume/low product variety. This complexity of the textile
industry renders the introduction of lean manufacturing strategies a challenge; hence, it has been taken
up as a challenge to introduce lean techniques in a textile market. To enhance the processes we chose a
mix of meaning stream mapping (VSM), 5S, kanban, kaizen, poka-yoke, and visual controls. Potential
levels of accomplishment prior to and after lean adoption were demonstrated using radar diagrams.
The findings of this study show that a thorough analysis of the operation, set-up and changeover time
(CO), the use of color coding for volume-mix recognition, the use of kaizen and the consistency circles
that inspire the workers are some of the different keys to an effective lean implementation in a textile
industry.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International
Conference on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

Lean manufacturing is a philosophy that Toyota developed in
the 1950s to compete with the US automotive giants. The aim
was to minimize excess or non-value-added practices as it would
later become known. Various tools were used to achieve this. Tra-
ditional Toyota tools for example were value stream mapping
(VSM), cellular manufacturing, kanban, 5S, and kaizen. Then, these
tools were adapted to different other discrete manufacturing
industry. Some of these tools were then introduced into the contin-
uous process manufacturing industry [1], and decent results were
obtained. [14] consider lean success to occur when a company
achieves major lean strategic components such as management
commitment, employing autonomy, transparency of information
and cultural fit, successfully implementing a number of practices
to support lean operational and tactical aspects. Nash and Poling
strongly supports bringing people together and giving them the
power to take and implement decisions (2007). Many firms

implement lean with the goal of eliminating waste in the process
thus reducing costs and thus increasing productivity [5].

Although the idea of lean manufacturing showed good success
in the continuous process industry, relative to discrete manufac-
turing industry it was not widely used. Lean is a distant word when
it comes to processing industry, like textile. Rapid reaction to
changing markets is important for the textile industry [4]. Given
the inertial consequences, large organizations that are considered
not to adopt modern methods are more likely than their smaller
counterparts to introduce lean strategies [29].

Managers are either reluctant or lack proper knowledge of these
methods and their effects with the exception of 5S strategies [19].
The mindset of employees was that they had worked effectively
without lean; therefore, they felt no need to change existing pro-
cesses and that they are performing effectively without lean [15].
Also, it is normally believed that lean principles should be adopted
for discrete products with large volume, low variety, and with less
uncertainty of demand [22]. And always there is a general miscon-
ception that techniques developed for discrete industry wont suit
continuous process industry. However, the CT, configuration time
and cycle time are also long and incoherent (they vary from order
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to order). And it also has huge inflexible equipment for most of the
process involved [16]. Such aspects of the continuous process
industry make their executives more reluctant to experiment with
new technologies as they believe that if the new technique goes
wrong, it will have an adverse effect on productivity and expense.
Adding to this, the production in small batches is complicated [1].
Mass, lean and agile production philosophies, although widely dis-
cussed, still cause considerable confusion among both academics
and in practice. Kisperska-Moron and Haan [11] describe charac-
terization of lean as‘ what, when needed but perfect’ and agile
as‘ first, fast and best’ showing the typical differences between
the two. Understanding of agile framework as well as lean method-
ologies and their implementation methods are widely different
from organization to organization [28,2] and any successful imple-
mentation will help in revealing new case-based aspects, where
future implementers may focus their efforts [17].

In this paper we show how lean techniques can be appropri-
ately adopted in a textile industry. The basis for this case study
and the VSM technique are detailed in literature review. The above
methods were mentioned in detail in the literature review in Sec-
tion 2; product and procedure history were clarified in Section 3 to
better understand the process; a detailed study of the company’s
current state is outlined in Section 4 and an overview of these
results is listed in Section 5 in each section of the company; the
measures taken to improve the leanness of the company, the
explanation of the various tools used are given along with the
usage of different lean tools under the constraints of the process
industry in Sections 6 and 7; a general framework for lean imple-
mentation in a process industry is given in Section 8 with the find-
ings and conclusions in Section 9. Section 10 also provides the
potential framework of the analysis as references for further
studies.

2. Literature review

Lean production directly descended from and is frequently used
as a proxy for Toyota Production System (TPS), Jeffery [9], which
itself evolved from Ohno’s [24] experiments and initiatives over
three decades at Toyota motor company. From Toyota point of
view, lean manufacturing is a manufacturing philosophy that
shortens the time line between the customer order and the ship-
ment by eliminating waste. Manufacturing flexibility is very
important for agility [23] and can be improved by proper lean
implementation. It means that you build what the customer orders
as soon as possible after the order and that the total lead time is as
short as possible. Jeffery [9] identifies this as a waste any time a
product is sitting, just waiting in a queue somewhere. According
to Womack and Jones [32], to become a lean producer needs a
way of thinking that focuses on making the commodity move
across output without delay, a pull mechanism that cascades back
through customer demand through replenishing what the next
process takes away at short intervals, and a society in which every-
one constantly seeks to develop. Following World War II, Japanese
factories faced massive material, financial, and human resource
shortages. Such circumstances contributed to the birth of the idea
of lean production [33]. Lean production is generally described
from two points of view, either from a philosophical perspective
related to guiding principles and overarching goals [32,30], or from
the practical perspective of a set of management practices, tools, or
techniques that can be observed directly [29,12]. This difference in
orientation does not necessarily imply disagreement, but it does
undermine conceptual clarity.

Leanness, in a supply chain maximizes profit through cost
reduction while agility maximizes profit through providing exactly
what the customer wants. Agile manufacturing was developed to

be as different as possible from the lean mindset to make it hard
for lean practitioners to follow [25,7] expresses‘ grave doubts’
about the compatibility of lean and agile concepts. This view is
supported by (Labourent, 1999; [10] hold the view that agile man-
ufacturing on an operational level is a development of lean con-
cepts. An awareness of the enablers of agile production will
boost efficiency at each stage of the enterprise [27]. According to
Gunasekaran et al. [6], agile manufacturing is a natural evolution
from the initial lean manufacturing idea.

Monden [18] and Nahmias [20] identify some of the most
common lean tools such as: cellular, just-in-time manufacturing,
kanban, total preventive maintenance, set-up time reduction, total
quality management and 5S focusing on efficient workplace orga-
nization and standardized work processes. Rother and Shook [26]
have identified VSM as another significant lean tool. Value stream
is a compilation of all actions, both value-added and non-value-
added those are required to bring a commodity through the main
flows, beginning with the raw material and ending with the con-
sumer. Such activities take into account the distribution of both
information and resources within the total supply chain. The ulti-
mate aim of VSM is to identify and take steps to try and eliminate
all types of waste in the value stream. Hines and Taylor [8]
identified seven wastes that may occur in a system such as:
over-production, defects, unnecessary inventories, inappropriate
processing time, temporary waiting, unnecessary movement and
excessive transportation. The lean approach has been applied more
frequently in discrete manufacturing than in the continuous/pro-
cess sector, mainly because of several perceived barriers in the lat-
ter environment that have caused managers to be reluctant to
make the required commitment. However Fawas et al. [3] present
a case based approach to demonstrate how lean manufacturing
tools when used appropriately, can help the process industry elim-
inate waste, maintain better inventory control, improve product
quality, and better overall financial and operational control. We
focused on three lean manufacturing methods that can be
quantified and scientificallymodelled, such as: pull formproduction
system, rig elimination, and overall efficient maintenance (TPM).
Mahapatra and Mohanty [13] highlight Indian managers ’ knowl-
edge andunderstanding of the idea of leanmanufacturing, its adapt-
ability, the motivating factors leading to its implementation, the
advantages gained from it, and the use of lean resources looking at
operational environments (whether continuous or discrete).

Their research eventually ends by stressing the key areas of use
with a specific implementation structure for implementing lean
manufacturing in continuous process industry. Below are summa-
rized the similarities and differences in the application of lean
techniques to continuous and discrete production of parts.

2.1. Similarities to discrete manufacturing system

1. Standardization of the job process
2. The layout is similar to that of a line.
3. using fool-proofing techniques
4. The products produced are only discrete as their final

production
5. 5S implementation with regard to tooling, cleaning and the

arrangement of accessories
6. Concepts for JIT and external set up can be adopted

2.2. Differences from discrete manufacturing system

1. The bulk of the work passes into different manufacturing equip-
ment while at the assembly line in the case of a separate output

2. Shutting down the process is very costly once it’s started
3. Items of high volume, low variety
4. Lengthy setup times
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5. Fixed routing and product flow trajectories
6. Reduction of lot sizes is complicated

2.3. Benefits of lean strategies being applied are described below

1. Reduction of waste of raw materials
2. Reduces cycle volatility and increases performance
3. Increased infrastructure usage/better capacity utilization.
4. Reducing production and lead time
5. Increase computer startup time via different configurations

3. Company and process background

This paper is mainly focused on implementing lean manufactur-
ing techniques in a textile industry in south India, which is a pio-
neer in textiles mainly dealing with fabrication of cloths. The
company has dying, weaving and processing divisions. The atten-
tion of this paper is on the weaving division. In this division the
basic raw material yarn is converted into fabric. The weaving sec-
tion has a monthly requirement of 900,000 m and has eight depart-
ments; preparation, handling of raw materials, warping,
measuring, painting, sewing, quality control and reprocessing.
Besides this, they also have units of dyeing and refining which in
this case study are viewed as outside plants. The general layout
of the company is shown in Fig. 1. This company mainly deals with
two types of yarns, both in mono color and in pattern, such as piece
dyed and yarn dyed. Piece dyed material is one in which weaved
tissue is evenly colored in one hue. Thus the whole process of
warping sizing drawing and weaving is done with gray yarn and
the cloth as a whole is dyed at the end; whereas the dyed yarn
material is one where the yarn is dyed at the beginning according
to the pattern given and then the size is deformed and woven.

The company obtains from suppliers three types of material in
the form of yarn. They are

1. Cotton
2. Polyester
3. Lycra.

This yarn should undergo basic chemical treatment in the dying
department to remove impurities and to control the brightness of
the yarn regardless of whether it is piece dyed or yarn dyed. So in
winding section they have to be injured on special cones used in
dying. And if it’s dyed yarn then it’s dyed with the correct color.
Then those yarns on regular cones are wound back on the yarn.

The winding will be done based on the weight of the yarn required
to meet the length of the thread, taking into account the losses that
arise at different departments. Once this is finished, the cones are
returned to the center for warping. This department has two sec-
tional warping devices and one direct warping. Warping is a
pattern-based method in which cones are piled onto creel (cone
holding structure) and the yarns from these cones are drawn
together through a tool called reed and then bound together.
Warped yarns are the base yarns which run from top to bottom
of a pattern issued. Only mono-colored yarn (or gray yarn-the term
commonly used in textiles) can be used in direct warping. There is
no template for these instructions, and it is immediately twisted
onto the beam. These are meant for garments of a simple color.
But it does have patterns which repeat in the case of sectional
warping. One duplication is treated as a single segment. Based on
orders no of sections vary. Here the yarns on the warping
machine’s drum are wound section wise, and then they are wound
on beam. Each sectional warping unit has two creels and each is
capable of holding 350 cones. If the pattern can be made with less
than 700 cones then one creel is sufficient and if it exceeds 700
cones then two creels with half a section in one creel and another
half on second creel are required, this is called spilt warping. The
yarn is highly sensitive and is treated with starch and other chem-
icals to increase its rigidity in sizing. The chemical mixture varies
from count to count, so that the mixture must be altered accord-
ingly whenever there is a change in count. Here the diameter of
the yarn is also controlled. There are two types of sizing; they
are direct sizing and beam-to-beam sizing. Also gray yarns can
be measured in direct measuring and up to 16 beams of grey yarn
can be scaled. Patterned yarns are sized in beam to beam size, and
only one beam can be processed at a time. Drawing is a process in
which the healds draw the scale yarn. Healds are reed-like struc-
tures fed into the weaving system by the twisted and shaped wool.
It’s a time consuming process and there are eight machines to
draw. Next follows the segment on Weaving. This section is auto-
mated section, and only gating, unloading, and correction of breaks
requires man power. So for four computers on average one human
is allocated. There are three weaving machines; AirJet 180, Air Jet
220 and Rapier. The variation between machines is dependent on
the shuttle used and the cloth’s maximum width which can be
made. All of these machines are connected to a computer which
tracks the machine’s output parameters such as idle time, lead
time, attendance time, no warp and weft breaks. There is also a
wetness control room for controlling the plant’s humidity level.
After weaving the loom is taken to quality control and a rework

Fig. 1. General Layout (ABC Textile).
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is performed if necessary and then the loom is sent to the process-
ing unit.

4. Detailed study of current state of the company

A product undergoes various value-added and non-value-added
processes before being delivered to the client/customer. All these
cycles with value-added and non-value-added brought together
fall under value stream or value flow or work flow. VSM is a lean
tool for visualizing a whole process of production, representing
information and material flow, improving the production process
by identifying waste and its resources. In other words, VSM is of
two types: current VSM and future VSM. Current VSM captures
the entire process, information and data within a plant while
future VSM begins from where the current VSM finishes. Through
defining waste and its origins, and removing them with the neces-
sary tools, the existing VSM improvises later.

Big picture visualization first collected the data (Mohan Prasad
et al., 2014). It noted the crucial parameters such as cycle time (CT),
changeover time (CO), number of operators, number of shifts. The
data is gathered for dispatch from raw material storage and again
from shipment to raw material storage. Then accurate VSM was
performed from large image mapping. Historical industry data
and data collected on the observation basis and online data (weav-
ing department) were used to reach detailed VSM. The data col-
lected from various departments are summarized in Table 1.

5. Analysis of the findings of current state

We need to examine the current state diagram to progress to
the future state. Takt time is the most important parameter for
analyzing the actual state. Takt time is the output rate required
to meet customer request on time. It reflects a theoretical value.
The monthly demand in our case is 900,000 m which converts into
a daily demand of 26,670 m. The company operates with 12 h a
shift, which is 1430 min, on two shift basis. Value of takt time will
be working hours divided by demand (i.e., 0.054 min/me-
ter = 3.28 s/meter). While the current production is 550,000 m a
month, this means 5.20 s is the processing time to produce one
meter of fabric. The running time is 1.65 times longer than the takt
time and at the end of the month this causes a deficit of 320,000 m.
So the next move is to define where time is wasted, and why. For
this, based on data collected and observations made, the problems
and hindrance in the workplace were sorted. These problems are
listed in the cause and effect diagram (main factors that contribute
to high CT), as shown in Fig. 2. Such problems arise because of
human error, defects in the system, defective components and
incorrect procedures. Analysis of the collected data describes high
CT, lack of standardization and employees’ lack of job knowledge
as the major problems in the factory.

The key factors contributing to high CT are,

� warp and weft breaks
� high attending time

� high processing and setup time

The weaving unit has a system error. A yellow light glows for
warp breaks, and red light is used for weft break. The designated
worker will visit the machine when the light glows and rectify
the error.

The reasons for the breaks in weft and warp are the following:

� Improper humidity control
� Manual knotting
� Improper diameter control
� Rugged handling of cones
� Fine count threads

Relative humidity plays an important role in weaving. It con-
tributes to the yarn strength.

To maintain optimum humidity air conditioning is done in the
weaving department. To maintain a relative humidity between
70% and 80%, the inlet and the outlet air to the air conditioning
system should be controlled properly. But the operator in charge
for humidity control does not have proper charts or tables to con-
trol the inlet and outlet air. If there is a variation in the relative
humidity it results in breakage of yarn during the weaving pro-
cess. Warp breaks occur more often because of this problem. This
problem is due to the lack of standardization of the humidity
control.

Threads are wound around the cones in the winding depart-
ment. Breakage in the thread happens during winding process.
Knotting is done to rectify it. The process of knotting shall be done
manually. This causes uneven diameter of the thread. During use of
these cones in weaving segment warp and weft breakages occurs.
This is because of the manual lapse.

The twisted substance is processed in the sizing section with a
combination of starch and softener.

Low pickup is held to increase the strength of the yarn. Because
of this the starch that gets coated on the yarn’s outer surface,
increases the yarn’s diameter and also the rigidity. This triggers
splits in the loop.

The cones from the winding department are transported to
warping and weaving department using sacks. Because of the
unsafe handling of cones the thread gets damaged. This results in
breakage of warp and weft during weaving process.

Fine count threads are weak, and are likely to break. The count
of the 60 s, 70 s, 80 s etc. are threads of fine numbers. These
threads are very sensitive to any variation in conditions in the pro-
cess. When proper attention is not paid to warping conditions
when using threads with fine numbers, warp and weft breaks
can easily occur.

The decreased turnover period is another major factor for high
downtimes. The allocated worker will reach the machine as soon as
possible, when the computer triggers the weft or warp stops. When
the split happens the machine fails immediately, and the worker
knotts. This time is called attendance time, taken to correct the
breakage.

Table 1
Summary of process data.

Parameters Section/Department

Warping Sizing Weaving

Direct Sectional Direct Beam to Beam Drawing Air Jet 180 Air Jet 220 Rapier

Processing time (min/1,000 m) 1 1 55 5 (min/100 m) 8 hours 1 1 1
Transfer time (min/1,000 m) 5 6 7 5 7 12 10 10
Setup time (min/1,000 m) 43 58 87 35 NA 28 28 28
Changeover time (min/1,000 m) 44 32 43 10 NA – – –
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The high attendance period is due to a lack of commitment from
the staff. Because of these breaks the staff should be conscious to
prevent the delay in the process. Proper supervision to monitor
the workers is not being done.

Thread breaks in warping section during the warping process.
When this occurs the computer fails and at the place in the creel
where the split has happened a red light appears. To resume the
process the worker must knot the broken part.

This attendance time is delayed due to the lack of instruments
(scissors) for the process of knotting and cutting. During the pro-
cess sometimes a cone gets run-out. It takes a new cone to fill in
the missing one. If required cone is not available, this process gets
even more delayed. To continue with the process the worker must
get a cone from the winding department.

The setup time in the section Warping is high. The reasons why
the setup time is increased

� Underutilization of creel
� Lack of tools
� Improper scheduling.

There are two creels to a warping unit. Each creel possesses a
capacity of 700 cones. There are two types of single-and split warp-
ing. More than 700 cones are used in split warping, so both of the
creels are used. Single warping is used for simple patterns. Fewer
than 700 cones are sufficient for a single warping. So they don’t
use the second creel. The next order is processed by means of
the second creel. For the next level, the warping mechanism
becomes idle when the cones are placed in the second creel. With
the first creel engaged in the warping system, the second is left
idle. So either way during the process one creel is under-used.
The setup time for creel structures is 40 min.

Reed is a separating method used for sectional warping of each
yarn. Each warping machine has one reed in it. The reed has to be
moved from one creel to another during break warping. For each
part, that takes about 15 min. If the pattern is more complex, there
are many sections where warping needs to be done. Thus the reed
must be constantly adjusted.

Count defines thread thickness. When a fine count thread is
deformed and a coarse count thread is to be prepared for the next
batch, the arrangement of cones has issues with thread breakage.
This is due to the variation in tension between the threads of fine
and coarse.

The identified problems were examined, and the root causes
were identified using 5 W (what, where, where, why and who)
and 2H (how and how much) strategies.

6. Measures taken to improve the leanness of the company

After identifying various company bottlenecks that are pre-
sented in the previous section of this paper, the next step is to
select appropriate lean tools to remove those bottlenecks. Five lean

tools for countering these problems were identified. These are 5S,
kaizen, poka yokes, a consistency circle, and kanban devices.
Besides these, few ideas for the development of human capital
were also discussed. How these lean tools were implemented,
and why these tools were implemented, are discussed below.

5S is a philosophy which helps to organize and manage the
place of work. It increases employee productivity. 5S aims at
reducing waste and optimizing workflow. It is a tool which enables
workflow stability. 5S is a set of instructions, or a step-by-step
method to coordinate the workplace. 5S steps are composed of five
components:

� Sort (seiri)-workplace devices and resources are sorted out. The
unwanted tools and products are marked at the tag field.

� Set in order or straighten (seiton)-labelling organizes the office.
The devices and equipment are marked with their names and
with all the necessary data. A workfloor sketch with exact scale
is drawn using grids. This helps all tools and machines to get
better workflow and easier access.

� Shine (seiso)-this step is the work of cleaning. The workplace
and machinery are periodically cleaned and maintained. The
waste is placed inside a separate area.

� Standardise (seiketsu)–it helps standardize the work. Every sin-
gle person’s work is clearly defined. The right worker is picked
for a specific job. On - the-job people will know who is respon-
sible for what. The schedule is identical. Space is held for every
job that needs to be done. To retain the first 3S’s a set of rules is
developed. This helps in improving workplace efficiency.

� Sustain (shitsuke) – certain rules are set for maintaining the
other S’s once the prior 4S’s have been enforced.

Kaizen is a Japanese philosophy focused on continual improve-
ment across all aspects of life. Kaizen constantly enhances all
aspects of a company as extended to the workforce, from market-
ing to administration and from the chief executive to assembly
line workers. Kaizen is a daily activity whose aim goes beyond
the pure enhancement of productivity. It is a process that human-
izes the workplace, eliminates overly hard work (muri) when
applied correctly, and teaches people how to conduct experi-
ments on their work using the scientific method and how to learn
how to spot and eliminate waste in business processes. To be the
most productive kaizen will operate with three principles in
place:

� Remember the mechanism and consequences (not just causes)
so that effects-related behavior emerge

� To avoid creating problems elsewhere in the process, systematic
thinking of the whole process and not just that immediately in
view (i.e., big picture, not only narrow view)

� A reflective, non-judgmental, non-blaming attitude (because
blame is wasteful) and an effort to allow the re-examination
of the conclusions that lead to the present process.

Fig. 2. Fish Bone Diagram for High Cycle Time.
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Poka yoke is a way of producing or installing goods with
low to zero defects by Zero Quality Control (ZQC) practice. It
is based on the principle that defects are avoided by regulating
the performance of a procedure in such a manner that the pro-
duct cannot have defects. It is a way to prove a procedure by
accident [21]. A poka-yoke system uses sensors or other instru-
ments that are mounted in processing equipment or machinery
to track errors that operators overlook. Poka-yoke systems are
used to execute two key elements of ZQC, namely inspection
at 100 percent and instant feedback. In source testing, Poka-
yoke devices are used to detect mistakes before manufacturing
process produces a defective product. With one of the following
methods, a poka-yoke system controls development and avoids
defects.

� Control system interrupts the computer when a fault happens
� Warning system indicates that the operator will stop the
machine if error is detected.

� Methods of contact – this method works by detecting whether a
product contacts the sensing device physically or energy.

� Fixed value method – this approach is used when a fixed num-
ber of pieces have to be added to the component, or when a
fixed number of repetitive operations have to be done at a sim-
ilar workstation.

Method of Motion-Step – this method is used to determine
whether a motion or step in the cycle has been created within a
certain time. It can also be used for sorting and organizing the ser-
ies in which the operation will proceed preventing mistake.

Quality circle is the idea of a quality circle focused on the man-
agement of human resources, which is perceived to be one of the
key factors in increasing product quality and profitability. It
implies the development of people’s skills, abilities, confidence
and creativity through cumulative education, training, work expe-
rience, and participation processes. The concept of the quality cir-
cle has three main attributes, such as: the quality circle is a form of

Fig. 3. Under utilization of creel.

Fig. 4. Initial layout.
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participatory management, it is a technique for human resource
development and it is a technique for problem solving. A Value Cir-
cle is a select group of volunteers doing similar work (usually 3 to
12 employees). Under the guidance of their immediate supervisor,
they meet regularly, or someone selected from among the group to
identify problems, set priorities, find causes and propose solutions.
We can contribute to efficiency, profitability, health, job layout,
process flow, control mechanism, work area etc. esthetics.

Kanban is an action triggering signaling system. Kanban is used
as a pull part device.

It’s demand scheduling which means producing only product to
offset the product consumed by its consumers, and producing only
product based on customer-sent signals. Kanban removes the rou-
tine scheduling tasks needed to run the production process and the
need for manufacturing managers and supervisors to track the
schedule state constantly to decide the next element to execute
and when to adjust [31]. Kanban scheduling reduces inventory,
improves flow, prevents overproduction, places operational control
and creates visual scheduling and process management.

By collectively applying the various lean tools explained above
to enhance the overall capability of the company’s production sys-
tem contributes to drastic changes in system performance, the
details of which are presented below.

7. Highlights of improvements in the system

The use of bags is replaced with cardboard boxes to shift cones
from winding department to warping department. This improves
thread quality, further improving yarn quality and thus reducing
weft and warp breaks in the process of warping as well as arrang-
ing cones in the creels. For completed beams and cones the follow-
ing color coding scheme is implemented to improve process flow
efficiency.

For orders:

� >10,000 m => violet
� 1000 m to 10,000 m => yellow
� Yardage (<250 m) => green.

It gives greater versatility in manufacturing process.
Orders > 10,000 m may be given further priority. Workers would
be more aware of how to handle the beams and the cones.

Empty beams are placed in a position it is easily accessible from.
It gives the arrangement of cones in creel more flexibility and
reduces the CO.

Fig. 5. Current layout.

Fig. 6. Old creeling order.

Fig. 7. New creeling order.

Table 2
Summary of results.

Section/
Department

Suggestion
Implemented

Results/Outcomes

Winding Machine knotting Regular and proper knotting
diameter thus reducing warp and
weft breaks.

Warping Smooth handling of
cones

Reduced the damages to cones and
thus reducing the warp breaks

Warping Creel reordering Reduced confusion while drawing
thus saving 30 min in drawing
process time.

Warping
and
sizing

5S layout Organized work environment and
tools are available.

Sizing Pressurized rollers Proper sized diameter thus
reducing warp breaks.

Weaving Worker compliments Motivated worker thus reduced
attending times.

Weaving Humidity control Reduced warp and weft breaks.
Overall Reduced warp and weft

breaks through various
process

Increased the efficiency of weaving
machines.
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As previously stated, the section Warping has two sectional
warping machines with two creels each. Only one creel is used dur-
ing single warping, and the underuse of creel is as shown in Fig. 3.
For the next order the idle creel can be balanced with cones and
therefore the CO can be further minimized. This reduces creel idle
time and improves warping machine efficiency. The inadequacy of
equipment such as scissors and blades in the warping process is
discussed and all appropriate tools are identified along with work-
ers’ suggestions. Another important suggestion is to increase the
number of reeds from one to two per machine which helps the pro-
cess of split warping and allows complex patterns to be deformed.
Here you can even prevent the transition of completed pattern
from one creel to another. It is necessary to save the setup time
for removing and positioning the reed again from one creel to
another. It cuts the process of changing the reed by about ten
minutes.

Applying kanban and 5S increases the architecture of the shop
floor. Adequate position for cone frames, empty beams, and com-
pleted beams are defined for optimal use of space. The details of
which are indicated in Figs. 4 and 5. The warped beams were ini-
tially arranged at random in the section. It led to confusion as they

prepared for the sizing process. The definition of kanban and 5S is
used to prevent this ambiguity, and to coordinate the workplace
for scalable production. Similar to the warping department the
beams are organized according to the order size. For each form of
order the color codes are given. To stop inappropriate mixing the
mixing area is washed for the sizing team. Thus places for starch,
softener, and mixing area are allocated.

The time delay in the drawing process is caused by the
continuous ordering of the creel threads as shown in Fig. 6. The
sequential threads are parallel to each other due to this continuous
sorting. This leads to confusion during process of drawing. Order-
ing is done as shown in Fig. 7, to distinguish between consecutive
threads. The consecutive yarn is woven in this creel ordering in a
crisscrossed fashion.

7.1. Increase in yarn diameter

The increase in thread diameter is due to the starch coating. Use
pressurized rollers, this problem is solved. By going through these
rollers, the wool is forced to absorb the chemical into the thread.
This process helps preserve diameter of the thread.

Fig. 8. Radar diagram indicating the initial score.

Fig. 9. Score after suggestions were made.
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7.2. Excess inventory of chemicals

There are three types of starch chemicals like: polybond, carbi-
noil, and alpinol, and there are two types of softeners like polyvinyl
alcohol, and nano.

The ratio of chemicals depends on yarn count and colour. Due to
lack of knowledge of the next-order yarn standard, the team is
required to unnecessarily store chemicals. This adds to unneces-
sary stocktaking. To avoid this, detailed analyzes of chemicals were
made. Polybond was considered to be the most efficient of all
three, as a result of the study.

The suggestions are: trained people to use knotting machine,
improved handling of cones using boxes, and the use of pressurized
rollers to control diameter, to reduce warp and weft breaks.

Control of the humidity is suggested in weaving department to
avoid breakages. If the required relative humidity is sustained from
70 to 80 per cent, the shop climate will not be pleasant for employ-
ees. To cope with this, it is recommended the special air condi-
tioner system which can hold different relative humidity for the
loom and the shop floor.

Due to the low motivational level of the staff the attendance
period for warp and weft breaks was high. It is implemented to
reduce these complements for best attendance time.

8. Framework for implementation of lean in continuous
process industry

As outlined in the following steps, overall structure for applying
lean strategies in the continuous process industry may be used.

� Identification of the absence of procedures, equipment use, hap-
hazardhandling, in this case handling of empty or full containers,
boxes or creels,manufacturing bottlenecks, inventory accumula-
tion especially for work-in-process inventories, line process
defects, inspection methods, use of loading and unloading sta-
tions offer scope of application of lean techniques. This can be
done via VSM, process flow mapping, and tools for studying
method.

� Problem analysis through lean tools such as pareto analysis,
cause and effect diagram, control charts and five-why analysis
to find the root cause of the issue.

� Finding countermeasures by methods such as 5S, poka-
yoke, kaizen, kanban and SMED The capital for operating
the textile machinery is very high; thus, these strategies
will have to focus primarily on cost reduction problems.

� Presentation and brainstorming of these possible options and
cost analysis of the ideas proposed.

� Implementation of the solution chosen and standardization of
the operating process.

� Verification of the solution through process and product inspec-
tion in relation to the client’s needs.

The above implementation procedure, though not easily
visualized in process industry, can improve capacity

utilization, increased output and increased reliability of
equipment.

Lean in process industry can significantly improve the waste
reduction and cost savings.

The implementation steps can be as shown in Fig. 10.

Problem Statement

Problem Analysis
Through lean tools like process mapping, VSM, pareto analysis, cause and effect diagram, 
control charts and 5-why analysis – to identify lack of procedures, inventory accumulation in 

creel loading/warping machines, dumping of raw material without segregation between finished 
and empty beams, wip inventory, etc.

Root cause Analysis
emphasizing setup cost reduction since changing the setup on the textile machinery is very costly.

Generate solutions
through tools like 5S, poka-yoke, kaizen, kanban and SMED

Focus on throughput and cost reduction, since process cannot be stopped in-between. 
Segregation in accordance with volume, changes in creeling order was affected.

Implementation of the above tools

Standardizing the work procedure

Verification of the Solution

Fig. 10. Steps in Implementation of Lean In Textile Industry.
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9. Conclusions and future scope

Table 2 summarizes the study results. This table shows the
details of the implemented suggestions, and the results of each
suggestion. Figs. 8 and 9 are the radar diagrams which show the
plant under study’s initial and final lean scores. The initial radar
diagram shows the scores of various lean practices such as TPM,
poka yokes, visual controls, 5S housekeeping, focused factory, stan-
dard work, changes, scheduling of production, balanced produc-
tion, continuous improvement, and flexibility of the worker
before the suggestions. At this stage, the enterprise’s only lean
practices were visual controls and worker flexibility. After the rec-
ommendations have been made the score has been improved, the
score of the tools such as visual checks, housekeeping, normal job,
and changeover has reached the second level and the other devices,
healthy development, worker efficiency, and poka yokes have
reached level three, this brings the score of lean practices to 13
out of 55, so the original score has increased by a total of 10 points.
This increased score is indicative of the company’s increased lean-
ness. Though the improvement over the initial score is just 10
points, it gives the highly competitive textile industry a tremen-
dous boost. It is also very conservative in terms of lean procedures,
policies, methods of production and lack of faith in change. This
initial improvement is therefore important and has motivated
the authors at this stage to report it, because it will encourage
other process industry to go for lean implementation.

Lean design methods are new to the textile industry. Through-
out the textile supply chain these concepts can be implemented
starting with ginning, spinning, dying, weaving, processing and
end-customer clothing. With continuous improvement the current
level of lean methods such as housekeeping, visual monitoring,
changeover, streamlined jobs can be improved to next level. The
textile industry experiences high process variations which con-
tribute to quality problems. So there’s plenty of scope for imple-
menting Six Sigma and Lean Six Sigma which will create lean
speed and quality Six Sigma.
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a b s t r a c t

The main objective of this study is to investigate the optimum parameters opted for better material
removal rate with good surface finish. The material for this study was selected as aluminium metal
matrix composite fabricated by stir casting method with Al 6061 90 percentage and Boron Carbide 10
percentage as reinforcement. The study was conducted on wire electrical discharge machining machine
where the selected parameters are pulse on time, current and pulse off time. Surface roughness and
material removal rate was taken as output responses for the study. The X-ray Diffraction test confirms
the presence of boron carbide particulate in prepared aluminium composite. The microstructure taken
reveals the uniform mixing of boron carbide particulate. The Scanning Electron Microscope analysis
was also taken to confirm the uniform mixing of boron carbide particulate with aluminium.
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International
Conference on Materials Engineering and Characterization 2019.

1. Introduction

Wire electrical discharge machining [WEDM] is a non-
traditional machining process used in automobire and airspace
sectors because machining intricate shapes even in hard materials,
not possible with conventional machine [1]. Identification of opti-
mum operating parameters for obtaining higher accuracy in
WEDM is a big problem even with the up-to-date CNC WEDM
machine. Thus the relationship between the cutting parameters
and its performance are hard to get good accuracy [2–4]. Optimiza-
tions of operating parameters are important for machines like
WEDM. Therefore optimization is very much necessary for accu-
rate machining of each and every materials. Thus better perfor-
mance can be obtained considering the parameters such as wire
tension, wire velocity pulse on and off time, electrolyte, feed rate
and flushing pressure etc. [5,6]. Gopalakannan et al., analysed that
surface roughness [Ra] and material removal rate [MRR] are the
two parameters influencing machining [7]. Marigoudar, &
Sadashivappa, concluded that the increase of current and pulse
on time produce deeper discharge craters due to increased dis-
charge energy [8]. Prohaszka et al., stated that increasing pulse
on time and current, material removal rate [MRR] increases and
increase in pulse off time decreases material removal rate [9].

Shandilya, et al., studied the quality of material removal rate in
SiCp/6061 aluminum metal matrix composite [MMC] by varying
the wire feed rate, voltage, pulse on and off time. The report shows
that when increasing pulse time, voltage, and wire feed rate, pro-
portionately there is an increase in MRR and Ra [10,11]. Tosun,
experimented 42CrMo4 machining with copper as tool electrode
and results that keeping the current, pulse duration, pulse interval
and voltage at 25 A, 200 ms and 100 ms and 80 V respectively shows
good material removal rate with reduced tool wear [12]. Yan, et al.,
found that the MRR in electro-discharge drilling [EDD] process
increases when compared with elctctrical discharge machining,
but the EDD process has severe problem with tool wear and accu-
racy [13]. Response parameter such as material removal rate, tool
wear and surface finish depends on process parameters such as
spark gap, pulse, current and open voltage [14,15]. The work of
Zhao, et al., deals with the effect of input parameter over response
parameter in WEDM of die steel [16]. Kanlayasiri, and Boonmung,
thoroughly studied the various factors affecting the quality of the
material in WEDM machining [17]. Chaudhary et al., stated that
the machining of WEDM process is simple as in conventional
machines with an advantage of machining harder, strengthen
materials with good accuracy and machining complex shapes
[18,19]. Vinod Kumar et al. machined Nimonic 90 which is a
super-alloy based on nickel, and found out that the machining with
wire EDM gives good surface finish [20].
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Electrical discharge machining removes material by discharging
spark from a pulsating direct-current power supply between the
work piece and tool and hence metal vaporizes a small area of
the work piece surface which is cooled by the dielectric fluid and
is flushed away by the dielectric flow [21]. In WEDM there is a heat
affected zone on the surface being machined developing a residual
tensile stress causing micro cracks. Thus the thermal complexity
can also affect the surface integrity of the material. Hence the accu-
racy of WEDM process requires appropriate selection of materials
and machining parameters [22]. Nilesh and Brahmakar studied
the wire EDM machining of Al6061/Al2O3p composite by varying
the volume fractions of Al2O3p between 10% and 22%. Taguchi’s
method was used for conducting and analyzing the experiments
[15]. Considering the challenges in machining of WEDM process,
an attempt is made to find the better MRR and Ra for machining
of aluminium composite with boron carbide as reinforcements.

2. Methods

2.1. Stir casting method of MMC fabrication

Stir casting method was identified for preparing the composites.
Based on the density of reinforcements the volume fractions was
selected as matrix 90% and reinforcement 10%. Aluminum 6061
was preheated and melted in resistance furnance. The B4C particu-
late was preheated at 550 �C for one to two hours making their sur-
faces oxidized. The preheated reinforcement was slowely added to
the melted aluminium matrix manually and maintaining the stir-
rer at a constant speed of 300 rpm continuously for 10–15 min.
The melt was maintained at temperature 750 �C to get uniform
mixing and later it was poured in steel moulds of 20 mm diameter
and 30 cm in length which was allowed to cool and taken as cast
rod. The prepared samples were subjected to machinability analy-
sis using WEDM.

2.2. Design of experiments

For experimentation the workpiece is machined with the
dimension of 18 � 18 � 5 mm. The wire diameter for entire
machining was made constant. Operating parameters with three
levels was taken as per Box Behnken Design. Current, Pulse on
and off time was taken as the major factors and random run was
taken for the design. The MRR is calculated by considering the dif-
ference in material weights before machining and after machining
with the machining time. Mitutoyo SJ-210 portable tester was used
to evaluate the surface roughness of the composite. The roughness
values after every experiment were taken at dissimilar locations
and mean value was taken as final value.

3. Result and discussion

3.1. Metallurgical properties

3.1.1. Microstructure of Al 6061 and 10% B4C
The microstructure photograph from Fig. 1 shows the evidence

for the presence of reinforcement particulate in the composite
matrix. The microstructure clearly shows the particle matrix inter-
face has good adhesion without any macro/micro level cracks. This
supports for further testing of composites.

3.1.2. SEM image of Al 6061and 10% B4C
The Scanning Electron Microscope image of Fig. 2 shows the

structure of the uniform mixing of aluminium and boron carbide
powder. The particles are found throughout the materials. Fig. 3
confirms the presence of boron carbide in the composite.

3.1.3. XRD analysis
The X ray diffraction test conform the presence of aluminium

and the reinforced particulate of boron carbide which is shown
in Fig. 4.

3.2. Selection of operating parameters

There are various process parameters which accounts in
machining the composite using WEDM. Out of these parameters
pulse on time (Ton), pulse off time (Toff) and current (Ip) were
selected as these parameters predicts the surface finish and
machining rate greatly and also to reduce the experiment size
making the analysis easier. The three parameters along with their

Fig. 1. Optical Microscopic image of Al and B4C Composite.

Fig. 2. Scanning Electron Microscopic image of Al and B4C Composite.
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respective levels are taken and assigned three levels as low, med-
ium and high respectively as shown in Table 1.

Table 2 illustrates Box Behnken Design [BBD] experiments per-
formed under this investigation and their corresponding responses
measured using Wire EDM process.

From the results obtained it is found that for the minimum cur-
rent of 220 A the MRR was noted to be 0.0325 g/min with a surface
roughness of 3.634 mm. By increasing the current to 230 A, there is
also increase in material removal rate by 13.5% of value 0.0376 g/
min. Similarly the surface roughness is decreased by 6% as 3.423.
Further increase in values of current to 240 A there is 20% increase
in MRR and 40% decrease in Ra when compared to input current of
230 A as shown in Table 6.

Tables 3 and 4 shows the analysis of variance for the second
order model obtained for MRR and SR. The p values associated with
the models are well below 0.05 and thus the models are statisti-
cally significant.

The variance analysis proves that the most significant parame-
ter are pulse on time and current. Further, the quadratic effects
were more significant than the linear effects. The quadratic effects

of current, pulse on and off time was found out to be statistically
more significant. Further input current was found out to be statis-
tically significant. The effect of pulse off time is also important in
predicting the SR. The interactions between the parameters did
not have much statistical significance on the model for SR.

The Table 5 shows the value for R2 and R2 adjusted. The higher
the value of R2 it is noted that insignificant parameters artificially
influence the response values. To solve this issue adjusted R2 is
introduced for the addition of predictors in the model. A smaller
difference in R2 and adj R2 indicates significant parameters are con-
sidered which does not have much problem during machining the
composite.

The values for both the models of MRR and SR clearly indicate
that the deviation of values between R2 and adj R2 are sufficiently
smaller. This establishes that both the models of MRR and SR are
adequate. To identify with the impact of each process parameters
on the individual responses, the analysis of variance for the param-
eters for both the models have been performed and illustrated in
Table 5. It also depicts the coefficients associated with each vari-
able. Table 6 shows the optimum response values for the varying
levels of machining parameters.

MRR ¼ 0:029733�� 0:005029 � 220ð Þ þ 0:000383 � 230ð Þ
þ 0:004646 � 240ð Þ � � 0:005417 � 50ð Þ
þ 0:001033 � 75ð Þ þ 0:004383 � 100ð Þ
þ 0:004462 � 30ð Þ þ 0:000250 � 40ð Þ
� � 0:004712 � 50ð Þ ð1Þ

SR ¼ 4:2733þ 0:607 � 220ð Þ � 0:131 � 230ð Þ
� � 0:476 � 240ð Þ þ 0:620 � 50ð Þ � � 0:240 � 75ð Þ
� � 0:380 � 100ð Þ � � 0:560 � 30ð Þ � � 0:065 � 40ð Þ
þ 0:625 � 50ð Þ ð2Þ

The mathematical models associated with material removal and
surface roughness, have been analysed by multiple regression
method and are illustrated by Eqs. (1) and (2) respectively. All
the regression data and graphically obtained data were performed
using ‘MINITAB 16’ software. The residual plots for output para-
metric values are compared and found correct.

From the results obtained, it is clear that the percentage of
machining rate and surface finish lies close to the normal plot
showing that the values are correct based on R2 and adjusted R2.

3.3. Crack and recast layer thickness

WEDM process is the heating and vaporizing of material fol-
lowed by cooling which makes the surface to get damage by the
formation of cracks along with huge thermal stress developed
due to plastic deformation of material while machining. When
smaller values of pulse on time is set, mean gap gets narrow
increasing the spark leading to increased machining rate. The gap
may be unstable at places leading to the breakage of wire and
affects the surface. The huge thermal stress developed on wire
breakage may lead to the development of surface crack affecting
the material properties. Simultaneously a layer of material is
developed on the surface of work material due to melting and

Fig. 3. EDS Analysis of the prepared Composite.

Fig. 4. XRD Analysis of Al and B4C Composite.

Table 1
Process Parameters and levels considered for the experiments.

Symbol Machining parameter Unit Low (0) Medium (1) High (2)

A CURRENT A 220 230 240
B PULSE ON ms 50 75 100
C PULSE OFF ms 30 40 50
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vaporization called as recast layer. This layer may be single or mul-
tiple based on the materials thermal conductivity, chemical com-
position and the selected process parameters. The layer thickness
development depends upon the current and pulse on time where
the major role is taken by the pulse on time. These recast layer
has fine grained structured and differs from the base material
changing the properties of materials at the machined places.

4. Conclusion

Based on this study in analyzing operating parameters in
WEDM process of aluminium 6061 90%, and Boron Carbide 10%
metal matrix composite the following conclusions were made.
Three process parameters selected for machining was current,
pulse on time and pulse off time. Box Benhken design was selected
for the experiment. The variance analysis indicates that current
and pulse on time were highly influencing parameter among other
parameters in predicting the machining rate and SR. Mathematical
models for both MRR and SR were developed and the models were
found to be quite adequate. Among the above three parameters
with respect to MRR and surface roughness, the optimum parame-
ters are current 240 A, Pulse on time 100 ms, Pulse off time 40 ms,

Table 2
Experimental results for BBD with three parameters and three levels.

S. No Machining parameters Response parameters

A: Current A B: Pulse on time ms C: Pulse off time ms A: Current A B: Pulse on time ms C: Pulse off time ms MRR g/min SR mm

1 1 1 1 230 75 40 0.0304 3.902
2 1 2 2 230 100 50 0.0299 4.475
3 1 0 2 230 50 50 0.0198 5.386
4 0 0 1 220 50 40 0.0180 5.726
5 2 1 0 240 75 30 0.0375 3.531
6 0 1 2 220 75 50 0.0207 5.367
7 2 1 2 240 75 50 0.0311 3.995
8 1 2 0 230 100 30 0.0376 3.423
9 0 1 0 220 75 30 0.0325 3.634
10 2 2 1 240 100 40 0.0407 2.990
11 1 1 1 230 75 40 0.0316 3.862
12 2 0 1 240 50 40 0.0295 4.367
13 1 0 0 230 50 30 0.0306 3.896
14 1 1 1 230 75 40 0.0322 3.749
15 0 2 1 220 100 40 0.0289 4.489

Table 3
Analysis of variance and process parameters for MRR.

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value

A 2 0.000188 32.41% 0.000188 0.000094 39.75 0.002
B 2 0.000201 34.61% 0.000201 0.0001 35.99 0.004
C 2 0.000169 29.13% 0.000169 0.000084 24.25 0.068
Error 8 0.000022 3.85% 0.000022 0.000003
Lack-of-Fit 6 0.000021 3.56% 0.000021 0.000003 4.1 0.209
Pure Error 2 0.000002 0.29% 0.000002 0.000001
Total 14 0.00058 100.00%

Table 4
Analysis of variance and process parameters for MRR.

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value

A 2 2.4465 28.26% 2.48877 1.24438 10.93 0.005
B 2 2.4576 28.39% 2.47464 1.23732 10.86 0.005
C 2 2.8428 32.83% 2.84276 1.42138 12.48 0.003
Error 8 0.9111 10.52% 0.91112 0.11389
Lack-of-Fit 6 0.8985 10.38% 0.89853 1.14975 23.78 0.041
Pure Error 2 0.0126 0.15% 0.01259 0.0063
Total 14 8.658 100.00%

Table 5
Analysis R2 and Adj R2 for MRR and SR.

Responses R2 Adj R2 P-value

MRR 96.15% 93.26% 0.003
SR 89.48% 81.58% 0.011

Table 6
Optimum response values for the different levels of machining parameters.

Machining parameters Response parameters

A: Current A B: Pulse on time ms C: Pulse off time ms MRR g/min SR mm

220 75 30 0.0325 3.634
230 100 30 0.0376 3.423
240 100 40 0.0407 2.99
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and material removal rate is 0.0407 g/min and the surface finish
was found out to be 2.99 mm. It is concluded that when current,
pulse on time and pulse off time increases the material removal
time increases and decrease surface roughness value. Similarly
the decrease in process parameters decreases the material removal
rate, decreasing the surface accuracy of composite.
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Abstract
Handling the information is crucial task in healthcare sector; the data mining techniques will be right choice to address the
complex problems. The hybridized optimization techniques in big data analytics consider the important part of the healthcare
network communication issues in decision making approach of patient information. This article focused on heart disease data
mining and relevant issues since the heart diseases are considered as a reason for causing deaths just as for males and females all
over the world. So, people need to be conscious of possible aspects of heart disease. Even though genetics has a part, some of the
standards of living practiced are the fundamental reasons for the heart disease. The heart diseases are classified by classical
techniques with 13 risk factors and helpful variables. The introduced approach delivers a new computing hybrid modeling
scheme for detect the heart diseases. This study represents, various existing methods making decisions for cardio vascular risks
depends on the artificial neural networks (ANN). This ANN based methods generally anticipated that Heart Failure attributes
having same risk involvement to the heart failure diagnosis. In this article the strategy of an effective recognition method is
analyzed for analyzing the failure related to heart diseases using a hybridized approach of K-Nearest Neighbor clustering and
Spiral optimization in the classification of the cardio vascular risks. The hybridized KNN technique is matched with some data
mining techniques like Support vector Machine (SVM), Convolutional Neural Networks (CNN), and Artificial Neural Networks
(ANN). The experimental results of this work achieved optimized improved results significantly than other machine learning
techniques. The illustrative results exposed that the hybrid scheme stated effectually classify heart disease in the way of
computing optimized prediction of heart diseases. Overall the proposed algorithm evidence 5% of enhancement in prediction
of heart diseases with comparison of other existing machine learning techniques.

Keywords Heart failure . Coronary artery disease . Optimization of prediction model . Spiral KNN classifier . Comparative
analysis . Performance enhancement

1 Introduction

A report fromWorld Health Organization (WHO) shows heart
attack is considered as life threatening disease in worldwide.
Some of the reasons for causing heart diseases are mental
stress, overloaded work, and so on. To make decision on such
heart diseases, healthcare data is much useful for obtaining the
hidden pattern for the making the decisions [1]. Maximum

heart diseases results in coronary artery disease (CAD). The
CAD is mostly occurred by plaque, i.e. formation of choles-
terol and fatty substance in the internal tissues of the blood
vessels. Which decrease or block the blood flow to the mus-
cles of heart [2]. EST (Exercise Stress Test) is a technique
mainly used for the identification of CAD diseases. The EST
monitor and logs the overstressed electrophysiological infor-
mation of heart and improve the workload of the heart. It
monitors the Heart Rate (HR) target has to be reach and this
analysis will give more accurate results. Most of the patients
with CAD can scoop this rate.

In addition, it has an another great risk for this patients, this
stress test has an possibility to make Ventricular Tachycardia
(VT) or cardiac arrest [8]. In the area of smart decisionmaking
and medical diagnosis the computational intelligence has im-
portant role for making the decisions.Medical analysis actions
can be characterized with intelligent computational
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classification tasks [14]. The data mining procedures are not
possible with the classical techniques. Because classical tech-
niques never support activities like unknown and hidden pat-
tern analyzing and identification, obtain data from large
dataset, and so on. From modern researchers, several diseases
like cancer, stroke, diabetes and heart diseases are easily be
detected with dataminingmethods also it helps for diagnosing
such diseases. Many Classification systems are used for the
prediction of CVD; such as Naive Bayes, linear regression,
neural networks, support vector machine, and kernel density,
these methods ensures various stages of precision, recall and
accuracy [5]. Some of the disorders affects the heart by
preventing the flow of blood to the heart muscles and it is said
to as Cardio Vascular Diseases (CVDs).

These diseases entail a great danger of suffering from se-
vere disorder like heart attacks or thrombosis among others
[18]. The heart diseases are main issue in adult population
annoying a maximum death rate in most of the countries.
So, it is much important to diagnose it on the initial stage
and taking suitable treatment to reduce the development of
these diseases [3]. Several metabolic and hormonal factors,
certain of them which have likewise been involved in the
pathogenesis of CVD (e.g., chronic substandard infection
and insulin resistance), are answerable for the regular biotic
and operative failure that indicates the evolution as of a con-
dition of toughness to pre-infirmity and, eventually, to infir-
mity and some of its complications [6] in of everyday life
Decision-making has a basic role. Multi-criteria decision-
making (MCDM) discusses to taking decision in the existence
of various conditions facing special and contradictory units of
measuring. Risk concern is also the main features in medicinal
decision-making that can reduce the costs for diagnosis and
increase the healthcare benefits. TheMedical decision process
includesmore than a few tests which also use some of the facts
of natural language [15]. One of the important threats is the
presence of coronary heart disease (CHD), the cause of this
disease and death is because of the critical condition of the
blood vessels [19].

CHD risk is caused because of several factors. The CHD
Risk consideration is a multi-conditional decision-making
process [10]. Regarding the inconsistency with respect to the
heart rate, the HR, a non- static/in-direct signal will be discov-
ered using evaluating from the time taken among two ventric-
ular actions or among the sequential R-waves (R–R interval)
from the ECG wave forms. The situation of sensitive and in-
sensitive nervous system on physiological dysfunction is di-
agnosed by one of the best technique called HR Variability
(HRV). The HRV study allows us to calculate the complete
cardiac health based on the heart rate parameters which are
dependent on the nervous system status which is of impulsive
and is answerable for easy-going cardiac activity [4]. Due to
its significance to manhood, numerous experiments on build-
ing measures for the classification of heart disease have been

presented. Even though data sets for cardiac disorders have 75
descriptive variables and one conditional variable (i.e., the
occurrence or nonexistence of heart disease), nearly each
cases uses 13 descriptive aspects to expect or categorize the
reliant variable. While anyone can utilize the above-
mentioned variables to categorize cardiac disorder with the
use of logistic regression (LR) methods or some approaches
related with machine learning, the real connection among
these points and the cardiac disorder can’t be easily be identi-
fied [16]. Moreover, application of a particular skill to de-
scribe all of the difficulties regarding classification could not
be at all times possible [7].

As a reflective computational system prevails the data min-
ing approach which is for mining data’s from a massive data-
bases. To build new methods for CHD, there various data
mining algorithms are used. It contains decision tree, neural
network, and association rule mining. Decision tree is simple
to apply and to understand. It delivers classification aspect
based on tree format for emerging an analytical model with
the base of independent variables. On CHD, the Decision tree
based techniques are most useful and better method for data
mining [12]. Some of the conventional techniques used by the
decision support system are, ANN, fuzzy logic, neuro-fuzzy,
KNN and so on. These techniques are applied for diagnose of
heart diseases [11]. These methods predict the Heart Failure
(HF) by analyzing the medical history of patient, physical
examination, and the analysis made by medical doctor for
significant symptoms. Which may frequently lead to inaccu-
rate diagnosis or it may cause any interruption during diagno-
sis due to human errors [20]. To solve these problems, on this
recent research on HF-risks prediction, several methods are
designed for medical decision support includes, SVM, K-
NN, decision tree, fuzzy logic, and ANN [9].

The healthcare sector producing large amount of data and
will be analyzed through big data analytic techniques. From
this data the hidden and useful patterns are extracted and this
process is carried out with the data mining techniques [13]. To
understand the multiple parameters of healthcare dataset, the
popular data miningmethods clustering and classifications are
used [17].

K-nearest neighbor is a one of the popular methods used to
solve classification issues. It is also considered as a straight
forward in its process. Classification is realized by detecting
an adjacent neighbor to decide a samples class [21]. Lately,
with the computer science and technological enlargement,
some of the algorithms like GA, PSO, ACO, Firefly
Optimization and Harmony Search, among these SOA are
also used [22]. Feature subset selection is mandatory in the
big data analytic research. Feature selection is the way of
decreasing or removing the unwanted data for enhancing the
accuracy of classification [23]. The heart disease treatments
are high cost and diagnostic accuracy help to reduce the cost
of diagnosis by finding the optimal decision path.
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Some of the information of patient’s health will be obtained
by predicting the heart disease of patient. The heart diseases
are predicted by using the artificial intelligence techniques on
medical diagnosis. Mostly for the heart related issues, the
machine learning based algorithm will be used for the diagno-
sis. Case-based reasoning (CBR) is taken as a best technique
for diagnosis and on medical domain the prescription and
other prognosis can make more stress than other domains
[20–23]. In this article a classification algorithm has been
proposed which links the KNN and SOA, to predict the
CVD of a patient. And for the dimensionality reduction we
use principle component analysis (PCA). This article is orga-
nized as follows: section 2 go over the theories of KNN, spiral
optimization and about heart disease. Section 3 describes pro-
posed classifier. The result compared with advanced hybrid
machine learning techniques and described in section 4.

2 Literature survey

The cardiac deaths mostly happening all over the world by the
cardiovascular diseases (CVDs). These CVD deaths are
caused by a disease called CAD. CAD disorder growths fast,
if not noticed and treated at once at an initial period may
finally results to an irretrievable condition leading to
Myocardial Infarction (MI). In this study U.Rajendra
Acharya et al. 2017 a [24] introduced a model for the identi-
fication of CAD andMI, which is based on three methods that
are, Discrete Wavelet and Cosine transform also Empirical
Mode Decomposition (EMD).

Here the factors are obtained by transmitting the ECG sig-
nals to DCT, DWT and EMD. The obtained coefficients are
minimized by using the data reduction technique called
Locality Preserving Projection (LPP). F-value is used for
ranking the LLP feature.

Next of the ranking process, higher rank coefficients will
be transferred into the KNN classifier for the attainment of
improved performance. The method proposed by U.
Rajendra Acharya earns higher classification accuracy, sensi-
tivity, and specificity. With the DCT technique there is only
seven features are achieved. During the identification process
of CAD, the CADwill easily identify by the cardiologists with
the help of screening system. The cardiologists will provide
appropriate capsules for curing the disease. These are mostly
active on areas like old age homes, polyclinics and hospitals.
U R Acharya et al. 2017 b [25] presented a framework to cure
three cardiac diseases CAD, MI, and CHF. With the base of
transformation techniques like contourlet and shearlet are uti-
lized for the ECG signal performance. The scalograms of
CAD, MI, and CHF obtained by executing the Continuous
wavelet transform (CWT) on normal data. Feature selection
of their method is done by binary particle swarm optimization
(IBPSO) to pick the major features. The picked features are

ordered via the ANOVA and relieff methods. The feature with
maximum rank will be sent to classifiers decision tree (DT)
and KNN classifiers. The result obtained by their method
achieved higher performance with contourlet and shearlet
transform techniques. On their two methods, the contourlet
based method got higher performance than the shearlet trans-
form based method. The simple method used for the analysis
of cardio diseases are Phonocardiography (PCG) and electro-
cardiogram (ECG). The ECG tool is a most used tool designed
for the analysis of cardio diseases. It delivers the information
of heart’s electrical movements, PCG signal, stethoscopical
readings, it include the various timing and ranges of heart
beats.

F Beritelli et al. 2018 [26] in this paper put forward a novel
method to heart action analysis relied on Gram polynomials
and probabilistic neural networks (PNN). The Heart disease
are recognised from the study of phonocardiogram (PCG)
digital systems. The proposed system gives high quality per-
formance attaining total sensitivity specificity and accuracy
ranges, the data set used has more than 2000 heart beat sound
copies, categorised as usual and irregular heartbeats. Then,
this method determined that the proposed method demonstrat-
ed as an effective process by means of the PCG signal.

Big data has gained its development in biomedical fields
and healthcare cultures, the exact study of medical data helps
to initial recognize any kind of disease, caring patients, and
public facilities. Still, when the attribute of therapeutic data is
imperfect way which leads to affect the accuracy regarding the
study. Besides, unparalleled features of the contradictory re-
gions shows definite local diseases, which may degrade the
prophecy of disease eruptions. In this article M Chen et al.
2017 [27] presented the modernize machine learning systems
for active estimation of long-lasting disease occurrence in
disease-recurring societies. This improved models is
experimented with actual hospital data. To carry away the
problem of imperfect records, a inactive type of feature model
is used to rebuild the lost data. The investigation are carried
out on a local long-lasting syndrome of cerebral infarction. A
new CNN - relied multi analysis disease possibility projection
process has been put forward. None of the current effort con-
centrated on mentioned data forms in the field of therapeutic
big data analytics. Matched with numerous distinctive predic-
tion processes, the accuracy of the stated algorithm gets an
improved result a conjunction speed.

S Kumar et al. 2017 [28] proposed this article regarding the
research of ECG signal and decision making purposes with
the main aim to build new classification system which func-
tions automatically. The stated technique in which some of the
important process are mentioned: elimination of noise, extrac-
tion of relevant and classification. These mentioned methods
are processed in a sequence. In this method, Neighborhood
rough set is proposed for categorizing the ECG signals into
ordinary also included four irregular heartbeats. The stated
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NRSC algorithms experimental assessment is compared with
some classification algorithms. The obtained results exposed
that the stated algorithm achieved better classification
accuracy.

2.1 Background

2.1.1 K-nearest neighbor classifier (KNN)

KNN is a modest, idle and classifier of non- parametric class.
This classified is used once when all the features are continu-
ous. In numerous applications KNN has been applied like
pattern recognition, statistical valuation and KNN also has
been cal led as a case-based percept ive scheme.
Classification is attained by recognising the nearby Neighbor
for the reason to decide the class of an unidentified sample.
Because of the high convergence speed and easiness, KNN is
considered for rather than other classification algorithms.

This classification has two stages:

1. To obtain the k number of cases which is next to instance
S in the dataset.

2. After that to find the class of case S, and then mentioned
cases are made to vote.

The KNN’s Accurateness depends on the distance metric
and value of K.

Numerous methods of determining the distance among
both the cases are cosine, Euclidian distance. KNN computes
its K nearest Neighbors, to estimate the new unidentified sam-
ple, and a class is given by majority voting.

2.1.2 Feature subset selection (FSS)

Feature subset selection predicted in data mining techniques.
FSS behaves as a dimensionality reduction procedure which
improves the accuracy. The medical data set comprises of
large amount of data which are un-necessary and inappropri-
ate in nature. When data set contains this type of features the
performance of classifier has a chance to get decrease.
Accuracy of the classifier could be improved by eliminating
the redundant features and also the running time is reduced.
Feature selection approaches are categorised as.

1. Filter
2. Wrapper
3. Hybrid approaches

In big data analytics feature selection in primary part of the
research. Several hybrid method involved to find the feature
selection. Therefore to develop a feature selection method a
low-cost global search algorithm is essential. In this study

strategic methodology, we apply the KNN for feature selec-
tion [29].

2.1.3 Spiral optimization algorithm

A Best solution is explored by SOA by revising the position
and velocity initiated on the search point and center. Some of
the methods in metaheuristic are subjected on the similarity of
some of the naturally occurring phenomenon, such as genetic
progression, herding of the birds or schooling of fish (Particle
Swarm Optimization: PSO) and actions of ants looking for a
pathway (Ant Colony Optimization: ACO). Then Tamura and
Yasuda intended the SOAwith ‘n’ dimensional by means of a
strategical method of two dimensional experimentation. This
algorithm has some benefits containing its limited used vari-
ables, optimised search skill, firm outputs, comfortable usage
of optimization process, simple structure, etc. The dynamic
step size influences the SOA structure in its spiral path track.
The systematic procedures to be carried out to point the opti-
mal solution in the centre of the spiral. Intensive spiral events
are approached to logarithmic spirals which frequently identi-
fied in the environment and the globe, like as hurricanes,
windstorms and galaxies. Two dimensional SOA is consid-
ered as a multi featured metaheuristic search system for the
complications of two dimensional optimization to be subject
on the similarity of natural spiral phenomena. From the up-
dated position and the search point based velocity and center
this SOA finds the optimal solution [22].

3 Cardiovascular disease prediction

Literature evidenced, Heart diseases are highlighted as critical
diseases for human beings. This study represents the focusing
on heart diseases data classification. The medical data set has
considerable dimensions of features which are unnecessary
and unrelated in nature. The operation of classifier may de-
grade if the data set consists of these types of features. So by
removing unnecessary features the accuracy of the classifier is
developed and the run time is reduced. Figure 1: shows the
proposed system design in which the UCI Heart data set is
initially given as input for Pre-processing.

3.1 Pre-processing of healthcare dataset

Pre-processing of data mining is termed as an array of proce-
dures manipulated earlier to the use of a data mining process
and it is identified to be the furthermost significant problems
among the awareness of knowledge from Data process. Since
data will possibly be faulty, comprising of conflicts and divi-
sions which is not straightly valid for a beginning a data min-
ing process. The higher volumes of data collected needs more
advanced process to analyse it. The data has been modified in
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Data pre-processing to adapt the necessities exhibited by each
data mining procedure, allowing to handle the data which may
not be possible if not. In the world massive amounts of raw
healthcare data is present, data that could not be straightly
handled by humans or manual applications. Because to the
huge data growth, Knowledge and information cannot be eas-
ily achieved and also it cannot be easily understood or certain-
ly extracted. The healthcare knowledge data is path to the
success of medical decision and healing. Medical data pre-
processing systems also pursues the distinctive data pre-
process methods such as data cleaning, integration, transfor-
mation and reduction. Usage of the medical data is a very
difficult task since it includes real world data.

3.2 Data cleaning

Imperfect data In data pre-processing generally some of the
techniques are engaged to either get rid of the noisy data or to
resource the missing data. Medical accounts has many flawed
data like lacking certain fields to fill by patients because of
some emergency cases, and also in some situation the collect-
ed data will be noisy. The next two divisions offers the miss-
ing values imputation, and filtering the noise.

Missing values imputation In medical data filling the missing
value is very problematic task. Improper usage of the missing
values will simply guide toward obtaining deprived knowl-
edge and also improper conclusions. Efficiency loss in extrac-
tion of knowledge is caused by the Missing values.
Particularly in medical field incorrect value substitution leads
to wrong result or treatment.

Noise treatment In data mining for dealing with noise, two
chief methodologies are commonly applied in the data pre-
processing. Firstly, by using data polishing methods which

fixes the noisy values, especially it concerns the organization
of an illustration. Uniform partial noise rectification is
demanded as useful, although is a hard job and typically re-
stricted to slight quantities of noise. The next is the usage of
noise filters, they recognise and eliminate the noisy samples in
the data which is to be trained and do not need the data mining
method being adapted.

3.2.1 Data integration

The challenging task is the Data integration of medical infor-
mation to be stored in EMR, HER and/or PHR. The database
heterogeneity problem put on correspondingly to clinical data
defining individual patients and biological data characterizing.
Especially, databases are extremely heterogeneous regarding
the data models they hire, the data schematics they require, the
query languages they support, and the terminologies they
identify. The diverse database systems make an effort to com-
bine the unlike databases by giving uniform conceptual
schemas that decides the representational heterogeneities,
and by providing probing abilities that combined and incor-
porates the distributed data.

3.2.2 Data transformation

Data transformation is a process of restoring the source format
data or the information into the wanted destination format.
Medical data are collected from numerous origins with dis-
similar formats such as a file from the data base, XML file, or
Excel sheet. Data mapping is the principal phase of data trans-
formation. Which decides the affiliations between the data
modules of the applications and forms the measures from
the source of the data sent from the source application is
changed sooner when it is biased into the application which
is considered as the target. Likewise, the significant metadata

UCI Heart Data Set

Normal

Classification 
using 

KNN and SOA

Abnormal

Clustering By 
Fuzzy C-Means 

Dimensionality 
Reduction using 

PCA
Preprocessing

Fig. 1 Proposed system design
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is done by data mapping that is required before the real data
transformation which is carried on.

Numerous transformation methods are applied to
converting the source format to targeted format, they are,

& Smoothing: eliminates noise from data.
& Aggregation: summing up, data cube creation.
& Generalization: conception hierarchy climbing.
& Normalization: Ascended to fall inside a small, certain

range.
& Attribute/feature construction.

All present transformation methods are not appropriate for
the medical data. The data is fundamental to make decision for
giving treatment and analysis [30].

3.3 Dimensionality reduction

In the predictor variables or in the instances, when data sets
become huge, data mining systems meets the concern of the
problem connected to the dimensionality. It is a crucial trouble
as it would hinder the process of the majority of the data
mining systems as the charge for computation increases.
This phase emphasis the highly prominent algorithm for di-
mensionality reduction.

3.3.1 Principal component analysis (PCA)

PCA is a dimension reduction process which is successfully
involved in data mining to resolve dimensionality complica-
tions of enormous medical datasets. It is applied to untrained
data and makes a prediction in feature space of newly created
modules based on the importance of their variance ratio. PCA
projection is typically believed as an appropriate conversion
of any new data which requires proper emphasis to be handled
for the classification phase. PCA have been also trained as a
supervised feature extraction process where labels are either
indirectly or directly used with the outlines for the projection
in the feature space. The intention of carrying out such pro-
jections is to disable the dimensionality risks and improve
classifier’s simplification capability. PCAworks well by hold-
ing the new details even after the projection of input vectors
deprived of using the outline’s corresponding label as it is
unsupervised methodology. But such unsupervised prediction
occasionally does not perform well when the classifier is not
able to differentiate among different class labels as they were
not related with the feature transformation. When the data
labels are provided in pattern recognition and data mining,
the outmoded PCA does not avails such information.
Researchers have used supervised PCA in some of the types
where such label details are used and in semi-supervised par-
tial data labels are utilised for the period of the training phase
and the motive of all such developments is to make

classification effective and decrease as much complication
and processing time in forecasting data of high dimensions.
In PCA the Matrix technique and the Data technique are the
principal approaches often used. The entire data in the matrix
method is enclosed in the datasets and is engaged to analyse
the variance including the covariance structure and define it in
the matrix shape. In a collapsed condition the Matrix is to be
found and a diagonalization procedure is used. Data methods
also, works straight considered by means of the data. In
SPCA, the approached data is considered for figuring out the
matrix and moreover, without any learning parameters.
Finally, PCA can also be used as a platform to contrast
amongst the performances of numerous methods used to be-
gin normal variance [31].

3.3.2 PCA for dimension reduction

To identify CVD disease Selected Cleveland dataset have cru-
cial features, but the data models are noted in high dimension
with noise which creates dimensionality complications. To
reduce the computational time and space, these data records
need suitable alteration into a low-dimensional space from
their input space. PCA is used to handle these high dimension
structures with following algorithmic steps which is elaborate-
ly discussed in [32].

3.4 Fuzzy C-means clustering

Clustering is a method of splitting or combining an array of
data elements into a sum of clusters such as a comparable
shapes which remains to be consigned to a single cluster.
The Fuzzy clustering in cluster analysis is a type of procedure
here the data points to clusters is not “tough” but “fuzzy” is
concerned same as fuzzy logic. This logic is capable sense
origin as of the fuzzy set theory.

FCM algorithm lets a data point’s which are suitable to
the clusters using membership value thought. So, features of
partition matrix has the membership values fluctuating
within the interval [0, 1], and a data point can comparatively
associates to a cluster. Essentially, to arrange certain data
points into c clusters the fuzzy c-means process analyses
fuzzy partition matrix. Hence, this algorithm has the aim
to cluster centers (centeroids) that minimalize the dissimi-
larity function (Jn). In FCM every data point X = {x1, x2, ..
…, xk}, matches to a cluster ‘i’ to certain degree indicated by
a membership grade,vij..

Jn ¼ ∑n
i¼1∑

c
j¼1v

n
ij xi−bj
�� ��2; 1≤n≤∞ ð1Þ

Where ‘n’ is a real number greater than 1. In the clusterj,vij
is termed as the degree of membership of xi . xi is the i

th of the
d- dimension centres of the cluster, and ‖∗‖ is any standard
conveying the resemblance among any data measured and the
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centre. With the object functions iterative optimization the
Fuzzy partitioning is processed over with the new member-
ship vij and the cluster centres bj by:

vij ¼ 1

∑b
k¼1

xi−b jk k
xi−bkk k

� � 2
n−1

bj ¼
∑N

i¼1v
n
ij:xi

∑N
i¼1v

n
ij

ð2Þ

maxij v kþ1ð Þ
ij −v kð Þ

ij

n o
< ε

This iteration possibly will end when, there is a dissolution
relating to 0 and 1, however k is the iteration steps. This
process come together to a local smallest or a saddle point
ofjn.This algorithm consist of the following steps:

Step1: select n, b andε, where ε > 0 is a least positive value;
at that time set the partition matrix V(0), V = [vij].

Step2: when the iteration index is, (k = 1, 2………), com-
pute the matrix of the cluster prototype B(k)by means of bj and
V(k)

bj ¼
∑N

i¼1v
n
ij:xi

∑N
i¼1v

n
ij

ð3Þ

Step3: Update the values of V(k), V(k + 1)

vij ¼ 1

∑b
k¼1

xi−b jk k
xi−bkk k

� � 2
n−1

ð4Þ

Ster4: If ∀i; j : maxij v kþ1ð Þ
ij −v kð Þ

ij

n o
< ε then end and ac-

quire the partition matrix V and the matrix of cluster prototype
B,or else set k = k + 1 and go to step 2 [33].

3.5 Proposed hybridization approach for classification

3.5.1 KNN with spiral optimisation algorithm

The procedure is carried out as follows as formulating by the
below equation

x k þ 1ð Þ ¼ r:M θð Þ:xk− r:M θð Þ−Inð Þ:xbest
Where denotes the spiral radius parameter, represents

the spiral angle parameter, is the rotation matrix, denotes
unit matrix. As results of above considerations, a multipoint
updating mechanism was proposed for the SOA as below:

x k þ 1ð Þi ¼ r:M θð Þ:xki− r:M θð Þ−Inð Þ:xbest i = 1,2,3..
Where the common centre xbest denotes a best solution

obtained during the optimization process. According to (12)

each individualxikþ1 is updated and the fitness functions for the
new individuals are calculated and updating xbest, new popu-
lation is used instead of the current population in this SOA.
The basic idea using a K means algorithm when classifying a
given instance is to make the nearest neighbor instances, in the
sense of a predefined distance, vote on. The KNN method is
non-parametric; this means that the algorithm makes it possi-
ble to classify without making any assumptions about the
functionY = f(x1, x2, .. …xn) which associates the class Y to
the attributesxj(1 ≤ j ≤ n). To optimize the performance of
KNN and to accelerate its process, this article proposes a
new solution to speed up KNN algorithm based on spiral
optimisation. This Hybrid machine learning method targets
to improve the performance of KNN classifier for the estimate
of disease. Procedure for this proposed process is shown
below.

Algorithm 1 using Heart disease prediction using KNN and
SOA approach.

Step1: Input: Cardiac disease data set

Step2: Output: data set Classification into patients with and without heart
disease

Step 3: Input the data set

Step 4: Use pre-processing method -Fill in missing values

Step 5: Choose the features formed on values gained after using KNN as
SOA

Step 6: Remove redundant features using PCA

Step 7: Apply (KNN+SOA) on Main features

Step 8: Compare the execution of the KNN+SOA methods related with
other models.

With the heart disease dataset the Algorithm is processed
and categorise whether a patient is identifying heart disease or
not. The proposed procedure is split into 2sections. Section 1
(Line 3–6) performs processing and feature subset selection.
This unit picks the important features for processing further.
In part 2 (Line 7–8), at the pre-processed data set, KNN is
applied and performance is calculated.

4 Experimental data evaluation

The hybridized algorithm (KNN-SOA) performance is esti-
mated by some of the measures like sensitivity, specificity
and accuracy on the subject of the Cardio vascular Disease
prediction by the proven therapeutic analyses. These metrics
also shows by what means the test was suitable and reliable.

Classification accuracy The proportion of incidences that are
applicably characterised by the grouping learner. Denotes ra-
tio of correctly expected models to entire sum of examples.
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Accuracy ¼ TN þ TP
TN þ TP þ FN þ FP

: ð5Þ

Sensitivity, recall or true positive rate The proportion of ap-
parent optimistic case with the entire optimistic cases, e.g., the
proportion of overall predictable absence with overall absen-
teeism. Sensitivity estimates the analytical test properly at
sensing a progressive disease.

Sensitivity ¼ TP
TP þ FN

ð6Þ

Specificity or true negative rate It is the quantity of observed
undesirable samples with whole undesirable samples, denotes
ratio of projected occurrence with the over-all models with
occurrence of cardiac disease.

Specificity ¼ TN
TN þ FP

ð7Þ

Precision or positive analytical value It is the proportion of
true optimistic (non-appearance categorised as non-appear-
ance) through all examples categorised as optimistic (entire
samples categorised as absence)

Precision ¼ TP
TP þ FP

ð8Þ

Negative predictive value Ratio of appropriately projected
undesirable (existence of cardiac disease) to the over-all
projected undesirable (entire models categorised as occur-
rence of cardiac disease).

NPV ¼ TN
TN þ FN

ð9Þ

False positive rate : FP ¼ FP
FP þ TN

ð10Þ

F1 measure This is termed as the harmonic mean between the
precision and recall. For the finest execution, it should be one,
and for lowest performance, it is zero.

F1 ¼ Precision� Recall
Precisionþ Recall

ð11Þ

4.1 Dataset

For cardiology research the UCI Cleveland Heart Dataset is
regularly used dataset to express identification system for the
exposure of cardiac defects. In general, it consists of 14 attri-
butes including all the probable features which can help in
projecting the occurrence of heart disease. All these attributes
wants various procedures to remove matching values for pa-
tient records. From these attributes, only 14 attributes are
mostlymentioned for patient’s diagnosis bymany researchers.
These numeric records are known with a class label signifying
occurrence or non-appearance of cardiac defect. This dataset
will enable to affirm the proposed system with previous ap-
plied researches and to examine the system’s simplification
capability with variable dimensions of medical records. There
are 14 selected attributes of UCI Cleveland data set. Selected
Cleveland dataset have essential features to diagnose Cardiac

Table 1 Details of Training and Testing data

Total instance Training statistics Testing statistics

303 212 102

294 186 88

123 88 45

Table 2 Comparative analysis of result with existing Machine Leaning
Techniques

Performance measures KNN SVM ANN CNN GAWFR ELM

Classification Accuracy 0.86 0.82 0.84 0.85 0.85 0.85

sensitivity 0.87 0.77 0.87 0.86 0.87 0.88

specificity 0.89 0.87 0.79 0.88 0.88 0.87

Precision 0.90 0.89 0.84 0.87 0.89 0.88

Negative predictive value 0.86 0.75 0.83 0.85 0.85 0.86

False positive rate 0.26 0.11 0.21 0.16 0.25 0.24

F measure 0.89 0.83 0.86 0.87 0.88 0.87

Fig. 2 Classification Accuracy
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disease, but the data samples are recorded in high dimension
with noise which causes dimensionality problems. These data
records need proper transformation into a low-dimensional
space from their input space to reduce the computational time
and space. PCA is used to process these high dimension fea-
tures with following algorithmic steps:

Step 1. Identify the dataset and find mean value for all rows.
Step 2. Calculating the deviation from mean and subtract in

each row.
Step 3. Estimate the covariance among vectors
Step 4. Predict Eigen space from the covariance matrix with

eigenvectors and eigenvalues.

After carried out above necessary steps, find highest Eigen
value for reduction process.

The matrixes having reduced eigenvectors as columns
are known as eigenvector matrix. PCA extracted 10

principal components for Cleveland dataset having maxi-
mum proportion of variance. The remaining features were
eliminated because of negligible proportion which does not
have any adverse effect on classification process.

Feature
number

Name Description

1 Age Age in years

2 Sex Sex (1 =male;0 = female)

3 CP Chest pain type
Value 1: typical angina—Value 2: atypical

angina—Value 3: non-anginal pain—Value 4:
asymptomatic

4 Trestbps Resting blood pressure(in mmHg on admission to
the hospital)

5 Chol Serum cholestoral in mg/dl

6 Fbs (Fasting blood sugar >120 mg/dl)(1 = true;
0 = false)

7 Restecg Resting electrocardiographic results—Value 0:
normal—Value 1: having ST-T wave
abnormality(T wave inversions and/or ST ele-
vation ordepression of >0.05 mV)—Value 2:
showing probable or definite leftventricular
hypertrophy by Estes’ criteria

8 Thalach Maximum heart rate achieved

9 Exang Exercise induced angina (1 = yes; 0 = no)

10 Oldpeak ST depression induced by exerciserelative to rest

11 Slope The slope of the peak exercise ST segment

12 Ca Number of major vessels (0–3)colored by
flourosopy

13 Thal 3 = normal; 6 = fixed defect;7 = reversable defect

14 Num Diagnosis of heart disease(angiographic disease
status)—Value 0: <50% diameter
narrowingz—Value 1: >50% diameter
narrowing(in any major vessel: attributes
59through 68 are vessels)

Fig. 3 Sensitivity

Fig. 4 Specificity

Fig. 5 Precision
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5 Result and discussion

The performance of three machine learning approaches was
measured for cardiac disease prediction by means of 14 fac-
tors. Over-all 270 models with 150 with nonappearance of the
disease and 120 samples with occurrence of cardiac disease
were considered Table 1. Table 2: shows the performance
comparison of three classifiers.

Figures 2, 3, 4, 5, 6, 7 and 8 shown below is the Accuracy,
sensitivity, specificity, Precision, Negative predictive value,
False positive value and F measure of various machine learn-
ing methods such as SVM, ANN and CNN compared with
this proposed Hybridised KNN method.

This proposed methods classification accuracy is of 0.86%
compared with SVM which is 0.82%, ANN is 0.84% and for
CNN is 0.85%. The classification accuracy is greater com-
pared with the existing methods.

The sensitivity of this proposedmethod is 0.87% compared
with SVM which is 0.77%, when compared with ANN is

0.87% is same and for CNN is 0.85%. The sensitivity is better
than SVM and CNN.

This proposed methods specificity is of 0.89% compared
with SVM which is 0.87%, ANN is 0.79% and for CNN is
0.88%. The specificity is good than the existing methods.

This proposed methods precision is of 0.90% compared
with SVM which is 0.89%, ANN is 0.84% and for CNN is
0.87%. Compared with the existing methods this precision
level is improved.

This proposed methods Negative prediction value is of
0.86% compared with SVM which is 0.75%, ANN is 0.83%
and for CNN is 0.84%. Related with the existing methods the
Negative prediction value is better for this study.

The False positive rate of this proposed method is 0.26%
compared with SVM which is 0.11%, ANN is 0.21% and for
CNN is 0.16%. Related with the existing methods the false
positive rate of this method is better.

This proposed methods F-Measure is of 0.89% compared
with SVM which is 0.83%, ANN is 0.86% and for CNN is
0.87%. Related with the existing methods the F- Measure is
better for this approach. In summary, it’s observed that the
stated Hybridised KNN based prediction scheme offers sig-
nificant development in heart disease prediction. The results
of the experiments show that the progress of Accuracy, sensi-
tivity, specificity, Precision, Negative predictive value, False
positive value and F measure, has been attained Hybridised
KNN classifier. This suggests that the Hybridised KNN clas-
sifier is the finest and an essential classifier, which provides a
support for the doctors in predicting the heart diseases in a
more effectual way.

6 Conclusion

In this article, we have stated a Hybridised KNN clustering
algorithm for attaining the threat of cardiac syndrome patient

Fig. 6 Negative prediction value

Fig. 7 False positive rate

Fig. 8 F Measure
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with the details gathered from the patients. With the proper
use of KNN hybridised classifier, this method can thus im-
prove the finest quantity of clusters and gets the irregular and
regular instances capably. In this article, Dimensional reduc-
tion is done using PCA. For the prediction of heart attack the
Fuzzy C-means clustering is used. Initially to remove all the
duplicate records, through the pre-processing of the data and
in which the missing data are included. In the classification
stage, KNN classifier with SOA is used to classify the data as
whether heart disease is existing or not. The consequences of
classification procedures, done with a data sets attained from
270 patients, reveals that than several existing algorithms the
classifier has accomplished better performance. The proposed
Hybridised KNN’s performance is shown to be a famous
method in terms of Accuracy, sensitivity and specificity.
Overall the proposed algorithm evidence 5% of enhancement
in prediction of heart diseases with comparison of other
existing machine learning techniques.

As future work, genetic algorithm based on a weighted
fuzzy rule-based clinical decision support system (CDSS)
with Extreme Learning Machine (ELM) could be used in
predicting heart attacks; this approach combines the advan-
tage of ELM and fuzzy set theory. To examine a new patient’s
condition the ELM method can be used which possibly uses
all the important knowledge. The learning time problems
could be solved by the ELM, initiating itself more suitable
to be used in Big Data. Also, it can be established additionally
to deal with the concerns of misplaced attributes by evaluating
the effects of these attributes in the overall decision.
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a b s t r a c t

The concept of lean manufacturing was developed for maximizing the resource utilization through min-
imization of waste, later on lean was formulated in response to fluctuating and competitive business
environment. Due to rapidly changing business environment the organizations are forced to face chal-
lenges and complexities. We took time study for various operations of connecting rod manufacturing
in an industry. After the analysis of time study we found, which factors affect the manufacturing time
among different operators and operations. Also we draw the cause and effect diagram and identify the
reasons of the process. From that we slightly modify the sequence of operations and again we took the
time study. By using the software we found out the optimum layout for manufacturing the connecting
rod. Also we found the Failure Mode Effect Analysis (FMEA) for the connecting rod and find the risk pri-
ority. Finally, we reduce the manufacturing time of the component and increase the productivity of the
industry.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

Lean manufacturing has been one of the most popular para-
digms in waste elimination in the manufacturing industry. Lean
manufacturing is basically refers to manufacturing processes with-
out wastages [1]. This concept of Lean thinking is oriented from
Toyota Production System (TPS) that determined the value of any
process by distinguishing value-added activities and eliminating
waste so that every step adds value to the process [2].

Waste is anything other than the minimum amount of equip-
ment, materials, parts, and working time which absolutely are vital
to production. Waste has seven types:

1. Waste of overproduction
2. Waste of waiting time
3. Waste of unnecessary motion
4. Waste of transportation
5. Waste of processing
6. Waste of inventory and
7. Waste of product defect

1.1. Lean implementation development from TPS

The discipline required to implement Lean and the disciplines it
seems to require are so often counter-cultural that they have made
successful implementation of Lean a major challenge. Some would
say that it was a major challenge in its manufacturing ’heartland’
as well. Implementations under the Lean label are numerous and
whether they are Lean and whether any success or failure can be
laid at Lean’s door is often debatable [3]. Individual examples of
success and failure exist in almost all spheres of business and
activity and therefore cannot be taken as indications of whether
Lean is particularly applicable to a specific sector of activity. It
seems clear from the ‘‘successes” that no sector is immune from
beneficial possibility.

Lean is about more than just cutting costs in the factory. One
crucial insight is that most costs are assigned when a product is
designed. Often an engineer will specify familiar, safe materials
and processes rather than inexpensive, efficient ones. This reduces
project risk, that is, the cost to the engineer, while increasing finan-
cial risks, and decreasing profits. Good organizations develop and
review checklists to review product designs [4].

Companies must often look beyond the shop-floor to find
opportunities for improving overall company cost and
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performance. At the system engineering level, requirements are
reviewed with marketing and customer representatives to elimi-
nate those requirements that are costly [5]. Shared modules may
be developed, such as multipurpose power supplies or shared
mechanical components or fasteners. Requirements are assigned
to the cheapest discipline. For example, adjustments may be
moved into software and measurements away from a mechanical
solution to an electronic solution [6]. Another approach is to
choose connection or power-transport methods that are cheap or
that used standardized components that become available in a
competitive market.

1.2. Study component

The main manufacturing of the component show in Fig. 1. A
connecting rod is an engine component that transfers motion from
the piston to the crankshaft and functions as a lever arm. Connect-
ing rods are commonly made from cast aluminium alloy and are

Fig. 1. Connecting rod.

Fig. 2. Unit-A layout.

Fig. 3. Unit-B layout.
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designed to withstand dynamic stresses from combustion and pis-
ton movement.

There are various process are involved to manufacture a compo-
nent, there are.,

1. Drilling
2. Boring
3. Heat Treatment process
4. Oil hole Drilling
5. Surface Finishing
6. Inner Grinding
7. Outer Grinding

1.3. About the industry

A private connecting rod manufacturing industry which deals
with the production of connecting rod, Centre plate, web assembly
and Compressor Spares take for case study. The Figs. 2 and 3 shows
the layout of the Industry.Fig. 4. Process carried out in the industry.

Table 1
Average time period between operations.

Operations Loading
(s)

Unloading
(s)

Operation
(s)

Total time
taken (s)

Big End Drilling 60 15 85 160
Small End Drilling 60 20 80 160
Boring 60 10 120 190
Oil Hole Drilling 30 10 60 100
Inner Dia Surface Grinding 50 25 120 195
Outer Dia Surface Grinding 50 25 150 225

Fig. 5. Graphical representation of operators time period.
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1.4. Process carried out

The raw materials are collected from various suppliers and the
material is undergone the drilling process and then boring process
is carried out in the material after that the material is undergone
for a heat treatment process and it is carried out for surface finish-
ing to avoid irregular surface and the final process is grinding it is
done in two phases Inner Diameter and Outer Diameter. The vari-
ous process handled by industry shown in Fig. 4.

2. Data collection

2.1. Average time period between operations

From the data obtained in the Table 1, we know the more time
taken operation is outer diameter surface grinding as 225 s, and
remaining part also conducted with time study. The graphical pre-
sentation of data show in Fig. 5.

2.2. Average time period between operators

In average time taken for the operator, outer diameter surface
grinding takes more time. The Table 2 show the Average time per-
iod between operators.

3. Fishbone diagram

The fishbone diagram constructed after brain storming session,
the list of failure identified during session and show in Fig. 6.

4. Failure mode effect analysis

In risk priority ranking, the calculation of RPN value shown in
Table 3 the connecting rod shank is the first rank which means it
has more defects the RPN value calculated for various part and
the graphical representation shown in Fig. 7, the ranking of RPN
value shown in Table 4.

Table 2
Average time period between operators.

Operations Min time
taken (s)

Max time
taken (s)

Average time
taken (s)

Big End Drilling 60 90 75
Small End Drilling 60 100 80
Boring 80 110 95
Oil Hole Drilling 25 65 45
Inner Dia Surface Grinding 58 92 75
Outer Dia Surface Grinding 100 120 110

Fig 6. Fish bone diagram.

Table 3
Failure mode effect analysis.

List of Parts Severity (s) Occurrence (O) Detectability (D) RPN

Small End 6 3 2 36
Big End 8 4 2 64
Bolt Housing 5 3 3 45
Connecting Rod Shank 10 5 4 200
Slip Bearings 5 2 3 30

1

2

3

4

5

0

1

2

3

4

5

6

Connec�ng Rod
Shank

Big End Small End Bolt Housing Slip Bearing

Fig. 7. RPN chart.

Table 4
Risk priority number.

Parts RPN Rank

Connecting Rod Shank 1
Big End 2
Small End 3
Bolt Housing 4
Slip Bearing 5
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5. Result and discussion

As the result of implementing the lean concept and alternates
the unit layouts of the machine floor, the time taken for material
handling the component is reduced and the operational time is
also reduced.

The resulted graph show in Fig. 8 the reduction of time period of
the production of the component before and after implementing
the lean concept. The overall improvement in terms of time reduc-
tion show in Fig. 9.

6. Conclusion

In conclusion, the manufacturing time of the component was
reduced by rectifying the problems in the process of manufactur-
ing. Optimum layout for the connecting rod manufacturing was
found out. A failure part of the component was identified using
FMEA.

By implementing the principles of lean manufacturing in vari-
ous processes and slightly alternating the path flow of the unit lay-
outs, various goals were achieved like,

1. Increase of productivity due to reduction of time
2. Unnecessary motion is avoided
3. Optimised utilization of machine floor and the machines.
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a b s t r a c t

Laser cutter is a technology that uses a laser for cutting, boring and engraving the materials. The accuracy
of laser cutter technology is high compared to other traditional technology. It is used in industrial man-
ufacturing applications and also commercials purpose. Laser cutter works by directing the laser through
optics and controlled by the control system by following a G-code of the pattern to be cut onto the mate-
rial. In this project, a 20w laser, low weighted parts and simple mechanism is implemented to make a
portable laser cutter. Also, a separate power controller is provided for laser and the stepper motors.
Hence, accuracy is obtained by adjusting the power supply of laser. By using the LIGHT BURN software,
the G-CODE is generated to navigate the laser head. The images and impression designs are imported to
the software to generate the G-CODE and navigate the laser head. In this software, output power of the
laser is also controlled. The materials like wood, fibers can be cut efficient in 20w laser.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International
Conference on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

The accuracy of laser cutter technology is high compared to other
traditional technology [1]. It is used in industrial manufacturing
applications and also commercials purpose [2]. Laser cutter works
by directing the laser through optics and controlled by the control
systemby following a G-code of the pattern to cut onto thematerial.
Especially 20w laser is good at cutting, Paper cutting, Wood cutting
(<5mm). Depth of engraving (less than 3 mm) supported engraving
materials: Wood, gray paper, leather, bamboo, blackening plastics,
rubber, alumina oxide, etc [3]. It is not possible to directly engrave
the metal with strong mirror reflectivity, which may cause injury
to the operator or burn the laser [4]. The steppermotor driver is used
to transmit the electric pulse to the stepper motor for movement of
laser head [5]. A Timing belt of 2 mm pitch is mounted on timing
pulley, which is connected the stepper motor [6].

2. Mechanism

In this project (Fig. 1), Core XY mechanism is considered to
make a portable laser cutter [7]. It is simple than other mechanism.

In Core XY mechanism, laser head moves through two long timing
belts, which connected to a stepper motor [8]. Depending on revo-
lution of each motors, the laser head will move to cut or engrave
onto the material [9]. For diagonal movement of laser, a single
motor revolution is enough [10]. It requires two bipolar stepper
motors � 2, motor bed � 2, laser holder, laser head, timing belts,
8 mm diameter rod � 2, part bed, timing pulley, arduino controller,
stepper motor driver, power supply controller to make portable
laser cutter [11].

2.1. Laser

Light amplification by stimulated emission of radiation is used
as cutting tool because of its accuracy, noiseless. In this project a
20w laser is used to cut, engrave onto the materials [12]. The cool-
ing fan is provided to reduce the temperature of the laser source.
The laser is connected to the laser driver through the pin for power
supply and to receive the laser enable signal as shown in Fig. 2.

2.2. Laser drive

Laser driver is used to provide the power supply to the laser and
it provides the input as 12 V or 2A [13]. It has potentiometer to
adjust the input voltage to increase the accuracy.
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2.3. Arduino Uno

It is the main part to create a portable laser cutter shown in
Fig. 3. It transmits the step and directions signal to the stepper
motor driver and laser enable signal to the laser driver [14]. It also
provides the power supply to the stepper motor driver to produce
the electric pulses stepper motor movement.

2.4. Stepper motor (Nema 17)

As a core XY mechanism is considered, two Nema17 bipolar
stepper motors are required to control the position of the laser
head. It provides 4.2 kg-cm of torque at 1.7A current or 208v per
phase. For each step, the motor has to revolve 1.8� step angle
(200 steps/revolution). The motor is navigated to move or hold at
a position by using of Stepper Motor Drivers. It provides excellent
response to start, stop and reverse pulses from stepper motor dri-
ver. It is a brushless DC motor, so the life of this motor is dependent
upon life of the bearings. As it is simple open loop control system,
complex electronic control circuits are eliminated as shown in
Fig. 4.

2.5. Stepper motor driver (A4988)

The A4988 type of stepper motor driver (15.5 � 20.5 mm) is
used to control the stepper motor with just 2 pins from the con-
troller. One pin is for controlling the rotation direction and the
other for controlling the steps. And, it has a potentiometer for
adjusting the current output. Its input voltage is from 3 to 5.5 V
and the maximum current per phase is 2A. As shown in Fig. 5
the original Stepper Motor Driver (A4988). The VDD and GND pins

Fig. 1. Mechanism.

Fig. 2. Laser.

Fig. 3. Arduino UNO.

Fig. 4. Stepper Motor (Nema 17).

Fig. 5. Stepper Motor Driver (A4988).
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of driver connect with arduino controller for power supply. The 1A
and 1B pins will be connected to one coil of the motor and the 2A
and 2B pins is connected to the other coil of the motor. For power-
ing the motor, we use the next 2 pins, Ground and VMOT that we
need to connect them to Power Supply from 8 to 35 V. The DIR pin
in driver is connected to the p4 pin of arduino controller to control
the rotation direction of the motor. Step pin is connected to the p3
pin of the arduino controller to control the micro steps of the
motor. For each pulse send by the arduino will make the motor
to move one step. As shown in Fig. 6 the line diagram for Stepper
Motor Driver (A4988) when the motors are not in use, SLEEP Pin
puts the board in rest mode for minimizing power consumption.
Rest pin is used to reset the motors to the initial position, where
it’s starts. The MS1, MS2 and MS3 are micro steps resolution pins
for selecting one of the five step resolutions. And, they are Full step,
½ step, ¼ step, 1/8 and 1/16 step. The ENABLE pin is used for turn-
ing on or off the FET outputs (Fig. 7).

Fig. 6. Stepper Motor Driver (A4988).

Fig. 7. Laser passes through the paper.

Fig. 8. Wood engraving.

Fig. 9. Paper engraving.
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3. Working

The images that is to engrave onto the material is imported to
the LIGHTBURN software to generate the g-code and transmit to
Arduino uno by connecting the laptop and Arduino uno through
USB cable. According to the g-code, Arduino uno will control the
stepper motor driver by passing the electric pulses to the stepper
motor to navigate the laser on the material. Also, controls the laser
driver to provide the laser enable signal to engrave the image on
the material.

4. Output

4.1. On wood

When tested on wood its show a better result in the accuracy.
At the distance of 15 mm from the laser to the object it takes about
1 min 30 s to finish the diagram two times. Shown in Fig. 8 in wood
engraving.

4.2. On paper

In paper with laser bed (200 � 200 mm) it gives a good accuarcy
and cut show in Fig. 8. It also takes about 2 min to draw the image
on paper for two times at the distance of 15 mm from the laser to
the paper. Shown in Fig. 9 in paper engraving.

5. Conclusion

As per the industrial feasibility optimized the cost of the laser
cutting and engraving machine with the capacity of wavelength.
Based on Literature review and steps of working procedure simpli-
fied the laser cutting and engraving machine. The key point was
proficient that was to produce a laboratory modeled Laser cutting

and engraving machine. The result seems for the better quality cut-
ting and engraving.

References

[1] M. Radovanovic, Working quality by laser cutting and engraving machines, in:
Proc. of the 7th Intern. Conf. on Tribology, Budapest, Hungary, pp. 255–258
(2000).

[2] Joshua D. Ramos, Design and Testing of Components for a Low Cost Laser
Cutter, Massachusetts Institute of Technology, 1995.

[3] S.M. Sutharsan, M. Mohan Prasad, Integrated of lean principles with
sustainable manufacturing, Int. J. Lean Think. 3 (1) (2012) 121–127.

[4] K. Ganesan, M. Mohan Prasad, K.P. Paranitharan, R. Rajesh, An analytical study
of lean implementation measures in pump industries in India, Int. J. Enterprise
Network Manage. 10 (2) (2019) 133–151.

[5] Jamaleswara Kumar, Evaluation of mechanical properties of natural fiber of
reinforced composite (IJCSER), 4(5), 77–86.

[6] M. Mohan Prasad, Intelligent robot used in the field of practical application of
artificial neural network & machine vision, Int. J. Lean Think. 3 (2) (2012) 38–
46.

[7] K. Ganesan, M. Mohan Prasad, Defect rate reduction using lean technique in a
pump assembly, Int. J. Appl. Eng. Res. 10 (15) (2015) 12071–12076.

[8] Milton Keynes, RNR Associates, ‘‘Diode lasers now pushing the power limits”,
UK, 2008.

[9] R.K. Suresh, K. Ganesan, M. Mohan Prasad, An optimal balancing of multiple
assembly line for a batch production unit, Int. J. Lean Think. 4 (2) (2013) 22–32.

[10] K. Ganesan, M. Mohan Prasad, R.K. Suresh, Lead time reduction through lean
technique in an monoblock (swj1hp) pump industry, Int. J. Appl. Mech. Mater.
41 (13) (2014) 3075–3090.

[11] N.M. Vaxevanidis, G. Petropoulos, P. Dašić, A. Mourlas, Multi-parameter
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a b s t r a c t

The essential of car wheel rim is to provide a firm base on which to fit the tyre. Its dimensions, shape
should be suitable to adequately accommodate the particular tyre required for the vehicle. In this project
a tyre of car wheel rim belonging to the disc wheel category is considered. The wheel rim is model by
using SOLIDWORKS 2016. By using this software, the risk involved in the design and manufacturing pro-
cess can be easily minimized. So the modeling of the wheel rim is made by using SOLIDWORKS. Later this
wheel rim modal is imported to ANSYS WORKBENCH 16 for analysis work. ANSYS WORKBENCH 16 is the
latest software used for simulating and also calculating the different properties and viewing the results.
ANSYS WORKBENCH 16 static structural analysis work is carried out by considering four different alu-
minium alloys namely 6061 and 6066, their relative performances have been observed respectively. In
addition to wheel rim is subjected to modal analysis, part of dynamic analysis is carried out its perfor-
mance is observed. In this analysis by observing the results of both static and dynamic analysis obtained
best material is suggested for making an effective rim structure.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

The Wheel rim is the ‘‘outer edge of a wheel, holding the tire”. It
makes up the outer circular design of the wheel on which the
inside edge of the tire is mounted on vehicles such as automobiles.
Wheels must be strong enough to support the vehicle and with-
stand the forces caused by normal operation [1]. At the same time,
they must be as light as possible, to help keep un-sprung weight to
a minimum [2]. Wheels can be made from cast aluminium alloy or
magnesium alloy [3]. Alloy wheels are popular because of their
appearance and because they are lighter than similar steel wheels
(Table 1).

Aluminium is a better conductor of heat, so alloy wheels can
dissipate heat from brakes and tyres more effectively than steel
ones. Most wheels have ventilation holes in the flange, so air can
circulate to the brakes [4]. Most passenger car wheels are of well,
or drop-center design [5]. This design allows for tyre removal
and fitting. The removal and fitting of tyres should be carried out
according to manufactures instructions (Table 2).

2. Material selected

We selected the different types of aluminium alloy materials
and apply to the 3D model of wheel rim [6]. Then import the 3D
model to ANSYS WORKBENCH for analysing the different proper-
ties and obtain results for various material [7]. The different types
of aluminium alloy materials are

� ALUMINIUM 6061
� ALUMINIUM 6066

3. Modelling of rim using SOLIDWORKS

3.1. Design procedure of rim

� The Body and centre coverage of the rim was created by using
revolve tool in Fig. 1.

� Create the multiple bolt holes in flange by using extrude cut and
circular pattern tools in Fig. 2.

� Create rim profile by using extrude cut too in Fig. 3.
� Final 3D model of wheel rim was obtained by using SOLID-
WORKS in Fig. 4.
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4. Analysing testing for aluminium 6061

4.1. Result of aluminium 6061

4.1.1. Total deformation
The total deformation in aluminum 6061 is 0.066057 mm in

Fig. 5.

4.1.2. Stress distribution
The total stress distribution in aluminum 6061 is 23.24 N/mm2

in Fig. 6.

4.1.3. Strain distribution
The total strain distribution in aluminum 6061 is 0.00031 in

Fig. 7.

5. Analysing testing for aluminium 6066

5.1. Result of aluminium 6066

5.1.1. Total deformation
The total deformation in aluminum 6061 is 0.061761 mm in

Fig. 8.

Table 1
wheel rim dimensions.

Sl. No. Specification Value

1 Rim Width 256 mm
2 Wheel Diameter 482 mm
3 Offset 20 mm
4 Number of spokes 8
5 Rim thickness 5 mm
6 Bolt diameter 24 mm dia
7 Number of bolt holes 5

Table 2
Properties of AL6061.

Component Wt. %

Al 95.8–98.6
Cr 0.04–0.35
Cu 0.15–0.4
Fe Max 0.7
Mg 0.8–1.2
Mn Max 0.15
Si 0.4–0.8
Ti Max 0.25
Zn Max 0.25
Other, each Max 0.05
Other, total Max 0.15

Fig. 1. The Body and centre coverage of the rim.

Fig. 2. Create the multiple bolt holes in flange.

Fig. 3. Create rim profile.

Fig. 4. Final 3D model of wheel rim.
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5.1.2. Stress distribution
The total stress distribution in aluminum 6061 is 23.193 N/mm2

in Fig. 9.

5.1.3. Strain distribution
The total strain distribution in aluminum 6061 is 0.00029 in

Fig. 10.

6. Result discussion

In the above analysis to compare aluminum 6066 and alu-
minum 6061 in both materials alloy wheels to be tested in ANSYS
analysis software we found total deformation is maximum for
6061 compare to 6066 [8]. Calculate the stress also maximum for
6061 compare to 6066. Calculate the strain distribution also
slightly maximum for 6061 compare to 6066 (Table 3).

Fig. 5. The total deformation on aluminium 6061.

Fig. 6. The total stress distribution on aluminium 6061.
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7. Conclusion

The wheel edge is demonstrated and broke down with the
assistance of CAD and CAE programming [9]. At first the exam-
ination is accomplished for general existing model of wheel
edge with a default material application and the for this struc-
ture the basic and modular investigation is conveyed so as to
locate its basic and dynamic practices, the outcomes acquired
are contrasted and material improved structures, the auxiliary
parameters called twisting, anxiety experienced by Aluminium

6061 and 6066 lies in a passable utmost when thought about
among their material classification and its mass dispersion is
additionally lies in a reasonable point of confinement. However,
because of the material accessibility and cost imperative we
have chosen 6061 [10]. With the assistance of modular
investigation information, plainly the combinations called
Aluminium 6061 and hardened steel encounters the less recur-
rence conveyance because of the dynamic conditions. So the
dynamic contemplations additionally bolster the utilizations of
amalgams.

Fig. 7. The total strain distribution on aluminium 6061.

Fig. 8. The total deformation on aluminium 6066.
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Fig. 9. The total stress distribution on aluminium 6066.

Fig. 10. The total strain distribution on aluminium 6066.

Table 3
Properties of AL6066.

Element Content (%)

Aluminum, Al 95.7
Silicon, Si 1.40
Magnesium, Mg 1.10
Copper, Cu 1
Manganese, Mn 0.8
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a b s t r a c t

Pure copper its composites reinforced with Rice Husk Ash (RHA) particles prepared by Friction Stir
Processing (FSP) technique. Copper Matrix Surface Composites (CMSCs) is to enrich the metallurgical and
mechanical properties. Pure copper used as matrix material and ceramics particles RHA used as reinforce-
ment. CMSCs were fabricated a set of process parameters such as rotational speed 1000 rpm, transverse
speed 40mm/min and an axial force 10 kN with a single pass. CMSCs are presently characterized using
Optical Microscope (OM), Field Emission Scanning Electron Microscopy (FESEM), Vickers hardness tester,
and wear behavior conduct by pin-on-disk apparatus. High abrasive wear loss of pure copper because of
its softness material. CMSCs of micrograph revealed the enhanced fine bonding in the stir zone (SZ) with
a uniform dispersion of ceramic particles. The addition (0, 6, 12, 18 vol%) of RHA particles to copper prompts
an expressive improvement in its hardness and wear resistance.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Advances in Materials Research – 2019.

1. Introduction

Copper is high electrical and thermal conductivity material gener-
ally utilized in engineering applications, the simplicity of manufac-
turing and also good corrosion resistance. Still, property of copper
too limitations for example low wear resistance, hardness, and ten-
sile strength. The copper properties improved by age hardening else
incorporating non-metallic particles for example oxides into this
matrix. In earlier, adding a minimum quantity of Zr and Cr into the
copper it is promoted to the precipitation matrix material, which is
present not dissolvable happening on the Cu matrix at minimum
temperature. The constraints of precipitation-solidified combina-
tions are an absence of the solidarity exceeding the temperature of
500 �C [1,2]. In this regard, it is gradually proper to consolidate dis-
persed particles, for example, borides, oxides, and carbides into the
pure copper, prompting to development of the Copper Matrix Com-
posites (CMCs) [3–5]. Instead of that RHA particle is stimulating rein-
forcement of copper a description of which is high thermal
conductivity, melting temperature, hardness, and high wear resis-
tance its contains carbon and amorphous silica [6]. Additionally,

the kinds of the literature demonstrated CMCs were delivered utiliz-
ing several solid state and also liquid metallurgy strategies. The rein-
forcement was successfully reinforced into CMC. But, those
composites continuously go together with many fabrication defects
such as porosity [7,8], reinforcement particles inhomogeneous distri-
bution [9,10] and interfacial bonding reactions [11,12]. Hence, the
development of existing fabricating approaches or upgrading of
novel fabrication techniques is essential to increase the lifespan of
the CMCs. The advanced method of FSP is to fabricate sound Metal
Matrix Surface Composites (MMSCs) [13]. It is used to modify the
microstructures of material and mechanical behavior properties in
the direction of fabricating surface composite. FSP was involved to
modify surface characteristics of the copper using ceramics particles.
Hence, the present work focused on fabricating Cu/RHA CMSCs
through FSP, evaluate the microstructures by OM and FESEM. The
role of RHA particles more improvement in fine desperation in the
composites, enhance the Cu/RHA hardness and wear resistance.

2. Experimental procedure

The size of the specimen used as 100 mm � 50 mm � 10 mm
having a hardness of 79 HV. The pure copper chemical composition
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is presented in Table 1 and the copper optical micrograph is pre-
sented in Fig. 1. The average size of RHA particles is 5 mm and
99.9% of purity as used. The morphology of RHA particles is shown
in Fig. 2. A groove was machined in the middle of the plate by wire
cut Electrical Discharge Machining (EDM), The groove width was a
different size (0, 0.4, 0.8, 1.2 mm) to fabricate various volume frac-
tion as (0, 6, 12, and 18 vol%). The groove was filled with ceramic
powder. The grooved top was closed by the pinless tool to avoid
scattering of particles during FSP. An H13 steel tool double tem-
pered hot working process; tool 24 mm shoulder diameter, 6 mm
pin diameter, and 4.5 mm pin length of as shown in Fig. 3. The pro-
cess parameters were: speed of tool rotational, traverse and axial
force of 1000 rpm, 40 mm/min and 10 kN without any tilt. Pro-
cessed plates were cut the specimens from stir zone to character-
izations of microstructural and mechanical behavior. Specimens
attained from the stir zone were polished by metallographic proce-
dure standard. The polished specimens processed by the color
etchant. The specimen microstructure was perceived using OM
and FESEM. The microhardness measured various locations in the
stir zone by microhardness tester (MITUTOYOHM-220). Pin-on-
disc wears apparatus to measured wear behavior of surface com-
posites as 1.5 m/s sliding velocity, 30 N normal force, and 3000 m
sliding distance. Wear rate obtained in dividing volumetric loss
to sliding distance.

3. Results and discussion

The Cu/RHA was effectively fabricated by friction stir processing
technique. The crown appearance of the fabricated surface com-
posite specimen presented in Fig. 4. The micrograph of Cu/RHA
was presented in Fig. 5. It depicts that, the taken of FSP parameters
produced the defect-free surface composite layer.

3.1. Microstructure of Cu/RHA CMSCs

Cu/RHA of the CMSCs micrographs are displayed in Fig. 6. The
stir zone area is not seen without RHA particles i.e. free zones par-
ticles. Micrographs revels that the distribution and physical char-
acteristics of reinforcement particles. RHA particles are dissipated
over the substance observed by micrographs. RHA particles are
not accumulation i.e. huge particles gathered within minimum dis-
tance. Stir zone was strengthened with reinforcement revels by
micrographs. Proposes for this observation RHA particles uni-
formly dispersion into the copper matrix. The degree of the particle
is distribution into plasticized copper by the role of upgraded pro-
cess parameters. Even particle dispersion accomplished is the pre-
ferred process parameters.

Copper material does not undergoes liquefy for the duration of
FSP escapes from the solidification of ill effects. The copper metal
plasticized produced by temperature raised behind the effect of
the tool. In any case, the reinforcement does not travel easily for
the period of cooling. Thus, segregation does not show up in
microstructure. Dispersion is not intergranular condition so that
segregation remains absent. Be that as it may, some RHA particles
might lay on the grain boundaries. In the happening that particles
are captured inside grains i.e., the intragranular dispersion show
will leading properties. It happens particle size is lower than grain
size.

Fig. 7 describes the higher magnification of Cu/RHA micro-
graphs of CMSCs. It reveals the interface and bonding of particles
with the copper matrix composites. Virtuous interfacial bonding
desired to the performance of the composites are increased among
the fine dispersion. RHA particles are appeared by continuously
around the interface. It is not displayed of pores all over the parti-
cle places.

The micrographs of Cu/RHA various areas inside the SZ are dis-
played in Fig. 8. CMSCs provide the properties of isotropic across
invariable by the means of distribution of particles. Micrographs
ratify that dispersion not dependents on the place of SZ. It is not
a significant variation of particles in the whole SZ. The dispersion
attributed using perfect movement of copper plasticized and tool
rotating motion. Then again, the material will produce variation
in particle dispersion because of an inappropriate selection of pro-
cess parameters [14,15]. Advance, FSP technique is affected by
reinforcement physical properties. Particles are whichever sink or
float because of the density gradient in molten copper. Thus, dis-
persion variation entire molding is unavoidable to reduce the per-
formance of metal. Inside the particles combined the composite

Table 1
The chemical composition of pure copper.

Element Zn Si Al C Pb Fe Ni Mg Cu

% wt. 0.03 0.03 0.18 0.01 0.004 0.006 0.003 0.001 99.7

Fig. 1. Optical micrograph of pure copper.

Fig. 2. Morphology of RHA particles.
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cannot rearrange independently because of density gradient. The
micrograph evolution was dissimilar regions of the composites. It
is not a clear arrangement of Thermo Mechanically Affected Zone
(TMAZ) in SZ. This can be attributed to the heat transfer rate is
low in lateral direction to bottom direction[16].

Concentric circular segment structure is observable at the base
of the SZ by the grouped arrangement of RHA particles. This case is
generally, onion ring structure which is an inherent characteristic
of FSP. The collaboration of material movement between the heater
region on top and the cooler region at the bottom generates an
onion ring structure dependence upon the process parameters.

3.2. Microhardness

The part of various volume fractions of RHA particles on the Cu/
RHA microhardness of the CMSCs is displayed in Fig. 9. Microhard-
ness value was evaluated 64 Hv at 0 vol% and 116 Hv at 18 vol% of
Cu/RHA. Outcomes demonstrate that an extensive upgraded in
composite hardness because of the reinforcement of RHA. An
assessment of hardness is an addition with an RHA particles
increase in the substance. The Increasing tendency of the RHA par-
ticle recommended that CMSCs is strengthened. The following fac-
tors recognized to strengthening the CMSCs; (1) selection of
reinforcement and its physical properties, (2) interruption density,
(3) dispersion into the matrix, and (4) size of grain structure. The
hardness is important of (SiO2 and Al2O3) composition elements,
RHA particles are better than that pure copper. The effect of the
above-deliberated strengthening aspects increases the particles
with increased hardness of composites. Furthermore, interparticle
distance decreases with an improved quantity of RHA which gives
additional bonding between copper matrixes. In this way, the
hardness of composite is additionally improved.

3.3. Wear test

The effect of wear rate various volume fraction of Cu/RHA as
shown in Fig. 10. The assessed wear rate Cu/RHA 8.3 � 10�5

mm3/Nm at 0 vol% and 5.3 � 10�5 mm3/Nm at 18 vol%. The result
recommends that wear opposition increased in the composite

Fig. 3. FSP tool double tempered.

Fig. 4. Crown appearance of Cu/RHA surface composite layer.

Fig. 5. Optical micrograph of Cu/ RHA.

Fig. 6. CMSCs micrographs.

Fig. 7. SEM micrographs of Cu/RHA higher magnification.
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because of the properties of RHA. As per surely understood law of
Archard’s wear, it is a backward connection among wear rate and
hardness [17]. The material is higher hardness; the wear rate of
the material will be lesser. Thus, expansion in high hardness com-
posite prompts during sliding material removal rate decreases.
Further, it discussed a factor subsequently which decrease the
wear rate. Rubbing surface between pin and rotating disc reduces
because of the immediacy of RHA particles. It straightforwardly

allows typical load in sliding. This load activity reduces the coeffi-
cient of rubbing at the contact surface. It’s possible at the best
bonding of particles into the copper matrix, its protection from
untimely expulsion rubbing surface by mean of the particles. Wear
rate is nonlinear an expansion in the various volume fraction of Cu/
RHA. Through sliding wear; the composite material removal rate is
so difficult which delivers nonlinear pattern.

4. Conclusions

Cu/X vol. % RHA CMSCs (X = 0, 6, 12 and 18) were made-up
using the FSP technique and the outcome reinforcement of RHA
particles various volume fraction on microstructures and dry slid-
ing wear behavior were evaluated. The outcomes are summarized
as follows:

� RHA particles dispersed homogeneously into the copper matrix
regardless of various volume fractions. RHA particles were not
seen as aggregation or segregation. FSP tool was well dispersion
attributed in the direction of correct stirring action and plasti-
cization of copper.

� The better grains structure showed Cu/RHA of 18 vol% com-
pared to pure copper grain structure. The particle grain refine-
ment was recognized by the pinning effect and dynamic
recrystallization.

� Cu/RHA of microhardness increased with increased RHA parti-
cles in the matrix. The microhardness measured 64 Hv at
0 vol% and 116 Hv at 18 vol%. The potential various strengthen-
ing mechanisms factors were deliberated.

� Cu/RHA of wear rate decreased with increased RHA particles at
various volume fractions. The estimated wear rate was
8.3 � 10�5 mm3/Nm at 0 vol% and 5.3 � 10�5 mm3/Nm at
18 vol%. The improvement of wear resistance was connected
to an improved hardness of CMSCs.
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Fig. 8. Micrographs of Cu/RHA various areas of inside the SZ.
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Fig. 10. Cu/RHA wear rate.
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a b s t r a c t

Friction stir processing (FSP) is developed for the usage aluminum alloys and it is metal processing
method that can provide grain structure of microstructures. Due to the frictional processing heat and stir
processing the microstructure of the foundation metal is changed. The Silicon Nitride (Si3N4) and
Aluminium Nitride (AlN) are used as reinforcement with the base metal Al2024 by using friction stir pro-
cessing. Hardness, corrosion resistance, micro structure formation wear resistance and durability of
Al2024 have been increased in this friction stir processing by reducing the defects due to the melting
of the metal. It is an excellent material processing technology, and there is a high possibility for the
preparation of super plastic materials and metal matrix composites. This work is mainly to improve
the mechanical properties of Al2024 while it is reinforced by Si3N4 and AlN. Thus the results from this
investigation is explained and discussed.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

FrictionStir Processing (FSP) is a procedure tomodify the changes
in surface of the metal which provides the considerable change in
microstructure andother properties [1–3]. FSPhas the ability to pro-
cess thermo mechanically in selective locations on the metals sur-
face and it has some depth allowance to change specific properties
of specimen or metal. FSP was modified supported on the concepts
of Friction Stir Welding, but FSP is used to change the local
microstructure and doesn’t actually join the metals together. Fric-
tion stir processing is by consistent welding speed of 10 mm per
minute. The Al2024 is reinforced with the reinforcements such as
Si3N4 and AlN in various compositions by using FSP, and then the
mechanical properties and its microstructure were investigated
properly. The Al2024 specimen used for this FSP process has the
dimension of 100 mm � 50 mm � 10 mm. The microstructure,
hardness and corrosion resistance of specimen is examined in fric-
tion stir processed zone of Al2024 specimen is reinforced with
Si3N4 and AlN [4–7]. The hardness of Al2024 is done with help of
Vickers Hardness and corrosion resistance is tested in room temper-
ature. The scanning electron microscopy (SEM) and optical micro-
scope utilized to magnify and observe microstructure of specimen

element. Friction stir processing to add the reinforcements are done
under the low heat input conditions, rotational speed of tool is
1000 rpmand feed rate of tool is 10 mm/min [7–10]. The friction stir
processed Al2024 specimen has various compositions in their rein-
forcements added in it. Those specimens are tested to get the best
reinforcement composition. A using friction stir process metal like
aluminum and reinforcements such as Si3N4 and AlN were easily
joined and provides goodmetallurgical bondingwith the basemetal
Aluminum. The Al2024 is reinforced with the reinforcements Si3N4
and AlN in various composition by using FSP at constant rotational
speed of the tool is 1000 rpm, feed rate of tool is 10 mm/min and
axial load applied is 10KN [11]. The grain recrystallization structure
occurred at the welded zone during the friction stir processing is
tested using light microscope and scanning electron microscopy
(SEM). The friction stir processed zone is audited by Vickers hard-
ness test performed for the hardness and corrosion resistance test
is done.

2. Selection of material and process parameters

2.1. Selection of aluminum

Aluminum is alloyed with several different elements in order to
improve its properties. Friction stir processing can also make the
composite by processing the Al2024 with reinforcements Si3N4

https://doi.org/10.1016/j.matpr.2020.03.683
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and AlN. Aluminum2024 is the alloy used and utilizing in the aero-
space industries. It is a more-strength alloy suits for the various
projects requires a greater deal of resistant-to-weighing proportion
and excellent wear out resistance. AlN has good non conducting
properties, high thermal conductive, lower thermal expandable
coefficient and silicon nitride has high temperature strength, wear
resistance and the fracture toughness at high temperatures. Hence
the AL2024 with reinforcements Si3N4 and AlN materials are cho-
sen for the friction stir processing. The aluminium plates are taken
out and cut into needed size 100mm � 50 mm � 10 mm.

2.2. Material composition

The composition of Aluminium alloy as given in Table 1.

2.3. FSW process parameters

The FSW is influenced by an axialload, tool pin profile, the tool
rotational, traverse speed, and the material characteristics.

2.4. Tool design

The structure of tool has a significant effect on the consistency
of the weld joint, the heat produced throughout process, and their
required forces. This design creates a high heat on the shoulders
and prevents any plastic material from leaving the workplace.
Material flow affects both shoulders and tool pins. The tool bar
has been enhanced to 58HRC. So that the doubly tempered H13
tolling steelbars with the given dimensions which is selected for
the friction processing are shown in Fig. 1.

2.5. FSW fabrication procedure

In this experimental process, the grain particle structure and
incompressability of an friction processed zone are calcilated by
use of light microscopy, scanning electron microscopy added that
the hardness testing is done by using the Vickers hardness check-
ing machinery. The friction processed machine and zone of the
sample specimen elements are given in Figs. 2 and 3 respectively.

3. Results and discussion

3.1. Scanning electron microscopic examination

The scanning electron microscope is done to view the image in
various higher resolution is shown in Fig. 4. The SEM is taken at the
interface and nugget zone. The porosity at the reinforcement added
zone are reduced the thermomechanical effect of FSP process gives
a good gain structure and minute structure FSP process is done at
the transverse speed of 1000 rpm. This speed is good bonding
structure was obtained. The SEM micrographics are submitted in
the variation of the fine structures as the size in the friction pro-

cessed plates in the bigger structure. The fragment size and then
the distance among the particles getting decreasing in the friction
zone with increase in the rotational speed. The uniform distribu-
tion SI3N4 + AlN of particles are allocated to the insufficient cre-
ation of frictional heating because of the stirring of the frictional
stirring welding zone and the flow of plasticized materials

3.2. Optical microscopy test

The microstructure of the composite made by FSP process
AL2024 + SI3N4 + AlN is verified and tested by using optical micro-
scope. Fig. 5 reveals the minute structure at the interface and nug-
get zone are analysed. The reinforcement such as SI3N4 + AIN is

Table 1
Hardness test details.

Samples Parent Metal Heat Affected Zone Weld Zone

Sample 1 Aluminium 45.2 48.5 47.2
Aluminium 51.3 45.2

Sample 2 Aluminium 47.8 46.9 47.6
Aluminium 48.2 45.7

Sample 3 Aluminium 52.4 51.2 52.4
Aluminium 51.4 51.7

Sample 4 Aluminium 51.1 54.4 54.6
Aluminium 55.2 52.9

Sample 5 Aluminium 54.1 55.2 58.1
Aluminium 53.2 53.6

Fig. 1. Hardened H13 tool.

Fig. 2. Friction stir processing machine.
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finally distributed in the parent material Al 2024. The grain size is
good and they are in an average size. The interface is zone where
this material joined together nugget zone is the stirred zone
formed in the FSP process. The nugget zone has the fine grain
structure and good bonding is formed.

3.3. Microhardness test

Weld ability heat deformation are occurred due to lowered
hardness of the element so that it is necessary to specify the sam-
ple element along with high improved hardness. Every sample was
tested at four spots on the element by using the testing specimen
was processed to the load of 0.5 kg for10 seconds for each and
every position. The stir zone micro hardness value enhanced at
58.1 HV. Values are shown in Table 1.

3.4. Corrosion test

Corrosion examination can take the principle involved by
exposed an element to a particular chemical surroundings under
monitored conditions and then by measuring some cracks or any
corrosive destruction, such kind of weight-loss that show up as a
result. Corrosion happening with several varying combinations of
an alloy and the chemical environment, so that there is none of
universal corrosion testing procedures that fit for all the testing
materials. So it is necessary that the suitable corrosion testing pro-
cedures are to be properly processed. The tool element after clean-
ing by using the organic solvent and degreaser solutions cleaned
with D.M�H2O dehydrated and then weighed. Initial starting
weight before the loading, then final weighing after 24 h exposing
was measured0.12 g enhanced the aluminium matrix composites.
Values are shown in Table 2.

4. Conclusion

The microstructural and mechanical characteristics of the fric-
tion stir processed Al2024 alloy were investigated. By obtaining
such outcomes, Based the primary conclusions are as follows:

� None of the larger defects was identified in the friction pro-
cessed connections at lower friction processing speed.

� The grain elements structure was observed to be actively
recrystallized properly in processed region compared with the
parent metal.

� Conclusions from the SEM and OM which was conveying the
existence of two reinforcement and unchanging distributing of
the material throughout the friction processed zone.

� The strength of the stir friction processed zone was observed to
be greater than that of the other various zones and it varies
according to the various compositions.

Fig. 3. Friction stir processed specimen width of the groove (a) 0.8 (b) 1.2 mm (c)
1.4 mm.

Fig. 4. (a, b, c) SEM Micrograph of welded zone.
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Fig. 5. (a, b, c) Optical micrograph of friction stir welded (a) specimen 1, (b) specimen 2.

Table 2
Corrosion Test.

Sample Initial weight in gms Final weight in gms Weight loss in gms

Sample 1 12 11.98 0.12
Sample 2 13.6 13.51 0.09
Sample 3 13.8 13.72 0.08
Sample 4 12.4 12.35 0.05
Sample 5 13.4 13.36 0.04
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a b s t r a c t

Provincial lock and key industry SMEs over our Country to fulfill the need and further preparing in cur-
rent innovations that permit Business 4.0 situations and techniques to amplify their own creation. The
learning manufacturing plant furnishes this with 3 distinctive preparing arrangements. It is additionally
utilized for understudy’s useful instructing and assessment of research ventures.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

In order to address the increasing complexity of products and
supply chains, greater flexibility of production systems and pro-
cesses is needed. This can be accomplished by IT integrating the
level of production with the level of planning and on to customers
and suppliers [1]. This will contribute to personalized services effi-
ciently and quickly. Cyber-physical-systems incorporate this IT
convergence, the whole scenario (in Germany) has been known
as ’ Industry 4.0 ’ for several years now Figs. 1–4.

New curricula are needed to familiarize the students and indus-
trial users of today with the topic and the related challenges. Clas-
sical seminars and internships do not learn the interdisciplinary
and holistic approach demanded by the Industry 4.0 scenario [2].

Small and medium-sized companies (SMEs) in particularly in
India have the challenge of being highly qualified in Industry 4.0
applications and technologies [3]. This is caused by the fact that
these companies usually don’t have the manpower to look forward
to entering new areas beyond their own product and production
range and they usually don’t have the opportunity to invest as an
early adapter in emerging technologies to avoid losing money by
focusing on the wrong technologies. Nevertheless, to be able to
produce efficiently enough to survive in the globalized environ-
ment, these companies need to be trained in demanding technolo-
gies [4].

To order to develop these skills efficiently, regions with histor-
ically very limited SMEs need the resources and expertise. The area
around the Coimbatore city is selected for our study in which many
small businesses is happening. Most of the Domestic pump manu-
facturing companies, SMEs are functioned based in these city [5].
While some of them are well known, they are all SMEs. We are
grouped 150 companies use the club as a contact and meeting
place, as a short wire for collaboration projects with neighboring
companies and a mutual contribution to the generation of skilled
workers in the area [6]. This academicians like professor’s in
Mechanical Engineering as well students. Most of the students do
a dual study where they work in one of the companies located in
Coimbatore from the beginning of the study.

2. The learning factory

An Industry 4.0 Training Factory was imagined at MKCE
grounds of Applied Sciences to enable understudies to work on
learning from one viewpoint and to keep preparing for experts uti-
lized by the neighborhood SMEs

Where the procedures at the degree of the shop floor are coor-
dinated to the degree of the highest floor and the other way around
to augment straightforwardness. It gives data on the store network
progressively. It encourages better execution checking in a decen-
tralized assembling condition and ongoing reaction to assembling
process issues [7]. Full item lineage information is additionally
gathered
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The learning industrial facility comprises of an assembling
organization’s all-encompassing model, from ERP level to Top
Floor, To Field Level and Shop Floor. SAP is designed as the
ERP framework. SCADA, MES and Energy Management are Sch-
neider Electric’s IT Systems, including PLC, HMI and the related
innovation gadgets. Similarly as the Mitsubishi Robot, a Siemens
CNC broadens the scope of utilized robotization gadgets [8]. A

Festo reenactment and disconnected programming apparatus is
accessible for the robot. Couple with the gadget, a mechatronic
and pneumatic exchange framework from Festo gives the item
conveyance framework to the work pieces. A variable speed
drive controls the exchange framework’s vehicle chain [9]. The
most well-known modern correspondence principles interface
with the segments

Fig. 2. SAP integration via OPC.

Fig. 3. Automation Architecture.

Fig. 1. Learning Factory Model (Integrated Shop Floor &Top Floor).
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Modbus, ProfiBus and CANopen as field transports, Modbus-
TCP, ProfiNet and OPC (DA and UA) as condition of - the-
workmanship Industrial Ethernet frameworks. Taking a gander at
the components of Learning Factories as characterized, Material,
Method, Didactic, Environment, Intent, the Learning Factory can
be utilized for some situations that can be reproduced on account
of its all encompassing methodology [10]. The area’s Pump Manu-
facturing industry delivers for the most part mechanical and pro-
gressively mechatronic frameworks. For the most part they
utilize similar advances that are accessible in the learning indus-
trial facility. So it is conceivable to prepare, break down and com-
puterize physical items and genuine procedures. The encouraging
strategies depend on hypothetical talks joined by commonsense
preparing and intuitive workshops where understudies can make
their own systems for improvement.

Such preparing manufacturing plant substance are utilized for
the understudies in the courses

Certification in Automation and Certification in Industrial
Administration (Automation and Supervision). Since the under-
studies are as of now working with the local managers for or in
ventures, the learning production line is utilized as a matter of
course to grow the information on the local organizations.

Be that as it may, aside from utilizing the assigned talks in prag-
matic perspectives, the learning production line is given to the
‘‘Center Area” arrange for multi-reason preparing themes, for
example, ‘‘Specialized and authoritative reconciliation of the high-
est floor and shop floor,” ‘‘Proficient mechanization through cur-
rent modern correspondence innovations” and ‘‘Expanding
vitality productivity in mechanical procedures.”

The third utilization of the learning industrial facility for exam-
ine ventures is to test and assessment condition. Robotization Lab-
oratory examine ventures manage issues identified with Industry
4.0 and Energy Efficiency. In a practical image of a genuine creation
plant, the inventive angle, for example, coding, enhancement,
metering should be possible consummately.

3. Technical and organizational integration of top floor and
shop floor

One element is to manufacture the preparation industrial facil-
ity is to show how shop floor and highest floor data frameworks
are fused into a creation situation. The status of the creation forms

at the shop floor level ought to be incorporated into the highest
floor level so as to produce most extreme straightforwardness. This
gives continuous data on the inventory network. In a decentralized
assembling condition, it encourages improved execution observing
and continuous reaction to assembling process issues. A case of
SAP framework reconciliation straightforwardly with the proce-
dure control layer demonstrates that the highest floor and shop
floor cover. The correspondence depends on open correspondence
principles as an OPC. Potential situations are the PC mentioning
information on the proposed rendition to be planned, observing
this procedure, and answering as far as possible.

Endeavors to accomplish this type of consistent reconciliation
between the two unique universes Top floor and Shop floor are
to be considered. Consequently, this learning manufacturing plant
situation energizes an all encompassing learning condition concen-
trated on issues. Our learning production line’s motivation as far as
mix between the shop floor and the highest floor is predominantly
to educate, with open doors for outsiders to create arrangements.
Course members will comprehend the advantages of incorporating
shop floor to highest floor through live shows that can be con-
trolled by them (absent or powerless paper-based reconciliation,
better joining dependent on naturally traded data).

In a genuine situation, a portion of the reproductions are per-
formed by class members themselves: generation orders set in SAP
can enact genuine creation in a preparation manufacturing plant
with a physical creation condition including a robot. Workshop
members will comprehend that shop floor and highest floor are
two unique universes, and information on the two should be united
for joining, which implies exertion and cost. They will have a review
of the vital information and endeavors. They will have the option to
evaluate situations from amonetary perspective. Class members will
have the chance to extend their aptitude in the examination and fur-
ther making of situations by extra indoor research as well as training.
The material viewed as a straightforward physical item with a little
variety in our learning manufacturing plant. The thing isn’t based
right now, yet the procedure in a line of generation that is enacted
and followed through the SAP ERP program. The framework fits in
with the real world and presents in a genuine situation the primary
piece of the innovation pyramid: shop floor and highest floor combi-
nation of ERP, MES, and PLC.

Highest floor enacts and controls the status and execution of
creation orders. The highest floor is disconnected from the shop
floor physically. To request to watch the combination impact,

Fig. 4. Energy Dashboards and KPIs.
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many shop floor (office) areas are near the generation line; differ-
ent areas are in a different space to reproduce remote circum-
stances that are regularly found, all things considered. Along
these lines, agreeable authoritative issues emerge all through our
preparation manufacturing plant and are a piece of the exhibition.
As portrayed over, the creation line of the shop floor speaks to a
genuine generation line.

Hierarchical angles and monetary worth included by joining are
instructed from the start – comparing to the main reason things
referenced above, specifically for the whole worth chain inside a
processing plant there is a finished and predictable comprehension
of the data stream in an industrial facility, Collaboration issues,
responsibility, ongoing reaction, and execution checking and criti-
cal thinking changes underway lines.

The unpredictability of joining and financial assessment of
endeavors and advantages, for example, ERP design altogether,
ERP engineering arranged for interface to creation line, ERP cus-
tomization issues for interface to generation line, OPC standard
and design, ODA connector for associating SAP to OPC and its cus-
tomization, are instructed at a second look at the specialized level.

Nature is at present being utilized for on location preparing
between, from one viewpoint, the two areas of the shop floor work
stations and, then again, the creation line, which are particular yet
near one another. As depicted over, a remote connection between
the shop floor and the highest floor can likewise be exhibited and
worked out.

Proficient Automation through present day Industrial Commu-
nication Technologies. The other significant viewpoint is the prepa-
ration and comprehension of Industry 4.0 and Cyber Physical
Systems ’ condition of - the-workmanship computerization and
modern data innovation. Provincial SMEs for themost part utilize
self-ruling PLC computerized frameworks that are generally
straightforward. The limit with regards to correspondent between
various mechanized offices for assembling and get together is reg-
ularly not utilized.

The frameworks are overseeing, following and imparting, con-
sequently giving numerous chances to understanding the benefits
of incorporated frameworks and data. The purpose of our learning
factory for the aspect of efficient automation is:

� Seminar members will comprehend present day robotization
techniques, for example, PLCs, CNC and Robot Control.

� Participants can see the varieties between the different corre-
spondences prerequisites and their various qualities and hin-
drances and which programming suits to every application.

� Participants will have the option to utilize every one of the
innovations appeared.

� They can assess the transferability to their generation offices in
workshops. Web technologies are generally trained to under-
stand and use the benefits of cyber-physical systems. Further-
more, the use of web standards is shown in collaboration with
automation systems, such as PLC web services or HMI applica-
tion web services (e.g. tablet apps).

Particularly for real-time data analysis and predictive mainte-
nance, the power of such technologies is shown.

4. Increasing of energy Efficiency in industrial processes

Energy conservation is one of today’s most relevant issues espe-
cially for small and medium-sized enterprises. Some of these com-

panies have no knowledge about their use of energy or the ability
to save it. The training factory has a total of 8 m of electricity linked
to the power monitoring system. Theoretical aspects as well as
modern metering technology and monitoring software will be
shown during the training. Furthermore, to find optimization
strategies, the relationship between energy consumption and pro-
duction performance can be shown through KPIs:Seminar partici-
pants will understand the functionality and configuration of
metering devices and technologies.

� The participants will learn about the possibilities of software for
energy monitoring.

� There are energy-efficient means of production and assembly
� The relationship between energy-efficient devices such as vari-
able speed drives and the effects of power quality.

� This is explained by the energy management standard ISO
50,001 Workshops in training allow participants to work out
how to implement it in their company.

� KPIs show the connection between workpiece creation and
vitality utilization.

5. Conclusion

As clarified before, the lock and key industry provincial SMEs
around Coimbatore need further preparing in current advances
and techniques to improve their own creation. The learning pro-
duction line furnishes this with 3 distinctive preparing settings.
What’s more, it is utilized for understudies ’ viable instructing
and assessment of research ventures Future situations may con-
sider shop floor and highest floor incorporation through fitting
cloud benefits that might be all the more encouraging for SMEs.
It is additionally important to consider the endeavors that should
be made to accomplish this sort of consistent joining between
the two unique universes – highest floor and shop floor. This learn-
ing processing plant situation along these lines bolsters a compre-
hensive learning condition dependent on issues.
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a b s t r a c t

Value Stream Mapping has the reputation of uncovering waste in manufacturing, production and busi-
ness processes by identifying and removing or streamlining value-added steps and eliminating non-
value-added steps. The various process times for manufacturing a mono block pump were obtained from
a pump manufacturing industry. A flow diagram showing the process is drawn to reflect the current state
of the operation. The non-value actions are identified in each step and between each step by their waste
of time and resources. The process is analyzed for opportunity to drastically reduce and simplify it to the
fewest actions necessary. By reducing wastefulness the proportion of value adding time in the whole pro-
cess rises and the process throughput speed is increased. This makes the redesigned process more effec-
tive (the right things are being done) and more efficient (needing fewer resources). The reengineered
process is flow charted in its future state with process steps and information flows redesigned, simplified
and made less expensive. This paper addresses the application of lean manufacturing concepts to the
pump manufacturing industry.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International
Conference on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

Lean operating principles began in manufacturing environ-
ments and are known by a variety of synonyms; Lean Manufactur-
ing, Lean Production, Toyota Production System, etc. It is
commonly believed that Lean started in Japan (Toyota, specifi-
cally), but Henry Ford had been using parts of Lean as early as
19200s, as evidenced by the following quote: ‘‘One of the most
noteworthy accomplishments in keeping the price of Ford products
low is the gradual shortening of the production cycle. The longer an
article is in the process of manufacture and the more it is moved
about, the greater is its ultimate cost.” [Roberto Panizzolo] [1]. In
order to set the groundwork for this paper, let’s begin with the def-
inition of Lean, as developed by the National Institute of Standards
and Technology Manufacturing Extension Partnership’s Lean Net-
work. A systematic approach of identifying and eliminating waste
through continuous improvement, flow the product at the pull of
the customer in pursuit of perfection [2]. Keeping in mind that
Lean applies to the entire organization. Although individual com-
ponents or building blocks of Lean may be tactical and narrowly

focused, and achieve maximum effectiveness by using them
together and applying them cross-functionally through the system.
In its most basic form, lean manufacturing is the systematic elim-
ination of waste from all aspects of an organization’s operations,
where waste is viewed as any use or loss of resources that does
not lead directly to creating the product or service a customer
wants when they want it. In many industrial processes, such
non-value added activity can comprise more than 90 percent of a
factory’s total activity. The objective is to make the production flow
through the system quicker and in more predictable manner. The
intent is to eliminate waste thereby permitting better wages for
workers, higher profit for owners and better quality for customer.
Value stream mapping is a set of methods to visually display the
flow of materials and information through the production process.
The objective of value stream mapping is to identify value-added
activities and non-value-added activities. Value stream maps
should reflect what actually happens rather than what is supposed
to happen so that opportunities for improvement can be identified.
Value Stream Mapping is often used in process cycle time
improvement projects since it demonstrates exactly how a process
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operates with detailed timing of step-by-step activities. It is also
used for process analysis and improvement by identifying and
eliminating time spent on non-value-added activities. Lean Manu-
facturing is a buzzword. More often it is used with the terms like
benefits, cost reduction, lead-time reduction etc. but if you have
not started implementing lean manufacturing yet and if you have
not started benefiting from lean manufacturing yet, you will need
some numbers to be motivated. We shall look into some quantified
benefits of lean manufacturing where the principles of lean are
implemented successfully [3].

The Objective of this research was to:

� Understand the ‘‘current state” of the pump manufacturing.
� Identify the key area of waste, problem and opportunities across
the process.

� Develop of ‘‘future state vision” of each process.
� Increase the productivity.
� Develop an action plan to achieve the higher production and
lead time reduction.

2. Literature review

Lean manufacturing has received ample attention in academic
literature and practical performance, from how the lean production
concept was formulated and disseminated until recent compre-
hensive literature review. In them, a common topic appears, that
is, the need to explore the implementation and performance
relation- ship with a practical focus and with a definition of the
context because the results depend on the manufacturing environ-
ment [4].

Numerous literatures have extensively documented the imple-
mentation of lean manufacturing into various manufacturing sec-
tors, but very few have addressed the assembly environment.
Soderquist and Motwani successfully mapped the quality manage-
ment concepts of lean production in a French automotive parts
supplier company. They outlined an integrated approach for qual-
ity, including customer relationships and operations, and thereby
achieving a competitive advantage for automotive manufacturers.
Bamber and Dale explained the application of lean to a traditional
aerospace manufacturing industry. They revealed that a number of
methods of lean production were found to be not as effective as in
the motor manufacturing sector. Shah andWard studied the effects
of three factors, plant size, plant age and unionization status on the
feasibility of implementing the key facets of lean production sys-
tems. The results indicate that lean implementation contributes
significantly to the operating performance of plants. Pavnaskary
et al. have proposed a classification scheme to serve as a link
between manufacturing waste and lean manufacturing tools. The
proposed scheme classifies all well-known lean manufacturing
tools and metrics [5]. Also, it suggests the tools and metrics that
will help to meet manufacturing problems. McDonald et al. applied
value stream mapping (VSM), enhanced by simulation, in a manu-
facturing plant.

They have strongly suggested that simulation can be used to
enhance the utility of VSM. VSM is prescribed as part of the lean
toolkit and has been applied in a variety of industries. In this paper,
application of VSM was described in order to identify the various
forms of waste to a dedicated monoblock pump assembly line [7].

3. Methodology

Methodology is based on the continuous improvement [6]. Con-
sequently, it will be a continuous process of status study, calcula-
tion of metrics, implementation of progress, observation of the
results, and new decision-making of improvement [8].

A first design of VSM is realized according to the original data
from production processes and the layout, identifying the key
times of each workstation. This design represents the starting point
of improvement. Next, the map of the parts flow is shown to verify
the materials movement between the workstations, calculating the
productive and unproductive times, stocks and metrics that will
help to characterize the process, and marking some targets of pro-
gress. This design of the VSM allows the beginning of the progress
in the manufacturing line. Metrics used are DtD and LR. DtD
depicts the material flow through the value stream, the time it
takes for material to flow from the receiving dock (or order entry
point) to the shipping dock (Eq. (1)). LR is the ratio of working time
of added value to DtD or throughput time (Eq. (2)):

DtD ¼ Time for material flow through value stream ð1Þ

LR ¼ Value added work time
DtD

ð2Þ

Another important issue is to regulate and reduce the accumu-
lated stocks. Consequently, it will be necessary to establish a con-
trol of the accumulated stock. The control will be accomplished
easily in accessible stores and shelves. This activity facilitates the
management of parts waiting to be processed because the visual
control is more effective. It will use the takt time, a fully known
lean metric (Eq. (3)) defines:

Takt time ¼ Total time available for production
Required no: of parts per shift

ð3Þ

Once the takt time is defined, it is possible to establish the cycle
time, a basic parameter in pull system. So, traditionally, objectives
such as high machine utilization and high production volume are
less important when the takt time is defined because the aim is
work within the time. However, a better materials flow can concil-
iate both objectives: work within the takt time and higher LR.

Next, the necessary progress will be implemented to achieve
the desired state of the manufacturing process. There are two main
improvements: firstly, it is a system to control intermediate stores
(kanban system), and in addition, it allows improving the material
flow between work- stations to obtain a more flexible process,
optimizing the job of each workstation. Every 2 months, a new
VSM is checked and metrics are recalculated and analyzed to con-
trol improvements [9].

4. Product description

The product is Monoblock shallow well jet (SWJ) pump single
phase � 1 HP. This paper deals with the assembly process of the
whole pump. It is mainly of two divisions namely motor assembly
and pump assembly lines. There are totally 8 stages in the main
assembly line and followed by a testing process and then the pump
is packed and dispatched. The stator is brought to the main assem-
bly line and the assembly is carried over it. The main parts are
assembled in the sub assembly section and it is assembled to the
rotor in the main section. Finally after 8 stages the pump is assem-
bled and it is taken to the testing stage where it is tested and if it is
to the required parameters it is dispatched to the next section [10].
The pump dealt in the paper is shown in Fig. 1.

4.1. Value stream mapping

4.1.1. Preparation of current state map
Interaction with the industry the information of the customer’s

requirement per month is obtained. The company has a wide range
of customer requesting for a wide range of product from (induction
motor) [11]. Requirement of motors are 9085 motors / month.
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The main processes are identified first. The main Processes are
Shaft machining, Die casting, Bracket machining, Impeller machin-
ing, Drilling doom cover, Motor body machining, Stator winding,
Case machining, Rotor machining, Bearing assembly, Assembly,
Testing, Painting and Packing. The data box envelopes the follow-
ing data like cycle time, change over time and number of operator
[12]. The inventory triangle envelopes two data work in process
between each process and respective inventory (Fig. 2).

4.1.2. Takt time
Takt demonstrates the rate at which the customer buys the

product. TAKT reflects the frequency at which the product has
to come out of the manufacturer to meet the customer demand.
From Table 1 Takt time is calculated by dividing available work-
ing time per shift (in min) with the customer demand per shift
(Table 2).

Available Time ¼ Working hours� Breaks
¼ ð8� 60Þ � ð1� 60Þ ¼ 420 mins

Takt time¼ Working time per shift=Customer demand per shift
¼ 420=200 ¼ 2:1 mins

Takt time of 2.1 mins represents, every motor has to be com-
pleted in every 126 s (Fig. 3).

4.1.3. Preparation of future state map
Process improvement by adding additional resources to

increase capacity of the bottleneck (an additional machine can be
added in parallel or automate the operation to increase the
capacity) [13]. Minimize non-value adding activities (decrease
cost, reduce lead time).

When cycle time for each process is compared with takt time it
is found that cycle time of Stator winding exceeds the takt time, so
there is need to improve the process capability of stator winding

Fig. 1. Monoblock SWJ � 1 HP.

Fig. 2. Current state map.

Table 1
VSM input data.

Customer Order 9085 (per month) – Feb 2014

Demand 400 (per day)
Working Hours Two Shifts 16 Hours (per day)
Break One Hour (per Shift)

Table 2
Process and cycle time.

Process Cycle time (Minutes)

Stud & Stator assembly 3
Rotor & Bearing assembly 3
Rotor in Stator assembly 3
Capacitor assembly & Testing 3
Impeller & Cooling fan assembly 2
Terminal Box assembly & wiring 2
Jet plate assembling 3
Pump & Motor assembly 3
Testing 3
Packaging 4
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process to meet the demand of customer within the time. So it can
be improved by using various lean tools but here we are improving
the cycle time of the process in the following area such as Stator
winding, Shaft machining and assembly section. Here we sug-
gested a advanced machining technology for improving the cycle
time,

The suggested alternatives are:

� Machining using CNC
� Movable table for assembly to reduce the transportation dis-
tance and time

� Discharge test using Rotometer

These improvements are made to reduce the lead time of the
motor manufacturing.

5. Results and discussion

This case study results have been evaluated across VSM dia-
gram. The calculation of several critical magnitudes indicates if
the manufacturing process improves or deteriorates according to
the criteria previously established in Table 3.

The above table shows the comparison of the existing system
and the improved system. The production lead time has been

reduced from 26.3 days to 24.9 days and lean rate is increased from
16.66% to 25% respectively [14].

6. Conclusion

By using value stream mapping the process time and the value
added and non value added activities are identified. Lead time is
reduced by improvement made in the pump industry. The sug-
gested improvements lead to reduction of production lead time
from 26.3 days to 24.9 days and lean rate is increased from
16.66% to 25%. Production per month can be improved up. Finally
the defect rate is reduces from 3% to 1%. So the customer demand is
easily satisfied with this production rate. Lean production means
continuous improvement, we must keep on changing future state
into current state that will not end during our life. VSM have been
proven to be a greatly useful tool to eliminate some waste in a
cycle and find there are more waste to eliminate in next cycle dur-
ing which lean become a habit or culture.

7. Future work

This paper gives only a cycle time and inventory data of the
pump industry. The VSM is used to identify the waste. Future work
of this paper is collecting the distance travelled by theWIP and lay-
out of the plant. From this we can use VIPPLANOPT software to
optimize the plant layout. The unnecessary movements and non
value added activities are eliminated.
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Fig. 3. Future state map.

Table 3
Comparison of existing versus proposed (lead time).

Study parameters Before
implementation

After
implementation

Lead time (Days) 26.3 24.9
Total cycle time (minutes) 36.5 23.7
Total Value added Time (minutes) 23 18
Lean Rate (%) 16.66 25
Defect (%) 3 1
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a b s t r a c t

This paper is focused to develop the AA6082 based metal matrix composite using SiC, Ti, Ni and Cr by
conventional casting methods for aviation applications. To attain the better properties like high entropy
alloys, the maximum values of proportions are set during casting. The proportions of each matrix com-
ponents include 3 wt%, 5 wt% and 7 wt%. The fabricated samples were subjected to mechanical and met-
allurgical testing and results indicates that the hardness with 5 wt% was increased upto 22.3 RHN, 13.33
RHN 3.6 RHN the base metal, 3 wt% and 7 wt%. The tensile strength improved upto 120 MPA, 11 MPA, 13
MPA than the base metal, 3 wt% and 7 wt%. Also the uniform stirring was done by electric motor stirrer;
this leads the uniform dispersion of all the matrix components throughout the samples. The scanning
electron microscope (SEM) images indicated that better layer formation found with sample 2 in terms
of resist to pealing when it loaded.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Newer Trends and Innovation in Mechanical Engineering: Materials Science.

1. Introduction

An enormous bit of the aluminum open in the market, makers
have been alloyed with in any occasion one other part. The ordi-
nary alloying segments are chromium, silicon carbide, nickel and
titanium. Metal matrix composite (MMC) is composite material
with in any occasion two constituents parts, one being a metal,
other material may be a substitute metal or another metal. In var-
ious composites, aluminum blend 6082 is a mid-range quality with
heavenly disintegration obstacle, high caliber and moreover used
for machining. Present work relies upon aluminum 6082 with
three extents of composite materials and various tests performed
on composite material, for instance, Rockwell hardness test, pliable
test and x-shaft diffraction test. The sifting electron amplifying
instrument (SEM) tests were performed on a case of standard toss-
ing system [1]. The silicon carbide fortified aluminum compound
(Al-4032) metal framework composites have been delivered
through the mix throwing method. Four distinct arrangements,
for example 0, 3, 6 and 9% (by weight) silicon carbide support with
the molecule size 37–54 lm have been utilized. Additionally, 1%
magnesium powder (by weight) has been utilized for better inter-

facial bond between the grid and support. By and large, all the
mechanical properties, the elasticity, hardness, and effect quality
have been seen to improve with the fortification over the base
metal [2]. Aluminum has a high solidarity to-weight proportion
joined with superb warm conductivity and great consumption
obstruction. Along these lines, aluminum is an appealing material
for some, applications, including transportation, electrical and
bundling ventures, design, and nourishment businesses. It is like-
wise a recyclable metal, which gives both natural and financial
points of interest [3]. Right now test and numerical examination
on another Erosion Mix Welding based way to deal with precisely
join AA6082-T6 to self-fortified polypropylene is introduced [4]. In
situ nitridation of pre-compacted aluminum pieces is demonstrate
to be a key to lightweight composites for some building applica-
tions, for example, increasingly productive and financially savvy
development vehicles [5]. The cyclic pressure strain bends were
resolved for each forced strain levels. The LCF and their portrayal
in the cyclic plastic reaction of both the amalgam and composites
were examined [6]. Coal is utilized to create power in a warm force
plant. It was likewise seen that during the creation of power heaps
of contamination is delivered. However, by using the coal debris
some contamination issue can be diminished. Right now, endeavor
was made to use fly-debris in the improvement of composite [7].
Significant ongoing formative patterns in the field of metal framing
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are introduced in the paper both from exploratory and numerical
perspective [8]. Right now, present two unmistakable and novel
sorts of aluminum half and half composites and describe their
mechanical properties and microstructure [9]. Right now mix
welding was done on aluminum metal network composites
strengthened with SiC. The impact of hardware profile and mate-
rial on the quality of weldment was considered [10]. His recently
framed class of materials is extending for more up to date investi-
gation and research [11]. Post-preparing for AM parts delivered
utilizing SLM is frequently a basic advance homogenizing their
microstructure and diminishing as-constructed deserts. Right
now, mix handling (FSP) was utilized as a restricted treatment on
a huge surface zone of AlSi10Mg parts utilizing various FSP appara-
tus passes [12]. Al3Ni accelerates were seen in the framework
because of the response among grid and the nickel covering of
the particles. The normal thickness and porosity of the syntactic
froth were around 3 g/cm3 and 51.5%, separately [13]. In the cur-
rent work, dry sliding wear conduct of AA6082-5%SiC and
AA6082-5%TiB2 metal network composites handled through the
mix throwing strategy was contemplated [14]. Impacts of warmth
treatment and wear test parameters (load, sliding pace, and sliding
separation) on wear rate and coefficient of rubbing (m) of the MMCs
and MMNCs are additionally examined in dry and wet sliding sit-
uations [15]. This examination centers around the microstructure
and mechanical properties while joining zirconium oxide and
coconut shell debris particles in Al 6082 framework composites.

The objective of this work focused to develop the metal matrix
composites using AA6082 as base along with SiC-Ni-Cr-Ti as matrix
materials by conventional casting method. The proportions of
matrix materials has given in below Table 1

The prepared samples are subjected to mechanical and metal-
lurgical analysis, the results were compared with each other. This
basic analysis is focused to improve the mechanical properties
nearer to aluminum based high entropy alloys. Due to conven-
tional method of casting, the production cost is reduced compared
to other special casting methods.

2. Materials and methods

2.1. Properties for 6082 aluminum alloy

Warmth treatable compound AA6082 is a medium quality com-
posite with have great formability from easy to complex profiles by
expulsion and great consumption opposition attributes. It is one of
the most broadly utilized composites and has extensive modern
intrigue. These materials can be heat treated to deliver precipita-
tion to different degrees. Mg and Si are the significant solutes they
increment the quality of the combination by precipitation solidify-
ing. The properties of AA6082 is provided in Table 2.

A pit heater is a heater used to warm amalgams of different
metals or composites. They are accessible in an assortment of sizes
and can be utilized for gas consuming or fuel consuming. They can
be worked at various temperatures and are intended to limit heat
misfortune. Safe activity is a significant part of this heater, as the
fan and warming components are isolated from the heap room.
This harm can be expelled from the inadvertent contact. The metal
covering is utilized all through the whole working room, which
gives the heater greatest sturdiness. The conventional furnace
and casting is shown in Fig. 1.

The Rockwell hardness tester was selected to check the hard-
ness of three samples, the samples were prepared and tested three
different places. The average value from measured hardness was
considered as hardness of material. Here, the Load was set as
60 kg and the size of the ball intended is 1/16 in..

All the three samples were cut into dimensions given in Fig. 2
by an abrasive cutter. Different grade of emery papers and metal
brush along with diamond paste are use for preparing the speci-
men for SEM test. The SEM (make TESCAN-VEGA3) and attached
with energy dispersive spectroscopy. The EDS has analyzed with
minimum of two places to ensure the dispersion of different
reinforcements.

Table 1
Sample preparations.

Sample 1 AA6082(88 wt%), SiC(3 wt%)-Ni(3 wt%)-Cr(3 wt%)-Ti(3 wt%)
Sample 2 AA6082(80 wt%), SiC(5 wt%)-Ni(5 wt%)-Cr(5 wt%)-Ti(5 wt%)
Sample 3 AA6082(72 wt%), SiC(7 wt%)-Ni(7 wt%)-Cr(7 wt%)-Ti(7 wt%)

Table 2
properties of AA6082.

Property Value

Density 2.71 g/cm3
Young’s modulus 71 GPa
Ultimate tensile strength 140 to 160 MPa
Hardness RHN 28
Yield strength 280 MPa
Thermal Expansion 23.1 lm/m-K
Solidus 575 �C

Fig. 1. Conventional furnace and casting.
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3. Results and discussions

3.1. Mechanical strength

Fig. 3 shows that the hardness of mentioned samples for differ-
ent samples. The sample 2 with 5 wt% of metal matrix has recorded
higher hardness when compared with other samples; this is due to
better dispersion of reinforcement particles. The base AA6082 has
hardness value about 28 (refer Table 1). Fig. 4 indicates the ulti-
mate tensile strength of the given samples. Similar to hardness,
tensile strength found maximum in sample 2. The tensile strength
of other two samples will be lower. In sample 2, Sic, Ti, Ni, Cr (20%)
have added with AA 6082 (80%) in the ratio to elevate the
mechanical properties.composite material is a material made from
two or more constituent materials with significantly different

physical or chemical properties that, when combined, produce a
material with characteristics different from the individual compo-
nents. Beyond 5 wt% of each reinforcement, the mechanical
strength was reduced due to insufficient bonding strength between
AA6082 and other reinforced materials.

3.2. Microstructure analysis

The SEM morphologies of three different samples were given in
Fig. 5 to Fig. 7. The fractured specimens have prepared with refer-
ence to SEM dimension requirements. The sample 1 indicated that
the non-uninformed metal layers were found, this is due to lower
volume of reinforced particles which is not enabling the better
bond strength between base metal and matrix materials. The sam-
ple 3 indicates that excess reinforcements induces the lower bond
strength, it leads to peal the metal layer even under lower loads.
But sample 2 reveals that better materials dispersion and it formed
uniform layers which ensure the better strength. Similarly, the EDX
(elemental dispersion analysis) shown in Fig. 8 confirms the ele-
ments presence in each samples. The differences between sample
1 and 2 have found very low except NI and Cu. But sample 3 devi-

Fig. 2. Dimension of tensile test specimen(mm).

Fig. 3. Hardness Vs various samples.

Fig. 4. Ultimate tensile strength vs various samples.

Fig. 5. SEM- Sample 1.

Fig. 6. SEM- Sample 2.
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ated from others due to deviation in probability of sample selection
Fig. 6.

4. Conclusion

In this analysis, the AA6082 strengthened 12, 20, 28% propor-
tion of (Sic-Ti-Cr-Ni) particles were manufactured utilizing a tradi-
tional throwing technique and the accompanying ends were
acquired from the trial results. EDA examination shows the near-
ness of Al, Sic, Ti ,Cr and Ni in cross breed composites and great
scattering of strengthened particles from watched SEM micro-
graphs. The agglomeration of particles increments with expanding
wt% of fortification composite with 20 wt% support, slight decrease
in quality was likewise announced. Rate stretching was seen as a

brought down descending support content with diminished plia-
bility of aluminum combination network content. High tempera-
ture application was seen with the expansion of the support
particulate. The hardness and tensile strength were found higher
with sample 2, and microstructure also found better layers forma-
tion which resist the pealing when loaded. Comparing with high
entropy alloy properties, It is still needed of further improvements,
either in different matrix components or fabrication methods.
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Fig. 7. SEM- Sample 3.

Fig. 8. Elemental dispersion analyses for various samples.
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ABSTRACT
This work is focused to improve the engine operation along with reducing 
the emission in diesel engine, operated using optimal distilled waste plastic 
oil blend (D1WPO30). Here, the exhaust gas was recirculated to the engine 
during run under standard and retarded injection timings about 23° and 17° 
bTDC. The percentages of exhaust gas recirculation (EGR) were 10 vol% and 
20 vol%. In both cases, the engine was operated using diesel and distilled 
waste plastic oil blends with an optimized ratio of 30 vol%. The engine 
performance, combustion, and exhaust parameters were analyzed and com-
pared with normal operations, and the brake thermal efficiency (BTE) of the 
engine was found higher about 10% with retarded and EGR operation than 
a normal operation with 23° bTDC. The specific fuel consumption was found 
increased by about 5% than normal operations due to the re-burning of 
unburned hydrocarbon. Both cylinder pressure and heat release rate were 
found to decrease with an increase in EGR rates, which was mainly due to 
reduced cylinder temperature. The NOx and other emission parameters like 
carbon monoxide and unburned hydrocarbon were found a decrease from 8 
to 16% due to the combined effect of retarded and EGR operation than 
standard D1WPO30 operations. The NOx was reduced upto 5% with EGR 
operations due to lower cylinder temperature caused by the increased heat 
capacity of the working mixture.
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Introduction

The progressive development in the energy sector engages the growth in the extraction of energy, use, 
and disposal techniques of natural resources. In this way, the waste disposal methods have changed 
drastically over the last 20 years, as moving toward zero wastage by waste reduction and reuse. The reuse 
could be attained by recycling and energy recovery from waste. Energy recovery from wastes was carried 
out by few techniques such as gasification, biomethanization, and pyrolysis process. Here, pyrolysis is 
one of the efficient techniques on the conversion of waste to energy (Chandran, Tamilkolundu, and 
Murugesan 2020). Globally, among many environmental issues, two major problems were addressed 
frequently in everywhere. One is fossil fuel reduction and fuel price hike, the second is waste plastic 
disposal. From this aspect, this research broadly focused to extract the fuel from waste plastics and utilize 
the fuel on a diesel engine as a partial alternative to the diesel. Due to their versatile properties, the 
different plastics are used in many applications, but it creates a bigger challenge to waste management 
when it is disposed. Due to high energy content, this plastic waste could be pyrolyzed and convents into 
fuel oil and gases. This fuel oil was used as an alternative fuel for the internal combustion engine (Ioannis 
Kalargaris et al. 2017a
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The turbocharged diesel engine was tested with waste plastic oil and it was observed that higher 
heat release rate and longer ignition delay due to lower cetane value of waste plastic oil. Pure waste 
plastic oil produces low thermal efficiency than diesel, also further reduced when increasing the 
blends. Moreover, the increase of NOx, CO, CO2, and UBHC recorded with an increase of plastic 
oil blends (Kalargaris et al., 2017b

From these previous investigations, there was no work carried out on integrated retarded injection 
timing and EGR operations with distilled waste plastic oil. 

The novelty of the present work is to analyze the performance, combustion, and emission of diesel 
engine operated using the first-stage distilled waste plastic oil. The raw waste plastic oil was subjected 
to distillation and it was separated into two different stages based on the vaporization temperature. 
Between 110°C and 210°C, the first-stage distilled oil came out which named as D1WPO. Between 
210°C and 340°C, second-stage distilled products came out, and it is named as D2WPO. Based on the 
previous literature, D1WPO30 blends produced better performance, but higher emission in diesel 
engine testing. To reduce the emission, the same blend was tested under retarded injection timing 17° 
bTDC along with 10% and 20% of exhaust gas recirculation (EGR).

Materials and methods

The diesel used for this analysis was purchased from Hindustan Petroleum retail outlet, Namakkal, 
India. The waste plastic oil was extracted by the thermal pyrolysis method using polyethylene and 
polypropylene plastics. The pyrolysis and distillation set is shown in Figure 1. The mild steel reactor 
made with the dimension of 160 mm diameter and 300 mm height. The heating copper coil was coiled 
with a capacity of 2.5 kW and it is controlled by PID controller. The K type thermocouple was fixed in 
the reactor for measuring temperature. Also, mild steel horizontal counterflow condenser was attached 
to the reactor. The optimized reaction temperature was fixed between 360°C and 450°C with atmo-
sphere pressure. The quality and conversion percentage of plastic oil were depended on many factors 
such as reactor type, residence time, operation pressure, and plastic type. The maximum conversion 
rate obtained between 55 wt% to 60 wt%. Also, the raw oil must contain impurities which can damage 
the fuel pump and injector in diesel engines. Due to this, it was subjected to the distillation process to 
separate the different by-products. There were two different by-products distilled from raw waste 
plastic oil. One was between 110ºC and 210ºC and the second was between 210ºC and 320ºC. Here the 
first stage was used for this analysis. From distillation, the first stage obtained was 45 vol%, the second 
stage was about 35 vol% and remaining left as heavy oil. The properties of different fuel and its blends 
are given in Table 1.

The experimentation with diesel engine was carried out using the first-stage distilled waste plastic 
oil with 30 vol% of the blend (D1WPO30), and it was optimized experimentally by Chandran et al. 
(2018).

The prediction of the complete theory of diesel engine combustion is more complex. Generally, the 
diesel engine combustion carried out through compression ignition method. Here the required 
quantity of air sucked by the engine during the intake stroke. Then, it is compressed up to 17 bar 
pressure during the compression stroke. At the end of compression, the injector can spray the fuel to 
the combustion chamber. And, the fuel droplets get mixed with air molecules. Due to peak pressure 
and temperature in the combustion chamber, the mixture is ignited and combustion is taking place. 
The energy released during combustion pushes the piston to BDC. The required quantity of air and 
fuel ratio is calculated based on the engine specifications. Chemically, the fuel is denoted in hydro-
carbon number (C12H24 for diesel) and the air is acted as an oxidizer (23 vol% of O2 and 77 vol% of N2) 
. After combustion, all the three components are reacted with each other and released the energy; then, 
products like CO, CO2, NOx, O2, and unburned HC are emitted in emissions.

In the case of advanced injection timing, the fuel is injected before the standard injection timing of 
diesel operation (23°bTDC). This can provide more time for atomization and mixing. But it can be 
tried with fuel which posses higher viscosity. This is because the high viscous fuel takes more time for 
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atomization and provides a better mixture. Also, advanced injection is enabled when longer ignition 
delay and late combustion occurred. Due to lower viscosity with D1WPO30, instead of advanced 
injection timing, the retarded injection encourages better combustion and helps to reduce the 
emissions.

Experimentation

The experimental layout for engine testing is shown in Figure 2. Two flow sensors were used for 
measuring the airflow and fuel flow rates. K type thermocouples were used to measure the temperature 
in various places of the test rig. The eddy current dynamometer was coupled to engine crank to 

Figure 1. Experimental setup – pyrolysis and distillation.

Table 1. Properties of waste plastic oil and its blends.

Density, kg/ 
m3

Kinematic viscos-
ity CST

Gross calorific 
value, kJ/kg

Flash 
point, °C

Fire 
point, °C

Acid 
value

Sulfur con-
tent, %

Cetane 
number

Test  
methods

IS 1448 P 32 IS1448P25 Bomb colorimeter IS 1448 
P 69

IS 1448 
P 69

IS 1448 
P2

IS 1448 P 33 IS 15607: 
2005

Diesel 832 3.05 43,658.2 50 56 0.5 0.045 55
WPO 1080 1.87 41,229.14 41 45 2.79 0.35 50
D1WPO 1160 0.07 46,153.776 <30 <30 1.78 0.13 42
D2WPO 1110 0.93 44,091.09 34 38 3.56 0.08 37
D1WPO30 867 0.17 45,347.3 33 38 1.85 0.06 44
D2WPO30 863 0.18 44,839.952 35 38 1.98 0.08 38

Figure 2. Experimental layout for engine testing.

ENERGY SOURCES, PART A: RECOVERY, UTILIZATION, AND ENVIRONMENTAL EFFECTS 3

Page 1432 of 3066Page 1432 of 3066



provide the loads. The engine cylinder pressure and injection pressure were measured by pressure 
transducers. Rotometers used to measure the inlet and outlet flow of water to the engine. The 
specification of the engine is given in Table 2. The AVL di gas analyzer and smoke meter are used 
to measure the CO, HC, NOx, O2, CO2, and opacity of exhaust. The uncertainty of the total testing rig 
is obtained by Eq. (1) (Ananthakumar, Jayabal, and Thirumal 2017): 

where U is the total uncertainty and x is the individual uncertainty of various types of equipment 
which includes brake power, brake thermal efficiency, brake-specific fuel consumption, pressure 
sensors, flow sensors, heat release rate, crank angle encoder, thermocouples, NOx, CO, CO2, HC, 
O2, and smoke opacity. The total uncertainty percentage was obtained about ±1.99.

In the EGR operations, the recirculated exhaust gases were admitted along with intake manifold, in 
which the total heat capacity of working gas was increased, and this lowered the engine cylinder 
temperature. A separate annular pipe was used which was surrounded by the intake manifold. Several 
holes were placed in an annular pipe and the exhaust gas passing through the annular pipe was mixed 
with fresh air. Using thermocouples, the temperature of the mixed exhaust gas and fresh air were 
measured just before entry into the combustion chamber. The injection timings were modified by 
changing the thickness of the shim. Usually by adding shims tend to retard the fuel injection timing 
and removing shims lead to advance the fuel injection timing. The thickness of the shims depends on 
the cam size, shape, and fuel injection pump plunger dimensions. Here, 0.1 mm shim was added to 
change the injection timing about 3°CA.

Two EGR-rated percentages were adopted in this experimental evaluation such as 10% and 20%. 
Both the cases were tested using distilled waste plastic oil blend with diesel (D1WPO30) with 17° 
bTDC. The engine was tested with 0%, 10%, and 20% of EGR in 0%, 25%, 50%, 75%, and 100% loading 
conditions. The engine performance, combustion characteristics, and emission parameters were 
measured. The experimentations were done under 17° bTDC (retarded injection timing). All the 
results were compared with each other, D1WPO30 and diesel at standard injection timing (23° 
bTDC).

Performance characteristics

The effects of the EGR technique on DI engine performance have been discussed in this section. The 
performance parameters include brake thermal efficiency and specific fuel consumption. Normally 
performance, combustion, and emission parameters are cross-linked. When better and complete 
combustion is occurred, the performance is reached maximum and emissions are reduced up to 
some extent. Also, the utilization of heat energy is improved when the engine load increases by more 
than 50%. Numerical values are given in Table 3 in the performance section. Actually, D1WPO30 
produced a better performance and reduced emission when it compared with WPO30 and D2WPO30.

From the previous investigation on diesel engine operated different waste plastic oil samples such as 
WPO10, WPO30, D1WPO10, D1WPO30, D2WPO10, D2WPO30 (Chandran et al. 2018). Here 10 

Table 2. Engine specification.

Details Kirloskar, single-cylinder, 4-stroke, air-cooled, and CI engine with 661 cc

Cylinder bore in mm 87.5
Stroke length in mm 110
Rated power output in kW 5.2 with 1,500 rpm
Compression ratio 17.5:1
Injection pressure in bar 200
Injection timing °CA 23
Fuel H.S. diesel
Dynamometer arm length in mm 185 mm arm length, eddy current, water cooled.
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indicates the 10 vol% and 30 indicates 30 vol% of WPO samples. From this research, D1WPO30 has 
produced better results comparatively. The comparative results are given in Table 2. But, comparing 
the diesel and D1WPO30, the D1WPO30 produced higher emissions. In this connection, this research 
has carried to reduce the emissions from the diesel engine when it operates with D1WPO30. For this 
injection, timing is adjusted and EGR was incorporated.

Brake thermal efficiency (BTE)

Figure 3 shows the brake thermal efficiency of an engine fueled with D1WPO30 at 17°bTDC with an 
EGR rate of about 10% and 20%. Generally, the brake thermal efficiency is about how effectively the 
engine converts the thermal energy in fuel to mechanical output. The elevated thermal efficiency found 
with increased engine loads was due to a reduction in heat losses at high loads.

Also, the reduction in brake thermal efficiency was found when the EGR rate was increased 
from 10% to 20%. This was due to a deficiency of oxygen during EGR operations and an 
increase in the replacement of air by exhaust gases. One more reason for the reduction in brake 
thermal efficiency was increased carbon dioxide concentration inside the cylinder which resulted 
in increasing specific heat of mixture, thereby absorbing more heat energy. The increment of 
brake thermal efficiency was found upto 15% from D1WPO30 at retarded injection timing 
without EGR. Compared with standard injection timing, EGR with retarded injection timing 
produced better brake thermal efficiency as shown in Figure 3. Reduced brake thermal efficiency 
due to EGR was compensated with the fast start of combustion by retarded injection timings. It 
was observed that the D1WPO30 with 10% of EGR at 17º BTDC produced higher brake thermal 
efficiency up to 10% compared to other EGR operations.

Table 3. Performance and emission among various waste plastic oil samples.

Samples

Performance Emission

Reference
BTE, 
%

SFC, 
kg/kWh

CO, 
vol%

HC, 
ppm

NOx, 
ppm

Smoke 
opacity in %

WPO30 
25% load

17.91 0.46 0.079 33 672 23.81 Chandran et al, 2018

WPO30 
100% load

31.22 0.26 0.172 68 2541 81

D1WPO30 
25% load

22.53 0.39 0.069 27 565 14.3

D1WPO30 
100% load

36.92 0.24 0.0162 64 2480 74.7

D2WPO30 
25% load

21.58 0.4 0.071 29 578 18.1

D2WPO30 
100% load

36.47 0.24 0.17 66 2482 75.4

Diesel 
25% load

19.77 0.42 0.052 21 445 14

Diesel 
A100% load

35.07 0.23 0.136 59 2354 62

D1WPO30 
17°C bTDc with 10 EGR 
at 25% 
load

26.97 0.37 0.051 21 312 14.1 Present results

D1WPO30 
17°C bTDc with 10 EGR 
at 100% 
load

40.81 0.21 0.159 47 1637 65.8
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Specific fuel consumption (SFC)

Figure 4 shows the specific fuel consumption of an engine operated by D1WPO30 with various EGR 
rates for both standard and retarded injection timing. The specific fuel consumption was lower at 
lower loads during retarded injection timing without EGR operation.

At higher loads, specific fuel consumption was found to be similar to diesel due to complete 
combustion occurrence. In EGR application with retarded injection timing, the specific fuel consump-
tion increased with increasing of EGR rates compared to normal operations. EGR replaced the 10% to 
20% amount of air by exhaust gas which contained inert gases, thus reducing the combustion 
efficiency. During EGR, the engine consumed more fuel to sustain the engine loads. The specific 
fuel consumption at no load and high load is given in Table 4.

The Increment of performance parameters such as brake thermal efficiency and specific fuel 
consumption with D1WPO30 is due to the reduction of heat loss when increasing the load. Also, 
better specific fuel consumption found with D1WPO30 at higher loads, this is due to better combus-
tion efficiency.

Combustion characteristics

The engine cylinder pressure and heat release rate were analyzed under EGR operation.

Figure 3. Brake thermal efficiency vs load.
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Cylinder pressure with crank angle

The variation of cylinder pressure with the crank angle at full engine load condition is shown in Figure 5. 
Due to delayed injection, the cylinder pressure reduced slightly compared to normal injection timing.

The cylinder pressure was mainly influenced by the first stage of combustion. On the application of 
EGR with retarded injection timing, a small reduction in-cylinder pressure was observed. This was due 
to thermal dilution which resulted in increasing the specific heat of mixture by adding carbon dioxide. 
It caused an increase in the absorption of thermal energy which resulted in reduced cylinder pressure. 
Also, reduction in oxygen concentration by adding inert gases with inlet mixture, combustion was 
affected which resulted in lower cylinder pressure.

Heat release rate

The variation of net heat release rate with a crank angle of an engine operated with D1WPO30 at full 
load condition is shown in Figure 6. It was found that a reduction in heat release rate occurred with an 

Figure 4. Specific fuel consumption vs load.

Table 4. SFC of D1WPO30.

S.no Samples

SFC 
kg/kWh

At no load At high load

1 D1WPO30 at 23°CA bTDC 0.54 0.24
2 D1WPO30 at 17°CA bTDC 0.45 0.21
3 D1WPO30 at 17°CA bTDC with 10% EGR 0.58 0.25
4 D1WPO30 at 17°CA bTDC with 20% EGR 0.61 0.27
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increase in the EGR rate from 10% to 20%. This was because of the reduction in the intensity of 
premixed combustion which meant first stage combustion.

Figure 5. Cylinder pressure vs crank angle.

Figure 6. Heat release rate vs crank angle.
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Heat release rate during combustion was highly influenced by premixed combustion. In the case of 
EGR operations, the oxygen concentration in fresh air reduced and thus reduced the intensity of first 
stage combustion. AT 17°CA bTDC, the peak heat release rate was found to be about 82.405 J/°CA for 
10% EGR, 79.14 J/°CA for 20% EGR during maximum engine loads. The ignition delay was reduced 
up to 3–5º than the standard operation with D1WPO30.

Emission parameters

The emission parameters such as NOx, CO, UBHC, and particulate matter presence in the exhaust 
during engine operated at different EGR rates have been discussed in this section.

Oxides of nitrogen (NOx)

The formation of NOx depends on three factors, namely, in-cylinder temperature, oxygen concentra-
tion, and residence time. Generally, NOx increases with an increase in engine loads due to increasing 
engine cylinder temperature as shown in Figure 7. At 25% of load, D1WPO30 produced NOx 
emissions about 312, 305, and 297 ppm for 0%, 10%, and 20% EGR, respectively.

During maximum load, the NOx emissions were about 1637, 1619,and 1598 ppm for 0%, 10%, and 
20% EGR, respectively. The lowering NOx with increasing EGR was due to dilution of the mixture 
which was caused by the replacement of oxygen with exhaust gas. Dilution of fuel mixture can absorb 
the energy from combustion, thus reducing the cylinder temperature. Reduced cylinder temperature 
and oxygen concentration lead to a decrease in NOx formation.

Figure 7. Oxides of nitrogen vs load.
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Carbon monoxide (CO)

Figure 8 shows the variations of carbon monoxide emission with different loading conditions. Carbon 
monoxide is mainly because of poor mixture entrained into the cylinder, insufficient oxygen, and 
incomplete combustion.

Moreover, carbon monoxide needs a temperature of 1200°C to convert into CO2, at lower loads the 
engine produces lower cylinder temperature which causes higher carbon monoxide emission. In the 
case of EGR coupled operations, further increases in carbon monoxide were observed. This increment 
was caused by incomplete combustion. This was due to the replacement of oxygen by combusted 
exhaust gases. The carbon monoxide concentration was 0.076%, 0.081% at no load and 0.164%, 
0.171% at high load for 10%, 20% of EGR rates, respectively.

Unburned hydrocarbon

Unburned hydrocarbon in the exhaust gas is the fuel that is partially burned. This is an important 
parameter to measure the inefficiency of combustion. Higher ppm of hydrocarbon at lower loads was 
because of poor distribution of fuel mixture and lower cylinder temperature.

In the case of retarded injection timing, increased flame quenching thickness helped to reduce the 
unburned hydrocarbon compared to standard injection timing. In the application of EGR with retarded 
injection timing, further increase of hydrocarbon was found in emission. During EGR operations, 
a decrease in-cylinder temperature was observed. Higher heat capacity of fuel mixture caused incomplete 
combustion, thereby increasing an unburned hydrocarbon emission. From Figure 9, an unburned 
hydrocarbon with 17°CA bTDC retarded injection timing was observed to be 47, 49, and 53 ppm at 
maximum load for 0%, 10%, and 20% EGR, respectively.

Figure 8. Carbon monoxide vs load.
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Smoke opacity

Solid soot particles suspended in exhaust gas form a major portion of particulate matter which should 
be controlled. Figure 10 shows that smoke opacity increases with an increase in loading.

During retarded injection timing operations, cylinder temperature reduced that tended to increase 
the smoke opacity. In EGR operations, the smoke opacity increased with an increase in the EGR rate 
due to a reduction in oxygen concentration and increased the soot particle concentration by exhaust 
recirculation. It was noted that the smoke opacity varied such as 65.8%, 67.2%, and 69.2% for 0%, 10%, 
and 20% EGR rates at maximum loads (17°CA bTDC).

Conclusion

From these investigations, the diesel engine was operated using D1WPO30 fuel under different 
injection timing along with EGR. There was an increment in brake thermal efficiency found with 
retarded injection timing and combined retarded injection with EGR than standard operation 
(23ºBTDC). The increment was up to 15% at 17ºBTDC and up to 10% with a combined 10% EGR 
and retarded injection timing. The specific fuel consumption was decreased upto 5% with 
retarded injection timing and 7% with combined retarded injection and 10% EGR. The cylinder 
pressure and heat release rate were reduced due to dilution of the mixture by EGR and increasing 
of specific heat of mixture due to the addition of more CO2 by EGR. In emission concern, NOx 
was reduced when increasing the EGR rate. The reduction rate was observed at about 3–5% when 
EGR increased with an interval of 10%. The CO was increased with increasing the EGR rate upto 
4% in combined EGR and retarded injection operation than standard D1WPO30 operations. The 
Smoke opacity was elevated up to 2–5% un retarded injection and coupled retarded injection and 
EGR operation than standard D1WPO30 run. The coupled EGR with retarded injection timing 

Figure 10. Smoke opacity vs load.

ENERGY SOURCES, PART A: RECOVERY, UTILIZATION, AND ENVIRONMENTAL EFFECTS 11

Page 1440 of 3066Page 1440 of 3066



operation in a diesel engine using D1WPO30, the performance and combustion were improved as 
diesel and emission were reduced compared to standard injection timing operations. The scope 
for further improvements will be focused to reduce the ignition delay, and this is due to non- 
homogeneity of fuel. The additives will be selected and it must enhance the further better 
combustion and tends to start the combustion without delay.
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Abstract--- The main aim of this research is to know the impact of job performance due to job demands. An 

interview schedule was the main tool used to collect the data from the selected respondents. The statistical tools 

used for the research is ANOVA, Weighted Average Method, Rank and Discriminant analysis. At the end of the study 

it was found that the following job demand factors has affected their job performance they are Higher Authority s’ 

Misunderstanding of their personal problems, Lack of team spirit among colleagues, Personality clashes at work. 

Disturbances in their daily schedule and Dealing with angry students/customers/visitors. 

Keywords--- Job Demands, Impact of Job Performance, Work Place.  

I. INTRODUCTION  

In the current scenario both husband and wife has to be employed only then the survival part will be comfortable 

and their children can lead their life comfortably. Employed 

Couples face so many problems from the staring of the day till the end of the day. They have to face so many 

hurdles in the home as well as work place. In this study the researcher has concentrated what type of job demands 

affect the couples’s performance at work place.  

1.1 Objective of the Study  

To find out the job demands that affects the job performance of the employed couples who are working as school 

teachers. 

II. REVIEW OF LITERATURE  

The term ‘dual-career couples’ have been coined by Rapoport and Rapoport (1969) they were the first person to 

investigate the research field of dual-career families (1).Dual-career couples are defined as a couple in which both 

partners are career-oriented (Ostermann 2002, p. 44 and Rapoport and Rapoport 1990). (2) Whereas most authors 

only use the general term ‘dual-career couples’. It can also be known as dual earner couples, working couples and 

employed couples.  

Duxbury, Lyons and Higgins (2007) has identify four different family types in modern families where partners 

are employed they are: 1. The dual-career couples, in which both partners are engaged in managerial or professional 

work; 2. The dual-earner couples, in which both partners have (low-paying) jobs rather than careers; 3. The status-
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reversal couple, in which the female partner is engaged in managerial or professional work, whereas the male 

partner has a job; and 4. The new-traditional couple, in which the male partner is engaged in managerial or 

professional work, whereas the female partner has a job.(3) 

Shockley- Zalabak, Ellis, & Winograd, 2000 has shown their interest in the field of organizational behavior in 

studying factors affecting job performance such as job stress, which made the organization tries to remove or 

counterbalance the factors causing job stress among individuals in order to improve job performance.(4) 

Husain, 2013; Alnaqib, 2012; Dar et al.,. 2011; Setar et al., 2015 have addressed the subject of job stress\job 

demands and performance and the relationship between them in many sectors of society (5,6) 

Many authors focused on the impact of stress on performance in the educational sector (Ali et al., 2014; Kholifat 

& Almatarneh, 2010; Vazi et al., 2013; Hanif, 2004). (7, 8, 9, 10) 

III. RESEARCH METHODOLOGY  

3.1 Research Design 

A descriptive research design has been carried out in order to ascertain the characteristics of the variables of 

interest in a situation. It describes the characteristics of a group of Dual career couples as the age, educational 

qualification, family structure, monthly income and their opinion about the factors which affect their job 

performance. 

3.2 Collection of Data  

In the initial stage the researcher met the higher authority of the schools in Karur district and spelled out about 

the research work and the researcher went to the schools which gave permission to collect data from the employed 

couples and discussed with them personally regarding their lifestyle. The information collected from the Dual 

Career Couples gave an idea for the researcher regarding the study and also to prepare prevalent interview 

schedules.  

In the next stage in order to find out the demands faced in their career and its impact on their job performance, 

the researcher interviewed the teachers with the help of an interview schedule. The sampling method was a Cluster 

sampling.  

Bearing in mind the time existing and limitations for the precise estimates it was decided to select a sample of 

500 respondents. Due care and concentration was given by the researcher while the respondents started to answer 

the schedule in turn to make sure accuracy of data. Collected data were classified and processed through a computer. 

3.3 Tools for Analysis 

The collected data from the responded has been properly Sorted, Classified, Edited and by using the appropriate 

statistical tools. The level of statistical tools used in this study at 1 % and 5 % level of significance. The statistical 

tool which has been applied in this study is as follows ANOVA, Weighted Average Analysis, Discriminate function 

analysis.  
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IV. DATA ANALYSIS  

Table 4.1: Demographic Variable 

S.No Particulars  Elements  Frequencies  Percentage 

1 Age (in years) Up to 35 128 25.6 

35 - 45 219 43.8 

46 - 55 153 30.6 

2 Gender Male 179 35.8 

Female 321 64.2 

3 Religion Hindu 325 65.0 

Christians 147 29.4 

Muslims 28 5.6 

4 Community BC 362 72.4 

MBC 89 17.8 

SC/ST 28 5.6 

Others 21 4.2 

5 Educational Qualification Graduate (B. Ed) 127 25.4 

Post Graduate (M.Ed) 346 69.2 

ITI Level 2 0.4 

Diploma 17 3.4 

Engineering 8 1.6 

6 Organization Government School 373 74.6 

Private School 116 23.2 

Contract Basis / 

Temporary job 

11 2.2 

7 Nature of Family Joint 233 46.6 

Nuclear 267 53.4 

8 Area of Residence Urban 220 44.0 

Semi Urban 113 22.6 

Rural 167 33.4 

9. Years of Experience (in years) Less than 5 173 34.6 

6 - 10 111 22.2 

11 - 15 108 21.6 

Above 15 Years 108 21.6 

10 Number of children 1 376 75.2 

2 92 18.4 

3 11 2.2 

4 &above 18 3.6 

None 3 0.6 

11 Monthly Income (Rs. In Thousands) Up to 10,000 40 8.0 

10001 - 15,000 61 12.2 

15001 - 20000 51 10.2 

20001 - 25000 60 12 

Above 25000 288 57.6 

(Source: Primary Data) 
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Majority of respondents are in the age group of 35 - 45 years Most of the respondents are female, they belongs to 

Hindu religion backward community, their qualification is M.Ed.,they are working in the government schools with 

less than 5 years of experience, their monthly salary is above Rs.25,000 and their nature of their family is nuclear 

and they reside in urban.  

ANOVA 

In order to understand the significance level faced with dual career couples on job demands which affects their 

job performance an ANOVA test has been done and the outcomes are portrayed in the Table 2 below. 

Null Hypothesis 

There is no significant difference in the mean scores on demand of job which affect job performance among the 

respondents. 

Table 4.2: ANOVA Representing the Significance Level on Job Demand Faced by Dual Career Couples which 

affects their Job Performance 

SOURCE DF S S M S F 

Between groups 14 227.152 16.225 31.96** 

Within groups 7485 3800.137 0.508  

**- Significant at 1 % level (F t. Val=2.02) 

From table 2, The F is significant and the null hypothesis of no difference in the mean scores on demand of job 

affect job performance among the respondents is rejected and there is a significant difference in the mean scores 

among respondents. The mean scores among the respondent is furnished below: 

Table 4.3: Weighted Average Score for the Demand on the Job Faced by Employed Couples which Affects their Job 

Performance 

Demand on Job Weighted Average 

Score 

Rank 

1. Having too much range in your work 2.09 13 

2. Too many disturbances in every day schedule  2.32 4 

3. Working beyond normal working hours  2.22 7 

4. Meeting performance indicators  2.04 14 

5. The quantity of new learning vital for the job 1.84 15 

6. Higher Authority s’ Misunderstanding of your personal problems  2.55 1 

7. High Expectations of your work from management / colleagues 2.05 13 

8. Insufficient Financial Remuneration  2.11 10 

9. Have to park yourself by the computer for a long time  2.27 6 

10. Lack of team spirit among colleagues  2.46 2 

11. Personality clashes at work  2.37 3 

12. Demands raised by the Colleagues to beat deadlines, even when they bring it 

close to the deadline. 

2.18 8 

13. I have to help my colleagues with a task while mine remains undone.  2.16 9 

14. Having to settle disputes between subordinates 2.10 11 

 15.Dealing with angry students/customers/visitors  2.30 5 

(Source: Primary data) 
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The table 3 shows the agreeability scores on job demands which affects their job performance, the mean score 

ranges from 1.84 to 2.55 and ‘Higher Authority’s’ Misunderstanding of your personal problems’ stood at top since it 

the variable has higher score, followed by ‘Lack of team spirit among colleagues’ secured next higher score and 

stood at second, ‘Personality clashes at work’ stood at third and finally ‘The quantity of new learning vital for the 

job ’has least mean score and stood at last.  

DEMAND OF JOB WHICH AFFECTS JOB PERFORMANCE  

In this research there are two groups, namely those respondents with Lower overall opinion score about Affects 

job performance (Group I n1=227) and respondents with Higher overall opinion score about Affects job performance 

(Group II n2=273). Eleven Predictor variables considered for the analysis include the following: 

Age-X1, Gender-X2, Religion-X3, Community-X4, Education-X5, Organization-X6, Type of family-X7, Area-X8, 

Working in the same-X9, Place-X10, Exper-X11, Dependents-X12, Child-X13, Servant-X14 and Income-X15. 

Table 4.4: Mean Score (Between Low Level of Impact and High Level Impact Groups) 

Explanatory Variables 
 

Respondents with 

Affects job performance-lower level 
(n1=227) 

Affects job performance-higher level 
(n2=273) 

AGE-X1 2.02 2.08 

GENDER-X2 1.54 1.73 

RELIGION-X3 1.54 1.30 

COMMUNITY-X4 1.51 1.34 

EDUCATIONAL QUALIFICATION -X5 2.80 2.78 

ORGANIZATION -X6 1.41 1.16 

TYPE OF FAMILY-X7 1.55 1.53 

AREA OF RESIDENCE-X8 1.91 1.88 

WORKING IN THE SAME INSTITUTION-
X9 

1.80 1.74 

PLACE-X10 1.17 1.15 

EXPERIENCE-X11 1.93 2.61 

DEPENDENTS-X12 2.00 2.07 

CHILD-X13 1.34 1.37 

SERVANT-X14 1.83 1.82 

INCOME-X15 3.67 4.26 

The table 4 gives an idea about the mean score of explanatory variables between two groups of respondents 

namely affects the job performance lower as well as higher. 

Table 4.5: Tests of Equality of Group Means Univarate Anova 

Explanatory Variables. 

 

Wilk’s Lambda F 

(DF=1, 498) 

Sig 

AGE-X1 1.00 0.83 0.36 

GENDER-X2 0.96 18.75** 0.00 

RELIGION-X3 0.96 21.12** 0.00 

COMMUNITY-X4 0.99 6.24** 0.01 

EDUCATIONAL QUALIFICATION -X5 1.00 0.06 0.81 

ORGANIZATION -X6 0.94 32.32** 0.00 

TYPE OF FAMILY-X7 1.00 0.18 0.67 

AREA OF RESIDENCE-X8 1.00 0.17 0.68 

WORKING IN THE SAME iNSTITUTION-X9 0.99 2.78 0.10 

PLACE-X10 1.00 0.07 0.79 

EXPERIENCE-X11 0.91 47.11** 0.00 

DEPENDENTS-X12 1.00 0.74 0.39 

CHILD-X13 1.00 0.20 0.66 

SERVANT-X14 1.00 0.03 0.86 

INCOME-X15 0.95 24.29** 0.00 

**-Significant at 1 % level  (F t. Val=6.63). 
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It has been observed from the above table that among the explanatory variables, X2, X3, X4, X6, and X11 differs 

significantly between the two groups of respondents. 

STEP WISE CONNANICAL DISRIMINENT FUNCTION FITTED: D = -2.462 -. 06 X1-. 18 X2 +. 24 X3 +.24 

X6 +.02 X7 +.03 X8 +.07 X9 +.02 X10 -.68 X11-.03 X13. 

Test Functions 

Eigen value: 319 

Percentage of variation explained: 100  

Wilks Lambda =.758 

Chi-square =136.49*  DF = 10  p =.000 

Canonical Correlation: 492  

Classification of Individual  

The respondents are classified with the help of using the Discriminant function fit and the observed predictor 

variables and the correct % of classification is presented below in the table 6. 

Table 4.6: Percentage of Correct Classification by Using Discriminant Function on the Data 

Respondents with Affects job performance-lower level Affects job performance-higher level Total 

Affects job performance-lower level 171 56 227 

Affects job performance-higher level 51 222 273 

From the table 6 it was found that out of 227 respondents- Affects job performance-lower level, 171 (75.3 %) 

were correctly classified; out of 273 respondents - Affects job performance - higher level, 222 (81.3 %) were 

correctly classified. Hence the percentage of correct classification is (393/500) *100 % or 78.6 % of original 

grouped cases correctly classified. The above classification clearly indicates adequacy of the model in 

discriminating from the two groups. 

RELATIVE IMPORTANCE OF PREDICTOR VARIABLE 

The relative importance of each predictor variable in discriminating from the two groups is obtained and the 

results are presented below. 

Table 4.7: The Relative Importance of Variables in Discriminating from the Groups 

 

Explanatory Variables 

 

 

 

Importance value of the variable 

(Ij)* 

Relative Importance 

(Rj) % 

Rank 

AGE-X1 0.0187 1.5 6 

GENDER-X2 0.1549 12.7 4 

RELIGION -X3 0.1826 15.0 3 

ORGANIZATION -X6 0.3674 30.1 1 

TYPE OF FAMILY -X7 0.0170 1.4 7 

AREA OF RESIDENCE-X8 0.0124 1.0 8 

WORKING IN THE SAME INSTITUTION -X9 0.0648 5.3 5 

PLACE-X10 0.0125 1.0 9 

EXPERIENCE-X11 0.3781 31.0 2 

CHILD-X13 0.0108 0.9 10 

Total 1.2192 100.0  

*Ij= absolute mean difference between two groups * disc. Coefficient of each example. Variable. 
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From the above table 7, four variables, namely 1. Organization, 2. Experience, 3. Religion and 4. Gender are 

substantially important variable in discriminating between the two groups, namely respondents - Affects job 

performance at lower levels among respondents - Affects job performance at a higher level among the respondents. 

V. SUMMARY AND DISCUSSIONS  

It was also found that the following job demands affects the job performance of working couples are as follows 

Higher Authority’s’ Misunderstanding of their personal problems’ has higher mean score and stood at the top, after 

that ‘Lack of team spirit among colleagues’ secured next higher score and stood at second, ‘Personality clashes at 

work’ has secured next higher score and stood at third and final ‘The quantity of new learning vital for the job’ has 

least mean score and stood at last. The four variables, namely Organization, Experience, Religion and Gender are 

substantially important variable in discriminating between the two groups, namely respondents - Affects job 

performance at lower levels among respondents - Affects job performance at a higher level among the respondents. 

5.1 Limitations and Implications for Future Research 

Due to time constraints the present research has the following limitations  

1. The study has been confined to Karur Taluk of Karur district only and it can be extended further by carrying 

out a related study incorporating another taluk of Karur districts of Tamil Nadu and other states in India as 

well. 

2. The present study intends to survey only employed couples working as school teachers in the Karur Taluk of 

Karur district. 

3. The research has taken only on a few factors of job demands affect job performance of employed couples. 

Beyond these variables, there are many factors that can be taken for future research. 

4. The data were collected from employed couples working in government and private schools. A Collection of 

data from a single sector would have allowed the results more generalized to a wider group. Teachers 

working in the government and private schools may have different perceptions of work life issues. 

5.2 Conclusion 

The employed couples job performance is affected mostly by the factors such as Higher Authority’s’ 

Misunderstanding of their personal problems and lack of team spirit. Since mostly the couples are working in 

government institutions the employees should take their problems to the next level of higher authorities so that they 

may get solutions and feel comfortable to work. Once the couples are comfortable then their performance level will 

increase. Government can also try to conduct some training problems to over these type of problems automatically 

the standard of the teachers will increase and they can produce more of good students. 
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Abstract--- This paper addresses a scheduling problem in an industry that manufactures machines. The 

manufacturing facility of the industry consist of two sections namely production shops and assembly shops. 

Production encompasses four subsections in it. Production shop is commonly shared by the components of different 

machines. But the assembly shops have independent section for each machine. Due to the sharing of production 

shops the components are not delivered in time to the assembly shop which delays the assembly of a product. The 

above problem is addressed by simultaneously scheduling the production and assembly shops with an objective 

criterion of minimum penalty cost. The production environment is of job shop in nature. The schedule generated 

accounts the alternative routing as it increases the flexibility in scheduling. Job shop problem are combinatorial 

optimization problems, account of alternative routing increase the complexity of the problem. The above problem 

becomes NP hard in nature. Meta heuristics are evolving as a promising alternative to address the NP hard 

problems. Genetic algorithm one among the Meta heuristic is used to evolve the simultaneous schedule of 

production and assembly shops and it is illustrated with the different products models developed to represent the 

machines of the company.  

Keywords--- Scheduling, Meta- heuristic and Genetic Algorithm. 

I. INTRODUCTION  

 Manufacturing industries of today need to produce quality products with economy and to deliver with out any 

delay; this situation has leaded to the companies to focus on every activities or operation. An overall plan is needed 

to follow the operations effectively and it is a result of decision taken at various levels of operation. Good decision 

provide good plans and hence increased productivity .Production schedule is an important decision making process 

at shop floor operation level. This paper addresses a scheduling in manufacturing industry which produces capital 

goods. Industries of such nature have production and assembly shops. The components or parts that make up a 

assembly are manufactured in production shops and assembled to form a product in assembly shops. The general job 

shop problem is one of the well known machine scheduling problems, in which the operation sequence of the jobs 

are fixed that corresponds to their optimal process plans or resource availability . However the use of other possible 

process plans in addition to optimal one could provide better schedules resulting through reduced bottlenecks and 

increased flexibility. Jawahar et al[1], proposed a GA based heuristic for scheduling problem of flexible 

manufacturing systems associated with alternate routing. They have shown that GA based heuristic search procedure 

is suitable for FMS  scheduling  problems and is capable to handle alternative route choice and to revise the 
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schedules in real time operation with reasonable computation time. Willhelm and shin[2] investigate  the 

effectiveness of alternative operation in flexible manufacturing systems. They showed via computation experiments 

that alternate operation could reduce flow time while increasing machine utilization. Hankins[3] also discussed the 

advantage of using alternate machine tool routings to improve the productivity. They show, through an example that 

using alternate machine results in reducing lead time and in improving overall machine utilization. In this concern 

this paper addresses the problem of scheduling jobs associated with multiple routing. 

The job shop problem associated with multiple routings can be described as ; there are set of machine and set of 

jobs consist of chain of operations, which need s to be processed .Each operation can processes in one or more than 

one machine. How ever processing time or costs differs with machine features. Further the scheduling has to be 

extended to the assembly shop also. This problem is very hard to solve because the sequence of operation on job is 

pre specified and combinatorial in nature. Because of its inherent difficulty heuristic procedure are attractive 

alternatives. Most of the conventional heuristic procedures use a dispatching rule under the situation of choosing the 

operation from unscheduled operations. In recent years better solution approaches such as Genetic Algorithm (GA), 

Ant colony optimization (ACO), particle swarm optimization (PSO),and Tabu search have been attempted . GA is 

among such attempt and has been applied in variety areas of decision – making including many scheduling problem. 

On the above consideration, a GA, one of the most popular meta heuristic, is proposed for the scheduling problem 

under discussion. The GA is structure to evolve the optimal route choices for all the operations and schedule for 

minimum penalty cost criterion. The rest of the paper is organized as follows : section 2 describes the problem ; 

proposed GA  is explained and illustrated in section 3 & 4 respectively ; the performance of the proposed 

methodology and scope for future work are discussed in the concluding section. 

II. PROBLEM DESCRIPTION  

2.1 Model of The Problem 

The following notations are used to represent the production shops and assembly shops in the manufacturing 

facility. 

Cpi:index for number of components of a product. 

C
sap

: index for number of components o f a particular subassembly in aproduct. 

D: index for due date. 

i: Index for component/part.(i =1,2,3……….I )  

j: Index for operation (j= 1,2,3,4 ………J) 

k: Index for machine.(k = 1,2,3 ………..K). 

R: Index for route of particular operation. 

lp: Index for number of levels in the product 

p: Index for product (p = 1,2 3………P). 

Pc: penalty cost for a product  

Sap: Index for subassembly in a product  

( sa = 1,2,3,………Sa). 
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tijk: Index for processing time in machine for particular operation in a component. 

t
sap

 : Index for assembling  time for particular assembly in  a product. 

F : Finishing date of the product. 

2.2 Production Environment 

The production shop consists of four sections. The machines in the respective division are assigned a number to 

identify it. The machine in the machining section is named as k1, K2, k3and k4. The machine in the sheet metal 

section is named as k5, k6 and k7. The machines in the welding section are named as k8 and k9. The machine in the 

paint shop is named as k10, k11, and k12. The parts that forms the assembly of a particular machine get processed at 

a particular division based upon the nature of operation desired.  The part that gets processes at a particular division 

finally arrives at painting shop for painting operation. Once all the operations of a part are over they are moved to 

their independent assembly shop to assemble them into a product. All the parts  that make up the assembly are 

brought to one place and assembled to form a product. The production division represents „I‟ jobs which are to be 

processed on k machine which resembles a „job shop type of scheduling‟. Assembly also resembles a job shop type. 

Thus the production environment is identified as a job shop type.  

2.3 Operation Environment  

Every part consists of some number of operations associated with it. All the operations are carried out on the job 

to form a desired component or part.  The summation of all the processing time of operations of particular 

components gives the flow time of a part or component. Every operation can be performed at different machine with 

different processing time, this leads to the account of alternative routing. Alternative operation could be used if one 

machine tool is temporarily overloaded while another is idle. The alternative routing is useful where the capacity 

problem arise. Even though alternative operations may incur penalties, they may be used to offload bottleneck 

machines with the objective of balancing machine utilization and expecting the flow of work pieces. Wilhelm and 

shim performed a study to investigate the effectiveness of alternative operations in flexible manufacturing systems. 

They showed via computational experiments that alternate operations could reduce flow time while increasing 

machine utilization. Hankins also discussed the advantage the advantage of using alternative machines results in 

reducing productivity. The time taken for completing particular operation inclusive of setup, processing and material 

handling time are termed as processing time.  

While considering the assembly, the assembling of parts into particular assembly is accounted as operation. The 

time associated with operation of assembling is termed as “Sub assembling time ”.  

2.4 Objective  

Determination of optimal production plan (Schedule for both production and assembly division s) for minimum 

penalty cost of delays. 

2.5 Assumptions 

The system consists of „k‟ machines and „i‟ different jobs. All jobs are processed under predetermined 

technological order given in the process plan. Each of the operation can be processed on a number of alternatives, 

non-identical machine. The detailed assumptions are: 
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 Jobs are independent and consist of strictly ordered operation sequences; no priorities are assigned to any 

jobs here. 

 Jobs preemption (or) cancellation is not allowed 

 A given operation can be performed by one or more different non –identical machines 

 Set up times is independent of operation sequence and are included in processing time. 

 All jobs are simultaneously available at time zero. 

 After a job is processed on a machine it is transported to the next machine immediately and the 

transportation time is negligible. 

 Each operation has a decision work content and operational time  

 At most one operation can be processed on one machine at the same time.  

 Outsourced components are available at the time of assembly  

 The common components or parts that belong to separate machines are produced in different lots. 

2.6 Problem Statement     

The above problem is addressed by determining an optimal schedules simultaneously for the jobs associated with 

multiple routing in production shop and assembly shop that has independent assembly lines in a job shop type 

environment given the processing time of all operations of their multiple routing, operation precedence constraints 

of all jobs and the assembling time of all the subassembly of a product. 

III. PROPOSED METHODOLOGY  

The different modules of the GA that is proposed to evolve simultaneously the optimal route choice for the 

operation and schedule for the shop problem associated with alternative route choices is outlined as flow chart given 

in fig1 

3.1 Input Module 

The data pertaining to the problem are: Number of machines in the shop (k), number of products (p); number of 

components/part (i); number of operation for all jobs (ji); number of components in a product; number of levels in 

product structure; number of components of a subassembly; number of subassembly of a product; route choices 

along with machine number and processing time for all operations. The above data are given as input. 

3.2 Initial Population Generation Module  

A set of chromosomes equal to assumed size of the population (here 10) is randomly generated in this module. 

Each chromosome is a representation of route choice and operation sequence priority indicators for all the 

operations and comprises of two parts. The genes of the first part of the chromosomes represent route choices of the 

operations of all jobs and number of such genes is equal to the total number of operation of all jobs. the second part 

of the chromosomes with as many number of genes equal to total components, represent the priority of one 

component over the other component for loading. Genes,1 gene for 1operation and so on, provide priority number 

for their corresponding component.  
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Figure 1: Procedure for GA 

3.3 Evaluation Module 

The active feasible schedule, one corresponding to one chromosome, of the current population are found using 

(i) the first parts of the chromosomes for reducing alternate route choice problem to fixed route choice problem and 

(ii)the second parts of the chromosomes to resolve conflicts that arise during the schedule generation with Giffler 

and Thomson algorithm. The penalty cost is taken as fitness value (fit ( c) ) of it.   

3.4 Sorting Module 

The best solution of the current population and the global best are sorted and stored separately. 
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3.5 Termination Check Module 

The convergence of the solution to optimality is checked so as to terminate the program. Usually, a specified 

number of generations (iterations) are used to terminate the GA. On satisfactory termination, the output module 

prints the optimal solution stored at the sorting module. 

3.6 New Population Generation Module  

A new population size equal to previous, is generated using the roulette wheel selection based on the probability 

of survival concept, cross over with probability of cross over(p_cross) as 0.6 and PMX cross over operator, and 

swap and cyclic mutation with the probability of mutation(p_mut)as 0.05 

3.7 Output Module 

Print the global best solution of: optimal route choices of all operation and schedule for minimum penalty cost.   

IV. ILLUSTRATION 

 To have insight over the proposed GA methodology, an illustration is given in this section  

4.1 Product Structure 

Consider that there are three products to be produced. The figures 2,3&4 show the structure of them. Eighteen 

components are to be produced sharing the facility in the production shop. Table I provides the processing data such 

as  number of operations, routé choice and its corresponding, M/C number for each operation, process time of all 

operation. 

 

Figure 2: Product Structure1 having Two Levels in its Assembly 

Product 1 

Sa1
1 Sa2

1 

 

Sa3
1 

 

C1 C2 C3 C6 C5 C4 
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Figure 3: Product Structure2 having Three Levels of Assembly 

 

Figure 4: The Product Structure3 Showing Four Levels of Assembly 
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The data‟s relevant to the three structure are represented in the table 1. the table gives the detail about various 

component of the product; number of operations involved in making a component; route choices of an individual 

operation; processing time for particular route choice in a particular machine; the number of components required 

for a subassembly and the sub assembling time. 

Table 1: Details of the component that go into different products assumed above it consist of the following: number 

of jobs; number of operation; the route choices of the operation; and their processing time 

Job number 

index i 

Number of operation of a job and their route choice with processing time 

1 2 3 4 

1 R1=k1(5) 

R2=k2(3) 

R3=k4(5) 

R1=k1(4) 

R2=k2(4) 

R3=k3(5) 

R1=k2(3) 

R2=k3(4) 

R3=k4(5) 

R1=k10(5) 

R2=k12(4) 

2 R1=k2(4) 

R2=k3(5) 

R1=k3(5) 

R2=k4(6) 

R1=k5(6) 

R2=k6(7) 

R1=k10(6) 

R2=k11(5) 

3 R1=k7(8) R1=k8(9) R1=k10(5) 

R2=k11(3) 

 

4 R1=k1(5) 

R2=k2(6) 

R3=k3(4) 

R1=k2(6) 

R2=k4(5) 

R3=k3(4) 

R1=k5(8) 

R2=k6(7) 

R1=k10(6) 

R2=k11(5) 

5 R1=k1(5) 

R2=k3(2) 

R3=k4(5) 

R1=k2(5) 

R2=k3(4) 

R3=k4(6) 

R1=k4(8) R1=k10(6) 

R2=k11(5) 

6 R1=k1(5) 

R2=k2(6) 

R3=k3(7) 

R1=k3(8) 

R2=k4(7) 

R1=k10(6) 

R2=k11(5) 

 

7 R1=k1(7) 

R2=k2(8) 

R1=k5(8) 

R2=k6(5) 

R1=k12(8)  

8. R1=K1(9) 

R2=K2(8) 

R1=K3(4) 

R2=K4(5) 

R1=K5(8) 

R2=K6(15) 

 

9 R1=K1(10)_ 

R2=K2(12) 

R3=K3(14) 

R1=K3(5) R1=K5(8) 

R2=K6(8) 

 

10 R1=K1(8) 

R2=K2(9) 

R3=K3(10) 

R1=K3(9) 

R2=K4(9) 

R1=K12(10)  

11 R1=K2(9) 

R2=K4(6) 

R3=K3(5) 

R1=K5(8) 

R2=K6(6) 

R1=K5(6) 

R2=K6(4) 

 

12 R1=K7(10) R1=K8(14) R1=K9(18) R1=K10(6) 

R2=K11(5) 

Table 2: Details of the assembly of a product1 

Level2 activities Processing  

time 

Level  1 

activities 

Assembly  

time 

Total time taken for a product. 

C1 

C2 

20 

24 

1sa1 5 32 

C3 

C4 

22 

26 

1sa2 6 

C5 

C6 

25 

21 

1sa3 7 
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Table 3: Details of the Assembly of a Product2 

level3 

activities 

Processing 

time  

Level 2 

activities 

Assembly 

time  

Level 1 

activities 

Assembly 

time  

Total processing 

time 

C2 

C3 

24 

22 

2sa1 4   36 

C4 

C9 

26 

33 

2sa2 5   

C7 

C8 

24 

30 

 

 

  

2sa3 

6 

Table 4: Details of the Assembly of Product 3 

Level 4 

activities 

Processing 

time 

Level 3 

activities 

Assembly 

time 

Level 2 

activities 

Assembly 

time 

Level 1 

activities 

Assembly 

time 

Total 

time. 

C10 

C11 

29 

23 

3sa1 5     58 

C12 

C7 

24 

48 

  3sa2 6   

C9 

C12 

33 

48 

    3sa3 4 

Table 5: Initial Population and their Corresponding Penalty Cost 

Chromosome            

C 

Operation sequence string Job priority string Penalty 

cost fit( C) 

1 33112111111222212121222 

11211133222112112121211 

22 11111311111112 

11 2 6 15 12 8 7 17 3 13 

4 16 1 9 10 14 18 5 

690 

2 13112111111212212121222 

121111211 1311121222221 

322 12111112111111 

11 2 6 15 18 8 7 12 3 13 

4 16 1 9 10 17 14 5 

1230 

 

3 3311212111121221212222 

2221111211 13121211122 

21321 11111112111111 

11 2 6 15 12 8 7 17 3 13 

10 14 4 18 16 9 1 5 

2220 

 

4 331121111112222121222 

11211112312 2112121211 

221321 11111111121112 

16 13 14 11 5 4 9 7 8 

112 10 15 6 2 17 18 3 

810 

 

5 32112121111212212 12122 

2221111211131221212221 

32111111112111111 

11 2 6 15 12 8 7 17 3 1 4 

14 10 1 16 9 18 5 

830 

 

6 332121211112222121222 

112111123121112212112 

213211 1111111121111 

13 16 14 11 5 4 9 7 15 

12 18 8 17 2 6 10 3 

1810 

7 3331211111121121 21222 

11211112312 1112212112 

213211 1111111121111 

15 16 14 11 5 4 9 7 8 

112 10 13 17 2 6 18 3 

550 

 

8 3311211111122221 2122211 

211112312 11122121122132 

111111111121111 

13 16 14 15 5 4 9 7 8 

112 10 11 17 2 6 18 3 

670 

 

9 3311211111122121 212221 

1211112312 11122121122 

13211 1111111121111 

13 16 14 11 5 4 9 7 8 

112 10 15 17 2 6 18 3 

610 

 

 

10 3311211111122221 2122211 

2111123121112121211221 

321 11111111111111 

13 16 14 11 5 4 1 7 8 

912 10 15 17 2 6 18 3 

640 
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The best solution of this generation corresponds to chromosome 1, which is stored as instant best and replaces 

global best if it is better than previously stored global best. As two hundred number of generation of new population 

is fixed as termination criteria, the next population is generated. 

The parameters used for the generation of new population are as follows:  

Probability of survival  p(c) of chromosome „c‟ 

:e
-xfit(c) 

/ ∑ e
-xfit(c)

 

Constant „x‟ value: 0.05 

Probability of crossover „P_cross‟  : 0.6 

Crossover operator: Partially Mapped crossover  

Probability of Mutation „p_mut‟ : 0.05 

Mutation operator:   Swapping.   

The process of evaluation, sorting and new population generation is repeated for 200 generations, which is the 

termination criterion. The best solution evolved is given below. 

Optimal Solution  

Job 1: Op1: 13-16(on2) Op2: 16-20(on2) Op3: 32-37(on4) Op4: 37-41(on12) 

Job 2: Op1: 0-5(on3)    Op2: 19-25(on4) Op3: 25-32(on6) Op4: 32-38(on10) 

Job 3: Op1: 28-36(on7) Op2: 47-56(on8) Op3: 56-61(on10) 

Job 4: Op1: 0-5(on1)    Op2: 5-10(on4) Op3: 10-18(on5) Op4: 18-29(on10) 

Job 5: Op1: 37-42(on4) Op2: 42-47(on2) Op3: 47-55(on4) Op4: 55-60(on11) 

Job 6: Op1: 12-17(on1) Op2: 25-32(on4) Op3: 32-37(on11) 

Job 7: Op1: 9-13(on2)   Op2: 13-18(on3) Op3: 18-25(on6) Op4: 38-44(on10) 

Job 8: Op1: 20-28(on7) Op2: 38-47(on8) Op3: 47-52(on10) 

Job 9: Op1: 17-22(on1) Op2: 22-28(on2) Op3: 28-36(on5) Op4: 37-42(on11) 

Job 10: Op1: 22-32(on1) Op2: 32-37(on3) Op3: 37-45(on5) 

Job 11: Op1: 5-12(on1) Op2: 12-17(on6) Op3: 17-25(on12) 

Job 12: Op1: 39-48(on1) Op2: 48-52(on3) Op3: 52-60(on5) 

Job 13: Op1: 0-9(on2)   Op2: 10-19(on4) Op3: 25-35(on12) 

Job 14: Op1: 5-10(on3) Op2: 32-38(on6) Op3: 44-48(on6) 

Job 15: Op1: 32-39(on1) Op2: 39-44(on6) Op3: 44-52(on12) 

Job 16: Op1: 0-10(on7) Op2: 10-24(on8) Op3: 24-42(on9) Op4: 42-47(on11) 

Job 17: Op1: 28-40(on2) Op2: 40-45(on3) Op3: 48-56(on6) 

Job 18: Op1: 10-20(on7) Op2: 24-38(on8) Op3: 42-60(on9) Op4: 60-65(on11) 

The total time taken for all the components to be processed in the production shop is given in the result 

Result=65.0 

The assembly schedule is  

Product1 
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1-1-1=46; 1-1-2=67; 1-1-3=67; 1-2-1=79: completes by the 79
th

 hour. 

Product 2 

2-1-1=56; 2-1-2=50; 2-2-1=66; 2-3-1=80: completes by the 80th hour. 

Product 3 

3-1-1=53; 3-2-1=59; 3-3-1=69; 3-4-1=85; completes by the 85th hour. 

The delay is only on the product 3. The penalty associated with this delay is calculated and was found to be 150 

units. 

 

Figure 5: Gannt Chart Showing the Components Loaded on the Machine 

V. CONCLUSION 

A GA is presented and illustrated for the evolution of optimal route choice from possible routes and a 

simultaneous schedule for   the production and assembly shops associated with multiple routing. The proposed GA 

is structured such that the coding could be used for any scheduling objectives .The parameter of GA need fine tuning 

for quick convergence towards optimality, which would save computation time. 
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Abstract 

The fastest developing sector in India is Banking Sector. Information Technology plays a vital role of Indian 

Banking Sector. The main aim of this study is to analysis the perceptions and problems faced by the users of 

Google pay among college students. The sample size for this study is 125. Primary data was collected from 

the respondents with the help of well-structured questionnaire. T - Test and Percentage Analysis was used to 

analyse the responses. The study reveals that most female respondents uses Google pay and they said that the 

techniques used in the G-pay is complicated, service charges are not fair. They use Google pay since the 

service is for 24 hours. And they also face problems while using Google pay they are as follows Fear of 

fraud, not getting conformation message, Unavailability of internet access, leaving operation unfinished and 

Amount debited but not gets credited to account. Hypothesis testing has been also done and it was found that 

the mean difference is significant where  Gender influences the problem encountered by the users such as not 

getting conformation message and Leaving operation unfinished .The perception towards service charges 

influences the problem encountered by the users related to fear of fraud and Unavailability of internet 

access, Leaving operation unfinished, Amount debited but not gets credited to account 

Keywords : Perceptions, Problems , Google pay ,  Online Transfer , Techniques. 

Introduction   

Google has developed a digital wallet platform which is useful for payments when goods have been 

purchased. It can be done with the Android phones, tablets or watches. It is called as Google Pay. In other 

words it is also called as G Pay, Pay with Google and Android Pay. 

The main advantage of this Google pay is that the users can pay their payments from anywhere. When the 

payment is made by the user to the merchant, the credit or debit card number of the user will not be send to 

the merchant. As an alternative it generates a virtual account number representing the users account 

Information. 
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When the user makes a payment to a merchant, Google Pay does not send the credit or debit card number 

with the payment. Instead it generates a virtual account number representing the user's account information. 

This service keeps customer payment information private, sending a one-time security code instead of the 

card or user details.  

1.1 Objectives of the study  

1. To study the Perceptions of Google Pay Method among the College Students. 

2. To find out problems faced by college students while using Google Pay Method. 

2. Review of Literature  

 Bamasak O (2011) has done his study on “Exploring consumer’s acceptance of mobile payments-an 

empirical Study in Saudi Arabia. He has concluded that there is an optimistic future for Mobile payment. 

Doan N (2014) has done his research on “Consumer adoption in mobile wallet: a study of consumers in 

Finland. He has concluded that mostly consumers are using mobile phones for making payments .He also 

said that Digital wallets have become part of their life. 

Wamuyu PK (2014) has done his research on “The role of contextual factors in the uptake and continuance of 

Mobile money usage in Kenya. The Electronic Journal of Information Systems in Developing Countries”. He 

found that while making payment through digital wallet the consumers are offered with many benefits when 

they transfer money such as accessibility, safety and affordability.(3) 

 Soman D (2001) and (2003) has done his study on “Effects of payment mechanism on spending behaviour: 

the role of rehearsal and immediacy of payments. and “The effect of payment transparency on consumption: 

quasi-experiments from the field. He has concluded that due to the technology growth modes for payments 

for consumers has been increased and the users also felt it is more convenient ,accessible and 

acceptable.(4&5) 

Dewan SG, Chen LD (2005) has done his study on “Mobile payment adoption in the USA: a cross- industry, 

cross-platform solution”. He found that consumers have a preference towards mobile payment apps usage. 

He also concluded that many researchers have been conducted research and they  was found that the 

consumer has positive feelings for the usage of mobile phones. 

Liu S, Zhuo Y, Soman D, Zhao M (2012) has done his research work on “The consumer implications of the 

use of electronic and mobile payment systems”. He found that consumers are provided with benefits such as 

flexi payment digital wallet brands. 

Rathore HS (2016) has done his research work on “Adoption of Digital Wallet by Consumers” .He  

concluded that the Foremost influence in implementation of digital wallet is ease in buying products online 

without physically going from outside. 

3. Research Methodology  

3.1 Research Design  

Descriptive Research design has been used in this study. It helps to know the particular situation prevailing 

among the users of Google pay. 

3.2 Data Collection  

A well-structured questionnaire has been framed and used to collect the information from the respondents. 

The sample size is 125. A convenient sampling method has been used to collect the data from the college 

students. 

3.3 Tools Used for Data Analysis and Testing 
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The below mentioned tools and testing has been used for data analysis they are  

1. Percentage Analysis  

2. T- test 

3.4 Hypothesis I  

Null Hypothesis: There is no significant relationship among Gender and problem faced by Google payers 

among college students. 

Alternative Hypothesis: There is significant relationship among Gender and problem faced by Google 

payers among college students. 

Hypothesis II    

Null Hypothesis: There is no significant relationship among Service Charges and problem faced by Google 

payers among college students. 

Alternative Hypothesis:  There is significant relationship among Service Charges and problem faced by 

Google payers among college students. 

Data Analysis and Interpretation 

Table: 1 Respondent Demographic Profiles 

From this table it is clear that 58.4 % of the respondent’s Gender is Female and they bellows to the age group 

of 20-21 years. And they receive monthly Income of less than Rs.200. 

Table: 2 Perception of Google Pay Method 

The Table 2 shows the perception of Google pay Method among College students .It was found that majority 

of the respondents has said that the techniques used in the Google pay method is Complicated. About 74% of 

the responded has said that the Service Charges paid are not fair. 33% of the respondent has said that only 

sometimes they get confidence on Google Pay. About 83% of the respondents has given their perception that 

they use Google pay Method since it has 24 hours Service. It was also found that about 36.0% of the 

respondents use Google Pay method for Online Fund Transfer. 

Table: 3 Not getting confirmation message (Group Statistics) 

Both the gender has encountered with the problem of not getting confirmation message after their 

transaction. 

Table:  4 Not getting confirmation message (Independent Samples Test) 

Sig. <0.05 so the mean difference is significant. Hence Gender influences the problem encountered by the 

users related to the problem of not getting confirmation message after their transaction. 

Table: 5 Leaving operation unfinished (Group Statistics) 

From the table 5 it was found that Male respondents often encountered a problem of leaving the operation 

unfinished. While Female respondents sometimes encountered a problem the operation unfinished.  

Table: 6 Leaving operation unfinished (Independent Samples Test) 

Sig. <0.05 So the mean difference is significant. Hence Gender influences the problem encountered by the 

users related to leaving operations unfinished. 

Table: 7 Fear of fraud (Group Statistics) 
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From the table 7it was found that the respondents who feel service charges fair are sometimes faced fear of 

fraud problem .While the users who felt service charges are not fair faced occasionally encountered fear of 

fraud problem  

Table: 8 Fear of fraud (Independent Samples Test) 

Sig. <0.05 so the mean difference is significant. Hence perception towards service charges influences the 

problem encountered by the users.  

Table: 9 Unavailability of internet access (Group Statistics) 

From the Table : 9 it was found that the users who feel service charges fair were often faced unavailability 

of internet access problem .While the users who felt service charges are not fair faced sometimes 

encountered unavailability of internet access problem  

Table: 10 Unavailability of internet access (Independent Samples Test) 

Sig. <0.05 So the mean difference is significant. Hence perception towards service charges influences the 

problem encountered by the users.  

Table: 11 Leaving operation unfinished (Group Statistics) 

The users who feel service charges fair were sometimes faced Leaving operation unfinished problem. While 

the users who felt service charges are not fair faced occasionally encountered Leaving operation unfinished 

problem. 

Table: 12 Leaving operation unfinished( Independent Samples Test) 

Sig. <0.05 So the mean difference is significant. Hence perception towards service charges influences the 

problem encountered by the users. The users who feel service charges fair were sometimes faced Leaving 

operation unfinished problem .While the users who felt service charges are not fair faced occasionally 

encountered Leaving operation unfinished problem  

Table : 13 Amount debited but not gets credited to account (Group Statistics) 

The users who feel service charges fair were sometimes faced Amount debited but not gets credited to 

account problem  

While the users who felt service charges are not fair faced occasionally encountered Amount debited but not 

gets credited to account problem  

Table : 14  Amount debited but not gets credited to account (Independent Samples Test) 

Sig. <0.05 So the mean difference is significant. Hence perception towards service charges influences the 

problem encountered by the users.  

Conclusion  

Present study has made an attempt to understand perception and problems of Google pay users. The study 

reveals that most female respondents uses Google pay and they said that the techniques used in the G-pay is 

complicated, service charges are not fair. They use Google pay since the service is for 24 hours. And they 

also face problems while using Google pay they are as follows Fear of fraud, not getting conformation 

message, Unavailability of internet access, leaving operation unfinished and Amount debited but not gets 

credited to account. Hypothesis testing has been also done and it was found that the mean difference is 

significant where Gender influences the problem encountered by the users such as not getting conformation 

message and Leaving operation unfinished .The perception towards service charges influences the problem 

encountered by the users related to fear of fraud and Unavailability of internet access, Leaving operation 

unfinished, Amount debited but not gets credited to account. 
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Table: 1 Respondent Demographic Profiles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Characteristics Frequency Percentage 

Gender 
Female 73 58.4 

Male 52 41.6 

Age Group 

Below 20 6 4.8 

20-21 Yearss 77 61.6 

22-23 Years 34 27.2 

24 and Above 8 6.4 

Monthly  

Pocket 

 Money Received  

 

Less than 200 52 41.6 

201-400 30 24.0 

401-600 19 15.2 

601-800 8 6.4 

800-1000 10 8.0 

Above 1000 6 4.8 
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Table: 2 Perception of Google Pay Method 

 

Table : 3   Not getting confirmation message  (Group Statistics) 

Problem GENDER N Mean Std. Deviation 
Std. Error 

Mean 

Not getting confirmation 

message 

Male 52 2.90 1.142 .158 

Female 73 2.47 1.226 .143 

 

Table :  4  Not getting confirmation message ( Independent Samples Test) 

 

Problem 

Levene's Test for 

Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

 Not getting 

confirmation 

message 

Equal 

variances 

assumed 

2.497 .117 2.02

6 

123 .045 .438 .216 .010 .866 

Equal 

variances not 

assumed 

  

2.05

0 

114.

447 

.043 .438 .214 .015 .861 

 

Variable Characteristics Frequency Percentage 

Perceive Google Pay 

Method 

 

 

 

 

 

Complicated Technique 49 39.2 

Difficult accessibility 7 5.6 

Doesn't get required response 13 10.4 

Not Easy 30 24.0 

Poor Feedback 2 1.6 

Rigidity 24 19.2 

Service charges for 

Google Pay is  Fair or 

Not  

Yes 51 40.8 

No 74 59.2 

Degree of confidence 

on Google Pay 

 

High 31 24.8 

Little 21 16.8 

Not at all 20 16.0 

Some 42 33.6 

Very High 11 8.8 

Reason for use Google 

Pay 

 

 

24 hours service 83 66.4 

Better Information 7 5.6 

Limited time available 5 4.0 

Simplification of processes 30 24.0 

Type of service mostly 

you use 

Balance and transaction history 

search 

19 15.2 

Card to card fund transfer 9 7.2 

e- Recharge 11 8.8 

Lock / activate Account 2 1.6 

Online fund transfer 45 36.0 

Railway pass / ticket 2 1.6 

Share payment 28 22.4 

Shopping 9 7.2 
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Table : 5  Leaving operation unfinished (Group Statistics) 

 

Problem 

 GENDER N Mean Std. Deviation 

Std. Error 

Mean 

 Leaving operation 

unfinished 

Male 52 3.42 1.016 .141 

Female 73 2.71 1.136 .133 

 

 

Table : 6  Leaving operation unfinished (Independent Samples Test) 
 

Problem 

Levene's Test for 

Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Leaving 

operation 

unfinished 

Equal 

variances 

assumed 

1.448 .231 3.59

9 

123 .000 .711 .197 .320 1.102 

Equal 

variances not 

assumed 

  

3.66

8 

116.

704 

.000 .711 .194 .327 1.095 

Table : 7  Fear of fraud (Group Statistics) 

 

Problem Are service charges for 

Google Pay fair? N Mean Std. Deviation 

Std. Error 

Mean 

Fear of fraud Yes 51 3.14 .939 .131 

No 74 2.51 1.230 .143 

 

 

 

 

Table: 8 Fear of fraud (Independent Samples Test) 

 

Problem 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. 

(2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

 Fear 

of 

fraud 

Equal 

variances 

assumed 

11.66

9 

.001 3.05

8 

123 .003 .624 .204 .220 1.028 

Equal 

variances not 

assumed 

  

3.21

1 

121.

672 

.002 .624 .194 .239 1.008 
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Table: 9 Unavailability of internet access (Group Statistics) 

 

Problem Are service charges for 

Google Pay fair? N Mean Std. Deviation 

Std. Error 

Mean 

unavailability of internet 

access 

Yes 51 3.57 .964 .135 

No 74 3.09 1.273 .148 

 

Table: 10 Unavailability of internet access (Independent Samples Test) 

 

Problem 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Unavailability 

of internet 

access 

Equal variances 

assumed 

.854 .357 2.25

0 

123 .026 .474 .211 .057 .891 

Equal variances 

not assumed 
  

2.36

6 

121.

845 

.020 .474 .200 .077 .871 

 

 

Table: 11 Leaving operation unfinished (Group Statistics) 
 

Problem Are service charges for 

Google Pay fair? N Mean Std. Deviation 

Std. Error 

Mean 

 Leaving operation 

unfinished 

Yes 51 3.29 .756 .106 

No 74 2.81 1.310 .152 

 

Table : 12 Leaving operation unfinished( Independent Samples Test) 

 

Problem 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. 

(2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Leaving 

operation 

unfinished 

Equal 

variances 

assumed 

18.699 .000 2.37

4 

123 .019 .483 .204 .080 .886 

Equal 

variances not 

assumed 

  

2.60

5 

119.

763 

.010 .483 .186 .116 .851 

 

Table : 13 Amount debited but not gets credited to account (Group Statistics) 

 

Problem Are service charges for 

Google Pay fair? N Mean Std. Deviation 

Std. Error 

Mean 

Amount debited but not 

gets credited to account 

Yes 51 3.00 .980 .137 

No 74 2.39 1.031 .120 
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Table : 14  Amount debited but not gets credited to account (Independent Samples Test) 

 

Problem 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

F Sig. T df 

Sig. 

(2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Amount 

debited but 

not gets 

credited to 

account 

Equal 

variances 

assumed 

6.781 .010 3.30

6 

123 .001 .608 .184 .244 .972 

Equal 

variances not 

assumed 

  

3.33

8 

111.

127 

.001 .608 .182 .247 .969 
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Abstract 

Everyone in this world is looking for change in their family life. In olden days women’s position is home carer 

were she looked after her children and cooked food for her family. But now the women have entered mostly in all 

the fields and they have achieved a lot. In order to satisfy both work life and family life they face so many 

difficulties and also try to overcome the problems and run their family happily. This paper explores the difficulties 

faced by the working women before going to their job. This paper discusses mainly on several activities of 

working women which they feel difficult and stressful and which activity affects their job performance. The results 

indicates that the working women find extremely difficult   for preparing breakfasts, lunch and dinner, making 

their children to get ready for school, cross checking their home work, children in care of others, dropping their 

children in school, driving in the morning traffic, catching the institution vehicle or other means of transport in 

order to reach their work station, purchasing household items like vegetables, fruits, pulses etc., and working 

beyond working hours , most of them undertake several activities which tend to have an impact on their work 

schedule for the day. 

 

Keywords:  Working women, Difficulties, Stress, Work Life Balance, and Working Schedule. 

Introduction   
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Post –modern world is looking at the transformation of family life, as we know it. In  an earlier age to an 

increasingly urbanized environment in which people move away from living in small rural communities to a 

concrete jungle, of ghetto –like isolation within the maze ,is the feature of our society now. The earlier scene of a 

pastoral past, of a happy hunter and a home care who looked after the children and cooked the food for the family, 

in an idyll like picture still adorn the manteltree. It actually window dressed a stark reality of death in the hunt, 

most often that of the hunter the terrible beasts had more power and were savage in their attack and the picture of a 

wailing community grieving over the death of young men in their prime. Now the actual picture is that of young 

men caught under the wheels of public transport, millions of them crisis crossing our roads, our transport system 

groaning under the weight of mass movement. 

Old people put away in what are also euphemistically called “homes” young ones either in the crèche or at school. 

The woman has also to go hunt. It takes two to tango –two to win the family bread, so that the whole family can be 

secure, consumerist culture where everything is a must have for all .Greed and the fear of losing out in the rat race 

is the curse of our modern times .Work is work for the most, play also work for some, the new mantra is work is 

worship of the capitalist gods, or shall we say goods.  Aspiration is the new word for greed. But on the flip side, it 

can be something about empowerment of two –thirds of a community. 

Scientific studies of pre-historic communities rate women as the older of the species and hence are not prone or 

susceptible  to common infections , their physique more supple and frame elastic ,admirably suited to child bearing 

and verbal and non-verbal communications, skills. Scary at the top of their voice and can literally raise the roof 

when they crank up decibels, the modern woman is no poor cousin of the older version. She also packs a lunch. 

She is not only the home executive, she doubles up as the executive in office and takes orders, shows remarkable 

patience and organization  two eminently adorable qualities needed in assembly like automation, the real picture of 

our modern offices, the work passing the buck.  In the class room ,in the boardroom she is  no less disposable or  is 

indispensable to the market ,always the right barometer of skills ever hungry for more, the two at the yoke – 

pulling but also sharing the work load for the common good is the picture of  ours times. 

 

Review of Literature  

 (Campbell et al, 1994) Several authors have said that the effects of family life on women's job performance and 

work attitudes. The result revealed that women with children were significantly lower in occupational commitment 

relative to women without children; contrary to expectation, women with younger children outperformed women 

with older children.  

(Makowska, 1995) He has studied psychosocial determinants of stress and well-being among working women.  

(Doress-Wortes PB, 1994) In his study he has found that multiple role-playing has both positive and negative 

effects on the mental health and well-being of professional women. In certain instances, women with multiple roles 
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reported better physical and psychological health than women with less role involvement. In other words, they 

cherished motivational stimulation, self-esteem, a sense of control, physical stamina, and bursts of energy. 

(Hughes DL, Glinsky E. Gender, 1994) –Several studies explored that multiple roles have also been found to 

cause a variety of adverse effects on women's mental and physical health, including loss of appetite, insomnia, 

overindulgence, and back pains. 

(Greenhaus, J. H. & Beutell, N. J., 1985) They have found that workplace characteristics can also contribute to 

higher levels of Work family conflict. Researchers have found that the number of hours worked per week, the 

amount and frequency of overtime required, an inflexible work schedule, unsupportive supervisor, and an 

inhospitable organizational culture increase the likelihood that women employees will experience conflict between 

their work and family role. 

 (Kandel et al, 1985) Several authors have investigated the nature of specific strains and stresses among married 

women in their marital, occupational and house work roles. They found that strains and stresses are lower in family 

roles than in occupational and household roles among the married women. These have more severe consequences 

for the psychological well-being of women than occupational strains and stresses. Strains predicted distress 

through role-specific stress, with strains deriving from contribution of role-specific stress.  

(Kirchmeyer & Cohen, 1999) This study has revealed that because of family –work conflict the main problems 

are job dissatisfaction, being late for work, absenteeism and poor performance. 

(Girdano, D. A. and Evarly, G. S., 1986, House, J.S., 1981 and Repetti, R. L., Matthews, K. A. and Waldron, 

I. 1989), this study states that the various types of target (e.g.  Multiple tasks, time demands) can also create stress.
 

 (Pahl & Pahl, 1971)He has found financial difficulties among working women family. 

(Jain, 1988) He has 
 
found that employed women face difficulties in performing her household chores .Often she 

has conflicting demands but she is not ready to quit her job as an alternative she finds some other adjustments in 

her family life. 

 In some studies, family-work conflict affects health and well-being status of the worker (Beauregard, 2006; 

Peeters et al., 2005). At the end of family- work conflict, the problems rises as conflicts of the individual with the 

family, lack of support from spouse, and more responsibilities at home, presence of a baby at home can cause 

problems at work (Greenhaus & Beutell, 1985) 

(Kossek & Özeki, 2001)
 
They have said that home life and work life are two important fields affecting one 

another. In the researches, it was seen that work life is affected by variables related to the family (number and age 

of children and support of the spouse) and at the same time, home life is affected by the requirements of work life. 

 

RESEARCH METHODOLOGY  

Descriptive Research design has been used in this study. It helps to know the particular situation prevailing among 

working women in Karur district. Convenient Sampling method has been used. The sample size is 120 respondents 
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who are working in organized sectors were selected for this study.  The designation of the respondents is teachers, 

software engineers, Doctors, Nurses, lawyers, Bank Employees and chartered accountant. Respondents age is 

between 18 – 45 years with at least one child were selected for this study. The study was conducted by using 

structured questionnaire. The questionnaires were filled by respondents in the presence of the researcher.  

Data Analysis and Interpretation 

From the Table: 1 it is clear that 43.33 % of the women employees have servant maid for help to do their kitchen 

work. While the remaining 56.67 % of the respondents do not   have servants for help, they do their work by 

themselves. 

From the  Table  : 2 ,it is clear that  majority of the respondents designation is teacher (30.83%), about 21.67 % of 

the respondents are software engineers’, 11.67 % of the respondents designation are nurses, 10.83 % and 10 % 

respondents designation are bank employees and doctors respectively. About 9.167 % respondent’s designation is 

lawyer and the remaining 5.83 % are chartered accountant 

From the Table : 3, it is clear that 23.07 % of the teachers ,30.76 % of the soft ware engineers, 15.38 % of doctors, 

13.46 %, of bank employees ,7.69 % of lawyers ,5.765  % of chartered accountant, and 3.84%  of nurses have 

appointed servant maid for house help. 

From the Table: 4 it is clear that 100 % of the nurse’s, 37.5 % of the doctors and 37.5 % of the software engineers 

find very difficult to give instruction to the house help. 37.5 % of the doctors, 33.33 % of chartered accountant, 25 

% of teachers said that they find difficult to give instruction to the house help. 66.67 % of chartered accountant, 

57.14 % of Bank employees, 50 % of lawyers and software engineers said that they find somewhat difficult to give 

instruction to the house help. Only 33.33 % of the teachers, 42.85 % of bank employees and 50 % of the lawyers 

said that they do not find difficult to give instruction. The respondents find difficult with this activity due to their 

working hours of their job. Doctors have to do their service without considering working hours, Software engineers 

and nurses have to work in shift bases. 

From the Table: 5, it was found that, Software Engineers (53.84 %), Nurses (50 %) Doctors   (41.67 %),Teachers 

(24.32 %) and bank employees (15.38 %) said that they find extremely difficult to prepare breakfast and lunch. It 

was found that doctors (58.33 %), Nurses (50 %), Software Engineers (46.15 %), Bank Employees (23.07 %) and 

teachers (16.2%) said that they find very difficult to prepare food for the family. It was found that bank employees 

(61.53 %), Chartered Accountant (57.14 %), teachers (45.94 %), lawyers (45.45%) find difficult to prepare 

breakfast and lunch. It was found that lawyers (54.54 %), chartered accountant (14.28 %) and teachers (13.51%) 

find somewhat difficult to prepare breakfast and lunch. Only 28.57% of the chartered Accountant said that they do 

not find difficult to prepare breakfast and lunch. Majority of the respondents said that they lost interest in preparing 

food since they have to concentrate more on their job performance.  

From the Table : 6 it was found that, Nurses (50 %), Software Engineers (46.15 %), Doctors   (41.66%), bank 

employees (23.07%) and Teachers (8.10%) said that they find extremely difficult to make their children to get 
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ready to school, to cross check their homework and to drop their kids in school. .It was found that, Doctors 

(58.33%)  Software Engineers (53.84%), Nurses (50%) Lawyers (36.36%), bank employees (30.76%) and 

Teachers (18.91%) said that they find very difficult to make their children to get ready to school, to cross check 

their homework and to drop their kids in school. It was found that, Lawyers (63.63%), Teachers (62.16%) and 

bank employees (41.15%) said that they find difficult to make their children to get ready to school, to cross check 

their homework and to drop their kids in school. It was found that, chartered accountant (71.42%), and Teachers 

(10.81%) said that they find somewhat difficult to make their children to get ready to school, to cross check their 

homework and to drop their kids in school.  

From the Table: 7 it was found that only 29.72 % of the teachers, 100 % of the chartered accountant, doctors and 

lawyers ,46.15 % of the bank employees, 69.92% of the software engineers go to their work station by their own 

vehicle and they drive themselves .Majority of the teachers (70.27 %), Nurses (100 %) ,53,84% of bank employees  

and 30.76% of software engineers said that they go to their work station by their institution vehicle or other means 

of transport. 

 From the Table: 8, it was found that all the doctors, 61.11 % of the software engineers, 45.45 % of the Teachers 

and 42.85 % of the chartered accountant find extremely difficult to drive in the morning traffic. Teachers (54.54 

%), chartered accountant (57.14 %), Lawyers (100 %), Bank Employees (100 %), Software engineers (38.88 %) 

said that they very difficult to drive in the morning traffic. All the respondents said that sometimes they may not 

reach to their work station or office on time due to traffic or accident. 

 From the Table: 9 it is clear that mostly all the working women finds extremely difficult to catch the institution 

vehicle on time. It is a challenge for them to catch the vehicle on time daily. They said that they are stressful with 

this activity. 

 

Chi Square Test 

Table: 10 To test association between Designation and children in care of others. 

Null Hypothesis (H0): 

There is no significant association between designation and children in care of others.  

Alternative Hypothesis (H1):  

There is significant association between designation and children in care of others. 

Degree of freedom: 24; Chi-Square =41.07433 

For significant at the 5% level, chi-square should be greater than or equal to 36.415.The distribution is not 

significant. Hence χ2 value is greater than the table value we reject the null hypothesis and conclude that there is 

significant association between and designation and children in care of others. 

Table: 11 To test association between Designation and purchasing household items. 

Null Hypothesis (H0): 
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There is no   significant association between designation and purchasing household items   

Alternative Hypothesis (H1):  

There is significant association between designation and purchasing household items   

Degree of freedom: 24; Chi-Square =59.21268. 

For significant at the 5% level, chi-square should be greater than or equal to 36.415.The distribution is not 

significant. Hence χ2 value is greater than the table value we reject the null hypothesis and conclude that there is 

significant association between designation and purchasing household items like vegetables, fruits and other things 

needed to the family. 

Table: 12 To test association between Designation and working beyond working hours 

Null Hypothesis (H0): 

There is no significant association between designation and working beyond working hours. 

Alternative Hypothesis (H1):  

There is significant association between designation and working beyond working hours. 

Degree of freedom: 24; Chi-Square = 39.33077. 

For significant at the 5 % level, chi-square should be greater than or equal to 36.415.The distribution is not 

significant.Hence χ2 value is greater than the table value we reject the null hypothesis and conclude that there is 

significant association between and designation and working beyond working hours. 

Table: 13 To test association between Designation and giving instruction to house help. 

Null Hypothesis (H0): 

There is no significant association between designations and giving instruction to the house help. 

Alternative Hypothesis (H1): There is significant association between designation and giving instruction to the 

house help. 

Degree of freedom: 24; Chi-Square = 33.847. 

For significant at the 5% level, chi-square should be greater than or equal to 36.415.The distribution is not 

significant. Hence χ2 value is less than the table value we accept the null hypothesis and conclude that there is no 

significant association between designation and giving instruction to the house help. 

Table: 14 To test association between Designation and making their children to get ready to school, cross 

checking their homework’s and dropping kids in school   

Null Hypothesis (H0): 

There is no significant association between designation and making their children to get ready to school, cross 

checking their homework and dropping kids in school. 

Alternative Hypothesis (H1): There is significant association between designation and making their children to 

get ready to school, cross checking their homework and dropping kids in school. 

Degree of freedom: 24; Chi-Square = 104.77 
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For significant at the 5% level, chi-square should be greater than or equal to 36.415.The distribution is not 

significant. Hence χ2 value is greater than the table value we reject the null hypothesis and conclude that there is 

significant association between designation and making their children to get ready to school and cross checking 

their homework. 

 

Table: 15 To test association between Designation and preparing breakfast and lunch. 

Null Hypothesis (H0): 

There is no significant association between designation and preparing breakfast and lunch. 

Alternative Hypothesis (H1):  

There is significant association between designation and preparing breakfast and lunch. 

Degree of freedom: 24; Chi-Square = 117.73789 

For significant at the 5% level, chi-square should be greater than or equal to 36.415.The distribution is not t 

significant. Hence χ2 value is greater than the table value we reject the null hypothesis and conclude that there is 

significant association between designation and preparing breakfast and lunch. 

Findings: 

1.43.33% of the women employees have servant maid for help to do their kitchen work. The remaining 56.67% of 

the respondents do not have servants for help they do their work by them self. 

2. Majority of the working women’s designation is   teacher. 

3. 23.07% of the teachers and 30.76% of the soft ware engineers, 15.38% 0f doctors, 13.46%, of bank employees, 

7.69% of lawyers, 5.765 of chartered accountant, and 3.84% of nurses have appointed servant maid for house help. 

100% of the nurse’s, 37.5% of the doctor’s and 37.5% of the software engineers find very difficult to give 

instruction to the house help. 

4. It was found that, Software Engineers (53.84%), Nurses (50%) Doctors (41.67%), Teachers (24.32%) and bank 

employees (15.38%) said that they find extremely difficult to prepare breakfast and lunch.  

5. It was found that, Nurses (50%), Software Engineers (46.15%), Doctors   (41.66%), bank employees (23.07%) 

and Teachers (8.10%) said that they find extremely difficult to make their children to get ready to school , cross 

check their homework and to drop their kids in school.   

6. it was found that only 29.72 % of the teachers, 100 % of the chartered accountant, doctors and lawyers, 46.15 % 

of the bank employees, 69.92% of the software engineers go to their work station by their own vehicle and they 

drive themselves .Majority of the teachers (70.27 %), Nurses (100 %) ,53,84% of bank employees  and 30.76% of 

software engineers said that they go to their work station by their institution vehicle or other means of transport. 

7. It was found that all the doctors, 61.11%of the software engineers, 45.45% of the Teachers and 42.85% of the 

chartered accountant find extremely difficult to drive in the morning traffic. All the respondents said that 

sometimes they may not reach their work place or office on time due to traffic or accident. 
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8.  Majority of the respondents finds extremely difficult to catch the vehicle on time. It is a challenge for them to 

catch the vehicle on time daily. They said that they are stressful with this activity.  

9. According to the chi-square analysis, it is found that, there is significant association between designation and 

children in care of others. 

10.  According to the chi-square analysis, there is significant association between and designation and purchasing 

household items like vegetables, fruits and other things needed to the family. 

11. According to the chi-square analysis,   there is significant association between and designation and working 

beyond working hours. 

12. According to the chi-square analysis, there is no significant association between designation and giving 

instruction to the house help. 

13. According to the chi-square analysis, there is significant association between designation and making their 

children to get ready to school and cross checking their homework. 

14. According to the chi-square analysis, there is significant association between designation and preparing 

breakfast and lunch. 

15. Mostly all respondents replied that their job performance is affected due to sudden illness of their children and 

elders in home. Sometimes conflict with their spouse and when they miss their institutions’ vehicle in the morning 

hours.  

Suggestion 

1. Day care institution should emerge like foreign countries so that the working mothers will be free from 

bringing up their children, they would concentrate in their work, and they need not depend on others. If day 

care system is adopted, families struggling with child care problems can get help from a representative of day 

care council. 

2. In the work places there should be proper babysitting and child care centers so that the working mothers can 

keep their jobs without having to choose between their job and child care. Employed couples will benefit a lot 

and many conflicts can be avoided. 

3. There is a need to reform maternity leave rule  .it should not  create any adverse circumstances that directly or 

indirectly force pregnant employees to quit from the job during pregnancy. 

4. Group Discussions and Brain Storming have merit for women employees. It can be organized in their 

institution or through clubs. They can gain from interacting with others having similar pressures 

/interest/problems; it gives an opportunity to derive their own creative solutions. 

5. Children might appropriately be given suggestions on how they can share the domestic workload. 

6. They should plan to finish their household chores before half an hour. For this the family members should 

support them. It may help them to catch the institution vehicle on time or  they can drive their vehicle without 

tension 
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7. Employers can provide special working arrangements for employees who are caring for young children or 

relatives (i.e.) allow staff members with responsibilities for child-rearing or caretaking to work shorter hours, 

or at hours that are conducive to their particular arrangement.  

8. Establish a flextime program where employees can work extra hours during the week to receive a day off 

every other week, or a half day every week. (Work an extra hour Monday to Thursday and have a half day on 

Friday). This gives employees an opportunity to have a day off to accomplish personal tasks, spend time with 

family, or go on vacation for a long weekend.  

9. For many people most of the stress they feel comes from simply being disorganized and procrastinating. Learn 

to set more realistic goals and deadlines and stick to them. 

10. Get your partner or other family members to help you with all your family/personal responsibilities. Taking 

care of the household, children, or parents should not be the responsibility of just one person. This concept 

should also be applied to the workplace. If you need help or feel overwhelmed with tasks at work, speak with 

your manager about disseminating a portion of your work load.  
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Table 1 Respondent’s opinion regarding servant 

Whether the respondents have servant in their home for help. 
Total 

Particulars Yes % No % 

Do you have servants 

for help  in your home 
52 43.33 68 56.67 120 

 

Table 2 Respondents Designation 

S.No Designation Frequency % 

1 Teachers 37 30.83 

2 Chartered Accountant 7 5.833 

3 Doctors 12 10 

4 Nurses 14 11.67 

5 Bank Employees  13 10.83 

6 Software Engineers (IT) 26 21.67 

7 Lawyers  11 9.167 

Total 120 100 
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Table 3 Respondent’s opinion regarding house help 

S.No Particulars  
No. of. House help  % 

1 Teachers 12 23.07 

2 Chartered Accountant 3 5.76 

3 Doctors 8 15.38 

4 Nurses 2 3.84 

5 Bank Employees 7 13.46 

6 Software Engineers (IT) 16 30.76 

7 Lawyers 4 7.69 

Total 

 

52 99.96 

 

 

 

 

Table 4 Respondent’s opinion regarding giving instruction to the house help 

 

Designation 

Respondents opinion regarding giving instruction to the house help 

Not at  all 

Difficult 

Somewhat                    

Difficult 

Difficul

t 

Very 

Difficult 

Extremely 

Difficult 

 

Total 

Teachers 
4                          

33.33% 

5        

41.67% 

3    

25% 
0 0 12 

Chartered 

Accountant 
0 

2         

66.67% 

1   

33.33% 
0 0 3 

Doctors 0 2        25% 
3     

37.5% 

3     

37.5% 
0 8 

Nurses 0 0 0 
2     

 100% 
0 2 

Bank 

Employees 

3           

42.85% 
4       57.14% 0 0 0 7 

Software 

Engineers (IT) 
0 8          50% 

2      

12.5% 
6   37.5% 0 16 

Lawyers 2       50% 2       50% 0 0 0 4 

Total 9 23 9 11 0 52 
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Table 5 Respondents opinion regarding Preparing breakfast and lunch. 

 

Designation 

Respondents opinion regarding Preparing breakfast and lunch 

Not at  all 

Difficult 

Somewhat                    

Difficult 
Difficult 

Very 

Difficult 

Extremel

y 

Difficult 

 

Total 

Teachers 0 
5 

13.51 % 

17 

45.94 % 

6 

16.2 % 

9 

24.32 % 
37 

Chartered 

Accountant 

2 

28.57% 

1 

14.28% 

4 

57.14% 
0 0 7 

Doctors 0 0 0 
7 

58.33% 

5 

41.67 % 
12 

Nurses 0 0 0 
7 

50% 

7 

50 % 
14 

Bank 

Employees 
0 0 

8 

61.53% 

3 

23.07% 

2 

15.38% 
13 

Software 

Engineers (IT) 
0 0 0 

12 

46.15% 

`14 

53.84% 
26 

Lawyers 0 
6 

54.54% 

5 

45.45% 
0 0 11 

Total 2 12 34 37 35 120 

 

 

Table 6 Respondent’s opinion regarding making your children to get ready to school, cross checking their home 

works and dropping kids in school. 

 

Designation 

Respondent’s opinion regarding making your children to get ready to school, 

cross checking their home works and dropping kids in school. 

Not at  

all 

Difficult 

Somewhat                    

Difficult Difficult  

Very 

 Difficult  

Extremely 

 Difficult 

 

Total 

Teachers 0 
4 

10.81 % 

23 

62.16 % 

7 

18.91 % 

3 

8.10 % 
37 

  Chartered 

Accountant 
0 

5 

71.42% 

2 

28.57% 
0 0 7 

Doctors 0 0 0 
7 

58.33% 

5 

41.66% 
12 

Nurses 0 0 0 
7 

50% 

7 

50% 
14 

Bank 

Employees  
0 0 

6 

46.15% 

4 

30.76% 

3 

23.07% 
13 

Software 

Engineers (IT) 
0 0 0 

`14 

53.84% 

12 

46.15% 
26 

Lawyers  0 0 
7 

63.63% 

4 

36.36% 
0 11 

Total 0 9 38 43 30 120 
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Table 7 Respondents Opinion regarding how they travel 

 

Designation 

No. of. Respondents 

go by their own vehicle(self 

driving)  

No. of. Respondents 

Catch institution vehicle or 

other means of transport Total 

Teachers 
11 

(29.72%) 

26 

(70.27%) 
37 

Chartered 

Accountant 

7 

(100%) 
0 7 

Doctors 
12 

(100%) 
0 12 

Nurses 0 
14 

(100%) 
14 

Bank Employees  
6 

(46.15%) 

7 

(53.84%) 
13 

Software 

Engineers (IT) 

18 

(69.92%) 

8 

(30.76%) 
26 

Lawyers  
11 

(100%) 
0 11 

Total 65 55 120 

 

 

 

 

 

 

Table 8 Respondent’s opinion about self driving    in the morning traffic 

 

    

Designation 

Respondent’s opinion regarding driving in the morning traffic. 

Not at  all 

Difficult 

Somewhat                    

Difficult 

Difficul

t  

Very 

 Difficult  

Extremely 

 Difficult 

 

Total 

Teachers 
0 0 0 

6 

54.54% 

5 

45.45% 

      11 

 

       

Chartered 

Accountant 0 0 0 

4 

57.14% 

3 

42.85% 

       7 

 

Doctors 
0 0 0 0 

12 

100% 

      12 

 

Nurses 0 0 0 0 0 0 

Bank 

Employees  0 0 0 

6 

100% 0 

       6 

 

Software 

Engineers 

(IT) 0 0 0 

7 

38.88% 

11 

61.11% 

 

18 

 

Lawyers  

0 0 0 

 

11 

100% 0 

 

11 

 

Total 0 0 0 34 31 65 
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Table 9 Respondent’s opinion about catching institution vehicle or other means of transport 

Designation 

Respondent’s opinion about catching institution vehicle or other means 

of transport 

Not at  all 

Difficult 

Somewhat                    

Difficult 

Difficu

lt 

Very 

Difficult 

Extremely 

Difficult 
Total 

Teachers 0 0 0 o 26 26 

Chartered 

Accountant 
0 0 0 0 0 0 

Doctors 0 0 0 0 0 0 

Nurses 0 0 0 0 14 14 

Bank 

Employees 
0 0 0 0 7 7 

Software 

Engineers (IT) 
0 0 0 0 8 8 

Lawyers 0 0 0 0 0 0 

Total 0 0 0 o 55 55 

 

 

 

 

 

 

 

 

 

Table 10 Designation and children in care of others 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Designation 

Respondent’s opinion regarding children in care of others.  

Not at  all 

Difficult 

Somewha

t                    

Difficult Difficult  

Very 

 Difficult  

Extremely 

 Difficult 

 

Total 

Teachers 0 0 0 12 25 37 

      Chartered 

Accountant 
0 0 2 2 3 7 

Doctors 0 0 0 7 5 12 

Nurses 0 0 7 3 4 14 

Bank 

Employees  
0 0 6 4 3 13 

Software 

Engineers 

(IT) 

0 0 4 12 10 26 

Lawyers  0 0 
5 

 

6 

 
0 11 

Total 0 0 24 46 50 120 
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Table 11 Designation and purchasing household items 

Designation 

Respondents opinion regarding purchasing household items like 

vegetables, fruits and other things needed to family. 

Not at  all 

Difficult 

Somewhat                    

Difficult 
Difficult 

Very 

Difficu

lt 

Extremel

y 

Difficult 

 

Total 

Teachers 0 26 11 0 0 37 

Chartered 

Accountant 
7 0 0 0 0 7 

Doctors 
1 

 
5 6 0 0 12 

Nurses 2 7 5 0 0 14 

Bank 

Employees 
5 6 2 0 0 13 

Software 

Engineers (IT) 
8 4 14 0 0 26 

Lawyers 6 5 0 0 0 11 

Total 29 53 38 0 0 120 

 

 

 

 

 

 

 

Table 12 Designation and Working beyond working hours 

 

Designation 

Respondents opinion regarding working beyond working hours 

Not at  

all 

Difficult 

Somewhat                    

Difficult 
Difficult 

Very 

Difficult 

Extremely 

Difficult 

 

Total 

Teachers 0 
10 

27.02% 

12 

32.43% 

12 

32.43% 
3 37 

Chartered 

Accountant 
0 

2 

28.57% 

5 

71.42% 
0 0 7 

Doctors 0 0 
5 

41.67% 

6 

50% 

1 

8.33% 
12 

Nurses 0 0 
4 

28.57% 

7 

50% 

3 

21.42% 
14 

Bank Employees 0 
3 

23.07% 

5 

38.46% 

3 

23.07% 

2 

15.38% 
13 

Software 

Engineers (IT) 
0 0 

8 

30.76% 

13 

50% 

5 

19.23% 
26 

Lawyers 0 
6 

54.54% 

5 

45.45% 
0 0 11 

Total 0 21 44 41 14 120 
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Table 13 Designation and Giving instruction to the house help. 

 

                      

Designation 

 

Respondents opinion regarding giving instruction to the house help 

Not at  all 

Difficult 

Somewhat                    

Difficult Difficult  

Very 

 

Difficult  

Extremel

y 

 Difficult 

 

Total 

Teachers 
4                          

33.33% 

5       

  41.67% 

3    

 25% 
0 0 12 

Chartered 

Accountant 
0 

2         

66.67% 

1 

   

33.33% 

0 0 3 

Doctors 0 
2       

  25% 

3    

  37.5% 

3      

37.5% 
0 8 

Nurses 0 0 0 
2      

100% 
0 2 

Bank 

Employees  

3           

42.85% 

4        

57.14% 
0 0 0 7 

Software 

Engineers (IT) 
0 

8         

 50% 

2     

  12.5% 

6    

37.5% 
0 16 

Lawyers  2       50% 
2      

  50% 
0 0 0 4 

Total 9 23 9 11 0 52 

 

 

Table 14 Designation and making their children to get ready to school and cross checking their homework’s  

and dropping kids in school 

 

Designation 

Respondent’s opinion regarding making your children to get ready to 

school and cross checking their home works and dropping kids in 

school. 

Not at  all 

Difficult 

Somewhat                    

Difficult Difficult  

Very 

 Difficult  

Extremel

y 

 Difficult Total 

Teachers 0 
4 

10.81% 

23 

62.16% 

7 

18.91% 

3 

8.10% 
37 

  Chartered 

Accountant 
0 

5 

71.42% 

2 

28.57% 
0 0 7 

Doctors 0 0 0 
7 

58.33% 

5 

41.66% 
12 

Nurses 0 0 0 
7 

50% 

7 

50% 
14 

Bank 

Employees  
0 0 

6 

46.15% 

4 

30.76% 

3 

23.07% 
13 

Software 

Engineers 

(IT) 

0 0 0 
`14 

53.84% 

12 

46.15% 
26 

Lawyers  0 0 
7 

63.63% 

4 

36.36% 
0 11 

Total 0 9 38 43 30 120 
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Table15 Designation and preparing breakfast and lunch. 

 

Designation 

Respondents opinion regarding Preparing breakfast and lunch 

Not at  all 

Difficult 

Somewhat                    

Difficult 
Difficult 

Very 

Difficult 

Extremely 

Difficult 
Total 

Teachers 0 
5 

13.51% 

17 

45.94% 

6 

16.2% 

9 

24.32% 
37 

Chartered 

Accountant 

2 

28.57% 

1 

14.28% 

4 

57.14% 
0 0 7 

Doctors 0 0 0 
7 

58.33% 

5 

41.67% 
12 

Nurses 0 0 0 
7 

50% 

7 

50% 
14 

Bank 

Employees 
0 0 

8 

61.53% 

3 

23.07% 

2 

15.38% 
13 

Software 

Engineers (IT) 
0 0 0 

12 

46.15% 

`14 

53.84% 
26 

Lawyers 0 
6 

54.54% 

5 

45.45% 
0 0 11 

Total 2 12 34 37 35 120 
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ABSTRACT 
        A ship propeller is a mechanical device like fans that use to produce the propulsion force of the ship motion. It is used 

to generate the thrust by rotational motion of the propeller. Propeller is used in marine, ships. The present work can be does 

the displaying and examination of propeller cutting edge for its quality. The present investigation static examination, 

dynamic investigation and warm examination are completed. The modifications made to the propeller in terms of material, 

number of blades and rake angles suggested which variant of the propeller is best suited for different requirements of the 

Ship. 

Keywords: computational fluid dynamics, static structural, aluminum, CATIA, ANSYS workbench 18.1. 

 

1. INTRODUCTION: 

        Marine propeller is the instrument or framework used to create push to move a boat or vessel across water. At the 

point when we consider about boat plans and structure enhancements, the propulsive effectiveness is one of the most 

significant issues. The marine propellers are important to be exceptionally proficient. High marine fuel expenses and low 

cargo rates are making administrators look for approaches to help transport proficiency. With the quick advances in the 

field of computational liquid elements (CFD), numerical recreations of boat self-impetus have as of late increased 

expanding consideration. It very well may be a functional method for acquiring substantial outcomes at moderately low 

expenses and in sensible time corresponding to the genuine examinations. Propeller elements, similar to those of airplane 

wings, can be demonstrated by Bernoulli's guideline and Newton's third law. Most marine propellers are screw propellers 

with helical cutting edges turning around a roughly even hub or propeller shaft. 
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1.2 TYPES OF MARINE PROPELLER: 

 

1.2.1 Controllable-pitch propeller: 

The controllable-pitch propeller has a few points of interest over the fixed-pitch assortment. These include: the least drag 

contingent upon the speed utilized, the capacity to move the ocean vessel in reverse, and the capacity to utilize the "vane"- 

position, which gives the least water obstruction when not utilizing the propeller (for example at the point when the sails 

are utilized). 

 

1.2.2 Skewback propeller: 

A propelled sort of propeller utilized on German Type 212 submarines is known as a skewback propeller. As in the 

scimitar edges utilized on some airplane, the sharp edge tips of a skewback propeller are cleared back against the heading 

of turn. Likewise, the cutting edges are tilted rearward along the longitudinal pivot, giving the propeller a general cup- 

molded appearance. Few boats use propellers with winglets like those on certain planes, diminishing tip vortices and 

improving productivity. 

 

1.2.3 Modular propeller: 

A secluded propeller gives more power over the vessel's presentation. There is no  compelling reason to change a whole 

prop, whenever there is a chance to just change the pitch or the harmed cutting edges. Having the option to modify pitch 

will take into consideration boaters to have better execution while in various elevations, water sports, as well as cruising. 

 

1.2.4 Voith Schneider propeller: 

Voith Schneider propellers utilize four untwisted straight cutting edges pivoting a vertical hub rather than helical sharp 

edges and can give push toward any path whenever, at the expense of higher mechanical multifaceted nature. 

 

2. DESIGN: 

        In this process the design of 3, 4 and 5 blade propeller can be drawn using CATIA. To design a propeller pitch, 

diameter, rake angle and angle of contact are main design factors to be considered. In this process we are using aluminum 

alloy for all the blades and further analysis can be done using the software. 

 
 

Fig 2.1: design of 3 blade propeller 
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Fig 2.2: design of 4 blade propeller 

 

 
Fig 2.3: design of 5 blade propeller 

 
 

3.  MATERIAL USED FOR PROPELLER 

A) Aluminum alloy: 

Applications: Marine Components, Aircraft components etc. 

Properties: It has Good workability and corrosion resistance. It has low mechanical strength compared to 

other alloyed metals. It can be strengthened by cold working. 

B) Copper alloy: 
 

Applications: Propeller and other components etc. 
 

Properties: It has good mechanical and metallurgical properties. It has good chemical composition when 

compared to other alloys. 
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4. STRUCTURAL ANALYSIS FOR PROPELLER 

In this process the structural analysis of 3. 4 and 5 blade propeller can be done using the software ANSYS8.1. 

Then the graph and results of the analysis can be mentioned as the following with the help of images and table. 

 
 

Fig 4.1: Structural analysis of 3 blade propeller 
 
 

Object Name Directional 

Deformation 

Total Deformation Equivalent Elastic 

Strain 

Equivalent Stress Strain Energy 

Minimum -0.87244 mm 0. mm 2.0786e-005 

mm/mm 
2.1368 MPa 4.0796e- 

005 mJ 

Maximum 1.6732 mm 2.8677 mm 3.2156e-003 

mm/mm 
581.19 MPa 8.7253 mJ 

 

  
 

Fig 4.2: Structural analysis of 4 blade propeller 

 

Object Name Directional 

Deformation 

Total Deformation Equivalent Elastic 

Strain 

Equivalent Stress Strain Energy 

Minimum -1.2565mm 0. mm 1.4065e-005 

mm/mm 
0.72724 MPa 3.4661e- 

005 mJ 

Maximum 1.9552 mm 3.2802 mm 2.9648e-003 

mm/mm 
482.47 MPa 11.386 mJ 
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Fig 4.3: Structural analysis of 5 blade propeller 

 

Object Name Directional 

Deformation 

Total Deformation Equivalent Elastic 

Strain 

Equivalent Stress Strain Energy 

Minimum -0.79078 mm 0. mm 0.mm/mm 0. MPa 0. mJ 

Maximum 0.83785 mm 1.5551 mm 1.3275e-003 

mm/mm 
265.2 MPa 0.18472 mJ 

 

4. CFD ANALYSIS OF PROPELLER: 

In this process the CFD analysis of 3. 4 and 5 blade propeller can be done using the software ANSYS8.1. Here 

in this case by keeping water medium at initially rest position and performing propeller in motion thus it creates stress, 

strain and deformation over the propeller blade due to constant pressure created over the propeller. 

 

 
Fig 5.1: Pressure and Velocity contour for 3 blade propeller. 
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Fig 5.2: Pressure and Velocity contour for 4 blade propeller. 

 

 
Fig 5.3: Pressure and Velocity contour for 5 blade propeller. 
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Now we are going to discuss about the streamline analysis of the 3, 4 and 5 blade propeller with the help of software 

ANSYS 18.1. In this process we can easily find that the flow of water and its direction in it. Then the several analysis 

can be done for all the three different types of blade such as pressure, velocity, mass flow, density and velocity contour. 

 
 

Fig 5.4: Velocity streamline for 3 blade propeller 
 

 
Fig 5.4: Velocity streamline for 4 blade propeller 

 

 
Fig 5.4: Velocity streamline for 5 blade propeller 
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5. RESULT: 
 

From this analysis the best performed propeller with better streamline motion velocity is determined. On 

comparison with structural and dynamic loading that occurs during the propeller perform. The loading results are 

gathered for ducted propeller with 3, 4 and 5 blade arrangements. 

By comparing the above analysis we can say that the 4 blade is more efficient when compared to other 

blade and the table can be drawn in this report. 

6. CONCLUSION: 
 

The results can be studied and concluded that CFD and Static Structural analyses helped to determine 

which propeller is performed the best when being compared with different parameters like velocity of water 

around the propeller, pressure developed by the propeller, stresses, deformations and strains developed within the 

propeller when subjected to a thrust. 

The behavior of the propeller was assumed to be like that of a cantilever beam, and hence, the deformations 

were maximum at the tip of the blade and zero at the blade- hub intersection. It was assumed that the blade was a 

cantilever beam fixed at the hub end. 
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Abstract— We have decided this project to make high cushioning effect by using rare earth Neodymium magnet of N52 grade power 

magnets with product dimensions of 50*50*25 mm of each magnet. We had constructed this model by using magnetic repulsion 

properties to keep magnets repel each other. This effect gives cushioning system in seats when it is constructed in the legs of the chair. 

Thus when load is applied above the chair then the magnets gets closer and distance between the magnets are measured. This calculated 

value was compared to the normal spring system and concluded this project as well. 

 

Keywords— cushioning system, magnetic seats and Neodymium magnets 

 

I. INTRODUCTION 

 It is a model which involves the system to provide a high cushioning effect by using rare earth Neodymium magnets of 

N52 grade power magnets to provide high compression by constructing it in repulsion state of the two paired magnets. This 

repulsion state construction provides cushioning effect when an active load is acted in it. The main objective of this project is to 

give high cushioning system using power magnets of grade N52 neodymium rare earth magnets. Those pair of magnets gives pulls 

strength of 120kg. An average man’s weight is considered to be 80kg. In that way by these magnets it can withstand 80kg of an  

average man’s weight at 5cm distance. By this setup we are going to construct the model to prove the theoretical results gathered 

from online sources. In renewable energy technologies and electro mobility, permanent magnets plays a key components in it, but 

also in conventional applications like electrical motors and generators uses these components [4] ( R. Gauß et al. 2016). In all 

group of permanent magnet alloys the Nd-Fe-B type neodymium magnet have the highest energy at normal temperature.  

The high energy product allows for employing magnets with high efficiency for energy conversion and less mass at the 

same time [5] ( O. Gutfleisch et al. 2000). The magnets are most attractive for all applications where high performance is needed 

but cannot be used at low cost applications due to the expensive raw material and high manufacturing costs but used as a light 

weight applications such as in off-shore wind turbines and electric mobility [3] (P.C. Dent et al. 2012). So we have planned to 

design a seat with permanent Neodymium magnets to give cushioning system [11] (Xiaolu Zhang et al. 2015), [1] (Arun 

Bhuvendran et al. 2019) instead of using springs by the magnetic repulsion property [9] (A.G. Popov et al. 2016).  

Rare earth elements of considering Neodymium magnets NdFeB grade power magnets which has high pull force 

comparatively low weight and smaller in size [2] (Daniel Dotto München et al. 2017), [6] (Hongyue Jin et al. 2018). Due to 

physical contact between the seat and the bus the stiffness is increased [10] (K. Radhakrishnan et al. 2019), thus to reduce it 

permanent magnets are used in repulsive force to each other. In case of using electro magnets the pull strength can be increased [8] 

(F.G. Mitri Pushing 2017), [7] (Kuo-Shen Chen et al. 2003) but the current needed is high and it is immovable and can’t be used 

in chairs.  

 

II. CONSTRUCTION AND WORKING 

Initially the casing for the magnet is made for the required dimension of the magnet size with allowed tolerance level. 

The tolerance which can be accepted if it is +2 over product dimension. Then the casing is attached to the iron shaft as shown in   

Fig: 2.1. Another similar casing of equal dimension is made and attached to the bottom base of the chair. The model image of the 

project after completion of the construction is shown in Fig: 2.2. 
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Fig: 2.1 Construction 

Then the frames are cut into needed dimensions for holding the PVC pipe steady. Then the magnet is inserted inside the 

casing. The magnet handling should be done careful and handle with care due to high power.  

 
Fig: 2.2 Project model 

Then the chair is attached to the top iron shaft to sit in it. The chair can be used in different styles like one legged chair, 

three legged chair, four legged chair which is shown in Fig 2.3. When the chair is mounted to the model then the complete setup is 

finished and the model is ready for testing. The working of the model is to give cushioning effect to the seat by using Neodymium 

N52 grade power magnets. The magnets are kept at repulsive force which provides compression effect in the covering when load 

is acting above the model. 
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Fig: 2.3 Frame stand 

When we provide load the compression of the magnet occurs and the distance between the magnets are reduced. By this 

action the compression effect can be gained and gives cushioning system in the seats. 

 

III. RESULT VALIDATION 

As a result of this project the compression gained by using magnets is high and effective than the compression gained by 

using springs. The compression rate according to the given load gradually decreases due to the strength of the magnet at the 

particular distance when load applied is high. The value of the gained result was also discussed below to compare the strength of 

the magnet with a normal spring seats. It is easy to maintain balance in the seat due to the presence of casing over the magnet and 

control on your seat.  

Your body will always being slightly in motion due to cushioning effect. All muscle groups of your entire body is in 

motion all the time on the chair, so practically no pain can be seen in muscles. While sitting in chair, stimulates the formation of 

synovial fluid (joint fluid) in the joints. This tightens the ligaments and tendons and prevents arthritis. In this way you can avert 

joint diseases. 

 

IV. RESULT ANALYSIS 

  As we discussed above that the compression rate of the magnet is high even a high load act in it when compared to 

spring system. The response time is earlier while using magnetic cushioning system because of there is no physical contact 

between the magnets. The compression test taken in this project is discussed below with comparison to the spring chair for a 

normal open coiled helical spring. 

 
Fig: 4.1 Graph (i) 
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Fig: 4.2 Graph (ii) 

 

 
Fig: 4.3 Graph (iii) 

 

 
Fig: 4.4 Load-deflection of FRP helical spring 
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The compression of the magnet where the distance between the difference in original position of the magnet and 

compression position when load applied was noted and marked it in a graphical method. The given graphs results the distance 

between magnets for particular load acting in it where different load was tested to analyse the strength of the magnet. 

 

V. CONCLUSION 

  As we conclude that the usage of magnets to provide cushioning effect in seats are effective than using of spring seats. 

This also provides a non contact with no friction, so this can be applied at various applications. By changing the size, shape, and 

grade of the magnet this provides different force. This principle can also be followed in some weight pulling applications such as 

in gym where weight stones can be replaced by this setup to reduce space and weight of the equipment. 
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ABSTRACT: 

Split chamber vacuum refrigeration is the process of achieving cooling effect by means of dropping the pressure inside 

the chamber. The chamber is specially designed, in order to avoid moisture loss produced by direct pressure drop with the 

food stuffs. In this method, the copper chamber is placed inside the insulation chamber, between those chambers water is 

filled down and the pressure is dropped. By the use of ANSYS FLUENT software, the heat transfer rate can be analyzed 

down and different stages of heat conduction in the chamber are viewed down. Due to drop in pressure, the water 

temperature is reduced and the cooling effect is transferred to the food stuffs, stored inside the copper chamber by convection 

process. In this process, the pressure is reduced to 0.9mbar and the water temperature is reduced gradually to -15.9 ⁰C. The 

fins are provided over the copper surface, in order to enhance the heat transfer effectively from the frozen water to the food 

stuffs. 

 
KEYWORDS: 

Vacuum, Refrigeration, Pressure, Temperature, Evaporative cooling 

 
I. INTRODUCTION 

              Split chamber vacuum refrigeration process consists of two chambers. One is outer chamber which is made up of 

insulation material and another is inner chamber which is made up of copper. Between these two chambers the gap is filled 

with water. The inner chamber is completely sunk in the water, in which pressure is dropped with the help of vacuum pump. 

Evaporative cooling is achieved by reducing the pressure between those chambers, as in
 
[1]. Fig.1 represents the process of 

Evaporative cooling. The water tends to cool down and attains the frozen stage within 400 s. The heat is getting transferred 

from the food stuffs
 
to the frozen water

 
through the copper medium than the process of direct refrigeration, as in [2]. The copper 

chamber is specially designed by implementing fins at certain angle over the copper surface, in order to improve the efficiency of 

heat transfer, as in
 
[3]. Inside the copper chamber, the air medium is filled down, in which the air gets cooled down. The air 

medium tends to attain the surface contact with the food stuffs. By using Computational Fluid Dynamics (CFD), the heat 

transfers through fluids are analyzed, as in [5]. 

 

 
Fig.1 Vacuum Refrigeration 

 

 

II. GEOMENTRY 

 

      Geometric model is generated in ―SOLIDWORKS‖ which is the very popular modeling software. Fig.2 represents 
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the Split chamber, in which the process of analysis is to be done. The generated model is exported to further process in 

the form of .IGES as the third party format which can be taken in to any other tools. The dimensions of the outer 

chamber is 800mm in length, 650mm in breadth and 1200mm in height and the inner chamber is 600mm in length, 

550mm in breadth and 1000mm in height, as in [4]. 

 
                                  
 

Fig.2 Split chamber vacuum refrigeration 

 
 

III. MESHING 

 

 The geometry surface mesh is generated in ANSA MESH MODELER tool itself. All the surfaces are discredited using 

triangular surface element. As the geometry has some complicated and skewed surfaces triangular dominant surface elements 

are used to capture the geometry. The following Fig.3 shows the surface meshes and volume mesh in a cut plane. The surface 

mesh count of the entire flow domain is 58,390 with the maximum skewness of 0.6 and the volume count is 1,24,180 with 

maximum skewness of 0.89.  It tends to measure the temperature, at each nodes of the Split Chamber Vacuum Refrigeration to 

measure its effective performance. 

 

 
                                  Fig. 3 Meshing  

                                                        TABLE I 
                                                            Meshing details 

 

Mesh 

 

Value 

 

Surface mesh Count 

 

58390 

 

Surface mesh quality 

 

0.6 

 

Volume mesh count 

 

124180 

 

Volume mesh quality 

 

0.89 

 
 

         The above TABLE I represents the quality of meshes that have been done over the vacuum chamber, through which the 

accurate results are obtained. 
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IV. SETUP 

 

In ANSYS SETUP, Cu is the metal selected for the CFD analysis. The water is provided in the Outer Chamber, and 

the Air is the fluid present in the Inner Chamber. The SETUP tends provide the required conditions for the analysis.  

 

We can set the fluid at respective conditions from the materials in solution SETUP, in which the process tends to 

analyze and obtain accurate results for the respective design.  Fig.4 represents the fluids to be selected for analysis. 

 

 
                                                        Fig. 4 ANSYS fluent setup 

 
                         V. ANALYTICAL SOLUTION 

 

A. TEMPERATURE at 300K of TIME PERIOD t=20 sec 

 

         The water tends to cool down by means of evaporative cooling process, the convection heat transfer occurs and then air 

present inside the copper chamber tends to cool down which makes the surface contact when the food stuffs are supposed to be 

placed
[9]

. 

 

         The air present inside the copper chamber gets cooled down, which makes the surface contact with the food stuffs stored 

in the refrigerator. At 20 seconds, the minimum temperature is about 300 K is shown in TABLE II. The temperature of the air 

chamber gets varied based on the heat transfer between the fluid medium, as in
 
[1]. Fig. 5.1 represents the entire temperature 

changes of the refrigeration. 

 

 
Fig. 5.1 Temperature of different mediums at 20sec 

 
         At 20 seconds, even till 100 seconds the temperature in the entire region remains almost same as the solidification starts.  

 

At, t=20 sec 

Mass-Weighted Average Static Temperature(K): 

 
TABLE II  

Temperature of different mediums at 20sec 

 

Medium 

 

Temperature(K) 
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Water-ice 

 

300.99964 

 

Inner-air 

 

300.00284 

 

Copper 

 

300.09217 

 

Net 

 

300.99863 

 
B. CONTOURS OF STATIC TEMPERATURE IN 274K at t=200 sec 

 

        The minimum temperature of the water body in the system is about 260K and the maximum temperature is about 292K at 

the time of 200 seconds. Static temperature is shown in TABLE III. 

 

        The inner fluid (air) tends to lose temperature due to effective cooling heat transfer from the water medium through the 

copper chamber, as in [10]. The color representation tends to represent the temperature differences in different portions of the 

air medium. Finally, at the end of 200 seconds, the static temperature is drop down to 274K. Fig. 5.2 represents the entire 

temperature changes of the refrigeration at the end of 200sec. 

 

 
Fig. 5.2 Temperature of different mediums at 200sec 

        At 200 seconds the temperature in the three different regions changes drastically and nearly 95% fluid and solidification is 

found 5%. 

 
At, t=200 sec 

Mass-Weighted Average Static Temperature (K): 

 
TABLE III 

Temperature of different mediums at 200sec 

 

 

Medium 

 

Temperature(K) 

 

Water-Ice 

 

285.23292 

 

Air 

 

299.6661 

 

Copper 

 

295.90915 

 

Net 

 

285.24697 

 
 

C. CONTOURS OF STATIC TEMPERATURE IN 256.2K at t=480 sec 
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Fig. 5.3 Temperature of different mediums at 480sec 

 
       At the end of the 480 seconds, the temperature in water is dropped to 252K and they are viewed through the CFD software 

is shown in Fig. 5.3. The different ranges of temperature are viewed through the software, as in
 
[6].  

       The fins surface enhances the heat transfer rate and the temperature attainments are achieved, through the design changes. 

        At the end of the process, the solidification melting in liquid fraction is analyzed and the processes of liquid content in the 

ice are seen,
 
as in [8]. The liquid is not entirely frozen in the ice stage is shown in Fig.5.3.1. 

 

 
 

Fig. 5.3.1 Solidification—Liquid Fraction at 480sec 

 
        The effective heat transfer is achieved and the temperature is dropped to 254 K at the fin surface which is made up of 

copper. 

         The fluid present inside the copper chamber is cooled down. The overall process is carried within 480 seconds and the 

final temperature drop is about 268.47K air present inside the copper chamber, as in [7]. The static temperatures of different 

mediums are shown in TABLE IV. 

 
At, t=480 sec   

 

Mass-Weighted Average Static Temperature (K): 

 
TABLE IV  

Temperature of different mediums at 480sec 

 

Medium 

 

Temperature(K) 

 

Water-Ice 

 

273.51345 

 

Air 

 

291.16386 

 

Copper 

 

276.99368 

 

Net 

 

273.52799 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IV, April-2020

ISSN NO: 1781-7838

Page No:97
Page 1507 of 3066Page 1507 of 3066



  

 

 

        At 480 seconds the temperature in the three different regions changes drastically and nearly 12.5% fluid exists and 

solidification is found 87.5%. 

 
VI. RESULT AND DISCUSSION: 

 
         The pressure in the Outer Chamber (Water) is dropped down, which tends to reduce the temperature simultaneously. The 

Fig.6 represents the Temperature drop at different stages of the pressure drop with respect to time. 

 

         At the end of 480 seconds, the minimum temperature of Frozen water is 252K, minimum temperature of Fin is 254K and 

the minimum temperature of the Air present in the inner chamber is about 268.47K. 

 

         The temperatures at different regions of the Vacuum Chamber are viewed in the Fig. 6, which exposes the temperature at 

different medium. 

 
 

 
Fig. 6 Temperature and Time graph 

 
             The following TABLE V represents the temperature between the different mediums of the Vacuum Chamber. It 

represents the Average temperature and Minimum temperature at each stage of the cooling process. 
 
 

TABLE V 

Temperature and Time period 

TIME 

 

 

TEMP-

ICE(K) 

(Avg) 

 

TEMP-

FINS(K) 

(Avg) 

 

TEMP-

INNER(K) 

(Avg) 

 

TEMP-

ICE(K) 

(Min) 

 

TEMP-

FINS(K) 

(Min) 

 

TEMP-

INNER(K) 

(Min) 

 

20 300.99 300.09 300.002 300.01 300.01 300.12 

40 301.1361 300.2254 300.0139 300.01 300.01 300.6 

60 300.749 300.383 300.036 300.01 300.01 300.43 

80 299.94 300.453 300.064 300 298.37 298.62 

100 299.03 300.36336 300.0863 299.14 297.54 297.77 

120 298.458 300.12 300.09 299.02 297.12 297.25 

140 296.57 299.96 300.06 298.19 289.66 296.62 

160 293.18 298.91 300.004 282.63 283.32 294.489 

180 289.06 297.68 299.99 276.29 276.59 290.22 

Temperature (K) 

Time (Secs) 
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200 285.23 295.9 299.66 267.54 271.803 286.78 

220 282.85 293.73 299.33 262 267.68 283.48 

240 281.08 291.399 298.87 260.24 264.23 282.09 

260 279.68 289.16 298.33 259.002 262.18 280.73 

280 278.54 287.13 297.7 258 261.98 279.76 

300 277.62 285.32 297.05 257.42 258.01 277.302 

320 276.84 283.77 296.36 257.27 258 276.72 

340 276.08 282.41 295.61 256.08 258 276.91 

360 275.39 281.22 294.98 254.51 257.01 274.33 

380 274.86 280.2 294.299 254.04 256.25 273.51 

400 274.44 279.33 293.64 253.43 256 273.18 

420 274.1 278.6 293 253 255.32 272.64 

440 273.82 277.97 292.35 252 254 272.28 

460 273.58 277.43 291.74 252 254 271.89 

480 273.5 276.99 291.16 252 254 268.47 

 

VII CONCLUSION 

 

       In direct refrigeration, the vacuum is created directly inside the vacuum chamber, but the main drawback is the loss of 

moisture content in the food. Conducting an experimental investigation for this case of vacuum refrigeration is a challenging 

task and costlier as well as time consuming. Thus, a comprehensive CFD analysis with the help of mathematical models is 

conducted to find out the results. Through CFD analysis we used to find out the flow and thermal behavior of vacuum 

refrigeration. Temperature distribution on various components were found out and listed.                                                                                                                         

       The process of evaporative cooling is achieved by the vacuum pump in which the suction rate is about 20.3 m
3 

/hr. The 

analysis was experimented by conducting time duration of 0 to 480 seconds and the temperature of the air domain reduced to 

268.47K is achieved within 480 seconds. It is eco-friendly and free from pollution. 
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Abstract— This work focused on various mechanical and metallurgical properties of different welding techniques on AA8011. This study 

was considered three different welding techniques such as friction stir welding, tungsten inert gas welding and laser beam welding. In 

the preliminary study, FSW shows the better microstructure and mechanical properties than other two techniques, in which increased 

hardness was found with FSW joint than base metals and other welding methods. Increased tensile strength was found with FSW joint 

(up to 23% in order to base metal) whereas TIGW joint has increCdment about 9%.  Optimized welding conditions were estimated with 

respect to improve the productivity, also the influenced process parameters for welding were found such as axial force, rotational speed, 

tool material and travel speed on hardness, UTS, and yield strength. Through this experiment, Taguchi parametric design technique 

was used and the effects of process parameters were studied through L16 Orthogonal Array. Analysis of variance (ANOVA) used to 

discover the level and contributions of each process parameter. By this Optimization, axial force has great importance on attaining 

maximum yield strength and hardness. Also rotational speed was highly influenced with ultimate tensile strength.  

 

Keywords— Dissimilar Welding process, FSW, TIG, LBW, SEM, Taguchi, Hardness, UTS, Yield Strength, Process Parameter, 

ANOVA. 

I. INTRODUCTION 

Friction Stir Welding process is the most commonly used method among aluminum alloy joining processes. The prime 

advantage of FSW process is lower heat generation when compared with the other conventional processes like TIG and MIG [1-2]. 

In FSW process, generally three different zones are discussed, namely Nugget Zone (NZ) where welding has done, Thermo-

Mechanically Affected Zone (TMAZ) which is nearer to Nugget Zone and Heat Affected Zone (HAZ).  The NZ is affected with 

high temperature and more plastic deformation while TMAZ is affected with high temperature and little plastic deformations. 

Similarly, HAZ is affected with high temperature only [3-5]. In the case of micro structural analysis, grain size increased with 

higher rotational speed and decreased with hike in axial load to the tool. The tensile strength of welded joints reduced while 

increasing the rotational speed beyond 1200 RPM with AA 8011 MMC. But, increase of axial load resulted in little improvement 

in terms of both hardness and tensile strength [6]. For the TIG welding process, the grain size was varied with different welding 

speed. The grain size was found larger when the welding speed was less than 7 mm/s and it became fine at beyond 19 mm/s[7]. 

Laser beam welding was attained its perfection with aluminum alloys based on various parameters such as alloy composition, 

material preparation and processing parameters. Moreover some drawbacks also occurred in LBW like porosity, solidification 

cracking, poor weld bead area and stress corrosion cracking [8].  AA5000 and AA6000 are welded by CO2 laser beam welding 

with the optimum focal point being found 1.5 mm below from the top surface. The welding penetration elevated with increase in 

welding speed. Also, solidification crack was found at welded areas which could be prevented through reducing the stress 

concentration at the centre path of the welded joints [9].The paper initially focused on comparing the mechanical and 

microstructural properties such as UTS, yield strength and hardness of three different welded processes of join materials. The 

optimized operational parameters of were chosen based on the experimentations [10]. Based on the preliminary results, 
optimization of process parameter using Taguchi method has been chosen.  

 

II. MATERIALS AND METHODS  

 
TABLE.I  

CHEMICAL COMPOSITION OF AA 8011 

 

 

 

 

 

 

Chemical 

Composition 

Fe Si Mn Mg Zn Cu Ti Cr Al 

AA8011 0.74 0.52 0.459 0.277 0.084 0.127 0.016 0.028 Rem. 
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Table.1 shows the chemical composition of AA 8011 materials which were used for comparative studies.  The size of the plate 

used for the welding process was 100 mm x 50 mm x 4 mm. For FSW process, optimized parameters such as 10 KN of axial load, 

900 RPM of rotational speed and 25mm/min of translational speed were used.  For TIG welding process 60 amps current rate and 

30mm/min of clearance were used. Similarly, the speed of the laser beam welding was 250mm/min with 30 J of power.  

 For mechanical testing, Vickers hardness tester was used to observe the hardness of weld joints samples. The force was 

given as 0.2 kgf and time about 10 sec. The tensile test samples were prepared based on ASTM E8M-04 [11].  The size of the 

samples prepared for the SEM profile was 5mm x 5mm x10mm. TESCAN make, VEGA 3 model SEM was used for testing.  

Resolution was 3.5 nm with 25 kV high vacuum modes [12]. 

 

III. TAGUCHI TECHNIQUE  

 

It is said that, conventional experimental design processes were quite complex and it cannot be used easily because of 

increasing the number of process parameters, huge numbers of experimentations are to be analysed. To overcome this problem, 

Taguchi technique has been used to reduce the number of experiments [13]. Taguchi’s technique (robust design) is the most 

powered tool to design the best quality structure. With the addition of  S/N ratio, ANOVA is used to indicate the impact of process 

parameters on mechanical property values. Table.1 shows process parameter and level of FSW.  
TABLE II 

 PROCESS PARAMETER FOR FSW 

Factors Symbol Unit Level 1 Level 2 Level 3 Level 4 

Axial force A KN 6 8 10 12 

Rotational speed B mm/

min 

600 900 1200 1500 

Tool material C - HSC SS H13 D2 

Travel speed D RPM 12.5 25 50 75 

 

 

 

IV. RESULTS AND DISCUSSION  

 

Figure 1 shows pictorial view of different welding joints,  and also the comparison of the hardness and the tensile strength for 

different welding joints are shown in figures 2 and 3. The Vickers hardness of FSW welding joints were found to be more than the 

other joints which measured about 92 Hv at three trials. The Ultimate tensile strength was measured all samples and it was 

reported that 19 % of the tensile strength was increased in FSW joint compared with base metal. Similarly, increment of tensile 

strength was noted both in TIG weld and in LBW joints are to be about 15% and 8% respectively. 

 

 

 

 

 

 

 

 

 

 

 
(a)    (b)       (c) 

Fig.1 Different welding joint: a) LBW process, b) FSW Process, c) TIG welding process 

 

 

Silicon and magnesium presence in base metal tend to form Mg2Si precipitate particles which leads higher strength. 

Homogeneous dispersion of fine particles around aluminum metal matrix increases the strength and the hardness in base metal 

[8,14].  No filler metal was used in both FSW and LBW except TIG welding process.  
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                                Fig.2 Vickers Hardness of welded joints                                           Fig 3.Tensile strength of welded joints 

 

 Non heat treatable AA4043 was used as filler material in TIG welding to avoid solidification cracking [9,15]. Moreover, 

AA 4043 contains lower Mg2Si particles which reduce the tensile strength and the hardness during welding [10] as shown in 

figures 2 and 3. But, FSW joints made through severe plastic deformation which was similar alloy materials like base metal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                                           Fig. 4 Joint Efficiency for different welding methods 

 The hardness and the tensile strength were higher in FSW than in the other joints [11, 16]. Similarly, no filler materials 

were used in LBW, but the weld made through the melting of the base metal which cause of dilution of alloy elements at welded 

area. This might have resulted in the little increment of hardness and tensile strength in LBW joint. The joint efficiency was 

measured by the tensile strength of the welded joint to the tensile strength of the base metal shown in figure.4. The joint efficiency 

was found higher with FSW joints about 77% compared with the other TIG and LBW which had about 65% and 74%. By this 

analysis, the range tensile strength was rated as FSW > LBW >TIG.  Similarly, the hardness of the welded joints was rated as 

FSW > LBW > TIG. The grain formation was uniform and smooth with LBW; FSW joint had uniform materials distribution with 

little rough formation as well as TIG welded joint formed little rough distribution and formation of materials. 

A. Microstructure analysis  

 The grain size at the welded region has an important role on joint strength. The grain size strongly influenced various 

welding parameters on different welding methods. Moreover, the common property plays major role on grain size formation was 

heat generation during welding process at nugget zone. The higher heat generation leads fine grin size distribution. 
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                                            Fig.5 SEM images of FSW joints                          Fig.6 SEM images of TIG welded joints 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.7 SEM images of LBW joints 

 

The SEM image of FSW shown in figure 5 implies that grain formation was good when compared with TIG welding shown in 

figure 6. Similarly, grain formation with LBW (figure 7) was smoother than FSW and TIG processes. The filler material in TIG 

welding formed roughly between the base metals. The maximum heat generated during FSW process was 450°C which could not 

make molten pool at the welding area as in fusion welding. Also, it was strongly influenced by tool rotational speed and 

translational velocity [12,17].  

B. Analysis of S/N ratio 

 Preliminary investigations showed FSW gave better mechanical properties when compared with LBW and TIG; in order 

to improve productivity, optimized welding conditions were estimated to improve the mechanical properties [14-16]. Using wide 

range of processes parameters, defect less and high efficiency welded joints could be made. In this study, hardness, UTS, and 

yield strength were considered as the characteristic properties with respect to parameters of FSW were optimized. Maximum 

mechanical properties are desired so ―Larger is Better‖ theory was considered in the investigation using S/N ratio [18]. Table.2 

shows S/N ratio of AA 8011, parallel to experiments carried out as per L16 orthogonal array. 

 
TABLE III 

 L16 ORTHOGONAL ARRAY WITH S/N RATIO FOR HARDNESS, UTS, AND YIELD STRENGTH 

Axial 

force 

(KN) 

Rotational 

speed (RPM) 

Tool 

material 

Travel speed 

(mm/min) 

Hardness 

(Hv) 

UTS 

(MPa) 

Yield 

strength 

(MPa) 

S/N ratio 

Hardness 

S/N ratio 

UTS 

S/N ratio 

Yield 

strength 

6 600 HSC 12.5 80 190 250 38.06 45.58 47.96 

6 900 SS 25 83 196 245 38.38 45.85 47.78 

6 1200 H13 50 74 210 260 37.38 46.44 48.30 

6 1500 D2 75 79 208 240 37.95 46.36 47.60 

8 600 SS 50 76 200 250 37.62 46.02 47.96 

8 900 HSC 75 81 207 268 38.17 46.32 48.56 

8 1200 D2 12.5 83 215 265 38.38 46.65 48.46 

8 1500 H13 25 78 209 265 37.84 46.40 48.46 
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10 600 H13 75 85 198 262 38.59 45.93 48.37 

10 900 D2 50 91 210 269 39.18 46.44 48.60 

10 1200 HSC 25 95 225 280 39.55 47.04 48.94 

10 1500 SS 12.5 81 217 265 38.17 46.73 48.46 

12 600 D2 25 75 205 263 37.50 46.24 48.40 

12 900 H13 12.5 78 199 269 37.84 45.98 48.60 

12 1200 SS 75 83 210 260 38.38 46.44 48.30 

12 1500 HSC 50 86 206 267 38.69 46.28 48.53 

  

 The greatest performance of FSW process has been shown using better value of S/N ratio, thus the optimized parameters 

are in the level with the highest S/N value. Table.3 shows process parameter with their range and value at four levels and Figure.8 

displays plot for main effects on S/N ratio for hardness, UTS, and yield strength.  

 

TABLE IV 

 MEAN EFFECT OF HARDNESS, UTS, AND YIELD STRENGTH (S/N RATIO) 

Level Axial force 

(KN) 

Rotational 

speed (RPM) 

Tool 

material 

Travel speed 

(mm/min) 

1 41.72 41.73 42.34 41.92 

2 41.84 42.13 41.92 42.10 

3 42.58 42.23 41.75 42.00 

4 41.92 41.98 42.04 42.04 

Delta 0.85 0.50 0.59 0.18 

Rank 1 3 2 4 

 

 
Fig.8 Plot for main effects on S/N ratio of hardness, UTS, and Yield strength 

  

Fig.8 shows that S/N ratio of axial force increases from 6 KN to 10 KN and reduces from 10 KN to 12 KN, here that optimum 

axial force 10KN shows maximum rate.  When increasing rotational speed from 600 rpm to 1200 rpm and decreases at 1500rpm. 

So that 1200 rpm shows maximum optimum value. Optimizing the tool martial HSC shows better result compared to SS, H13, 

and D2. Traveling speed of S/N ratio increased to 25 mm/min and decreases from 25 to 50, thus the optimum travel speed is 

25mm/min.   

C. Analysis of variance (ANOVA)  

 ANOVA was executed to identify the importance of discrete process parameters. Tables 4,5,6 shows the contribution of 

each process parameter in percentage level denoted by column F. Influence of the significant parameters affecting the hardness, 

UTS, and yield strength of the welded AA8011 joint in FSW were found by F-test [19]. Figure.9 shows the percentage 

contribution by process parameters.  
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TABLE V 

 ANALYSIS OF VARIANCE FOR MEANS (HARDNESS) 

Source DOF Seq SS Contribution Adj SS Adj MS F-Value P-Value 

Axial force 3 213.00 45.03% 213.00 71.000 2.23 0.264 

Rotational speed 3 57.50 12.16% 57.50 19.167 0.60 0.656 

Tool material 3 96.50 20.40% 96.50 32.167 1.01 0.497 

Travel speed 3 10.50 2.22% 10.50 3.500 0.11 0.949 

Error 3 95.50 20.19% 95.50 31.833   

Total 15 473.00 100.00%     

 

 In Table.4, F-value and contribution percentage act as controllable process parameters to obtain the highest hardness, 

whereas the P value was a probability of the uncontrollable parameters. Axial force and rotational speed contribute 45.03% and 

12.16% followed by the tool material, travel speed with 20.40%, 2.22% and 20.19% contribution by the error. So it obviously 

denotes that the axial force has the larger influence in achieving the better hardness. 

TABLEVI 

 ANALYSIS OF VARIANCE FOR MEANS (UTS) 

Source DOF Seq SS Contribution Adj SS Adj MS F-Value P-Value 

Axial force 3 280.19 24.88% 280.19 93.396 2.99 0.196 

Rotational speed 3 659.19 58.55% 659.19 219.729 7.04 0.072 

Tool material 3 64.19 5.70% 64.19 21.396 0.69 0.618 

Travel speed 3 28.69 2.55% 28.69 9.563 0.31 0.821 

Error 3 93.69 8.32% 93.69 31.229 
  

Total 15 1125.94 100.00% 
    

 

 From Table.5 It becomes obvious that the rotational speed plays a major role in achieving the maximum ultimate tensile 

strength;  axial force and rotational speed contribute 24.88%, and  58.55% followed by the tool material, travel speed with 5.70%, 

2.55% and 8.32% contribution by the error. So it evidently indicates that the rotational speed has the maximum part to attain better 

hardness. 

TABLE VII 

 ANALYSIS OF VARIANCE FOR MEANS (YIELD STRENGTH) 

Source DOF Seq SS Contribution Adj SS Adj MS F-Value P-Value 

  Axial force  3 916.25 58.44% 916.25 305.42 18.99 0.019 

  Rotational speed  3 224.75 14.34% 224.75 74.92 4.66 0.119 

  Tool material 3 302.25 19.28% 302.25 100.75 6.26 0.083 

  Travel speed  3 76.25 4.86% 76.25 25.42 1.58 0.358 

Error 3 48.25 3.08% 48.25 16.08       

Total 15 1567.75 100.00%             

 

 Table.6 shows that axial force and rotational speed contribute 58.44% and 14.34% followed by the tool material, travel 

speed with 19.28%, 4.86% and 3.08% contribution by the error. Again axial force has maximum influence in attaining the better 

yield strength and tool material that act as secondary major process parameters in this optimization.   . 
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Fig.9 Percentage contributions by process parameters 
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D. Regression equation: 

 A complete model of regression was completed using minitab 18 software.  The conventional least square method was 

used, in which development of equations by reducing the sum of the square residuals done [17-19]. Four operational parameters 

and four levels have been considered in the present study.  The complete regression equations are shown below:  

Hardness = 81.75 - 2.75 A1 - 2.25 A2+ 6.25 A3 - 1.25 A4- 2.75 B1 + 1.50 B2+ 2.00 B3 -0.75 B4+ 3.75 C1 -

1.00 C2 - 3.00 C3 + 0.25 C4 - 1.25 D1+ 1.00 D2 - 0.0 D3+ 0.25 D4……………(1) 

UTS = 206.56 - 5.56 A1+ 1.19 A2+ 5.94 A3- 1.56 A4- 8.31 B1- 3.56 B2+ 8.44 B3+ 3.44 B4+ 0.44 C1-

 0.81 C2- 2.56 C3+ 2.94 C4- 1.31 D1+ 2.19 D2 - 0.06 D3- 0.81 D4……..…(2) 

Yield 

strength 

= 261.13 - 12.38 A1+ 0.88 A2+ 7.87 A3 + 3.63 A4- 4.88 B1+ 1.62 B2+ 5.13 B3 -1.87 B4+ 5.12 C1-

 6.13 C2+ 2.88 C3- 1.87 C4+ 1.13 D1+ 2.13 D2+ 0.37 D3-3.62 D4………(3) 

 

 

V. CONCLUSIONS 

 

In this study, preliminary investigations of the mechanical and microstructure properties of three different welding processes 

such as FSW, TIG, and LBW using AA8011 were discussed. The following conclusions were made:  

 The hardness of the welded joints was higher than that of the base metals.  FSW and LBW showed an increase of 

about 17% and 14 % while in TIG the increase of 6 % . 

 The tensile strength was higher with FSW process than other two joints. FSW joint increased 19 % with respect to the 

base metal tensile strength. But the minimum increment was found with TIG welded joints, i.e., upto 8%. 

 The joint efficiency was higher with FSW and LBW joints. The lowered efficiency was found with TIG joints, 

because of filler materials used, lack of dilution of alloy materials leads to affect uniform distribution throughout the 

joints. 

 The grain formation was smoother with LBW with uniform particle distribution than other joints.   

From the above preliminary investigations, it became clear that FSW showed better mechanical properties, so that FSW could 

be taken as welding process and FSW process parameters optimized and in order to improve the productivity, process parameters 

namely axial force, rotational speed, tool material, travel speed were optimized using Taguchi technique based on L16 orthogonal 

array. 

  The optimization results were found to be A3,B3,C1,D2, i.e., axial force 10KN (level 3), rotational speed1200 

rpm (level 3), HSC tool material (level 1) and 25 mm/min (level 2) respectively. Axial force displayed major contributions in 

achieving maximum hardness; yield strength and rotational speed acted as important contribution in increasing maximum UTS. 

Furthermore, regression modeling helped in creating an equation to define the statistical relationship between the response 

variable and process parameter.  
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ABSTRACT 

 

Abstract-  In recent world, paper industry is one of the most important industry due to its continuous demand on its end 

product i.e, the paper. Paper industry is classified under continuous flow production industry. The quality of the paper 

manufacturing in maintained, due to the nature of continuous flow production. The manufacturing of paper involves 

several processes, first the woods or logs are collected from the forest and it’s converted into small chips with the help of 

chippers. There are two types of chippers are used to produce chips like drum chipper and disc chipper. In these, we 

choose a drum chipper for our research. The wood is gripped into the rotary blades for chipping, by means of feed roller 

which have tooth on feed roller for gripping action. There are five sets of feed roller are present, they are upper feed 

roller and lower feed roller. The position of upper feed roller can be adjusted by hydraulic unit. The gripping teeth on the 

feed roller wear out after certain period. The average life to the gripping teeth is three months approximately 2160 hours. 

After that feed roller are removed and replaced by another set of feed roller. The charging of feed roller will require 

around sixteen hours. The production of each chipper is 30 tons per hour approximately. While replacing the feed roller 

the production of chips are stopped. So our aim is to increase the life of the feed roller. It can be achieved by surface 

treatment on the feed rollers. The result of this method gives an increased hardness of feed roller, which is greater than 

the hardness of new feed roller. 

  

 
Keywords – Feed Roller , Drum Chipper, wood chips 

 

I. INTRODUCTION 

Thermal spray process are widely used industries to compensate for worn surface of different power transmission 

steel shafts. These include plain carbon, alloyed and stainless steel. This comes as a means of saving the worn parts 

by reusing them after they have been thermally sprayed by suitable wear resistant coating. 

Lukas and Rymarski started the microprocessor controlled system for real time collection and displays of welding 

parameters was damaged, implemented and tested. In the design methodology approach says about the system 

records up to 4 digit or analog signals collected from welding process and displays their run on the LCD displays. 

To disturb the welding process artificial disturbances are introduced.  

LI et AL in their work said that heat input is typically desired for welding high-strength steels to ensure the 

mechanical behavior of material in the HAZ would not change significantly after welding. A novel process referred 

to us consumable double electrodes GMAW or DE-GMAW has been developed to increase the deposition rate 
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without increasing the heat input. This work studies characteristics of the heat-affected zone (HAZ) including the 

HAZ size, microstructure, and the hardness of high-strength steel ASTM A15 welded by DE-GMAW 

Gogoi and Barhi have started that the inhibiting action of thiourea and imidazole towards corrosion for carbon steel 

in open recirculation cooling system (ORCS) of Numaligarh Refinery Limited (NRL), Golagant, Assam, India has 

been studied in presence of Zn2+ (as ZnSO4.7H2O) by weight loss and potentiodynamic polarization methods. 

And the faculty of mechanical engineering from university of Maribor describes the drum chipper configuration on 

the quality of wood chips. The efficiency of adequately chosen and monitored technology during the production of 

wood chips is shown by the quality of energy stored within the wood fuel, and in the manufacture and preparation 

costs per product unit. Several influential material, construction and technological parameters have to be 

encountered during the production of wood chips when using a mobile drum chipper. A set of different experiments 

regarding the production of wood chips using a drum chipper were made in order to find the more suitable 

combination of production parameters (technological and constructional) for different types of inputted material 

(hard round wood, soft round wood, and branches). 

 

II. MATERIAL AND METHODS 

2.1 Chippers 

 

The chippers are machines having cutters that are being used for producing chips of wood. The appreciable 

chip size on 40x40x7 mm. after the chips are produced boiling is the next process in paper manufacturing. Both the 

hardwood and bagasse are cut into chips having the mere above said size.  

 

In general there are two types of chipper used for paper manufacturing. They arc 

 Disc chipper 

 Drum chipper 

 

 
 

Figure 1. Logs to chips 

 

2.2 Drum Chipper 

 

 Drum chipper is a conventional chipper used for the chip production. This chipper is specially used for 

producing chips only from HARD wood. The main parts of this chipper is 

 

 Conveyor belt 

 Feed rollers moving knife (rotary motion) 
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 Dead knife 

The capacity of chip production is 30 tons per hour. The size limit of hard wood that is feed in to the 

chipper minimum of S0mm diameter woods. Below this size the woods are restricted from entering the chipper. 

 

 
 

Figure 2 Drum Chipper 

 

2.3 Moving Knife And Dead Kinfe 

 

 There are around four moving knives that are attached to the chipper. These knives are responsible 

for effective cutting of the logs into chips. There is a single dead knife used to guide the escaped chips to the 

conveyor belt. 
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Figure 3- Line diagram of drum chipper 

 

The below table shows the hardness value in Rockwell scale for new feed roller, a worn out roller and for a hard 

faced roller. 

Table 1 Hardness Comparison of the Feed Roller 

 

S.NO ITEM HARDNESS VALUE 

1 NEW FEED ROLLER 35 HRC 

2 WORNOUT FEED ROLLER 32 HRC 

3 HARD FACED FEED ROLLER 55HRC 

 

INFERENCE ON HARDNESS MEASUREMENT 

From the above tables, it is clear that the feed rollers that are worn out have a reduced dimension due to 

wear. The worn out rollers can be identified by either hardness measurements or the wooden logs will get 

accumulated rather than feeding into the chipper. Therefore hard facing of a carbon steel material will have a similar 

effects as hat fresh carbon steel material.   

 

OUTCOME OF HARD FACING 

 Improved life of an existing feed roller without switching over a new feed roller. 

 Double the life of the feed roller, which is around 6 months. 

 Heat treatment is avoiding which in tum take more time and cost. 

 Surface thickness of 3-5mm is obtained which cannot be obtained by case. 

 Hardening where a highest of 1 mm case depth is achieved. 

  

 DEMERITS OF HARD FACING 

 The second time of hard facing cannot be done on the same material since the material will become brittle. 

 It is highly labour oriented and to some extent it is time consuming. 

 

III DIMENSIONAL MEASUREMENT 

 

The hardness measurement is done using portable digital hardness meter, the dimensions are also been 

measured. There are 3 areas on teeth where dimensions were measured. The dimensions measurements was 

measured and compared over a teeth, fresh teeth and hard teeth. 

 

Table-2 MEASUREMENT 1 

 

S.No FRESH TEETH WORN OUT TEETH HARD FACED TEETH 

1 20.18 18.09 20.10 

2 20.19 18.39 20.14 

3 20.20 18.21 20.10 

4 20.20 18.11 20.40 

    

The above table represents the measurement of dimension values over the edge of the teeth. The measurement 

involve not only the single teeth but numerous tooth. 
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 Table-3 MEASUREMENT 2 

 

S.NO FRESH TEETH WORN OUT TEETH HARD FACED TEETH 

1 30.14 27.90 30.10 

2 29.81 27.45 29.80 

3 29.95 27.52 29.76 

4 29.92 27.72 29.81 

 

The above table represent the measurements of dimensions values the surface of the teeth. The 

measurement involves not only the single teeth but numerous teeth. 

 

Table-2  MEASUREMENT 3 

 

S.NO FRESH TEETH WORN OUT TEETH HARD FACED TEETH 

1 30.14 27.90 30.10 

2 29.81 27.45 29.80 

3 29.95 27.52 29.76 

4 29.92 27.78 29.81 

 

The above table represents the measurement of dimension values over the height of the teeth. The 

measurement involves not only the single teeth but numerous teeth. 

 

 

 

IV SCREENING PROCESS 

 

Table 5 - PARAMETER: 

S NO CATEGORY  SIZE 

1 Over long  +45mm 

2 Over thickness +8mm 

3 Accept  +7mm 

4 Pinchips +3mm 

5 Dust  -3mm 

  

 

 

V EXPERIMENTAL MEASUREMENTS 

 

Table 6 - MEASUREMENT 1 

SAMPLING DRUM CHIPPER  

BEFORE SCREEN AFTER SCREEN 

SAMPLE 1 0.413 0.269 
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SAMPLE 2 1.750 1.876 

SAMPLE 3 0.121 0.105 

SAMPLE 4 0.013 0.018 

 

Table 7 - MEASUREMENT 2 

 

SAMPLING DRUM CHIPPER  

BEFORE SCREEN AFTER SCREEN 

SAMPLE 1 0.498 0.558 

SAMPLE 2 1.567 1.567 

SAMPLE 3 0.014 0.168 

SAMPLE 4 0.020 0.011 
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VI RESULT AND DISCUSSION 

 

The hard facing process has done over the teeth using MAGMA 403 electrodes. The properties and 

characteristics of these electrodes were said early. The welding work done over the teeth of feed rollers was done 

and the following were observed. 

 

For a single feed roller 

 

 Number of labour involved  = 1 

 Labour charge per day   = Rs.300 

 Amount of electrodes per kg  = 5 kg 

 Cost of electrodes per kg   =  Rs.600 

 Number of days for hand facing and 

 Surface grinding    = 4 days 

 Roller changing cost   = Rs.13000 

 Total cost involved is   = (300*4) + (5*6600) +13000 

 

 

 From the above statements, it is clear that when more labour is involved the process will be completed as 

soon as possible for example, if to labour are worked at 8 hours a day, then the 4 days work will be completed in 2 

days provided that there are two welding equipment’s and two surface grinders. 

 

COST ESTIMATION 

The cost saved by using the hard facing techniques is calculated below, it includes cost of a single feed 

roller and finally the total cost saved for all 10 feed rollers. 

Saving                        =     [1 roller changing cost + 1 roller cost]-[1 roller 

       Reconditioning cost + 1 roller changing cost] 

       =     [13000 + 66490]-[32200 + 13000] = Rs. 32290 

 

Average life of feed rollers                                          = 3 months 

Expected outcome after hard facing                            = another 3 months 

Savings per roller change                                            = Rs.32290 

Total cost include for six months including 

Over heads without hard facing                                  = Rs.132980 

 Total cost includes for six months including 

Over heads with hard facing                                       = Rs.100690 

Cost savings for a single feed roller year                   = Rs.64580 

Total number of roller in drum chipper                     =10 nos. 

Cost saving for 10 roller/year                                    =Rs.645800 
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CONCLUSION 

 The discussions about the improvement of life of feed rollers using Hard facing techniques has proven that 

the steel materials can be hard faced by welding techniques without any quenching or post heat treatment process. It 

has proven that the hardness values with increased manganese content after the hard facing is approximately 

retained as that of a fresh feed roller. This will eliminate the replacement of fresh feed rollers by 2 times a year. The 

cost reduction is also observed. This will help in materials savings, cost saving with improved life. This method can 

be adopted for all similar application. 
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Abstract— In this study a look at, sodium diboride has been incorporated by the usage of Friction Stir Processing (FSP), into 

commercially pure aluminium to form particulate surface layers. Samples were subjected to the various tool rotating and traverse tool 

speed with reinforcement powder. Microstructural observations were done by way of employing optical microscopy of the changing 

surfaces. Mechanical properties like hardness and tensile tests had been additionally evaluated. The consequences confirmed that 

increasing rotating and traverse speed brought on a greater uniform distribution of particles. The hardness of produced composite 

surfaces became stepped forward by way of 3 times in comparison to that of base aluminium. Mechanical properties of the produced 

metal matrix composite become notably higher than processed plain specimens and untreated base metal. 

Keywords—Friction stir processing, Aluminium, Hardness, Microstructure 

 

I. INTRODUCTION 

 

FSP a solid state processing becoming surface modification technique were invented at The Welding Institute of UK in 1991 

(TWI, 2009. The comfort of the FSW as a becoming a member of method has been demonstrated in a number of researches, 

especially for commercially pure aluminium. The approach changed into energy efficient, naturally friendly and adaptable. Newly, 

processing method, FSP was established through Mishra et al. (2003) Microstructural amendment and fabrication of metallic 

matrix composites are primarily based on the basic principles of FSW. In this case, a rotating tool with or without pin and 

shoulder changed into inserted right into a work piece of material, for localized microstructural alteration and specific mechanical 

properties enhancement. The FSP brought about severe plastic deformation, blending, and thermal conductivity, resulting in great 

microstructural refinement, densification, and homogeneity of processed area. This method has been correctly implemented in the 

manufacturing of exceptional grained shape and surface composite. FSP has advantages which include: solid state microstructural 

evaluation, adjusting mechanical residences by means of optimizing tool design and process parameters, the intensity of processed 

sector and area which can be recognized by the operator. Aluminium and its alloys are used typically in aerospace and 

transportation industries due to their low density and high electricity to weight ratio. Especially Al-primarily based Metal Matrix 

Composites (MMC) exhibited high electricity, high elastic modulus, and advanced resistance to fatigue, creep and wear rate; 

which make them promising structural materials for sufficiently industries. However, those composites suffered from low ductility 

and toughness due to incorporation of ceramic reinforcements, which limited their huge applications to a positive volume. 

Generally surface decided the useful life of additives in which wear rate and fatigue resistance had been most important problem. 

In those situations, only surface layer of components was strengthened by reinforcement at the same time as the bulk of issue 

retained the reliable residences. Although maximum of surface consisted of melting treatments, which includes plasma spraying, 

laser and electron beam treatments, stable-kingdom surface modification of light metallic alloys also are available in literature. 

The goal of this paper turned into to analyse the possibility of incorporation of reinforcement particles into surface layer of 

commercially natural aluminium to form metallic matrix composites by manner of FSP technique. Also, the influence of device 

rotation speed and traverse fee on the mechanical residences had been experimentally investigated. 

 

II. EXPERIMENTAL PROCEDURE 

 Aluminium plates of dimensions 100 mm × 50 mm × 6 mm have been cut according to dimensions. The chemical 

composition of the plates evaluated by using optical emission spectrometry and is characteristic in Table 1. The aluminium defect-

free specimens are proven in Fig.1. The area of the aluminium plates became swapped for each set of welding circumstances with 

recognition to the tool rotational speed a 1000 rpm, travel speed 40 mm/min, and axial force 10 KN. Fabricated specimen as 

proven in seen with no defects. Table 1.Chemical composition of aluminium Al 6063 plates. 
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 Fig.1. Friction stir processed specimens 

 
TABLE 1.  

THE CHEMICAL COMPOSITION OF ALUMINIUM 

Element Si Fe Cu Mn Ni Bb Zn Ti Mg Cr Al 

Weight % 0.43 0.7 0.24 0.139 0.05 0.25 0.25 0.15 0.802 0.25 Balance 

 

III. RESULTS AND DISCUSSION 

A. 3.1. Effects of travelling and rotation speed on microstructure 

The effect of rotation speed at the FSP processed sections of commercially pure aluminium become proven in Fig. 2a .Again, 

the thickness of the processed zone was tormented by rotation tool. A growth in rotation tool induced thicker surface thickness in 

comparison with gradual rotation speed, due to the quantity of the heat input at some point of surface treatment. From these 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3. SEM images of FSP specimens 

 

outcomes, it could be stated that the touring speeds have greater crucial effect on the microstructure compared with rotational 

speed 1000 rpm. The results of traveling speed on the sectioned specimens with the particulate reinforced surfaces were proven in 

Fig. 2 b. The thickness layer of the composite was considerably high as compared with the low journeying speed specimen. The 

surface layer became approximately a 40mm/min respectively. Again, hotness enter of the manner is the fundamental leading 

device due to the huge plastic deformation which was related with improved temperature. At excessive traveling speed (40 
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mm/min), the surface composite layer changed into generally weakly bonded with the aluminium alloy substrate. Similar 

observations and consequences had been also observed for distinct rotational speeds Fig. 2c. 

B. 3.2 Hardness test  

The microhardness values were measured on the center thickness area across the various zones of the FSP joint used for the 

microhardness survey. The indentation was made with the aid of making use of a load of 500 gms for a residence time of 15 

seconds using Vickers microhardness tester (SHIMADZU, Japan model HMV-2T). The maximum hardness on the stir region 

49.4 HV measured stir zone inside shown in Table 2. Hardness values of almost greater than two times of those of the base 

materials were located for each of the stirred area configurations. The reinforcement of silicon carbide, fly ash and zirconium 

diboride ceramic intermetallic compound at the interface became tough brittle in nature. This is the cause of the higher hardness 

values in the weld area. From the Hall Petch relation, due to better boundary energy, the hardness can be improved.            

 
TABLE.2  

MICROHARDNESS IN STIR ZONE 

 

Material  (HV) Parent Heat affected 

zone 

Weld zone 

 

 

Al/ Sodium Diboride 

 

Aluminium 49.4 48.2  

46.2 Aluminium 50.6 47.7 

 

C. 3.3 Tensile test 

The transverse tensile specimens have been extracted from the weld joints and the samples have been examined the usage of 

universal testing machine make: FIE-Blue Star, India; Model: UNITEK-94100) Fig.3. The specimen becomes loaded at the 1.5 

kN/min as ASTM. Smooth and notch tensile take a look at specimens were made as a way to take a look at the effect of notch 

impact. Table.3 the tensile properties like 0.2% offset yield strength, last tensile energy, % elongation, notch electricity, and notch 

power ratio had been evaluated from the tensile check. 

 

 

 

 

 

 

 

 

Fig.3. Tensile test specimen 

 
TABLE.3 

 TENSILE STRENGTH OF FSP SPECIMEN 

Material Ultimate tensile strength 

(MPa) 

Strain (%) 

Al/ Sodium Diboride 75 31.79 

 

D. 3.4 Impact test 

Izod impact electricity of composites becomes examined using a pendulum-type testing machine (ASI make, AMT-8 model 

capacity 184 J) as per ASTM-D 256. Standard specimens of 75 mm long with 10×10 mm
2
 cross-section, having a standard 45° 

notch and a pair of mm deep had been used for the take a look at. Each takes a look at becoming repeated three times and the 

common values have been taken for calculating the effect electricity of the composite material. It is determined that an increase in 

impact strength of al decreased the fracture longevity, and growth in micro-sized particle length would decrease the fracture 

longevity. Plastic deformation characterized by using the formation of dimples becomes discovered in the fracture floor of the 

aluminum matrix.  Therefore any growth in silicon carbide particle content results in decreased matrix deformation and hence 

ends in improved brittleness of the composites. Table.4 this in flip ends in the formation and propagation of cracks without 

problems, reducing the impact.                       
TABLE.4  

IMPACT STRENGTH OF FSP SPECIMEN 

Locations Impact energy (J) 

Al/ Sodium Diboride 18.2 
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IV. CONCLUSION 

 

Aluminium Metal Matrix Composites (AMMCs) of Al 6063 matrix, reinforced with sodium diboride particles had been 

fabricated using the Friction Stir Processing (FSP) technique. Optical microscopic studies found out the right distribution of 

reinforcements inside the matrix alloys. Micro-hardness, tensile take a look at the dimension and microstructural research have 

been done for both the matrix alloys and the AMMC series. More dynamic recrystallization and uniform particle distribution at 

higher device rotational speed decreased the weld grain size. A particle uniform grain with the common length of the identical to 

50 μm will become acquired at the rotational speed of 1000rpm and traverse speed of 40 mm/min, it becomes decided that the 

weld grain length became extended at higher tool traverse because of nonuniform particle distribution and therefore lower pinning 

effect of all micro particle-like sodium diboride. Microstructure research proved that the effect of the pinning mechanism on the 

grain size turns into a greater power than the annealing and recrystallization mechanisms. Formation of hard and brittle 

intermetallic levels reduced the ductility and tensile strength of the welded joints in the evaluation of the base substances. The 

maximum strength of approximately 75MPa has been obtained for sodium diboride particles. 
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ABSTRACT—The present work is focused on the development of a new self-lubricating composite, where a high temperature 

solid lubricant, CaF2 in weight percentages of 0, 3, 5 and 8 is added to the base matrix, Fe-2Cu-0.8C. The composite is 

fabricated through powder metallurgy process. The physical and mechanical properties of the developed self-lubricating 

composites namely, density, porosity, hardness and, compressive strength are studied. The uniform distribution of the solid 

lubricant in the base matrix is confirmed by energy dispersive spectroscopy (EDS) analysis. The tribological properties, i.e., 

wear and friction are evaluated using a high temperature pin-ondisc machine. The tribological behavior of the developed 

composites is investigated at room and high temperature at varying applied loads and sliding speeds. Optical and Scanning 

Electron Microscopy (SEM) are used to study the surface morphology of unworn and worn surfaces of the test samples. 

Amongst the composites, the composite with 3 wt% CaF2 solid lubricant shows the highest density whereas, in the rest of 

the composites, density decreases with the increase in CaF2 weight percentage. Further, the composite with 3 wt% CaF2 

shows the highest hardness due to low porosity and grain refinement, when compared to the unreinforced Fe-2Cu-0.8C and 

composites with other weight fractions of CaF2. Under compressive loading, the composite with 3 wt% CaF2 solid lubricant 

shows the highest compressive strength when compared to rest of the CaF2 added composites. 

 

Keywords—CaF2, Fe-2Cu-0.8C, EDS, SEM, pin-ondisc Machine. 

 

I. INTRODUTION 

Self-lubricating materials are created by the combination of one or two metals. n composites, two or more 

materials are combined in order to obtain superior properties as compared to that of the individual constituents. 

Each constituent of the composite retains its own chemical, physical, and mechanical properties. The two main 

constituents in a composite are base matrix and reinforcement. The reinforcements are introduced in the base 

matrix to form a composite. The reinforcement added to the base matrix form a secondary phase, and due to high 

strength along with high stiffness, it acts as a load bearing component of the composite. 

II. LITERATURE REVIEW 

H.M WANG(2002)- They have used Al2O3 and CaF2 has a powderblend. They have the mixture ratio and Al2O3 
and CaF2 are mixed in the ratio to form self lubricating composite. Compared with laser clad monolithic 
Al2O3 coatings, the CaF2/Al2O3 coating has much superior wear resistance and noticeably lower friction coefficient 
under dry sliding wear test conditions. 
 
C.H.XU  (2014) - They have usedAl2O3/(W,Ti)C/CaF2  has a powder blends. They have the mixture ratio and Al2O3 

and CaF2 are mixed in the ratio to form self lubricating composite. Compared with laser clad monolithic 

Al2O3 coatings, the coatingAl2O3/(W,Ti)C/CaF2  has much superior wear resistance and noticeably lower friction 

coefficient under dry sliding wear test conditions. 
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Chinmaya Kumar (2016) – They uses TiC-Ni-CaF2theself-lubricating components. They are used as the ratio and 

they mixed at the certain ratio.They are the self-lubricating composite when undergone the several testing like 

EDS,SEM and tribology test.While the result said the increase in CaF2 COF is slightly reduced according to ratio 

III. EXPERIMENTAL PROCEDURE 

First the process has been done using the powder metallurgy process. The mixture of composite with the base 
matrix of fe,cu. They have been done using uni-axial die plunger system.Then they are done the sintering process 
under the high temperature and do the mechanical testing.Compaction of powders is carried out in a cylindrical 
dieplunger system. The compaction carried out is uni axial i.e., in one direction only. Hardened die steel is used as 
the die material. After the powder metallurgy process the product have been under the sintering furnace for the 
heat treatment process. Powders of Cu,C,Fe,CaF2 are Combine to form composite. 

  

Table.1 Chemical Composition of Composite Materials 

 

S.No Fe Cu Graphite CaF2 

1 

 

97.2 2 0.8 0 

2 

 

94.2 2 0.8 3 

3 

 

92.2 2 0.8 5 

4 

 

89.2 2 0.8 8 

 

Powder metallurgy process are done based on the above matrix these powders are mixed and they are gone for 

the sintering process.By varying the ratios the powdermetallurgy process are done and they have been send to the 

die plunger system for making the component and the sintering process are done at high temperature. 

 

 

 

 

 

 

 

 

 Fig1: Die Plunger Process      Fig 2: Sintering Process 

IV. RESULT AND DISCUSSION 

HARDNESS TEST: Powder compaction sample or erosion and deformation are caused by reduced 

hardness of the material therefore it is important to identify the sample with greater hardness. The four 

test samples are subjected to Hardness test using Wilson Wolpert Micro hardness tester. Each sample 
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was tested at four locations with the test specimen being subjected to a load of 0.5 kg for a dwell time 

of 10 seconds for each location. 
   

Table.2 Result of The Hardness Test 

 

SAMPLES H.V @0.5 Kg LOAD avg 

SAMPLE A 186.2 

SAMPLE B 174.6 

SAMPLE C 169.4 

SAMPLE D 163.7 

 

Effect of Load on COF 
The average COF investigated at various loads .The COF is lowest for the sample with 3 wt% CaF2 at all the test 

loads except 5N.The marginal increase in COF of sample with 3 wt% CaF2 at 5N can be attributed to the lubricating 

ability of CaF2 which increases with  increase in applied load due at rise in interfacial temperature. The lubricating 

capability of CaF2 increase when its shear strength decreases. The decrease in shear strength of CaF2 is directly 

proportional to the rise in temperature. Thus it is observed that the COF of sample with 3 wt%. 

 

Effect of CaF2 on COF 

Amongst the investigated samples, the lowest COF of sample with 3 wt% CaF2 shows the lubricating ability of CaF2 

even at room temperature. High COF in the base matrix may be due to increase in adhesion. It is observed that the 

COF of 5 and, 8 wt% CaF2 added samples increases with an increase in the CaF2 addition. This is attributed to the 

shear strength of CaF2 which is inversely related to the rise in temperature shear strength of CaF2 decreases with 

the rise in temperature and thus makes CaF2 more lubricious. 

 

Effect of CaF2 on Wear Loss 

The friction and wear test of the samples resulted in weight gain during wear (wearweight gain). It is observed that 

overall wear weight gain of the materials decreases with an increase in the CaF2 addition, except for wear weight 

gain at 5N. At 5N, an increase in wear weight gain is observed except for 3wt% CaF2 added sample, although there 

is not much difference observed in wear weight gain amongst all the samples. However, lowest wear weight gain is 

observed in 3wt% CaF2 added samplewhich may be due to low oxide formation. Further, the wear weight gain 

increased withthe increase in CaF2 wt % from 6 % to 12 wt%. This may be attributed to the presence of oxides in 

increasing order and also to the penetration of a smaller number of asperities of the counterface at low loads. The 

wear weight gain at 10N, 15N and 20N loads shows decreasing trend with the increase in CaF2 wt%. This may be 

attributed to reduced mechanical strength and high surface traction at high temperaturesresulting in high wear 

losses. The poor ability of the porous component to sustain pressure may also be one of thereasons for increased 

wear. The slope of wear loss for 5 and 8 wt % CaF2 added samples became steeper with the rise in the load. The 

low value of hardnessor strength of these samples may be the reason for this, as matrix with low hardness or 

strength cannot hold the tribo oxides, which results in more wear loss. The sample with 3wt% CaF2 is observed to 

have lowest wear rate. This may be attributed to its high initial hardness which provided more mechanical support 

to the tribo oxides as compared to other samples.Increased weight percentageof CaF2 results in increased 

delamination and same can be observed from the SEM images. 
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Fig.3 EDS images of worn out surfaces of      Fig.4 Fe-Cu-C at 5m/s 

a) Fe–Cu–C and b) Fe–Cu–C–3CaF2  

 

 
 

Fig.5 Fe-Cu-C-3CaF2 at 0.5m/s       Fig.6 Fe-Cu-C at 15m/s 

 

 

V. CONCLUSIONS 
Fe-2Cu-0.8C based self-lubricating composites are prepared using powder metallurgy route. CaF2, a high 

temperature solid lubricant is used as the reinforcement additive in the base matrix Fe-2Cu-0.8C in order to 

enhance the tribological properties. The developed composites have shown enhanced tribological performance 

both at room and high temperature.The density of Fe-Cu-C is decresed while increase in percentage.The hardness 

of the composites decreases with the increase in weight percentage ofCaF2 due to the increase in porosity. 

Amongst all the developed composites, thecomposite with 3 wt% CaF2 shows the highest hardness due to lowest 

porosity andgrain refinement.At high temperature, oxidation influenced the wear behavior of compositesresulting 

in weight gain during sliding. However, at high loads, decrease in weightgain occurred due to excessive wear. 
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Abstract-The micron-level cutting (micromachining) on AA 8011 is a difficult task using a 

laser machine owing to the thermal energy involved in the work material. The major 

problems in laser machining on AA 8011 is heat affected zone and conicity formed on 

the work material. Power, cutting speed and argon pressure are tuning parameters for Nd: 

YAG laser. The outputs, heat-affected zone, and conicity are responses of the machined 

components. Micromachining is performed as per the design of the experiment. The 

effect of laser tuning parameters on the heat-affected zone and conicity is studied. The 

most influential parameters are identified using an adjusted sum of the square for the test. 

The regression models are developed for the heat-affected zone and conicity. The error 

analysis is calculated for the heat-affected zone and conicity. In this study, the minimum 

error is observed using power at 60 W, cutting speed at 30 mm/min and argon pressure at 

300 kpa. 

Keywords-AA 8011, Heat affected zone, Conicity, Laser micromachining 

 

I. INTRODUCTION. 

The purpose of this research work is to minimize the heat-affected zone and conicity 

in the laser micromachining on AA 8011. There are commonly two machining 

processes (conventional machining and unconventional machining) used in the 

industry. The micromachining on AA 8011 is possible in conventional machining. 

The problem in the conventional machining is micron level tool fabrication cost, the 

special machines required to fabricate the micron level tool and tool breakages 

happened. The multipurpose miniature machine is possible to cut at the micron level. 

But the cost is high. The problem in the unconventional machining is also required 

micro-level tool fabrication cost and unavailable tool holder for grip micron level 

tool. Electrical discharge machining (EDM) is possible to cut at the micron level. But 

the tool fabrication cost in the micron level is high. Wire cut electric discharge 

machining (WEDM) is also possible to cut in the micron level. The problem in the 

WEDM is heat affected zone, recast layer formation and wire lag. Abrasive water jet 

machining (AWJM) is also possible to cut in the micron level. The problem in the 

AWJM is striation formation and high taper angle and high surface roughness. In 

addition, the heat-affected zone and conicity are major problems in the laser 

machining on any materials. In order to minimize the above problems, the laser 

process parameters are varied to minimize the above problems. Therefore, the design 
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of the experiment is used to minimize the heat-affected zone and conicity. Laser 

machining is an attractive alternative to traditional machining of Al 2024 because 

critical operating parameters in the aeronautic industry like processing time, 

versatility, contamination, and finish can be improved. The main disadvantage of laser 

machining is the high temperatures reached by the studied material during laser 

processing. A heat affected zone (HAZ) extension lower than 5 μm is observed [1]. 

Laser technology is planned to be used in aeronautic operations due to plenty of 

advantages, such as the short processing time required, its possibility to be coupled to 

robotic arms and to the clean processing in terms of acoustic and dust. Due to the high 

number of drilling and cutting processes needed for airplane building, the robotization 

of laser technology can give high benefits. Thus, the use of lasers is proposed as an 

alternative to traditional drilling and machining [2].   

 

Among the aeronautic materials, Al alloys are one of the most promising for laser 

machining implantation, despite its very low absorption (1% room temperature, 7.7% 

melt) [3]. Al alloys are restricted for laser machining due to their environmental 

sensitive fracture in service [4]. This can be improved by the addition of Cu (7475 

alloys [5] or 8xxx series) but Cu is also known to degrade the laser cutting quality. 

Even though, laser processing has been shown to improve the fatigue resistance in 

case of superficial treatment (laser shock peening, LSP) of pure aluminum as a result 

of the increased dislocation density, and the decrease of surface roughness and 

compressive residual stress [6–8]. For the case of machining, the material reaches a 

high temperature that should modify this behavior as well as thermal conductivity and 

physical changes [9].  

 

In this paper, the heat-affected zone and conicity of laser machined AA 8011 has been 

analyzed using Nd: YAG laser. 

 
II. EXPERIMENTAL PROCEDURE 

 

The experiments were conducted using Nd: YAG laser machine based on the L9 orthogonal 

array. The laser process parameters like power, cutting speed and argon pressure were varied. 

The spot diameter with round cross-section of 0.05 mm was used to put a hole on aluminium 

alloy. Therefore, the three-level and three-factor Taguchi method has been used for this 

experiment.  The laser micromachining conditions were selected based on the previous 

literature and trial test. The parameters that are identified and their levels are given in Table 

1. The Nd: YAG laser is shown in Figure 1. The machined component is shown in Figure 2. 

The optical microscope is shown in Figure 3. The profile of the holes was measured using an 

optical microscope. The heat-affected zone at entry  are measured. Figure 4 shows a 

schematic representation of HAZ The conicities were calculated using Equation 1. Figure 5 

shows a schematic representation of conicity. Table 2 shows the Taguchi design and its 

responses. Table 3 shows the conicity calculation. 
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TABLE I 

 Laser cutting parameters and their levels 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig., 1 Nd:YAG laser                                                Fig., 2 Machined workpiece 

TABLE II 

 Taguchi design and its outputs 

 

Exp. No. Inputs Outputs 

Power Cutting speed Argon pressure HAZ Conicity 

1 20 10 100 0.022 0.073 

2 20 20 200 0.025 0.140 

3 20 30 300 0.032 0.212 

Control  parameters Symbols 
Levels 

1 2 3 

Power (W) P 20 40 60 

Cutting speed(mm/min) V 10 20 30 

Argon pressure (KPa) P 100 200 300 
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4 40 10 200 0.030 0.098 

5 40 20 300 0.035 0.170 

6 40 30 100 0.038 0.193 

7 60 10 300 0.028 0.211 

8 60 20 100 0.042 0.157 

9 60 30 200 0.036 0.115 

 

III.  RESULTS AND DISCUSSION 

Figure 6 and Figure 7 are shown the machined slot at entry and exit respectively. There 

machined slots are less than 1 mm. Therefore, the optical microscopy is used to measure 

the kerf width at entry and exit. From the theses values, the conicity is calculated. The 

heat-affected zone at entry is also measured using optical microscopy. 

 

Fig., 6 Machined slot at the entry side              Fig., 7 Machined slot at the exit side  

 From Figure 6 and Figure 7, it is found that the kerf width at the entry side is 

greater than the exit side. This is higher thermal energy involved on the entry side 

compared to the exit side. The process parameters over the heat-affected zone are drawn 

in Figure 8. 

 

Exp. 

No. 
Image 

Exp. 

No. 
Image 

Exp. 

No. 
Image 

 

1  
4 

 

7 

 

2 

 

5 

 

8 

 

3 
 

6 

 

9 

 

Exp. 

No. 
Image 

Exp. 

No. 
Image 

Exp. 

No. 
Image 

 

1 
 

4 

 

7 

 

2  5 

 

8 
 

3  6 

 

9 
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Fig., 8 Process parameters against HAZFig., 9 Process parameters against conicity 

 From Figure 8, the optimum process parameters for the heat-affected zone are 

found that power at 20 W, cutting speed at 10 mm/min and argon pressure at 200 kpa. 

The heat-affected zone is increased when the power and cutting speed is increased. This 

is due to the high thermal energy involved on the entry side of work material. The heat-

affected zone is decreased and increased when the argon pressure is increased. The 

minimum heat-affected zone is obtained at optimum process parameters. The effect of 

process parameters over conicity is shown in Figure 9. From Figure 9, the optimum 

process parameters for conicity is found that power at 20 W, cutting speed at 10 mm/min 

and argon pressure at 200 kpa. The conicity is increased when the power and cutting 

speed is increased. This is due to the high thermal energy involved on the entry side of 

work material. The conicity is decreased and increased when the argon pressure is 

increased. The minimum conicity is obtained at optimum process parameters. The mean 

HAZ graph is drawn which is shown in Table 4. 
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TABLE IV 

Mean of HAZ analysis 

Level Power Cutting speed 
Argon 

pressure 

1 0.026 0.027 0.034 

2 0.034 0.034 0.030 

3 0.035 0.035 0.032 

Delta 0.009 0.009 0.004 

Rank 1 2 3 

 

 From Table 4, the power is the most influential factor affecting the heat-

affected zone which is identified based on the highest rank value. The rank is formed 

based on the delta value. The delta is calculated between the maximum to the minimum 

value of parameters. The mean conicity is calculated which is shown in Table 5. 

TABLE V 

Mean of conicity analysis 

Level Power Cutting speed Argon pressure 

1 0.142 0.127 0.141 

2 0.154 0.156 0.118 

3 0.161 0.173 0.198 

Delta 0.019 0.046 0.080 

Rank 3 2 1 
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 From Table 5, the argon pressure is most influential factor affecting the 

conicity which is identified based on the highest rank value. The rank is formed based on 

the delta value. The delta is calculated between the maximum to the minimum value of 

parameters. The analysis of variance (ANOVA) is formed using MINITAB software. 

This ANOVA table is used to find the influential factor which is decided by taking the 

highest F-value or P-value is less than 0.05. Table 6 shows the ANOVA for HAZ. 

TABLE VI 

Analysis of Variance for HAZ, using Adjusted sum of square for Tests 

Source DF Seq SS Adj SS Adj MS F P 

Power 2 0.000146 0.000146 0.000073 4.47 0.183 

Cutting speed 2 0.000131 0.000131 6.53E-05 4 0.2 

Argon pressure 2 2.07E-05 2.07E-05 1.03E-05 0.63 0.613 

Error 2 3.27E-05 3.27E-05 1.63E-05 
  

Total 8 0.00033 
    

S = 0.00404145   R-Sq = 90.10%   R-Sq(adj) = 60.40% 

 In Table 6, the p-value is less than 0.05 not found. The F value is 4.47 which is 

present the most influential factor (power). Table 7 shows the ANOVA for conicity. 

TABLE VII 

Analysis of Variance for conicity, using Adjusted sum of square for Tests 

Source DF Seq SS Adj SS Adj MS F P 

Power 2 0.000572 0.000572 0.000286 0.1 0.911 

Cutting speed 2 0.003231 0.003231 0.001615 0.55 0.643 

Argon pressure 2 0.010156 0.010156 0.005078 1.74 0.364 

Error 2 0.005823 0.005823 0.002911 

  Total 8 0.019781 

    S = 0.0539578   R-Sq = 70.56%   R-Sq(adj) = 0.00% 

Noted: HereDF = defree of freedom 
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IV- CONCLUSIONS 

The laser micromachining is successfully performed on AA 8011 using the design of 

the experiment. The following points are finding. 

1. Power is the most influential factor affecting the heat-affected zone of AA 8011 

2. Argon pressure is the most influential factor affecting the conicity of AA 8011. 

3. The low power and low cutting speed are suitable to obtain minimum heat-

affected zone and conicity. 

4. The prediction error is minimum in the experimental number 9. 
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Abstract – The work reveals the analysis of surface harness by machining STAINLESS STEEL 410 utilizing tungsten carbide tool. The 

STAINLESS STEEL 410 is a chromium based super compound generally utilized in dental and surgical parts because of its astounding 

mechanical property and destructive obstruction attributes. Metal expelling process on this super combination is continually testing one 

because of work solidifying. Device geometry, machining conditions and instrument material are the fundamental elements which 

influences the nature of machining. Hence forth right now, various devices additions of tungsten Carbide is utilized for the process of 

machining. The turning is completed in Computer numerical control Lathe to locate the best working conditions. There Taguchi's L9 

method is used here thus the 9 trails of experiments are carried out. The various machining parameters are cutting depth, Speed of 

spindle and rate of feed and the yield reaction is surface unpleasantness. The models for predication are created utilizing ANOVA. The 

Taguchi’s optimization technique has been utilized. The outcome demonstrated that anticipated models are huge Carbide devices are 

perfect. 

Index Terms – Material Removal Rate, Optimization of machining parameters, STAINLESS STEEL 410, Surface Roughness, 

Taguchi Methodology. 

I. INTRODUCTION 

Even though we could see the rapid growth in the manufacturing sector the complete potential of the machine tools has not yet been 

utilized. This has led to the greatest problem in the complete optimization of the tools. Hence it has become an essential part to 

increase the life time and potential capability of the tools. Thus many of the researchers are forced to look into this area to reduce 

the cost and material wastage. On the other hand there are many new materials which are been introduced recently in the industry 

with the properties of high hardness and toughness. For example stainless steel alloy has various applications in aerospace industry, 

medical world and as well in the cryogenic storage tanks and even in the food producing industries. All these applications made 

possible only because of the main fact that it is able to withstand pressure, heat and oxidation. Due to the properties such as work 

hardening characteristics and extreme toughness it is much harder to machine. The tools with sharp tips are utilized for such 

machining, even at high machining temperature, it would maintain the hardness of the cutting edge with increased wear resistance 

and effective even for longer time of production runs. The tipped tools has been constructed with a robust structure in order to 

withstand the high hardness. Thus the quality of machining has been increased with the increased metal removal rate. Hence we use 

Tungsten Carbide tools for analysis of turning STAINLESS STEEL 410 using CNC lathe. To facilitate the machine under best 

operating conditions we used the taguchi optimization technique.  

 

Fig 1- Stainless steel 410 
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II. LITERATURE REVIEW 

 
A. Seini Leung soo et al (2016)  

                At the feed rate about 200 m/min the tool life over uncoated PCBN is increased by the Ti-Si-N coating. There are no possibilities for 

attaining benefits of coatings in case of machining at the rate of 300 m/min. 

 
B. Cantero et al (2013)  

                The machining of the Inconel at various conditions such as dry and wet with the help of the carbide tools that are cemented are analyzed 

in this paper. It has been observed that the side edge angle influences the more in the tool wear. 

 
C. Ahmadreza Hosseini Tazehkandi et al (2010)  

               Wear rate of the tool and wear mechanisms are experimentally investigated after turning Inconel 718. It was identified that the most 

dominant one are the abrasive and adhesive wear. 

 

D. Thakur et al (2009) 

               Force of cutting, pressure of the specific cutting, temperature of cutting, wear of tool are some of the machining parameters which are 

investigated and optimized. 

 
E. Costes et al (2007) 

              The optimal grade and method of the wear are investigated by this technique. A reduced rate of Cubic Boron Nitride consisting of the 

ceramic binder and smaller grains size are identified to produce the better outcome. 

 
F. Ezugwu et al (2005) 

             Relationship between process parameters and cutting are analyzed and predicted by the artificial neural network (ANN). 

 

G. Lietal (2002)  

             The results revealed that PVD coated carbide tools are more superior when compared with the CVD coated tool. 

 

 

 

III. SELECTION OF TOOL MATERIAL AND WORK PIECE 

 
The experiment aimed at finding out the material which gives optimal process parameters with high MRR and reduced 

roughness of the surface. After reviewing various literature papers the material of the work piece and the tungsten carbide tool insert 

was selected. 

A.  Work Piece Material 

               STAINLESS STEEL 410 is being used as the work piece .The alloy has the reduced machinability properties and is hard 

to scratch and has highly tough and consists of high work hardening abilities. The mechanical properties of the alloy such as the 

corrosion resistance are easily achieved when it is hardened and tempered. The wet condition was preferred to carry out the 

experiment with the help of lubricant. The dimensions of the work piece is given in the Table 1. 

 
TABLE I 

WORK PIECE SPECIFICATIONS 

 

Work piece Specifications 

Length 70 mm 

Diameter 20 mm 
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1) Chemical Composition 

The various composition of chemicals in the STAINLESS STEEL 410 is given in the Table 2. 

TABLE II 

CHEMICAL COMPOSITION 

 

Element Composition (%) 

  Minimum Maximum 

C 0.08 0.15 

Mn - 1 

Si - 1 

S - 0.03 

Cr 11.5 13.5 

 

 
IV. METHODOLOGY 

A. CNC Lathe 

 

The heavy-duty CNC lathe with advanced SIMENS SINUMERIK 802D control systems was used for the machining. This 

machine is capable of handling the various input parameters. The configurations of the lathe machine is shown in Table 3. The 

figure 1 shows the CNC lathe machining the work piece. 

 
TABLE III 

SPECIFICATIONS OF CNC LATHE 

 

S. No Specifications Range Unit 

1 Swing over carriage 180 Mm 

2 
Distance between 

centers 
220 Mm 

3 Height of Centre 165 Mm 

4 
Spindle bore 

diameter 
40 Mm 

5 Spindle speed 5000 Rpm 
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Fig.2 CNC Lathe Machine

 

B.  Selection of Machining Parameters 

The process parameters used for machine STAINLESS STEEL 410 is shown in the table 4.  Speed of spindle, rate of feed 

and cutting depth are the parameters which are used and they are selected in three levels. 

TABLE IV 

                  MACHINING PARAMETERS 

 
 

Cutting Parameter Unit 

Levels factor  

    

            Z  1. 2. 3. 

 Speed of spindle Rpm 1700 1900 2100 

 Rate of feed m/min 0.15 0.2 0.25 

 Cutting depth mm 0.4 0.6 0.8 

 

 
Each feature consists of three different levels. So, totally 27 experiments should be carried out in a full factorial design. To 

decrease the number of experiments Taguchi L9 orthogonal array is adopted and is used in the experiment. 

For every parameter, three levels are assigned. Accordingly the complete quantities of test runs are 27.The Taguchi L9 is used to 

optimize the machining and to reduce the quantity of runs surface harshness. L9 exhibit with coded and genuine qualities after 

experimentation. The surface unpleasantness is acquired from Surface Roughness meter. Surface unpleasantness is the proportion of 

the normal of pinnacles and the basins found upon the smooth line on the surface. 

 
C. Surface Roughness Analysis Using Tungsten Tool 

                 TNMG 15-04-04 speaks to the device nomenclature with 04 mm thickness, 4 mm corner radius and 15 mm cutting edge 

length. Carbide material consisting 68 HRC hardness is used in this apparatus. The point of moving toward the apparatus is 55 

degree.  
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D. Hereditary Calculation 

                So as to discover better parameters of machining, the relapse model produced from ANOVA is given as contribution of 

any of the non-conventional strategies. Right now, Algorithm is utilized. It is a bio-motivated calculation used to discover perfect 

answer for the given non-polynomial condition. The pseudo code of GA is given underneath. 

 

V EXPERIMENTAL WORK 

A. Taguchi Analysis: MRR V/S  LA, LB, LC 

1) Response Table  

TABLE V 

SIGNAL/NOISE - Larger is better 

Level A. B. C. 

1 -5.48 -6.575 -7.127 

2 -4.851 -4.789 -4.736 

3 -4.059 -3.027 -2.528 

Delta 1.421 3.548 4.599 

Rank 3 2 1 

 

TABLE VI 

MEANS 

Level A B C 

1 0.57 0.49 0.45 

2 0.5833 0.5867 0.5933 

3 1.64 2.7167 1.75 

Delta 0.07 0.2267 0.3 

Rank 3 2 1 

 

 

 

Fig 3 
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Fig 4 

 
 
 
B. Taguchi Analysis: SR V/S LA, LB, LC 

 
1) Response Table  

TABLE VII 

 
SIGNAL/NOISE - Smaller is better 

 

Level A B C 

1 1.3336 2.6729 1.0777 

2 -1.0523 0.6204 0.1637 

3 0.5954 -2.4166 -0.3647 

Delta 2.3859 5.0894 1.4424 

Rank 2 1 3 

 
 
 

TABLE VIII 

MEANS 

 

Level A B C 

1 0.895 0.74 0.949 

2 1.157 0.94 1.001 

3 0.96 1.32 1.062 

Delta 0.262 0.58 0.113 

Rank 2 1 3 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IV, April-2020

ISSN NO: 1781-7838

Page No:173
Page 1549 of 3066Page 1549 of 3066



 

 

Fig 5 

 

 

Fig 6 

C. General Linear Model: MRR V/S LA, LB, LC 

 

1) Variance analysis  

 
 

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value 

A 2 0.008289 3.73% 0.008289 0.004144 0.717 0.0122 

B 2 0.077622 34.94% 0.077622 0.038811 6.717 0.0015 

C 2 0.135089 60.81% 0.135089 0.067544 11.69 0.0008 

Error 2 0.001156 0.52% 0.001156 0.000578 
 

  

Total 8 0.222156 100.00%         
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2) Coefficients 

 

Term1 Coef1 SE Coefi 95% CI T-Value P-Value VIF 

Constant 0.59778 0.00801 (0.56330, 0.63225) 74.61 0   

A 
     

  

1 -0.0278 0.0113 (-0.0765, 0.0210) -2.45 0.134 1.33 

2 -0.0144 0.0113 (-0.0632, 0.0343) -1.27 0.33 1.33 

B 
     

  

1 -0.1078 0.0113 (-0.1565, -0.0590) -9.51 0.011 1.33 

2 -0.0111 0.0113 (-0.0599, 0.0376) -0.98 0.43 1.33 

C 
     

  

1 -0.1478 0.0113 (-0.1965, -0.0990) -13.04 0.006 1.33 

2 -0.0044 0.0113 (-0.0532, 0.0443) -0.39 0.733 1.33 

 
 
3) Regression Equation 

 

MRR = 0.59778 - 0.0278 A_11 - 0.0144 A_21 + 0.0422 A_31 - 0.1078 B_11 - 0.0111 B_2 

+ 1.1189 B_31- 0.1478 C_11 - 0.0044 C_21 + 0.1522 C_13 

 
D. General Linear Model: SR v/s LA, LB, LC 

 

1) Variance analysis 

Source DF Seq SS Contribution Adj SS Adj MS 
F-

Value 

P-

Value 

A 2 0.11168 16.79% 0.11168 0.055839 0.935 0.0097 

B 2 0.52236 78.53% 0.52236 0.261181 4.374 0.0022 

C 2 0.01919 2.89% 0.01919 0.009597 0.161 0.0384 

Error 2 0.01194 1.80% 0.01194 0.005971 
 

  

Total 8 0.66518 100.00%         

 

 

2) Coefficients 

Term Coefi 
SE 

Coefi 
95% CI T-Value P-Value VIF 

Constant 1.004 0.0258 (0.8932, 1.1148) 38.98 0.001   

A 
     

  

1 -0.109 0.0364 (-0.2657, 0.0477) -2.99 0.096 1.33 

2 0.153 0.0364 (-0.0037, 0.3097) 4.2 0.052 1.33 

B 
     

  

1 -0.2607 0.0364 (-0.4174, -0.1039) -7.16 0.019 1.33 

2 -0.0597 0.0364 (-0.2164, 0.0971) -1.64 0.243 1.33 

C 
     

  

1 -0.055 0.0364 (-0.2117, 0.1017) -1.51 0.27 1.33 

2 -0.003 0.0364 (-0.1597, 0.1537) -0.08 0.942 1.33 

 

3) Regression Equation 

SR = 1.0040 - 0.1090 A_11 + 0.1530 A_21 - 0.0440 A_31 - 0.2607 B_11 - 0.0597 B_2 

+ 1.3203 B_13- 0.0550 C_11 - 0.0030 C_12 + 0.0580 C_13 
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VI CONCLUSION 

After turning the STAINLESS STEEL 410 MRR and roughness of surface are found as the parameters. Thus the results are inferred 

from the above work. 

 

• Analysis of Variance shows that the contribution of depth of cut is 71.46% on MRR  

• In Taguchi analysis for MRR the rank of the parameters is found to be in the order of Cutting depth, Speed of spindle 

and rate of feed.  

• Analysis of Variance for Surface roughness shows that the most contributing factor is Depth of Cut (42.31%).  

• Taguchi Analysis for Surface Roughness shows that the rank of the parameters are in the order of Cutting speed, rate of 
feed and Speed of spindle.  

• Depth of Cut and feed rate are the most affecting factors for surface roughness. With the increase of cutting depth the 

surface roughness value is increased. 
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Abstract. Desired shape of mechanical products are obtained by two manufacturing methods. Conventional manufacturing methods 
are subtracting materials from master material whereas additive manufacturing uses layer by layer material addition processes. The 
impotence of switching from subtractive to additive manufacturing is to minimize the resource utilization which leads to sustainable 
development. Mechanical components produced through additive manufacturing process differ from mechanical properties of same 
material produced through subtractive manufacturing process. Materials required to make E-parts housings are required specific 
mechanical properties. The wear test on biodegradable polylactic acid polymer and non-biodegradable ABS polymer is conducted 
using pin on disc apparatus and wear properties of both plastics analysed. 

 

INTRODUCTION: 
 

The wear properties of PLA polymers and ABS Polymers can be obtained using pin on disc apparatus. 
Theselection of polymers is on the basis of one bio degradable plastic i.e. PLA polymer and a non-bio 
degradable plastic i.e. ABS polymers. The wear property assessment helps the manufacturers on selecting the 
ABS non-biodegradable plastics or PLA bio degradable plastics for manufacturing purposes. According to BBC 
science and environment reports, almost 21% of non-biodegradable plastic i.e.52 million tonnes of e-plastic 
wastes were produced each year. This ultimately reduces the use of the non-biodegradable plastics. Transition 
of materialising PLA over abs takes place only when it satisfy the mechanical properties. 
 
METHODOLOGY 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

SELECTION OF PLASTICS 
 
ACRYLONITRILEBUTADIENE STYRENE 

It is a non-biodegradable plastic which is not decomposable. It has a transition temperature of 105
o
 C. 

Every ABS plastic are not soluble in water. 

 
POLYLACTIC ACID 

It is a biodegradable plastic which is decomposable. It has a transition temperature of 150
o
 C. Every 

PLA plastic are soluble in water under surface tempering. 
 

POLYETHYLENE TEREPTHALATE. 
It is a biodegradable plastic but it takes more than 450 year to decompose. It has a transition 

temperature of 81
o
 C. Every PLA plastic are insoluble in water 

POLYETHER ETHER KETONE. 

SELECTION OF PLASTICS 

 

WEAR PROPERTIES 
COMPARISON 

WEAR TEST USING PIN 

ON DISC 

TEST PIECE 
MANUFACTURING 

RESULT DISCUSION 
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It is a non-biodegradable plastic which is not decomposable. It has a transition temperature of 143
o
 C. 

Every ABS plastic are not soluble in water but have a very less absorption of water. 
 

 

MECHANICAL PROPERTY EVALUATION 

PROCESS OF MAKING TEST COMPONENT 

To check out the wear rate of ABS and PLA polymers, the test pieces are made by additive 
manufacturing technique.The wear test conducted in pin on disc tester to compare the wear properties of both 
the plastics.  

STRENGTH COMPARISION 
Wear test helps in finding out the wear performance and in our case this test is very necessary to 

make a comparison between ABS and PLA polymers. Above all environmental test, this wear test helps 
to analyse the sustainability of both ABS and PLA polymers. Wear test takes into account of three major 
properties. They are 1. Frictional Force 2. Wear & 3. Coefficient of friction. 
 

 
 

 
 
 
 
 
 

 
 
 
 

FIGURE 1. WEAR TEST 
 

1. FRICTIONAL FORCE RESULTS: 

 
 

FIGURE 2. FRICTIONAL FORCE FOR PLA & ABS PLASTICS 
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FIGURE 3. FRICTIONAL FORCE FOR PT & PET PLASTICS 

 

2. Wear test results: 

 

 
 

FIGURE 4. WEAR FOR PLA & ABS PLASTICS 
 
 

 
 

FIGURE 5. WEAR FOR PT & PET PLASTICS 
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3. Coefficient of friction results:  

 

 
 

FIGURE 6. COEFFICENT OF FRICTION FOR PLA & ABS PLASTICS 
 
 
 

 
 

FIGURE 7. COEFFICENT OF FRICTION FOR PT& PET PLASTICS 
 
 
CONCLUSION 
 From the wear test analysis graphs the frictional force is less in PLA among the four plastics. The wear rate 
is minimum in PLA plastic comparatively then other four plastics. The co efficient of friction is also less in PLA plastic 
than other four types. The sustainable plastic has all advantage in mechanical wear properties hence it is 
recommended to use instead of non-biodegradable plastics in E part manufacturing processes. 
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Abstract-   This paper aims to improve the strength in natural kenaf fiber composite material by characteristics of silane-treated 

and untreated by using silicon (IV) oxide. The silicon nanoparticles were developed as a protective material. And this paper to 

overt the function of silicon (IV) oxide with resin matrix to kenaf fiber also use of silicon behavior on strengthening in tensile, 

flexural, impact and ILSS. The composite materials are done by using compression process cut in dimension of 27mm of length 

and breath. And the plating is formed, allowed to dry in atmosphere temperature .Due to the treated process first by using 

Ethanol/Water of 95/5% were initially used for treatment. Then the silicon dioxide with 1%,2%,2.5% used for making 

composites. The sample pieces are to be cutting under the ASTM standards to find the mechanical properties. The SEM image of 

sample work piece is encrusted good composite bonding. The treated silicon based hybrid kenaf fibre composite materials used in 

various industrial applications and aero space applications.   

 

Keywords – Kenaf fibre; Composite; Silane; Silicon; Epoxy resin 

I. INTRODUCTION 

 Composite material is one of the compensation of two and more batch materials with natural and chemical 

properties. The natural fiber can use as reinforcing and filler material of fabrication to reduce the nonrenewable resource. 

The natural fiber growth in recent years equal to the synthetic fiber because the synthetic are made by the human through 

chemical synthesis which is opposed to natural fibers. The growth of the natural fiber in many sector in automobile, 

construction, furniture, and domestic application. Shukla et al. [1] was investigated composite natural fiber in treated to 

depends upon the natural like to sun, soil and air. The kenaf fibre fabrication conditions are not to same are all over the world 

and shape the mechanical and flexural strength of natural fiber. Chandramohan et al. [2] developed is the flexural properties 

of fibres are comparatively high than the composite materials helps in designing process and mechanical properties. The 

kenaf reforced epoxy high interfacial matrix and to improve the mechanical, physical properties. Farid Bajuri et al. [3] are  

presents by focus on treated and untreated kenaf fibre tested as per standard to calcuate the various testing such flexural, 

impact,tensile, shear strength are evaluate the moisture content. The results of this experiments as good characteristics of  

then single fiber glass fibre materials under mechanical load. Mohamed et al. [4] are concluded, the dynamic mechanical 

properties of kenaf fibres.  Also conducted the water better water absorption results. Haniffah et al. [5] a fibre  wet and dry 

condition fabric composite method both continuous and the improvement of cycle sank in tensile strength. Venkatesh babu et 

al. [6] The morphological studies of kenaf fiber were performed using scanning electron microscopy (SEM) and 24- hours 

exposure to surface induced chemotherapy. In addition, morphological studies of broken mechanical test composite models 

have been conducted using SEM to understand the binding of fiber / matrix adhesives.  Abu basker et al. [7] It is based on 

scanning electron microscope observation it was found that imprenation significantly helps enhance the compatibility of 

kenaf and glass fibre, Apart from mechanical properties the advantage is reflected in the reduction of energy consumption 

and environmental impacts. The SEM observation revealed greatly improved interface compatibility between kenaf and glass 

fibre. Guoet et al. [8] Investigated the kenaf fiber quantity is increase for maximum 1.4% the flexural strength has increased 
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in 8.5%. Then treatment of kenaf was distorted, Majunath et al.[9] The kenaf fibre are the one of the reinforced natural fiber 

owing to good mechanical strength and physical properties. The matrix selection , kenaf fiber composites can be used for 

non structural and structural applications. Parthipan et al.[10] was investigated trated silicon (IV) oxide on hybrid composite 

proved to kenaf fibre reinforced epoxy composite is high stability, lower thermal affected zone.The kenaf fiber 50% vol. and 

silicon (IV) oxide particles 1%, 2% and 2.5% were used to create hybrid composite. Gokul dass et al. [11] In order to growth 

the impact of kenaf fiber on crack breakage resistance. In addition to the sio2 filler the material has increase impact strength 

of mechanical properties, hardness, flexural strength and composite structure the addition of sio2 filler material has in the 

result better then mechanical properties of the composite material. Saba et al. [12] investigated in kenaf material is one of the 

natural fibre used for reinforcement is case of polymer matrix. Kenaf fiber is one of the most important sources of fibre 

which is used as composites. These are about the values of 35% of kenaf fiber is known as best composite which is 

appropriate for paper, textiles and industries. Asim et al.[13] are investigated  kenaf fiber is used as sustainable form of 

material to fabricate composite. The natural fibers are commonly weaker than synthetic. The results that hydrophobic silica 

nano particles had a determation of mechanical properties. The compressive modulus of composite 2% vol. Manickam et al 

.[14] The research activities have increased dramatically in the area  of nanomaterials from past decades. The most valuable 

nanoparticles currently displayed are nano clays excellent reforcement to reason for due to high thermal stability and 

mechanical strength, survival compatibility. Rajamurugan et al. [15] The natural kenaf fiber used to reinforced composites to 

crete in rural and urban areas,  then addition of reduce to waste. The improved to composite material is highly structural 

applications. Yousifet et al. [16] In this scenario has concerned about the  use of natural material to replace the synthetic fiber 

material, So this use to cercern usage of the natural fiber for the reinforcement composite. And the mainly focus on this to 

improve the mechanical properties annd the characterization of kenaf fiber reinforcement epoxy based hybrid composite. 

Chenggang et al .[17] In the kenaf fiber reinforced cpmposite epoxy to design and material selection. The different values are 

taken for different times here, and the best soaking is 6h, 12h and 24h. To find out the best percentage of the mechanical test 

and flexure strength. Mulsamy et al [18] investing the purposeof the alkaline treatment in jute fiber fiber loading of of 3mm 

size of polypropylene element composite on tensile properties. Due to the usage of 10% of NAOH and 10 wt. % fiber was 

loaded for the composite material which has maximum strength. Shinji et al [19]In this report under the repetion of 

immersion process for a longtimeand dried for a very short period only to relieve a maximum amount of water absorbed by 

composite material of kenaf fiber. Noor Azammi et al [20] The effect of NaoH onTPU-NR used kenaf fiber composite fiber 

material was determined the mechanical, dynamical and physical analysis as the treated kenaf fiber material hadthegood 

resultin the absorption of waterand surface thickness is to get inflamation by the  by the proper bonding of interfacial surface 

intermediate to the  the NR matrix and the fiber composite material. The purpose of process we are using the silicon in 

various percentage to increase the mechanical strength and properties of the testing are belongs to tensile, impact, flexural, 

ILSS, hardness in treated and untreated material. 

II EXPERIMENTAL PROCEDURES 

2.1 Materials Preparation 

 Epoxy resin and nano silicon used for testing with kenaf fiber material. The density of the epoxy resin is about of 

1.2g/cm^3. It is white of chemical solution treatment process. The mixture of ethanol is left for 10 minutes and well stirred. 

Then 25 ml of amino propylene is added with mixtures of ethanol. These are 2 mixtures of liquid and stirred continuously for 

5 minutes. Then the cutting pieces of kenaf mat is been dipped in the mixture of ethanol and aminopropyletriethoxysilane 

(APTS)  liquids and left for 30 minutes. Then dipped kenaf fibers are taken and dried out in sunlight for 24hours. Then 

pieces of kenaf fibers are separated for treated and untreated. 

2.2 Treatment of Reinforcements 

The composites were fabricated into 270mm in square shape plate is cut as shown in figure 1(i) into required size for 

testing flexural, impact , ILSS and tensile correspondingly. The silicon (IV) oxide nano particles and the natural fiber 

pretreated in oven temperature 100ºc eliminate the bound moisture. Ethanol 95% and water 5% were taken initially and 

associated for 10 min. Essential quantity of silane was generally 2wt% was added one by one drop in to uniform mix 

followed by 5 min mild exciting. Then for 10 min the nano silicon (IV) oxide and kenaf fiber was immersed in ethanol and 

water prepared solution. Then take out strengthening were washed for the moment with ethanol to remove excess silane and 

dried with in 110ºc to eliminate moisture by using hot oven. The process finished and it is allowed to dry in atmospheric for 
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12 hrs after the dry timing the material are taken to fabrication process.The nano silicon Iv oxide SEM image as shown in 

figure 1(ii). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 i) Kennaf fiber                                  Figure 1 ii) Nano silicon (IV)oxide 

III COMPOSITE FABRICATION 

Fiber quantity of 50% vol different with silicon dioxide at 1.0, 2.0, 2.5 and 3.0 are mixed with epoxy resin in room 

temperature stimulated until completing the process. At the end of the process the silicon (IV) oxide and epoxy resin was 

stirred homogeneous. Then also epoxy and hardener with ratio 10:1 stimulated until a preparation was done. Then the 

compression mold using for plating is completely apply by wax coating to separate the plating after molding process. The 

3ply kenaf mat is used for composite plating. First the kenaf mat is placed on the mold and the mixed liquid substance was 

poured in to steel molding and has 3mm thickness. Then using the compression molding process is done and compressed up 

to 30 to 40 min with temperature 92℃ to 96℃. After the fabrication process the plating is out of the mold and counter 

weight is placed on the plating at the end of solid formation. 

3.1 Specimen Preparation 

The mould is made of composite plating in dimensions based on testing ASTM standards for specimen preparation. the 

specimen is placed in to the mould and it to waterless state. The kenaf plates are engaged out and by using water jet machine 

plating are cleaned well. The main purpose of water jet machine with combination of abrasive and water is to cut solid 

material as composite reinforced material. The maintain of water jet in level of pressure is 5 to 7 bars, Other parameter were 

abrasive flow (spray) angle (60º and 90º) and AJM machine and 0.45 to 0.65 mm is the nozzle diameter of machine. it is 

based several testing to improve the mechanical properties. To dimension for the mechanical test (tensile, flexural, impact, 

ILSS, hardness and water absorption test). 

3.2 Description of Kenaf with epoxy matrix 

 

Table 1 Kenaf fibre material specimen preparation 

S.no Description Epoxy 

   (%) 

Kenaf fiber 

(%) 

Silicon (iv) oxide 

(%) 

1 E. 100 0 0 

2 EK. 50 50 0 

3 EKS1. 49 50 1 

4 EKS2. 48 50 2 

5 EKS3. 47.5 50 2.5 

 

The table 1 shows that material matrix composition description, the Mechanical properties takes test under ASTM 

standard are Flexural D-790,Izod impact D-256, Inner-Laminar Shear Stress D-2344, hardness behavior D-2240.The impact 

test carried out as per D-256. By using mini impact machine testing are untreated sample piece up to maximum load capacity 
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of 25J and also treated sample piece up to 20J. Under the guideline of ASTM D-4762 Standard the test are experimented. By 

using various silicon dioxide percentages with composite matrix the result are taken. 

3.3 MORPHOLOGY ANALYSIS 

 The study of silicon nano particle and fiber for morphology analysis by using SEM (scanning electron microscope) 

with transmission microscope in high resolution. and the sample workpiece where encrusted by after gold coating for better 

SEM image results was carried out by (TESCAN VEGA3) machines. The break surface of sample was examined also in 

scanning electron microscope. 

IV MECHANICAL PROPERTIES 

 The untreated fiber and treated fiber composite are cut and tested as per ASTM standard. Mechanical tests are 

flexural, tensile, Impact, Inter laminar shear strength, hardness test. The five separate specimens were carried out and 

average values are calculated. 

4.1 Tensile test 

The tensile test and tensile modulus were measured by (Kalpak Universal Testing machine) as shown in figure 2 (i) (ii), 

the machine speed is 5mm/min. The test specimen as per ASTM D - 3039 and standard size is 250X25x3mm as shown in 

fig1. With initial straight line slop and Stress-strain curve the modulus of tensile was calculated. 

 

                            Figure.2 i) Untreated tensile test                                 Figure . ii) Treated Tensile test 

4.2 Flexural Test 

 Flexural test were conducted in H10 (bi-axial testing machine), the speed of machine crosshead is 

(5mm/min).The test specimen is prepared by ASTM D790 as shown in figure figure 3 (i),(ii) and the dimension is 

125x13x3mm and the total length is 48mm were used in flexural test .The formulas for flexural test equation is (1) 

and (2) respectively. The formula has used to find out the treated and untreated flexural properties of given material. 

  

 

 

 

 

 

 

 

 

                                   Figure 3 i) Untreated flexural test           Figure 3 ii)Treated flexural test 

                                             Flexural strength = 3PL/2bd ………………… (1) 

              Flexural modulus = ml3/4bd3 ……………….  (2) 
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4.3 Impact test 

To analysis the results of izod impact test in properties of treated and un treated on natural kenaf fiber and different 

percentage of silicon (IV) oxide with epoxy resin. The impact test supported as per standard of ASTM D-256 using 

impactor scale 2, and for test the used pendulum was 5.5J. The specimen dimension for 65×13mm.  as shown in figure 4 

(i), (ii). 

 

 

 

 

 

 

 

 

 

 

Figure 4 i) Impact untreated test               Figure 4 ii)Impact treated test 

4.4. Interlaminar shear strength 

The untreated and silane treated of silicon IV oxide hybrid kenaf material ILSS test results was carried out as standard 

is (ASTM D5379). For strength test the UTM (universal testing machine) is performed for testing.the valuation of ILSS 

test reading as mentioned in table 2,3. 

V RESULT AND CONCLUSION 

            Table 2 Untreated with silicon dioxide in hybrid composite kenaf material 

Material 

designation 

Tensile 

Strength 

(Mpa) 

Tensile 

Modulus 

(Mpa) 

Flexural 

Strength 

(Mpa) 

Flexural 

Modulus 

(Mpa) 

Izod 

Impact 

(J) 

I.L 

Shear 

Strength 

(Mpa) 

Hardness 

E 66 2829 106 2049 0.67 12.558 87 

EK 137 6188 210 5749 4.73 4.773 87 

EKS1 143 6247 222 5884 4.94 6.721 91 

EKS2 157 6456 243 5934 5.34 7.928 93 

EKS3 172 6679 251 6079 6.13 3.214 97 

 

                Table 3 Treated with silicon dioxide and hybrid composite kenaf material 

Material 

Designation 

Tensile 

Strength 

(Mpa) 

Tensile 

Modulus 

(Mpa) 

Flexural 

Strength 

(Mpa) 

Flexural 

Modulus 

(Mpa) 

Izod 

Impact 

(J) 

I.L 

Shear 

Strength 

(Mpa) 

Hardness 

E 66 2829 106 2049 0.67 - 87 

EK 141 6388 229 5922 5.27 28 87 

EKS1 147 6521 243 5989 5.72 33 93 

EKS2 164 6553 257 6243 5.99 35 95 

EKS3 178 6782 264 6352 6.72 37 98 
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5.1 Mechanical properties 

 The tensile, flexural, impact value are formed and silicon dioxide with epoxy resin and natural kenaf fiber testing 

value are presented in above table 2,3. 

5.1.1 Tensile testing 

 Tensile test by using UTM the required testing are conducted according to the ASTM (D-3039) . The testing 

speed is 5mm/minute. In the table 2 and table 3is values to based on treated and untreated on kenaf fiber properties 

modified silicon dioxide with epoxy resin. The improvement of modulus and tensileuntreated specimen for E, EK, EKS1, 

EKS2, and EKS3 absorbed by above 50%. To measure the force wants to pull something like wire, structure beam, or 

rope to point where it break. Inthistheaboveandbelowtable2andtable3valuedismechanical properties which based on kenaf 

fiber properties and modified silicon(IV)oxide with   epoxy   resin. The enhancement strength of tensile and modulus 

treated specimen for E, EK, EKS1, EKS2, and EKS3were absorbed by above 55%. In this untreated in tensile properties 

the process compressed to natural kenaf fiber and reinforced epoxy the cause may be weak bond between kenaf and 

epoxy mixture, At finally compare to this results the value is improvement in treated better than untreated because of 

nano silicon dioxide reaction and kenaf treated with ethanol. 

5.1.2 Flexural Testing 

 

          The UTM (Universal Testing Machine) is also carried for Flexural test  under ASTM standard of D-790. The 

specimen dimension is 125×13 mm and testing speed is calculated 2mm/min. The improvement of flexural and modulus 

untreated specimen for E, EK, EKS1, EKS2 and EKS3 were observed by above 58%. In the table2 and table3 is valued in 

based on treated and untreated to kenaf fiber and modified silicon dioxide with epoxy resin. The improve in flexural 

strength and modulus treated specimen for E, EK, EKS1, EKS2 and EKS3 were absorbed by above 60%. The treated 

condition was Nano silicon dioxide and kenaf reinforced composite has the high test flexural modulus improved value 

6079 Mpa. This improvement is the reason was treated on kenaf mat to reaction with silicon (IV)oxide range will be 

increase. 

5.1.3 Impact testing 

         The improvement of impact strength untreated specimen to E, EK, EKS1, EKS2 and EKS3 highest impact values 

of 6.13J was obsorved. In treated of  kenaf composite improve for mechanical properties. To increase in impact strength 

treated specimen for E, EK, EKS1, EKS2 and EKS3 are highest impact values of 6.72J.The abortion of silica particles in 

treated which reduce valid content. Thisis due to vacuum elimination content and increases of cross linking, is such way to 

improve high. At the end of the is result the comparison in impact testing is f ound to be improve hybrid of kenaf fiber 

with silicon dioxide composite. 

5.1.4 Morphology analysis   

   Figure 5 a,b,c & d shows that the analysis of sample and dispersion of morphology of treated and untreated of 

tensile and impact test of  surface modified with silicon particle on mixture. In figure a & c describes the fine dispersion 

shows the irregular combination of matrix in silane-treated. The NH₂ (Amino radical) functional reaction shows the better 

dispersion on composite matrix. Figure 5 (a-d) shows the fracture portion of microscope. In this sample observation more 

amount of micro cracks along with river marks, which are present in fractured portion. It shows the clear observation that 

untreated reinforcement on mixture which made there in harder by increasing the segment or chain of density. Then in 

treated process the matrix of silicon (IV) oxide. 

 

 In crack circulation the resistance is improve again. Figure 6 c ,d shows impact damage between E and EKS3 of 

penetration side damagein composite designation. The depth of EK compare to EKS3 is less due tolower penetration 

depth and EKS3 depth is in rear end. This improvement is because of absobs large quantity of load by presence of silicon 

(IV) oxide and minimizes the designation EKS3 in receiving crosswise loss and damage in side of penetration. The image 

shows the particle improvement of load absorption in hybrid epoxy composite and the treatment on fiberin 

higher level. Thus the silane treated processes improve the sudden impact load absoration phenomenon of layered 

composites. silicon (IV) oxide particle with natural fiber improve the ductile property, hence also the more number of 
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micro-cracks are found in fracture surface portion. The river marks presented also obvious the ductile in epoxy composite 

after inclusion of surface treated silica nano particles. 

 

 

Figure 5 a) Untreated tensile         Figure 5 b) Treated tensile 

Figure 5 c) Untreated impact       Figure 5 d) Treated impact 

 

VI CONCLUSION 

The kenaf fiber was treated and untreated by the silicon dioxide nano particles and epoxy composites prepared. These 

wet kenaf treated fiber are having high potential to increase the mechanical and durable properties of testing in reinforced 

composite kenaf fiber material. The composites having 2.5% of silica is in the silica nanoparticles involved at 47.8Mpa and 

2321.759 Gpa in specimens to improve the mechanical properties for flexural modulus and flexural strength of treated 

material respectively. 
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Abstract: Today the demand for the usage of alternately powered vehicles have significantly increased over the last few years due to the 

concern towards the changing environment. As a part of this quest solar electric vehicles have been designed, tested and introduced all 

over the world. In this project we have designed the major mechanical parts of a solar vehicle in accordance with the rules and 

limitations of the SUVC (Saur Urja Vehicle Challenge), which is a national level vehicle design competition. The components that are 

designed in this project are the roll cage, steering assembly, suspension, break assembly. We have used SOLIDWORKS design software 

for the design of the components, sub assembly and the overall assembly. The components are analyzed using the analysis software 

ANSYS, LOTUS (for suspension).  With the analyzed reports the design is changed and optimized with maximum efficiency to perform 

in all the objectives. Thus the final product of our project is obtained which is the optimized design of a SUVC vehicle.  

Keywords: Electric Vehicle, Optimized design, Ansys, Lotus, Solidworks. 

I. INTRODUCTION 

 A solar electric vehicle is a vehicle that runs on electric power and is capable of utilizing the solar power by converting it 

into electric power. The electric that is solely or significantly based on the solar energy for the operation of the vehicle is a solar 

electric vehicle. The solar electric vehicles are the next step in the evolution of automobiles. The PV (photo voltaic) cells are used 

in the conversion of the sunlight into electricity. This electricity is used to drive kinematic motors. The vehicle may be directly 

driven by the electricity that is obtained from the solar panels that are fixed in the vehicle, or the vehicle may use a battery to store 

the electricity produced by the solar panel and utilize the battery power to run the kinematic motors. There are two types of 

batteries that are used in the solar electric vehicle, they are Lithium-ion battery and Lead-acid battery. Due to the search for the 

alternative energy sources in the automobile industry the solar vehicles have gained a huge amount of importance. There have 

been several implementations of the solar vehicles for the public usage all over the world. The solar vehicles are also built for 

specific racing purposes (ex., SUVC). The Adelaide city council have initiated the „Tindo‟ bus which is a fee public transport 

vehicle that operates on 100% solar power. The government of china have introduced public electric buses that are partially 

operated by the solar panel that are installed in the bus. The photovoltaic cells are subjected to direct sunlight in order to harvest 

the solar energy. The photons incident on the PV cells and eventually excite the electrons in the PV cells. Thus the exited 

electrons are freed from their bond and are free to flow. Thus an electron flow is created in the panel. When connected in a circuit 

it would create a flow of electron flow in the circuit which would create an electric current. It is then used to power the kinematic 

motor of the vehicle which would in turn be the fuel for the vehicle. The power that is generated from a solar panel array is limited 

by the area of the solar panel, hence the area in which a solar panels are covered in a solar vehicle determines the power density of 

the generated solar power. Thus, the power generation of a vehicle with lesser surface area to cover with solar panel would be 

much lower than others. 

 The creation of the PV cells which are used in the solar panel is very costly. Hence the cost for installation of the solar 

panel is expensive. However, the return of capital would be sooner because the sunlight is free of cost which is the main resource 

of the generation of solar power. The lifetime of a solar panel is around 30 years. The solar panels that are used now a days are 

mostly designed for stationary installations. Perhaps we will overcome this by producing a solar panel that is capable of 

withstanding the vibrations that might be caused when the solar panel is fixed in a mobile environment, making it more suitable to 

use in an automobile. The solar power generation will be affected by the climatic conditions. The solar power generation can be 

done only with the presence of solar light. As the sun light is absent in the night and the sun light may vary during the monsoon 

and winter and the solar power generation will be affected by these factors. This can be overcome by using a battery to store the 

generated electricity.Despite all these limitations the research and implementations of the solar vehicle is carried on all over the 

world. SUVC (Saur Urja Vehicle Challenge) is a vehicle design competition which is organized by RSTE (Refrangible Society of 

Technophile Engineers). It is organized to promote creative education among engineers. The event has a total of 12 tests for the 

vehicle, out of which 7 are static tests and 5 are dynamic tests. There are two classes in SUVC, S class for solar vehicles and M 

class for E-ATVs. The overall winner will be selected from both the classes together based on the round scores. The judging 

criteria for the static rounds would be the same for both the classes, for the dynamic rounds the judging criteria will vary for only 

the number of laps and the time that would be calculated separately. Teams can make 3-wheel (for S class only) or 4-wheel 

vehicle according to their requirement.  If teams are making a 3-wheel vehicle, then they must have 2 wheels in front of the 

vehicle (tadpole configuration) and must use an anti-roll bar in the front wheels along with the suspension to get more stability 

and protection against rolling of the vehicle. 
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II. LITERATURE REVIEW 

 Dan Denney, et.al [3] has described about the frame of an ATV. The ATV is a two-seater, four wheeled ATV. The frame 

has a load bearing vertical truss member. This member extends generally along a longitudinal, central axis of the vehicle. This 

extension is within the passenger compartment. A load bearing structural member is formed by the truss member between the pair 

of seats. All the suspension members have at least one shock-absorber device. The wheel hub may be attached with a variety of 

wheels of size ranging from 8 to 18 inches.  

 Baja tutor journal [2], has describes the calculations that are used for brakes. The breaking force is the force that is 

required to stop the vehicle. The breaking force can be calculated by using the following formula. BF = Mag Where: BF = total 

braking force (N), M = total vehicle mass (kg), a = deceleration (g units), g =acceleration due to gravity (m/sec
2
). Brake torque is 

the torque that is required for each wheel. This can be calculated using the following formula. This torque is obtained by changing 

the brake size or the actuation pressure. T = BFw *R/r Where, T= brake torque (Nm), BFw = braking force for the wheel, R = static 

laden radius of the tyre (m), r = speed ratio between the wheel and the brake. The centre area of the brake pads is the effective 

radius of a dry brake disc. This can be calculated using the following formula.re = D+d /4 Where: re = effective radius (m), D = 

disc useable outside diameter (m), d = disc useable inside diameter (m). The system pressure is based on the piston area and the 

load on the brake clamp. This relation is P = C/A Where: P = system pressure (MPa), C = brake clamp load (N), A = total piston 

area (mm
2
). 

 Shantanu Garud, et.al [6], has explained about the double wishbone that is used for ATV, its design and optimization. 

The most important parameters that are involved in the calculation of the required parameters are camber angle, king pin 

inclination, caster angle, roll steer, scrub radius, percent Ackerman. The double wishbone suspension can be used for both rear 

and front end. It has the best camber control of all the suspension systems. For the wishbone AISI chromyl steel is used.  

 Reena Mishra, et.al [5] have explained about the BAJA 2016 ATV‟s front suspension wishbone. They also describe 

about the design, analysis and optimization of the front suspension wishbone.in this journal they have discussed about the material 

selection for the front suspension majorly to reduce weight which would in turn reduce the unsprung mass of the vehicle. They 

have also described the optimized parametric values for the design of the suspension which are the roll centre, static camber, static 

caster, king pin inclination, scrub radius. The double wishbone setup has a full jounce travel. This full jounce travel cannot be 

obtained in a Macpherson strut. The load handling capacity of a double wishbone setup is better than other suspension setups. 

In accordance with the results that have been provided in this journal the material for our front suspension wishbone is fixed to be 

AISI 4130. The data provided in this journal is also used for the selection of parameters that are required in the section of the 

suspension assembly. 

 Dipalkumar Koladia, et.al [4] have described about the Ackerman steering geometry that is applied in a rack and pinion 

steering. Ackerman geometry has been renowned as the most widely used geometry for steering. This journal describes an 

Ackerman steering geometry for a two wheeled steering mechanism. Ackerman condition that is applicable for the two wheeled 

steering mechanism is expressed as cot𝜹o – cot𝜹i = B/L Where, 𝜹o = outer wheel angle, 𝜹i = inner wheel angle, W = Track 

width of the vehicle, B = distance between left and right kingpin centre line, L = wheel base of the vehicle. If the geometry 

is to be applied for a four-wheel steering, the same calculations has to be applied for the front and rear axles separately. 

The calculations from this journal has been used for calculating the steering parameters of the designed vehicle. 

 

III. DESIGN PARAMETERS 

The designing of the vehicle was started by considering the basic properties. The design process includes the classification of the 

whole vehicle in to subsystems and designing them in order. The subsystems are as roll cage, Brake, treeing, Suspension and other 

parts. After the classification of the work is done each and everything is calculated and done in a proper order to complete the 

work with more assured design. The vehicle is three-wheeler as it based on the SUVC event and based on the tadpole structure. 

A. Roll Cage 

 The roll cage is the most important part which is the backbone every vehicle. As this vehicle is designed based on the 

parameters based on the SUVC rulebook many parameters have been constrained to full fill those rules. The roll cage is planned 

to be of tubular frame which will be lighter, stronger, and stiffer than a body on frame or anybody car. The tubular cross section 

will be circular which states that the hollow tubular pipe is used to design the roll cage. While designing the roll cage mainly at 

some corners instead of butt welds joint, pipes are bent at some required place to get stronger frame. The material we have chosen 

is AISI 4130 chromoly. 4130 is a true seamless pipe with composition of chromium and molybdenum. The 4130 alloy is chosen 

as it as high strength alloy with carbon content of about 0.30%, with this low level of carbon content the alloy is excellent from 

the fusion weldability standpoint. The chemical composition of the material and the properties of the 4130 which are all the 

reasons for selecting that material. The design software which is used to design all the solid parts in this vehicle designing is 

SOLIDWORKS. The SOLIDWORKS is one of the best design software in the mechanical design field at present in the world. 
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Weldments which is exclusively available in this software makes us the work easier and quicker. Model tubular frame shown in 

fig. 1. 

 

 

Fig. 1. Model tubular frame 

B. Steering 

 Steering system selected here is rack and pinion steering system. The system is designed based on the Ackerman 

geometry, but the geometry type used here is Anti-Ackerman geometry type for reducing the driver‟s effort and for easy handling 

[4]. The steering system calculation and geometry as shown in table I and fig. 2. 

TABLE I. STEERING SYSTEM PARAMETERS 

Distance between king pin B 800 mm 

Distance between axle L 2100 mm 

Inner wheel angle δi 38.38 degree 

Outer wheel angle δo 31.31 

Length of tie rod y 242.9236 mm 

Length of Steering arm X 175 mm 

Rack case length P 100 mm 

Distance between to ball joint to case end r 75 mm 

Turning radius R 3000 mm 

King to wheel centre distance q 150 mm 

 

 

Fig. 2. Steering geometry representation 

C. Brake 

The brake system selected is disc brake which will give greater stopping power for the vehicle [1]. Disc brake is a type of 

brake system which uses callipers to squeeze the pairs of pads against the rotating disc to create a friction on the disc and keep 

them un-moveable and make the vehicle to stop [7]. The calculations done to design the brake system are shown below. 
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TABLE II. BRAKING SYSTEM PARAMETERS 

Parameters Formulae Calculated value 

Brake pedal ratio (Fbp) Fbp=Fd*(l2/l1) 1.25*10
3 
N 

Master cylinder pressure (Pmc) Pmc= Fbp / Amc 4.386*10
6
 Pa 

Force generated by caliper piston (Fcaliper) Fcaliper = Pmc*Acaliper 5.794*10
3
 N 

Caliper clamping force (Calipercf) Calipercf = Fcaliper * 2 1.159*10
4
 N 

Force on disc by brake pads (Ffriction) Ffriction = Calipercf * μbp 4.635*10
3
 N 

Torque of rotor (Tr) Tr = Ffriction * Reff 284.754 J 

Force on tyre (Ftyre) Ftyre = Tr / TyreR 6546 N 

De-acceleration of vehicle (Dav) Dav = Ftotal / mv*g 5.473 m/s
2
 

Stopping Distance of vehicle (SDv) SDv = Vv
2
 / 2 Dav 6.344 m 

Stopping time (St) St  = Vv / Dav 1.523 s 

 

D. Suspension 

 The suspension type selected in front wheels are double wishbone independent suspension system and for the rear it is 

selected to be trailing arm with two shock absorbers as it is a single wheel. The calculations value of suspension system is 

mentioned in below diagram. The parts of the suspension system involve lower wishbone, upper wishbone, shock absorbers and 

trailing arm. 

TABLE III. SUSPENSION SYSTEM PARAMETERS 

Parameters Calculated value  

Wheel base (B) 75 inches  

Wheel track (T) 50 inches  

Golden ratio (B/T)  1.5  

Weight front (Wf) 160 kg  

Weight rear (Wr) 180 kg  

Weight Front raised (Wfr) 175 kg  

Height raised (H) 22 inches  

Role radius of tyre from ground (Rtf) 10 inches  

Total weight (Wt) 340 kg  

Tan α 0.30681  

CG height (B*(Wfr-Wf)/(Wt* tan α))+Rtf 20.78 inches  

Ground clearance 180 mm  

 Front Rear 

Distance between strut hinge points (D1) 204 mm 113.53 mm 

Distance between lower wishbone hinge points (D2) 283 mm 287.39 mm 

Motion ratio (D1/D2)
2
 0.519622 0.156055 

 

IV. DESIGN 

A. Roll cage 

The design of every parts was done in SOLIDWORKS software. The initial design of the roll cage was made in 3D line sketch 

feature as shown in fig. 3. 

 

     Fig. 3. 3D Sketch line diagram and isometric view 
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 Then the lines are converted into the tubular structures and every joint is automatically connected using the weldments 

features which is exclusively available in this design software. Now we can able to obtain the 3D solid part of the roll cage. The 

roll cage is designed based on the rules of SUVC and it is designed keeping in note of other parts and based on driver‟s 

ergonomics for the comfortable driving. Then the tubular structures give the exact idea about the outcome of the design. After 

several learning process based on the mistakes and experienced learning, we had come to an end of finalising the design of the 

frame in accordance with the space for further other sub systems fitting without affecting their functionality. This roll cage was 

designed after several research and for our convenient for the SUVC event. Major convenience is made in this roll cage for the 

driver‟s comfort of driving the vehicle and also for the driver‟s entry and exit also. 

B. Steering 

Steering system selected to design was rack and pinion steering system which is a fully mechanical steering system which 

includes only the movement of mechanical parts in the steering action occurring in the turning of the vehicle and for perfect 

cornering of the vehicle. The pinion placement will be in the left end of the rack as it is based on the Maruti 800 steering system, 

from the left end the steering wheel will be connected by 2 shafts with the help of the universal joints. Initially the number teeth 

on the pinion and rack are calculated and they were designed. Then the housing of the rack and other ball joints were designed. 

Then other auxiliary parts were designed. The auxiliary parts involve shaft, universal joints, steering wheel and tie rod connected 

with the ball joints. Assembly of the steering system which is designed is shown in fig. 4. 

 

 

Fig. 4. Designed steering system 

C. Brake 

 Brake sub system was designed for all the three wheels of the vehicle. The brake system selected if of disc brake type 

which involves the a circular disc attached to the tyre of the vehicles and the stopping action of the vehicle is done by arresting the 

motion of the disc that is simultaneously rotating with the tyres that are responsible for the movement of the vehicle.  Initially the 

disc is designed that is sufficient for the size of the tyre that we have chosen for effective stopping of the vehicle 

 

 

                 Fig. 5.Brake Disc                                                  Fig. 6. Brake caliper                                                   Fig. 7. Master cylinder 

                          

   Then after designing the disc then brake caliper is the most important part which is designed for the actuation of the brake that is 

to stop the rotating motion of the disc with the help of the brake pad. Now the most important part that is the master cylinder is 

designed. The master cylinder plays are major role in the brake system which is the heart pump of the braking system which 
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delivers the required pumping hydraulic pressure for the calipers from the foot actuation by the driver. Then other smaller tubes 

and brake pedal are designed and the assembly of the braking system is done. The major braking parts shown in fig. [5-7]. 

D. Suspension 

 Now the design of the suspension system was done according to the calculations and for our requirement for the smooth 

movement of the vehicle without affecting the driver‟s comfort, while running the vehicle in to the bumps, cornering and small 

pits. Initially the wishbones are designed for the suspension system. Two types of wishbone that is upper and lower are designed 

based on their functionality and for supporting the vehicle on the roads [5].  

 

Fig. 8. Suspension components 

Then the shock absorbers are designed according to our requirement for the comfortable rides in the vehicle. Shock absorbers are 

the combination of both springs and the damper. Springs are used for absorbing the sudden vibrations and impacts acting on the 

vehicle in bumps. Dampers plays an important role in the suspension which absorbs and transfers the sudden impact to the fluids 

in it for the smooth actuation of the springs, and for the comfort riding for the driver. Then for the rear as it is single wheel the 

trailing arm is the support for both the power wheel as well as for the rear suspension to hold the bottom end of the shock 

absorbers which are fitted to absorb the sudden impact and vibrations and not to supply it to the frame of the vehicle for not 

affecting the driver. All the suspension components are shown in fig. 8. Then other parts include tyre, knuckle and other brackets 

which are used to fix the steering system and suspension system on the roll cage. It also involves the design of the ball joint which 

is used in many connections to give both the rotary motion and for joining two different parts. Now the sub assembly of the sub-

systems are all assembled all together in a single file and it have everything in it. Therefore, the full assembled view of the vehicle 

is in shown in fig. 9. 

 

 

Fig. 9. Isometric view of vehicle 

V. ANALYSIS 

 

As the analysis for side impact test is done using ANSYS software. In this type when any accident occurs and the force acts in the 

side of vehicle is analysed. Here the force is applied on the right side of the roll cage. By giving varying force the deflection 

changes shown in fig. [10-11]. with these deflections the maximum force the roll cage able to withstand was obtained. And the 

maximum deflections also obtained. Thus, with this deflection values of the roll cage the safety of the driver with respect to the 

roll cage can be ensured. By this design of the roll cage in which the force is transmitted into various parts from one point. And 
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with this design only the safe deflection is attained. In this the roll impact is tested using ANSYS software. During any accident of 

vehicle there may be a possible of roll. And if the roll is occurred then the force will be acted at top of the surface and so the 

deflection should be observed at the top of the surface .By applying various force at the top of the vehicle the various deflections 

are obtained and with these deflections the force transmitting area are observed .With this the safety can be ensured. And the 

maximum deflection was obtained. So that the design was made safer as much as possible. 

 

        

                    Fig. 10. Side impact stress applied                                                                               Fig. 11. Side impact deflection 

        
                  Fig. 12. Roll impact stress applied                                                                               Fig. 13. Roll impact deflection  

 

       
                  Fig. 14. Torsional impact stress applied                                                                               Fig. 15. Torsional impact deflection    

 
In this the front end was tested. Normally during accident there is high possible of deflection in front part. And hence by applying 

force in the front part the deflection was obtained. The force was given at the front part and the deflections are noted by applying 

various forces the various deflections are obtained. Only by proper transmission of force into other parts the safety of the driver 

can be ensured. And so, the design was checked by these deflections. By this the safety of driver was ensured.   

 

       
                  Fig. 16. Drop test impact stress applied                                                                               Fig. 17. Drop test impact deflection    
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In this the drop test was done. During accident there may be chances of acting force under the vehicle. For example, vehicle fell 

into a pit. And in these stages the forces are applied at the bottom of the vehicle. By applying various forces, the various 

deflections are obtained is shown in fig. [12-17]. According to the deflections the design was tested. The safety of the driver was 

ensured by the proper distribution of force to other parts. The steering system is analysed using lotus software which is 

specifically used for steering and suspension analysis. And using this software by feeding the input the output will be obtained. 

Every parameter is given as input. For steering analysis, the steering design is made by just giving the coordinate positions of the 

actual design. Or by taking origin as reference the coordinate points can be defined. Here the tie rod points are taken and used for 

steering analysis and the basic parameter was fed into the software. With these inputs of coordinate points and input parameter the 

analysis was done automatically using the software. Finally, the software gives the output for steering. And with that by adjusting 

the values the proper required steering motion is obtained. 

 

       

                            Fig. 18. Steering analysis                                                                                       Fig. 19. Coordinate points  

    In this the outer track rod ball joint and inner track rod ball joint are the two points which defines the position of the track 

rod and using this coordinate position the tie rod length is automatically defined. And the wheel center point and spindle point are 

the points which connect the track rod and wheel. All these coordinates define the full steering system with this the analysis was 

made perfectly and shown in fig. [18-19]. 

 

       
 

                    Fig. 20. Suspension Analysis                                                                                         Fig. 21. Input parameters for suspension 

 

Here the parameter is given to that design. The static values are defined automatically. And the general data values are given as 

per the requirement. Wheelbase and other parameter are calculated and these values are given as input. With all these inputs the 

analysis was done and shown in fig. [20-21]. If the required motion is not obtained then the changes are made accordingly and the 

required motion was obtained. With this analysis the bump travel results were obtained. 

 

       

                     Fig. 22. Upper wishbone                                                                                                  Fig. 23. Lower wishbone 
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       In that whole suspension system, the wishbone alone is taken and analysed using ANSYS software as shown in fig. [22-

23]. to check the strength of the wishbone this analysis was done. Here the force is applied in hinge points so that the deformation 

was observed. And with this analysis the ultimate strength of the wishbone was obtained. And with that known strength other 

parts were assembled accordingly. 
VI. RESULT & CONCLUSION 

TABLE IV. ROLL CAGE ANALYSIS 

S.No Analysis Deflection (mm) Maximum Stress (MPa) Force (N) Factor of Safety 

1 Front impact 1.6497 218.93 8000 2.009 

2 Rear impact 10.563 3240.1 8000 1.357 

3 Side impact 1.5342 155.34 5000 2.832 

4 Roll over 8.1343 219.5 8000 2.004 

5 Torsional impact 12.673 306.66 8000 1.434 

6 Drop test impact 4.5158 141.43 8000 3.111 

 

As the analysis done gives results for the roll cage. The deflection, maximum stress, factor of safety is obtained from the 

analysis using ANSYS software. Every value is obtained and the safety of the design can be confirmed by these results. 

 

    

                                  Fig. 24. Lotus analysis for steering                                                                             Fig. 25. Lotus analysis for suspension 

Results obtained from the analysis of steering and suspension using lotus software as shown in fig. [24-25]. each data‟s denotes 

various parameters which describes the required design. These graph values denote the variation of parameters in steering and 

suspension during their actions. From ANSYS and LOTUS software analysis verify the safety of roll cage, steering and 

suspension system. 
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Abstract-- Milling is of the significant machine tool that is able to perform a variety of operations that are required in manufacturing. Face 

milling is one such operation where the metal removal is good along with better surface finish. Aluminium 7075 alloy is having variety of 

applications in aircraft and others fields’inspite of its less workability compared to other alloys. The milling parameters can influence the 

workability with better finish considering MRR and surface roughness as expected variables. The input variables like speed, feed rate and 

depth of cut are considered for better dependent variables. The limits of the variables are decided based on machine availability. Taguchi 

Design of Experiments based approach is used to generate a mathematical model with the variables to depict the machining operation. 

The model is further optimized to find best value for the considered fitness function by Genetic Algorithm using Matllab.  

Keywords:Milling; Aluminium 7075; Taguchi methodology; ANOVA; Material Removal Rate; Surface Roughness; Genetic Algorithm. 

I. INTRODUCTION 

Inspite of the cost consideration machining is one of the widely used manufacturing process, in which milling contributes a lot. Face 

milling is a way of removing metal with either up milling or down milling process to obtain the required shape of the product as per 

design. Hence machining has to be carried out with an utter care to produce the best finish possible to make the product do its 

function in the proper way. So balancing Metal removal i.e. Productivity, along with surface roughness i.e. finishing is completely 

essential in all the machining process. Here we have chosen face milling of Al 7075 alloy, because of its wide variety of 

applications in light weight to strength requirement industries like, Aircraft and aerospace industries. The presence of zinc ensures 

the strength of the workpiece by providing resistance to stress and strain replacing steel in variety of applications like highly 

stressed parts, such as gears, fuse parts, structural components, and bows. In this work DOE is made to understand and investigate 

the milling parameters of Al 7075 alloy with minimum number of experiments. Using which a mathematical model is to be 

developed and validated statistically. Further the validated model will help us to optimize the cutting condition for better finish and 

Productivity. 
 

II. LITERATURE SURVEY 

A study and review is made on the various milling operations with different combination of machine and material. Motivation and 

objectives for the research has also been obtained during the survey. 

W.R Ghan, S.DAmbakar [2016] identified the main parameter affects the surface roughness, MRR, machining under the different 

condition and finally optimized. The Taguchi method gave maximized normalized combined S/N ratio of tangent output, The 

optimization machining parameters have achieved better surface finish characteristic during milling , better MRR during turning and 

better optimization machining time during turning. Considering Surface roughness, to identify the significant factor ANOVA was 

carried out. Signal to Noise ratio is used for optimal cutting combination for spindle speed, feed rate and depth of cut as control 

force and operating chamber temperature stands as noise factor. Confirmation tests were also carried out to verify the Taguchi 

design. Ravinder et.al (2014) presented the literature review on techniquesmilling process parameters optimization. Many 

researchers were mainly focused on the input process parameter such as cutting speed, feed rate and depth of cut and the output 

response like Material Removal Rate (MRR), surface finish, etc. The authors concluded that, the minimizations of error by 

statistical calculation can be avoided by incorporating the use of algorithm and computer language. The guideline for various 

literature reviews is provided for further research in the optimization of process parameters in milling operations. Franklin Issac, R 

et.al (2014) studied the mechanical behavior of BC and graphite reinforced aluminium hybrid composites to predict the wear 

parameters. The input parameters considered are the sliding speed, sliding distance and applied load. Response Surface 

Methodology (RSM) design approach was carried out for the optimization process and MINITAB14 software was used to analysis 

ofrate of wear of aluminium hybrids. The conclusions of the wear rate are made by using Scanning Electron Microscope (SEM) and 

Energy Dispersive Spectrum (EDS).Mamun Al Rashed, H.M. et.al (2014) studied the characterization ofsilicon carbide reinforced 

aluminium composites to estimate the microstructure, mechanical and wear characteristics. Tests such as Vickers hardness, tensile 

strength and wear performance are performed and the porosities in the microstructure were obtained. From the results, the authors 

concluded that the hardness and tensile strength gets increased with the introduction of Sic particles in aluminium matrix.  

Yang, S.H. et.al (2011)studied micro end milling operation process parameter optimisation. The cutting parameters selected for this 

experimental investigation are spindle speed, feed rate and depth of cut. This research work focused on to achieve maximum 

Material Removal Rate (MRR) by using Taguchi technique for the optimization in micro-end milling operation. The authors 
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concluded that the maximum material removal rate was obtained in micro-end milling process, use of medium value of feed rate 

was recommended. Alagumoorthi, N. et.al (2012).investigated the end milling of cast aluminium and a mathematical modelwas 

developed to predict the influencing parameters on machining. Experimental work was carried out based on a response surface 

methodology design named as central composite design. The input parameters were the spindle speed, feed rate and depth of cut. 

Empirical model developed for comparison was made by Analysis of Variance (ANOVA). From the experimental results, the 

authors shown that spindle speed had a greater influence on tool wear and the depth of cut had a very little effect on tool flank 

wear.R.N.Nimase and P.M.Khadhe   [2015] investigated for reducing surface roughness with the help of S/N ratio. ANOVA was 

used as confirmation test and also concluded significance of input parameter in the order of feed rate has more contribution, spindle 

speed has moderate contribution and depth of cut has less contribution. 

Harish holkar et.al [2016] The experiments were conducted on three different cutting speed with three different feed rates at 

constant depth of cut. Using S/N ratio and analysis of variance the cutting parameters are optimized.This was done to analyze the 

surface roughness, flank wear and MRR. Feed rate is significant parameter for roughness where cutting speed is parameter for 

influencing MRR and flank wear.  

R. Ashok raj [2013] experimental investigation was made by employing Taguchi design of experiments and ANOVA for studying 

the machining performance with various cutting speed feed and depth of cut using side and face milling cutter. Relevant machining 

parameters were identified by using signals to noise ratio. M.S. Mahendra, B.Sibin[2016] determined various parameters such as 

feed, doc, speed and also used to fit the experimental values. By this analysis, the significant factors affecting the surface roughness 

are identified.  

Based on the study it is found attempts have been made to study the influencing parameters for various milling machine tools. 

Along with that Material Removal Rate and Surface finish are some major requirement of many products of industries.In this work, 

it is attempted to examine the effect of cutting conditions of the milling process in Al7075 material by using the Vertical Milling 

Machine. Here the experimental work includes procedure, machine used, modules of work are discussed. 

 

III. EXPERIMENTAL PROCEDURE 

The experimental work is carried on aluminium7075 with carbide composite tool using Bhagwan Udyog vertical milling machine. 

The main objectives of this investigation are to maximize the Metal Removal Rate, to minimize the Temperature and to minimize 

the Surface Roughness, and to minimize the Machining Time. The effect of milling parameters like spindle speed, feed rate and 

depth of cut are used to analysis the Metal surface Roughness Temperature and Machining Time are Removal Rate, presented in this 

investigation. The experimental work is carried out using Taguchi's Design of Experiments (DOE) and Genetic Algorithm (GA) 

approach to study the effect of milling parameters on aluminium7075 whose chemical composition is given in table: 3.1. 

Table 1 Chemical composition of Aluminium 7075 

ELEMENTS % 

 

ELEMENTS % 

Copper 1.2 - 2 Chromium 0.18-0.28 

Magnesium 2.1-2.9 Zinc 5.1-6.1 

Silicon 0.4 Al Balance 

Iron 0.5  Tin 0.2 

Manganese 0.3 Titanium 0.2  

 

Work piece dimensions of 50mm x 50 mm x 75 mm as shown in fig. 1 were clamped on machine vise. The 75 mm T- Max cutter 

with carbide composite tool is mounted on machine spindle. Automatic feed is is used to machine the workpiece. Time taken to 

travel the distance is taken using stopwatch. 

 

Fig. 1.Aluminium 7075 workpiece 

Metal removal rate is difference of weight before and after machining with respect to time. Surface roughness tester is used in 

industries to measure the surface roughness or surface texture or surface finish of the materials. The roughness tester measured the 
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roughness value in microns.The input parameters to be considered are so many, among which spindle speed, feed rate and depth of 

cut were found to be significant and chosen for the current research work. Three levels of operation were chosen for every 

parameter based on machine specifications and availability as listed in table 2. 

Table 2 Levels and ranges of input response 

PARAMETERS UNITS LEVEL1 LEVEL2 LEVEL3 

Spindle speed rpm 357 520 727 

Feed rate mm/s Low Medium High 

Depth of cut mm 0.5 1 1.5 

 

The experimental data for the milling of Aluminium 7075alloy using a Vertical Milling Machine is given in table 3. The test runs 

were made according to L9 orthogonal array by the recommendation of DOE. The output responses are the MRR and Surface 

roughness is given in the table 3. 

Table 3 Machining Data as per Design of Experiments 

INPUT PROCESS PARAMETER OUTPUT RESPONSES 

SPINDLE SPEED FEED RATE DEPTH OF CUT MRR  SURFACE ROUGHNESS 

(rpm) (mm/sec) (mm) (gm/sec) µm 

357 Low 0.5 0.03092 2.473 

357 Med 1 0.07521 2.088 

357 High 1.5 0.21622 3.941 

520 Low 1 0.06241 1.817 

520 Med 1.5 0.10468 2.297 

520 High 0.5 0.07873 3.494 

727 Low 1.5 0.08771 1.405 

727 Med 0.5 0.06179 2.218 

727 High 1 0.16836  2.666 

 

IV. EXPERIMENTAL STUDY BY TAGUCHI METHOD 

A. Metal Removal Rate 

Using the experimental machining data analysis done on Minitab with Taguchi and corresponding SN ratio value has been found. 

Analyzing with respect to material removal rate and the condition is chosen to me “Larger the better” and corresponding results are 

listed in the following table 4. 

Table 4 Experimental result for MRR 

INPUT PROCESS PARAMETER 
EXPERIMENTAL 

RESULTS 

SPINDLE SPEED 

(rpm) 

FEED RATE 

(mm/sec) 

DEPTH OF CUT 

(mm) 

MRR 

(gm /sec) 

S/N 

RATIO 

357 Low 0.5 0.03092 -30.1938 

357 Med 1 0.07521 -22.4747 

357 High 1.5 0.21622 -13.3019 

520 Low 1 0.06241 -24.0951 

520 Med 1.5 0.10468 -19.6024 

520 High 0.5 0.07873 -22.0768 

727 Low 1.5 0.08771 -21.1392 

727 Med 0.5 0.06179 -24.1814 

727 High 1 0.16836  -15.4753 

 

Table 5 S/N Ratio table for MRR 

Level Speed Feed Doc 

1 -21.99 -25.14 -25.48 

2 -21.92 -22.09 -20.68 

3 -20.27 -16.95 -18.01 

Delta 1.72 8.19 7.47 

Rank 3 1 2 
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Using Table 5, delta value is a way to measure the significance of the independent variables. Higher the value of delta more 

significant the parameter is. Hence from the above table Feed rate with a delta value of 8.19 signifies to be the crucial factor, closely 

followed by Depth of cut with 7.47 delta value. The above results are again confirmed with the Pareto chart given in figure 2.  

 

 

Fig 2. Pareto chart for MRR using S N ratio. 

The SN ratio is also used to create a graph is which will indicate the best level of particular parameter considering the condition 

(„Larger the Better‟). According to which Spindle speed of 727 rpm Feed rate at High and Depth of cut of 1.5mm will give us the 

best optimum MRR.  

 

 

Fig 3.S N ratio plot for input parameters. 

The Analysis of Variance (ANOVA) is afunction of Taguchi‟s DOE for selecting the best predicted value of milling parameters 

affecting the metal removal rate. ANOVA is the statistical method used to find out if experiment results are significant. The 

influences of milling parameters on input variables are identified with the support of analysis of variance table in Table 6. 

Confidence level of 95% was chosen to carry out the analysis. It was observed that Feed rate plays crucial role for affecting the 

metal removal rate with p-value of 0.012 and F value of 15.14. 

Table 6Anova Table for Metal Removal Rate 

Source DF Adj SS Adj MS 
F-

Value 

P-

Value 

Speed 1 0.000003 0.000003 6.33 0.953 

Feed 1 0.01328 0.01328 15.14 0.012 

Doc 1 0.009375 0.009375 10.69 0.022 

Error 5 0.004386 0.000877   

Total 8 0.027044    

Regression equation is created to depict the model of the considered machining process with the consideration of MRR. Optimized 

input parameters can be found by using the equation. 

 

MRR = -0.0732 - 0.0008 SpindleSpeed + 0.0470 FeedRate + 0.0395 DepthofCut 
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B. Surface Roughness 

 

Similarly, As per Taguchi‟s DOE, Minitab software was used to find the signal to noise ratio for surface roughness and is given in 

table 7 Delta table for the same in table 8. 

The main objective of this experimental investigation is minimization of surface roughness and therefore “Smaller is better” 

condition is selected. 

 

 

Table 7 Experimental Result for SR 

INPUT PROCESS PARAMETER EXPERIMENTAL RESULTS 

SPINDLE SPEED 

(rpm) 

FEED RATE 

(mm/sec) 

DEPTH OF CUT 

(mm) 

SR 

(µm) 

S/N 

RATIO 

357 Low 0.5 2.518 -7.8627 

357 Med 1 2.631 -6.3925 

357 High 1.5 3.467 -11.9110 

520 Low 1 2.107 -5.1871 

520 Med 1.5 2.303 -7.2213 

520 High 0.5 2.568 -10.8665 

727 Low 1.5 1.396 -2.9535 

727 Med 0.5 1.815 -6.9173 

727 High 1 2.610 -8.5156 

 

Table 8 S/N Ratio table for SR 

Level Speed Feed Doc 

1 -8.722 -5.334 -8.549 

2 -7.758 -6.844 -6.698 

3 -6.129 -10.431 -7.362 

Delta 2.593 5.097 1.85 

Rank 2 1 3 

 

Here the delta value from table 8 signifies the feed rate to be crucial factor with higher delta value. The data is again visualized 

using the Pareto chart in figure 4. 

 

 
Fig 4. Pareto Chart - SR 

The optimal level of surface roughness for this experimental work is spindle speed is 357 rpm, feed rate is High and depth of cut 

is 0.5 mm. The influences of milling parameters on input variables are identified with the support of analysis of variance table in 

Table 9. With 95% of confidence level and research runs are carried out.It is observed that feed rate plays a significant role for 

influencing the SR with p-value of 0.009. 
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Fig 5. Pareto Chart - SR 

Table 9Anova Table for Surface Roughness 

Source DF Adj SS Adj MS F-Value P-Value 

Speed 1 0.81586 0.81586 4.31 0.093 

Feed 1 3.23474 3.23474 17.07 0.009 

Doc 1 0.04896 0.04896 0.26 0.633 

Error 5 0.94735 0.18947   

Total 8 5.04691    

 

Minitab 17software was used to generate the regression model which is used to find the Surface roughness. The regression for the 

surface roughness on milling the aluminium 7075alloy is given below. 

 

SR = 1.938 - 0.369 SpindleSpeed + 0.734 FeedRate - 0.090 DepthofCut 

V. OPTIMIZATION BY GENETIC ALGORITHM 

Genetic Algorithm (GA) follows the basic principle of dynamics of natural genetics formed by a class of heuristics. It is an 

intelligent exploitation of a random search that replicates the natural development of biological creatures. The evaluation of fitness 

function of the optimization problem is done. A selected population of solution (chromosome) initially develops by using 

mechanisms modeled analogous to those used in Genetics. 

Table 10 Parameters for GA 

S.no Parameter Value 

1 Population size 300 

2 Cross over probability 0.8 

3 Mutation probability 0.02 

4 Number of generation 300 

 

A. Implementation of GA For Metal Removal Rate 

Matlab is used to run the optimtool to run the GA for the fitness function with declared GA operators. Upon iterating the best fitness 

value of the input parameters for the best fitness value of the governed equation is found out and given in the table11. Considering 

MRR to be maximization, the equation of the function is defined appropriately. Fig  

Table 11 Optimized Input Parameters of MRR 

Speed Feed 
Depth of 

Cut 

357 High 1.5 
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Fig. 7.Fitness function  for MRR 

 

B. Implementation Of GA For Surface Roughness 

Similarly results for Surface roughness with minimization iterations of GA are shown in table12i.e. the optimized input parameters 

for Surface Roughness. 

 

Table 12 Optimized Input Parameters of SR 

 

Speed Feed Depth of Cut 

727 Med 0.5 

 

 

 
Fig. 6. The Fitness function for Surface Roughness 

 

VI. CONCLUSION 

In this work, optimization and analysis were carried out successfully in the milling process on aluminium7075 alloy. 

The following objectives were attempted to satisfy. 

 High metal removal rate is obtained in milling process. 

 The quality of the milling process mainly depends on selection of the input parameters. 

Taguchi Design of Experiments technique and GA were successfully employed in the optimization of input milling process 

parameters of aluminium7075 and the results are listed in table 13 and table14. 

 

Table 13.Optimized results from Taguchi 

Output Response Condition 
Input Parameters 

Speed (rpm) Feed (mm/sec) Depth of cut (mm) 

Metal Removal Rate Larger the better 727 High 1.5 

Surface Roughness Smaller the better 357 High 0.5 
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Table 1Optimized results from GA 

Output Response Condition 
Input Parameters 

Speed (rpm) Feed (mm/sec) Depth of cut (mm) 

Metal Removal Rate Larger the better 357 High 1.5 

Surface Roughness Smaller the better 727 Med 0.5 

 

 Being feed rate crucial factor in both the requirement and is almost same by both the process that it is to be of High value 

setup in the particular machine. 

 Depth of cut also resulted in same values in both the optimisation techniques. 

 Spindle speed being least significant in both operations also listed in the table. 

Hence the values obtained for machining high strength Al7075 alloys can be machined using the optimized conditions 

suggested in the work 
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 ABSTRACT— The big challenge while developing a new machining industry are mainly focused on the best quality and a time saving 

operation for increasing the production rate, less removal of materials of cutting tools, hence rising the performance of an instruments. The 

rate of productivity can be decreased by reducing the machining time and combining the machining operations etc. Thus, better way to 

increase the production rate along with a quality and quantity is attained only by through a special type of modified machine. Therefore, 

During the drilling process many problems are occurred in the previous idea. Thus, due to the small workspace between the work piece and 

the drill bit. In this project we can do both multiple and single drilling operations along with 360◦ flexible rotation in an (single machine). By 

using new idea, it can also eliminate the drill bit damage while changing the drill bit when doing different operations. The machine cost is 

comparatively low compared to CNC drilling machine, through this new machine it can able to do all the drilling operations performing by 

CNC machine. This can able to do a multiple and single drilling operation in a single machine at low cost, so it is benefit to domestic 

workers, lathe workshops. The main aim of this project is to improve the productivity with reduced in time and cost of machine.  

 

Keywords— Drill bit, Lead screw, Radial drill, Dc motors   

 
I. INTRODUCTION 

Drilling is a machining process for producing a hole in a metallic or non-metallic material. This process is called as drilling. The 
tool used here is called as drill bit. The multi spindle drilling machine are commonly used for a mass production process, it is a 
huge time saver were many pieces of jobs having a multiple   number of holes to be drilled. Thus, multi spindle drilling machine 
are mostly used at a mechanical industry in order to increase the productivity rate. It can be used to drill several holes for a fixed 
pitch circle diameter. At today’s market a customer demands the product with a right quality, quantity, better cost, and perfect 
time. Therefore, it’s a necessary to improve production rate and the better quality. Only way of achieving this can be through by 
using of multi spindle drilling head. Making of SPM are decided based upon the various principles such as minimization of cost 
and improved productivity and improving safety. 
 

II. LITERATURE REVIEW 

S. R. Gawande (2015): Is said that the productivity of a machine is be increased by reducing the overall machining time, 
reducing total cost of machining, integrating the operations, reducing manpower etc. The main problem defined is non uniform 
drilling and other major thing is poor surface finish. Number of components finished per month is 4050 and 24300. Number of 
operators required are 5 and 1. Aesthetic look and finishing poor and good. And thus, the problem is reduced from the above 
results with considerable quantity.   

S. R. Gawande (2016): Is said that special multi spindle drilling machine. The Mass production are many varieties of jobs is 
less and quantity to be produced is large, it is very essential to produce the job at a faster rate. This is not possible if we carry 
out the production by using general purpose machines. To make improve the increase of productivity in addition with quality 
is by making special purpose machine. The main problem defined is non uniform drilling and other major thing is poor 
surface finish. And thus, the problem is reduced from the above results with considerable quantity.  
 
K. I. Nargatti (2016): We have studied that journal they are majorly focused on good quality and also in terms of an higher 
production rate, considering cost saving in terms of economy machining, increase the performance and less wear of cutting 
tools of the product produced in an industry. Productivity of a product in a manufacturing can be improved by decreasing the 
total machining time, combining the operations etc. The very best way to improve the rate of production (productivity) and 
the quality is by use of special purpose machine. This paper deals with improvement in Design & Fabrication Process of 
Multiple Spindle Drilling Head for cycle time optimization of the component. 
 
Geethanjali R (2016): We have studied this journal the work of the author’s project relates to increasing in the process of 
manufacturing of thrust   block and ½ U assembly. The thrust block is get assembled to assembly which ½ U (1800 apart 2 
no’s). The thrust block that is manufactured with the 15CDV6 hardened (38-40HRC) and ½ U Iso grid panels are 
manufactured from AA7075 alloy. These thrust blocks can carry the solid propellant booster of the rocket on either side. The 
current realization is the use of the method of master and sleeve jig concept (A new concept extracted at HAL ASD). Now to 
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improve productivity of a machine a Special Purpose Machine is used to drill and ream the material when thrust block and 
Iso grid are assembled together to form a special component. The material 15CDV6 is used for thrusting block steel for the 
dia. 16596 RPM, dia. 20-477 RPM, dia. 24-394 RPM.  

 
R.Anandhan (2016): Is said that present machines are mostly controlled by embedded system by computer or microcontroller. 
To achieve the necessary of exploding population of the world economic and the major concern of effective control of machines 
is the need. This journal even is rotated to make drill at all direction. So that job setting, and arrangement operation is not tough 
and complicated as well as decreases the job setting time for the machining operation. In manual method the most effective 
controlling of the drilling machine is possible. The workpiece is a moveable one because it is fixed in the table. Here the 
workpiece is rotated, and drill bit is fixed but in drilling machine the drill bit is a rotating one and workpiece is fixed. This angular 
drilling is processed for Different Angle Drilling in the machining or workpiece job. 

 
III. WORKING PRINCIPLE OF MULTI SPINDLE DRILLING MACHINE 

The drilling machine is commonly for producing variety of holes with extracting of chips. Drilling machines 
are used for drilling, boring, countersinking, reaming, and tapping. There are several types are used for 
metal working: vertical drilling machines, horizontal drilling machines, centre drilling machines, gang 
drilling machine, and multi spindle drilling machine. basically, the multi spindle drilling machine has several 
drill spindles driven by a single motor. All the spindles are holding the drills are fed into the work piece at 
same time. For the purpose a drill heads can be lower and to work piece up and down motions. The multi 
spindle drilling machine is one which can be used to drill several holes at various large and even 
unsymmetrical layouts according to our requirements, where the conventional multi spindle drilling 
machine cannot be used. This is an improvement over geared drill heads adopted with universal joints. The 
drill head is mounted on drilling machine table. The drill head spindle is inserted into the machine 
spindle.it used to drill several holes in different layout according deals with a proper idea of usage of 
eccentrics in the field of drilling. The multi spindle drilling machine helps to achieve accurate and identical 
drilled layouts in mass productions. Thus, the basic principle for and multi spindle driller machine is to 
make an several number of holes in a work piece at minimum time period and main aim of using multi 
spindle driller machine is increase productivity by decrease in time taken for the machine to make a hole in 
a given work piece. 

 

IV. EXPERIMENTAL SETUP  

In this one DC motors are used for controlling the power supply of the up and down movement operation. And 4 motors are 
used for drilling operation (1a, 2a, 3a,4a). The motor used for drilling operation contains high RPM and torque and the lifting 
motor contains low RPM only but has high torque for controlling the movement of operations for the motor. The Lead screw 
connected to the sub gear is used for lifting the drilling motor with the help of the thread present in the lead screw. The Lead 
screw used in this project is in 15 cm of length. The drilling motor set up will move in whole the length of the Lead screw. There 
are four lead screws are used for the lifting operation. We can fix the four drill pits of different size to all the four drilling motors 
with the help of the screw. different switches are connected to all the motors for the purpose of on and off the motors. Here we 
used the two different switches one is normal on/off switch and the other is called the two ways switch. The normal switch is 
get connected with the drilling motor. And the two ways switch is get connected with the main motor, in this we use the two 
ways switch for the up and down motion of the lifting motor. The wires are get connected with between the motors and the 
switches as well they connected the switches with the battery. Here the battery is used to supply a power to entire machine 
setup and the project set up to reduce the risk due to the high voltage passes in the main circuit.  the required voltage (12 V).  
This whole set up is get fixed in the single base. The ball bearing is placed under this set up to rotate freely using the hands. And 
this set up is get placed over the worktable, where the work piece is get placed for drilling operation. lock system is used with 
base to make a stable hole with an accurate manner. The main motor is directly engaged with main gear and the main gear are 
directly engaged with sub gears and thereby a transmission of power supply and sub gear are connected with lead screws along 
with the drilling motors. Sliding mechanisms are used with sub gears to control the transmission of power supply by engaging 
and dis engaging of the main and sub gears. Hence thereby achieving the both conventional and multi drilling operations using 
the technique of sliding mechanism of engage and dis engage of gears.  

 

V. METHODOLOGY 

In this machine it is constructed with a metal base and the base consist of bearing, metal frames and 
columns for a base support for the entire machine. The locking technique are also adopted with a base 
setup to make a stable and accurate hole on work pieces during the drilling operations is occurred. The 
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base is raised with a several number of columns of metal frame and contains several components of the 
drilling machine. Normally the machine consists of four drilling motors, four lead screws, four sub gears 
and one gear, and one main motor. Basically, the drilling motors are used to make a hole the required 
dimensions on work piece which holds on worktable. The four drilling motors are directly connected with 
the leadscrews separately and screws relate to the sub gears. The main motor is placed at the top head of 
the machine and the power supply is continuously given and the main motor is directly connected with the 
main gear and transmits the power to the sub gear. During the power transmission from the main gear to 
the sub gear managed with help of a technique called the sliding mechanism. And thereby engage and 
disengage of gears and transmits the power supply based on engage and dis engagement of gears. Due to 
this technique it can able to attend a drilling such as in a conventional drill as well the multi drill 
operations. Thus, the power supply is mainly concern with the main motor constantly. The gear used in this 
machine are of sizes such as 125mm dia and the dc motors consist a 
normally of 12v and 7amps and sped ranges from 600 to 700 rpm and 
lead screw size as 24 mm dia and 1 feet length the power supply to the 
main motor and drilling motors are controlled by different 
switches. Thus, when the power supply is initiated the main motor 
starts to rotate and automatically the main gear also starts to rotate 
through transmission of power from main motor and the main gear are 
engaged with the sub gear based on the required numbers of holes. 
The engage and dis engagement of gear are used to transmit the power 
based on requirement of number of holes. and the during the drilling motors start to make a hole on work 
piece with help of up and down movement of lead screws which are directly connected with sub gear and 
the drilling motor. The lead screws help to make a hole in downward pull direction and as well it also takes 
an upward direction to is original state, after the removal of material from the work piece. The leadscrews 
up and down direction are controlled by a two ways switch relate to the power supply and the main motor. 
Thus, due to proper engagement and dis engagement of gear leads to attain required kind of drilling 
operations such as conventional drilling and as well as the multi drilling operations. The drill bits are set to 
be at various sizes based on the needs of hole sizes on the work piece. The four different kinds of drilling 
motors are used based on type of material as work piece. The main outcome of the project is to make a 
conventional drill as well as the multi drill in a single machine, and thereby using of leadscrews for lifting a 
technique are also reduced in total cost of drilling machine. Besides this cost compared to the CNC 
machine, this project works very efficient on doing multiple drilling with 360 degree with reduced cycle 
time and increase variety of the product is achieved.   
 

 
 
 
 
 
 
 
 
 
             Fig.1 Engagement of gears                                                     Fig.2 Disengagement of gears 
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FIG.3 ENTIRE DESIGN MODEL OF MULTI SPINDLE DRILLING MACHINE 

 

 

VI. MATERIAL SPECIFICATIONS 

1. Frame:(mild steel) - ¾ square pipe. 
2. Bearing:(stainless steel) - Inner Dia. 19mm and Outer Dia. 47 mm.  
3. Motors: Main Gear motor: 12 v dc motor,45 rpm,14watts. 

Drilling motors: 12v dc motor,1000rpm (unloading condition) and 700rpm (loading condition).  
4. Brill bit - 4 different sizes 14mm Dia,8mm Dia,10mm Dia,12mm Dia. 
5.  Chuck:(steel) - 1.5mm-13mm Dia, 

Material used is chrome vanadium steel, 
Mount is ½ - 20 UNF.   

6. Lead screw:(mild steel) - Dia.24mm 
and 1feet length  

7.

 Battery(rechargeable) - 12V, 7amps lead acid battery.  
8. Spur gear:(cast iron) - Outer Dia. 125 mm, Thickness 1inch. 
 
 
 
 

VII. CALCULATIONS 

 
Lead screw : 24mm 
Lead screw material: mild steel  
Allowable shear stress for mild steel: 300Mpa 
 
1. calculation of induced torque: 

P=2ΠNT/60  
         14=2π*45*T/60   
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         thus, T=2.97 N-m 
 
2. calculation of induced shear stress on lead screw: 
T=π/16 *d^3*shear stress(lead screw) 
Shear stress on lead screw= T*16/π*(0.0024)^3 
 thus, Shear stress on lead screw = 109.41*10^6 N/m^2 
300*10^6 N/m^2 (allowable shear stress for mild steel) 
Thus, design is safe for selecting drill material. 
 

Table.1 Calculation of feed rate, spindle speed and diameter of drill and material (MS) 

 
Diameter 

of drill 

Material(workpiece) Feed in 

mm\rev 

Speed in 

rpm 

        8 Mild steel 0.127 1350 

       10   Mild steel 0.1778 920 

       12 Mild steel 0.2032 790 

       14 Mild steel 0.2057 750 

 
Calculations of feed rate:(F=f*rev) 
 
1. 08mm drill:  171.45mm/min 
2. 10mm drill: 163,54mm/min 
3. 12mm drill: 160.54mm/min 
4. 14 mm drill:152.44mm/min 
 
Calculations of machining time :(T=L/F) i. e10mm  
 
5. 08mm drill: T=0.058 min or 3.48sec 
6. 10mm drill: T=0.0611 min or 3.66sec 
7. 12mm drill: T=0.06230min or 3.738sec 
8. 14 mm drill: T=0.06561 min or 3.936sec 
 

Table.2 Calculation of feed rate, spindle speed and diameter of drill and material (SS) 

 
Diameter 

of drill 

Material(workpiece) Feed in 

mm\rev 

Speed in 

rpm 

8 Stainless steel 0.127 610 

10 Stainless steel 0.1778 430 

12 Stainless steel 0.2002 380 

14 Stainless steel 0.2032 340 

 
Calculations of feed rate:(F=f*rev) 
 

1.  8mm drill : 77.47mm/min 
2. 10mm drill: 76.45mm/min 
3. 12mm drill: 76.038mm/min 
4. 14 mm drill:69.088mm/min 

Calculations of machining time :(T=L/F) i.e10mm 
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5.  8mm drill : T=0.1290 min or7.74sec 
6. 10mm drill: T=0.1308 min or 7.848sec 
7. 12mm drill: T=0.1315min or 7.89sec 
8. 14 mm drill: T=0.1447 min or 8.682sec 
 

VIII. CONCLUSION  

Using of this multi spindle drilling head the rate of productivity can be increased. The cost per piece is 
reduced. This idea makes more benefit to the small-scale industries because this innovation is more 
economical.  From this project it concludes that it can able to attain mass drilling as well as conventional 
drilling in a single machine and thus results to reduce the machining time and the machine cost by through 
the usage of a lead screw technique and also by combining conventional drill as well as multi drill in an 
single machine it results reduced in space of placing different machines for different drilling operations. we 
can able to drill 4 different dimensions of hole simultaneously. We can modify the machine to drill 4 holes 
or 3 holes or 1 hole depending upon the need. This can be achieved by engage and disengage the gear 
systems. By comparing with a normal drilling machine cost our machine net cost is comparatively lower. It 
is mainly designed with the hope that it will be most useful and economical for a lathe, workshops, and as 
well as every small-scale industry. 

 
 

REFERENCES 

[1] Mr. Jay M. Patel , Mr. Akhil P. Nair ,  Prof. Hiral U.Chauhan , 3-Directional Flexible Drilling Machine, International Journal for Scientific Research & 
Development , Vol. 3, January 2015. 

[2] Praveenkumar, B. S., Niranjan Hugar, Ajithkumar, A. , DESIGN OF ROD GROOVING MULTISPINDLE DRILLING UNIT, Asian Journal of Science and 
Technology , Vol.07, March 2016. 

[3] Prof. Gadhia Utsav D, Shah Harsh A, Patel Viral A, Patel Kushang P, Amin Harsh J , DESIGN & DEVELOPMENT OF UNIVERSAL PNEUMATIC DRILLING 
MACHINE: A REVIEW STUDY, International Journal For Technological Research In Engineering Volume 3, April-2016. 

[4] N.VENKATESH,G.THULASIMANI,S.PALANISAMY,M.KARTHIKEYAN, Combined Drilling and Tapping Machine by using Cone Mechanism, International Journal 

of Scientific & Engineering Research, Volume 7, May-2016. 

[5] Prof. P.R. Sawant, Mr. R. A.Barawade , DESIGN AND DEVELOPMENT OF SPM-A CASE STUDY IN MULTI DRILLING AND TAPPING MACHINE, International 
Journal of Advanced Engineering Research and Studies, Vol. 1, January-March, 2012.  

[6] Mr. Sakate P.R. , Mr. Jadhav A.S. , Prof. Bamankar P.B. , Miss. Jagadale A.A.  Miss. Bhosale P.S. , A Review on Multi Spindle Drilling Special Purpose. 
Machine with Respect to Productivity , International Journal for Scientific Research & Development , Vol. 3, 2015. 

[7] Mr. K.K.Powar (Dr) & Prof. V.R.Naik – In the field of design and development of  multi orientation drilling machine. 

[8] Mr.A.S.Udagave & V.J.Khot – design on MSDH driller head. 

[9] Prof. Ms A.A.Shingavi & Dr.A.A.Dongare – Design of MSDM(08/MARCH/2015). 

[10] Prof. P.R.Sawant & Mr. A.Barawade – Design and development of case study at  multi tapping and drilling machine.  

 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IV, April-2020

ISSN NO: 1781-7838

Page No:213
Page 1589 of 3066Page 1589 of 3066



HEAT TRANSFER  ANALYSIS OF A HELICALLY COILED HEAT EXCHANGER USING 

MWCNT/WATER  NANOFLUID 

K.Palanisamy 

Mechanical Engineering 

M.Kumarasamy College Of Engineering 

Karur,Tamilnadu.India. 

palanienergy@gmail.com  

 

P.C. Mukesh Kumar  

Mechanical Engineering 

University College of Engineering 

Dindigul,Tamilnadu.India. 

pcmukeshkumar1975@gmail.com 

 

 

Abstract— Heat exchangers are playing vital role in an  

engineering systems such as power plants, nuclear 

reactors, refrigeration and air-conditioning systems, heat 

recovery systems, chemical processing pharmaceutical 

industries  and food industries Many works on design 

and fabrication of heat exchangers and replacement of 

traditional coolants  are being carried out to obtain more 

effectiveness and less pumping power. In this situation, 

nanofluids are introduced with the hope of solving the 

existing problems. In this experimental study, thermal 

performances of  helically  coiled tube heat exchangers 

are compared by water and Multi Walled Nanotube 

(MWCNT) nanofluids as target fluid. Further, the 

performance of MWCNT nanofluids and water are 

compared both in coiled tube heat exchangers, The 

testes are conducted in laminar flow region. The 

MWCNT water based nanofluids is prepared at 0.1% 

volume concentration and characterized  with TEM .It is 

found that helically coiled tube heat exchanger exhibits 

better thermal performance than straight tube heat 

exchanger. This is due to the effect  proving secondary 

flow induced by the helical angle of the coiled tube 

which gives better thermal contact between the surface 

and the fluid. It is also studied the MWCNT nanofluids  

shows significant thermal performance  than the water. 

This is due to higher thermal conductivity of MWCNT 

nanofluids. However , the pressure drop is remarkably 

rises in the helical coiled tube when compared MWCNT 

nanofluid than that of water. 

Keywords— MWCNT nanofluid, Effective thermal 

conductivity, Nusselt number, Secondary flow.  

I.INTRODUCTION 

         Heat exchanger are extensively used in the process 

industries for wide variety of application including 

steam power plants, nuclear reactors, refrigeration and 

air-conditioning systems, chemical processing food 

industries and medical equipments. Enhancement in 

heat transfer co-efficient improve the performance of 

heat exchanger and reduce size of the heat exchanger. 

Ge Pei-qi et al. [1] investigated the heat transfer 

characteristics of conical spiral bundle. He found that 

the cross section and cone angle have major effect on 

heat transfer through the conical coil and pitch has little 

influence on heat transfer enhancement. Naphon P.[2]  

studied the thermal performance and pressure drop of 

helically coiled heat exchanger with and without 

helically crimped fins as a result show that the average 

in tube convective heat transfer charactestics and 

thermal performance of helical coil heat exchanger. 

Dean [3] proposed a non dimensionless number which 

relates inertia force and centrifugal force in flow 

through a curved pipe. Dean number measure the 

secondary flow motion induced by the effect of 

curvature of coil on heat transfer. Prabhanjan et al. [4] 

proposed the correlation for outer Nusselt number using 

the coil height as the charactersics length and presented 

the model for predicting the outlet temperature from the 

given coil inlet temperature. The revolution of 

nanotechnology   conceived the concept of nanofluid. 

Argonne National Laboratory, Choi [5] was the first to 

employ suspended nanoparticles in base fluids. Das [6] 

experimentally investigated the temperature dependence 

on thermal conductivity of nanofluids. Many research 

works have been carried out separately in conical  

helically  coiled tube using water. No comparison work 

was presented helically  coiled tube using MWCNT 

nanofluid. The objective of this investigation is to 

compare the heat   transfer similarly water and MWCNT 

/water in heliacally coiled tube  by using 0.1%  

MWCNT/ water based nanofluid. 

II. MATERIALS AND MDETHODS 

a). Preparation of MWCNT/water nanofluid  

 The MWCNT nanoparticles were purchased from 

Nanostructured & Amorphous Materials,Inc. 

Houston, TEXAS and USA. The purchased MWCNT 

1) (
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nanoparticles were characterized by XRD ( Rigaku  

Cu- kά1 X ray Differatometer). The average particle 

size was found to be between 50 to 80 nm  (the error 

is with in the limit of ±5nm) using XRD pattern of 

nanoparticles. In this investigation the 0.1 vol % 

MWCNT water based nanofluid is prepared by using 

two method. Because two step method is better for 

oxide particles and this method gives higher stability 

and less agglomeration Ghadimi  et al [7]. The 

MWCNT water based nanofluids is prepared at 0.1% 

volume concentration and characterized  with TEM 

.The required amount of    nanoparticles was taken 

and dispersed in distilled water.  Ultrasonic bath 

(Citizen, India) generating Ultrasonic pulses 110 W at 

40  5kHz was switched on for 1 hour to get the 

uniform dispersion and stable suspension of 

nanoparticles. nanoparticles are stable  and tiny 

agglomerated  particles are spherical in shape.  It is 

observed that there was no significant settlement of 

nanoparticles even after 30 days of static condition of 

nanofluid. The Sodium dodecylbenzene solfonates 

(SDBS) as a  surfactant was added to maintain the 

stability of nanoparticles in base fluid.  
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Fig.1.XRD image of MWCNT nanoparticles 

 

Fig. 2. TEM image of MWCNT 0.1 Vol % nanofluid. 

b). Estimation of thermo-physical properties of 

nanofluid   

The thermo physical properties of MWCNT /water 

nanofluid were estimated at the average bulk 

temperature using “Equation (1) – (4)”. Density and 

thermal conductivity of  MWCNT /water nanofluid is 

determined using Pak and Cho [8].  

          (1) 

 

(2) 

 

The 

specific heat capacity of  MWCNT/water nanofluid is 

estimated using equation given by Yimin Xuan, and 

Wilfried Roetzel [9] 

knf  = kw(1+7.47 ᶲ) 

 

    

The effective viscosity of nanofluid is found by using 

the correlation proposed by  Einstein [10]. This is 

applicable for low particle volume concentration less 

than 5%.  

c). Data deduction for helically coiled tube     

     

  (5)  

 The flow condition is 

obtained by using the critical Reynolds number 

“Equation (5)”. The heat transfer for water and 

nanofluid   are calculated from “Equation .(6) - (7)”. 

Fouling factor was not taken into account. 

      

(6) 

(7) 

.)1( wsnf  

sppnfp ccc )())(1()(  

)5.21(  nf

4) (

3) (

)121(2100Re cr 

woutinwp,ww )T(TcmQ 
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                    (8) 

 

                                      

   (9) 

 

 

 (10) 

 

The  inner heat transfer coefficient of coiled tube are 

calculated from “Equation (8)”.The experimental tube 

side Nusselt number is calculated from “Equation (9)”. 

The experimental friction factor is obtained from 

“Equation.(10)”. It involves the pressure drop ΔP across 

the working length of tube  and velocity of flowing 

medium (V). 

e). Experimental set up and procedure 

 

 

 

 

 

 

Fig. 3. Schematic diagram of experimental setup  

(helically coiled test section) 

Fig.3.illustrates the schematic experimental setup. The 

set-up has shell side loop and  helically coiled tube side 

loop. Shell side loop handles hot water. The helically   

coiled tube loop handles MWCNT / water nanofluid. 

The shell side  flow and coiled tube side flow are in 

counter flow configuration. Shell side loop consists of 

water storage vessel with a heater of 1.75 kW capacity, 

magnetic pump and thermostat.  Tube side loop consists 

of mono bloc pump, valve to control the flow on tube 

side, test section, cooling unit and nanofluid storage 

vessel of six liter capacity. The straight tube was filled 

with salt   before bending into cone helical coil to 

preserve the smoothness of  inner surface of coil. 

Helical tube is made up of copper and shell is made up 

of mild steel. Four K-type thermocouples of 0.1
o
C 

accuracy were used to measure inlet and outlet 

temperatures of shell and tube side. Four K-type 

thermocouple were placed at equal interval on the outer 

surface of coiled tube to measure the surface wall 

temperatures. The thermocouples were placed and glued 

with epoxy to avoid leakage. Flexible PVC tubing was 

used for all connections. The calming section is 

provided in helical tube side  to avoid the entrance 

effect. U-tube mercury manometer is placed across the 

helical tube to measure the pressure drop. The shell 

outside  is insulated with fiber wool. The cooling section 

is provided to cool the nanofluid to the prescribed 

temperature. A valve is provided in the pipe loop 

connecting the cooler section and reservoir for flow rate 

measurements and cleaning the system between 

successive experimental runs.  

 

         The water in shell side is first heated until it 

reaches the prescribed temperature. The temperature of  

hot water in the shell side storage vessel is maintained 

by thermostat. Hot water and cold water are allowed to   

shell side and straight tube side with the aid of 

corresponding pumps. The corresponding 

oberservations were recorded when steady state is 

attained . The U tube manometer readings are noted.  

The straight   tube side flow rate is varied and shell flow 

rate is maintained constant. The flow rates are measured 

by collecting the nanofluid in the collecting station for a 

period of time with the precise measuring jar and stop 

watch.The same method is adopted for 0.1vol% 

nanofluid. Similarly the test was conducted for shell and 

helically coiled tube heat exchanger using water and 

0.1vol % nanofluid. The straight tube and coiled tube 

were washed with hot water after each test run is over. 

Flow rate on shell side is kept constant (0.15 kg/sec) in 

all cases  and flow rate on tube side is varied from 

0.030kg/s to 0.045 kg/s. 

f). Dimensions of  shell and  helically coiled tube 

     The shell and helically coiled  tube diameter - 8mm, 

external tube  diameter -10 mm, Shell external diameter 

- 114 mm, the effective length (L) of  straight tube -500 

mm, Length of calming section - 70mm.  Coil pitch  - 20 

mm, Length of calming  section - 70mm, Coil diameter 

(D)  - 90 mm. 

 

III.RESULTS AND DISSUSION 

a).Effect of coiled tube curvature on inner heat transfer 

coefficient 
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There  are  two observation  made in Fig.4. Firstly, 

coiled tube inner heat transfer coefficient  is 25% higher 

than water at 10500 Reynolds number  when using 0.1% 

volume concentration  nanofluid. Secondly, the  

helically coiled tube inner heat transfer coefficient 

increase with increase mass flow rate of nanofluids. 

 

Fig. 4. Reynolds number versus tube side inner heat 

transfer coefficient 

           These are  because of  the   generation of 

secondary flow in coiled tube due to curvature effect in 

coiled tube. This secondary flow mixes the fluid 

particles better and making the fluid particles good   

contact with the wall. Therefore much reduction of 

temperature difference between the fluid and the coiled  

wall surface. Resulting  the higher heat  transfer in 

coiled tube with nanofluids than the water.  

b).Effect of coiled tube curvature on Nusselt number 

 

Fig. 5. Reynolds number versus  inner tube side Nusselt 

number 

Fig. 5. Shows that 0.1% volume concentration of 

nanofluids Nusselt number is 38% higher than water at 

10500 Reynolds number in helically coiled tube.This is 

due to the presence of nanoparticles with higher thermal 

conductivity. Pak and Cho [7] and   they  further 

intensify the turbulence.The turbulence intensification   

resulting better contact between the fluid particle. 

Therefore nanofluid   augment heat transfer and does 

not leave negative impact on heat transfer. 

        

IV. CONCLUSION 

 An experimental investigation was carried out to 

compare the heat transfer analysis between the water 

and nanofluids in helically coiled tube heat exchanger. 

This analysis was done by using water and 0.1% 

MWCNT/ water based nanofluid. The nanofluid was 

prepared by two step method. The Reynolds number 

was in the range of 1500 – 10500. It was found that the 

Nusselt number for  helically coiled tube is   38% higher 

than the water at 10500 mass flow rate when using   

0.1% nanofluid. Found that the helically coiled tube 

gives considerable heat transfer enhancement over 

nanofluids when water and 0.1% MWCNT nanofluid 

were allowed. Therefore  coiled tube is better heat 

transfer enhancement while using nanofluids . Moreover 

the conventional heat transfer fluids can be replaced  

with nanofluid at lower particles concentration without 

getting much pressure drop.   

V. NOMENCLATURE 

A  Surface area, m
2            

c p Specific heat capacity, Jkg
-1

 K
-1

 

di  Diameter of coiled  tube, m 

h  Convective heat transfer 

 co-efficient,Wm-
2
K

-1
 

k  Thermal conductivity, Wm
-1

 K
-1

 

L  Effective length of  tube, m  


m   Mass flow rate, kgs
-1

 

Nu Nusselt number  

Q Heat transfer rate, W 

Re Reynolds number =  ρnf vi di /μnf 

Rc Curvature radius,  m 

T  Temperature, K  

vi          Tube side velocity, ms
-1

  

Uo  Overall heat transfer Coefficient, Wm
-2

K
-1 

 

Greek letters   

ρ Density, kg/m
3 

 φ Particle volume concentration (%) 

 µ Dynamic viscosity, kg/m
2
s. 

δ  Inner coiled tube radius di / mean  coil   radius 

D  
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Subscripts 

cr           Critical  

 i  Inside condition  

 f Base fluid 

 nf   Nanofluid 

 o           Outside condition  

 w          Water
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ABSTRACT – A heat pipe is used to transfer heat that can implement both the principle of 

phase transition and thermal conductivity to efficiently achieve the transfer between two solid 

interfaces of heat. Heat pipes are used to move the heat from the electronic instruments to the 

environment without the help of mechanical devices to move the flow of the fluid. Thermal 

engineers having major challenges to invent and optimize the heat dissipation rates because 

electronic device size is reduced day by day to a smaller size to make a compact device. The Heat 

pipes performances are adiabatic, evaporator, condenser, and working fluid selection that can 

affect the different factors, in this paper, Heat pipe with different geometrical adiabatic section is 

created using CATIA software. CFD and transient thermal analysis are used to determine the heat 

transfer characteristics. Heat transfer rate, pressure drop, mass flow rate, heat transfer coefficient 

with water liquid and water vapor as the fluid for working liquid was done by CFD analysis. 

Temperature distribution and heat transfer rate would be done by transient thermal analysis. A 

paper describes the CFD flow analysis in multiphase pipes such as water to steam phase’s whole 

works carried on ANSYS FLUENT 18.1 

 

KEYWORDS:Thermosyphon, Various geometry shapes analysis, Multiphase flow, 

Computational Fluid Dynamics(CFD), Adiabatic Section 

 

I. INTRODUCTION 

A heat pipe is used to transfer heatthat can be undergoing the principle of phase transition and thermal 

conductivity, both the principle can conduct the heat to the two solid interfaces. The hot boundary or surface of a 

heat pipe, that heat pipe liquid is contacted to the surface of the pipe, water can be changed to vapor by absorbing 

heat from the surface of the pipe, vapor can travel through the heat pipe from evaporator section to condenser 

section through adiabatic section after reaching the condenser vapor gets cooled done and move to evaporator 

section the cycle runs continuously when the device starts working. 

A heat pipe or thermosyphon is made up of different materials like copper, aluminum, etc., for water as a 

working fluid the copper material should be selected of this analysis.  (1) A vacuum pump is used to suck the air 

from an empty heat pipe. Mostly the water is filled in the heat pipe and then sealed, water is partially filled amount 

of liquid would be chosen for the required size of the thermosyphon. We would select the working fluid based on 

the operating temperature of the thermosyphon because the operating temperature would help to evaporate or 

condense the working fluid easily without any loss of energy otherwise working fluid are not evaporate it can 

cause the damage to the electric devices. 

 The copper heat pipe can be operated in the temperature range of 30 to 150°C. heat pipes are filled with 

water sometimes water gets boiled until water changed to vapor and then seeled. Many of the heat pipe use wicks, 

that can help the condensed liquid move to evaporator section at any orientation these mechanisms can be operated 

by the capillary action of the liquid, on this paper wick should not be used so it would be called as wickless heat 

pipe like thermosyphon (2). The evaporator would be placed below the condenser, the liquid can be moved back 

by gravity instead of using wicks so it would be called as thermosyphon. The application of heat pipe can be wider 

and increase the usage worldwide; it can also increase day by day itself so heat pipe can be the important thing in 

the world (3). A heat pipe is used for air conditioning, engine cooling system, and electronic cooling system. The 

heat pipe can be used to transfer heat from one place to another place, due to development of a compact device, 

usage of a heat pipe can be increased, optimize the structure and size to the compact device, various structure for 
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the heat pipe can be used to different places we needed so we introduce the different structures like square, 

cylindrical, circle and ellipse structure. 

          Computational Fluid Dynamics is called as CFD, it is a branch of fluid mechanics, it involves the analysis 

of fluid flow and solves the fluid problems in fluid mechanics related problems. (4) By using CFD analysis we 

would analyze the fluid flow with higher efficiency it would be operated on computer software, it gives the accurate 

solutions for liquid and gases bases. In this chapter, we would analyze the geometric change in the adiabatic sections 

of cylindrical thermosyphon using CFD.  

Computational Fluid Dynamics is an advanced method of design and analysis of heat transfer studies. CFD 

software, ANSYS workbench is used in various industries for analysis of the heat transfer rate and fluid flow 

aspects. Water and vapor are two fluids are used in this analysis. 

II. LITERATUREREVIEW 

AmodDileep Khanvilkar1 – The heat pipe can differ from thermosyphon by its transportation of fluid it 

can transport heat against the gravity, by the way of evaporation and condensation cycle. This paper would 

revive the development of the CFD analysis model and with experimental results using the CFD tool. The result 

would obtain from CFD analysis is compared to the experimental analysis result. CFD results in good agreement 

with experimental results. While the surface of the heat pipe would increasing efficiency was increased totally. 

The modified heat pipe performance would be 19% when simulated without a heat sink, while the heat sink is 

implemented it achieve 45% when compared to a conventional heat pipe. The mixture multiphase model is used 

on CFD for simulation of a heat pipe. (5) 

 prof. Ali khounsary - A pulsating heat pipe (PHP) is passive,it is an extremely efficient way of exchanging 

heat between a hot source and a cold one. The simulation of a 2D single loop pipe pulsating heat pipe was used in 

this pipe and it is analyzed by the software ANSYS FLUENT 17.1. After doing a lot of research on the theme it can 

be noticed that not many articles explain how to simulate a pulsating heat pipe (6). For this reason, the main point of 

this article is to make anyone be able to reproduce this simulation. This approach starts with the simplifying 

assumptions to carry out the simulation, and then its procedure is shown step by step which is also explained 

physically as they are introduced. 

  

 S.Grish, G.Lavanya–This paper is worked with CFD, the pipe length is 560 mm and the diameter is 1.65 

mm, with different working fluids like acetone, ethanol, and methanol, different filling ratios are used 60%, 70%, 

and 80%. Then different heat input would be implemented and different heat transfer coefficient with the same 

filling ratios by increase with heat input the analysis can be going done. The result would give good at every heat 

input and filling ratio. By the different working fluid analyses acetone at different heat inputs as 13W and 60% 

filling ratio, this value would give the best results, when compared to other fluids acetone would be given higher 

efficiency when compared to other fluids. (7). 

  

 Bandaru Kanyakumari1 –This paper would be carried through CFD analysis of heat pipe because day by 

day electronic devices size going to be smaller, this paper would increase the heat transfer by implementing different 

working fluid. Heat pipe would help to transfer heat from one place to another contributing the heat transfer rate, 

mass transfer rate, velocity, and pressure. To increase the adhesives we would implement the coating on the surface. 

By using different working fluid we would implement the efficiency of the heat pipe, in this paper, multiple 

evaporators are designed in this heat pipe system, designs are created by using 3D modeling software. Heat transfer 

analysis is determined by using CFD and transient thermal analysis. Pressure drop, heat transfer coefficient, and 

mass flow are analyzed, R134 and R410 are used as working fluid, they take the CFD and experimental results of 

different work fluids. Both liquids flow in a good manner compared to other one R134 is good because this fluid 

having lower pressure drop when compared to other fluid on other side velocity is also induced on R134 fluid.   

 

 Quamrul H. Mazumder–In this pare can say that a single-phase and two-phase flow of heat pipe is formed 

with 90 degrees with a vertical elbow of 12.7mm inside diameter. The analysis would be taken by different upstream 

and downstream locations, by taking different locations the result would be accurate and precise, in this analysis 

different air velocity and different water velocity are enveloped on this analysis, it would be carried by both single-

phase and multiphase flow process. In elbow pressure would be decreased that showed in the result, both the single-
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phase and multiphase would give good optimization, elbow area given the pressure drop and increase the velocity 

vice versa. While elbow can implement a good result (8). 

 

III.METHODOLOGY 

3.1 CATIA 

 CATIA is a mechanical design and analysis software. It is a featured and parametric modeling design tool 

that takes advantage and it isan easy-to-learn Windows graphical user interface.  CATIA P3 V5 is used to create 

the geometry of heat pipe on different structures. 

 

3.2 MODELLING 

 The modeling is done in Ansys workbench. Geometrical parameters that may be required for it are as 

follows 

 

Table 3.1 Geometric parameters and symbols 

 

Symbol Parameter  Dimensions 

D1 Diameter of 

inner tube 

 

12.7mm 

D2 Diameter of 

outer  tube 

 

13.7mm 

L Length of each 

pipe 

 

1300mm 

T Thickness of 

pipe 

 

2mm 

S1 Evaporator 

Section 1 length 

 

150mm 

S2 Adiabatic 

Section 2 length 

 

1000mm 

S3 Condenser 

Section 3 length 

 

150mm 

 

3.3 MESHING 

Meshing is dividing an entity into smaller elements. Various types of meshings like tetra, Hexa meshing. 

 

In this model uses Block meshing with O-grid.Orid split is used her to-  

1) Remove bad elements,  

2) Capture the geometry well and  

3) Generate a high-quality mesh.  

The quality of the mesh is defined from numbers 0 to 1,the higher-quality number is closer to 1.We will need to 

make sure that the mesh is denser towards outer edges considering boundary layer formation at walls.  

 
A. Importing the mesh filewith format (.msh), stepwise assigning steps have to be implemented. 

 

B. General 
i. Scaling here, mesh created units are specified and select which units to be used further 
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ii. Check case-here whether mesh and given unit system are compatible with each other or not 

iii. Display- choose what is expected to be displayed on the screen for further work 

iv. Solver- We choose the pressure-based solver for incompressible fluids. Also, it requires less memory 

(storage) and allows flexibility in the solution procedure. 

 

C. Models- Here, we choose the Realizable k-Ԑ model, which is the development of the k-Ԑ model. Also, as the 

problem considers temperature difference we use the energy equation here. 

 

D. Materials- For a TCTHX, specify materials, eg.-two or three fluids used and the material used to 

manufacture the HX and all their properties must be specified. 

 

E. Cell zone conditions- The zones are interiors(fluids run along between space two tubes). Thus for interior 1 

assigned fluid 1. 

 

F. Boundary Conditions- The inlet velocity, inlet temperature, and diameters of hydraulics are specified. 

 

G. Solution Methods- SIMPLE is called a Semi Implicit Method for Pressure Linked Equations, SIMPLIC 

scheme is used in this analysis. 

 

The least-square cell-based approach is used for the gradients of the solution variables for spatial discretization, 

second-order pressure, Third-order MUSCL approach for momentum, turbulent kinetic energy, turbulent dissipation 

rate. 

 

H. Monitors- What is to be shown on the screen is controlled in monitors. Choose the iteration plot for analysis 

of temperature, heat flux variations, pressure, etc. and control the windows for the same. 

 

I. Solution Initialization-The solution of inlet inner tube must be initialized and inner tube as reference. Thus 

standard solutions would be generated. 

 

J. Run Calculations- Here, first we need to ‘check case’ to get any recommendations from the given data, then 

specifying the number of iterations we Calculate our solution for temperatures, pressures, and heat fluxes. 

 

K. Results- They can be viewed in ‘Reports’, ‘Plots’ and ‘Graphics and Animation’ in the form of text and 

contours. After complete the analysis, discuss the temperature range, streamline for all pipes. 

 

 

IV. RESULT 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Temperature Contour of Circle geometry 
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Figure 4.2: Pressure Contour of Circle geometryFigure 4.3: Mass Flow Contour of Circle geometry 

 

 

 

 

 

 

Figure 4.4: Velocity Contour of Circle geometryFigure 4.5: Temperature Contour of Rectangle geometry 

 

 

 

 

 

Figure 4.6: Pressure Contour of Rectangle geometryFigure 4.7: Mass Flow Contour of Rectangle geometry 
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Figure 4.8: Velocity Contour of Rectangle geometryFigure 4.9: Temperature Contour of Ellipse geometry 

 

 

 

 

Figure 4.10: Pressure Contour of Ellipse geometryFigure 4.11: Mass Flow Contour of Ellipse geometry 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.12: Velocity Contour of Ellipse geometryFigure 4.13: Temperature Contour of Square geometry 
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Figure 4.14: Pressure Contour of Square geometryFigure 4.15: Mass Flow Contour of Square geometry 

 

 

 
 

Figure 4.16: Velocity Contour of Square geometry 

 

 

 
 

Figure 4.17: Temperature Difference Graph 
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Figure 4.18: Pressure Difference Graph 

 

 

 
 

 Figure 4.19: Velocity Difference Graph 

V. RESULT DISCUSSION 

  

 It has been shown that CFD analysis of performance analysis of geometry changes in the adiabatic section 

in heat pipes. Computational Fluid Dynamics analysis was taken out with mass flow rate, heat transfer rate and 

pressure drop with water liquid and water vapor, these water liquid, and water vapor are act as working fluid. 

Temperature distribution and heat transfer rate would be determined and done by transient thermal analysis. 

 

 In this workis based on CFD analysis, multiphase flow is successfully simulated in CFD it is the conclusion 

area. The flow analysis would be determined by using water as a working fluid. By the graph and graphical 

result the result would be determined, In (Fig 4.17,4.18,4.19) temperature, pressure and velocity graph would 

be determined, in the graph there is some temperature loss would be obtained because temperature graph is 

determined by creating a straight line in pipe structure, in this cases vapor flow on different directions so vapor 

does not intersect the straight line in that places so the graph can give loss on the property this is the main 

reason for the temperature drop in some cases. 

 

 In the adiabatic section different geometry sections would be created, for different 

sectionstemperature,pressure,velocity values would be investigated. 

 Temperature distribution and the heat transfer rate is determined through transient thermal analysis. 
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 By analyzing result ellipse and square geometry would be the effective design for the thermosyphon 

because in pressure values for ellipse and square structure would be reduced gradually when compared to 

other two structures so water vapor moves till to condenser to get higher efficiency on the thermosyphon 

pressure drop is about 2.5e+4 to 2.31e+4 pa. 

 By using different geometry structures we would use pipe section for different space constrained places. 

We can alter the pipe section for the required areas. 

 

VI. CONCLUSION 

A comparison of CFD analysis would be compared by predicted CFD and measured temperature 

model for the thermosyphon, the temperature of the wall would be observed with a comparison of predicted 

will be in a good manner in adiabatic sections. 

This work concluded, CFD analysis will be done to determine pressure drop, temperature drop, 

velocity and mass flow rate with water vapor and water liquid as the working fluid. A novel paper described 

the CFD flow analysis of multiphase pipes such as water to steam phases all works carry on  ANSYS 

FLUENT 18.1. The graph is taken by creating a straight line on the fluid flowing pipe then takes the 

temperature, pressure and velocity values for different geometry. By graph results, the ellipse would show a 

gradual change would be obtained. The vapor flows in different directions so there is some sudden drop in 

temperature and pressure in several results. The results would be observed and temperature profiles of the 

thermosyphon would be induced. The multiphase analysis of thermosyphon would be carried out successfully 

using the CFD technique. 
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Abstract— The main objective of this article is to find the best alternative for the domestic refrigerant R134a and future refrigerant 

R1234yf from the blend of refrigerants R1234yf and R744 in three mixtures R1, R2, R3 (in the ratio of 30:70, 50:50 and 70:30) by 

analysing them using REFPROP software. By using this software we can find the properties of the refrigerant mixtures. Though R134a 

is having low GDP and ODP, it causes a problem to the environment. With the help of this software, we found that the mixture R2 can 

be used as an alternative. It is cost-efficient and by comparing their properties like entropy, enthalpy, specific heat at constant pressure 

and volume R2 will be the best alternative. 

 

Keywords— REFPROP, R1234yf, R744, blend,  

I. INTRODUCTION 

The conventional refrigerants including CFCs, HFCs are found to have an adverse environmental footprint. In this project, we are 

going to find a new refrigerant mixture instead of R134a to reduce global warming and ozone depletion [2]. For that, we are going 

to blend the refrigerant R744 with R1234yf [1].In this R744 is a natural refrigerant and R1234f is a Hydro Fluro olefins type. The 

IUPAC name of R744 is carbon dioxide and R1234yf is 2,3,3,3-Tetrafluoropropene. Both refrigerants are having low ODP and 

GWP when compared with R134a, as they are sustainable in the future. By blending R1234yf and R744 refrigerants, we can 

reduce global warming and we will use this to the area where the pollution is more. The main objective of this project is to control 

the climate change with the alternate refrigerant. To blend the refrigerants, we must know the ratios of them. So commonly in all 

articles [3], they mix the refrigerant in three different ratios. So we have taken 70:30, 50:50 and 30:70 ratios to blend them. Before 

going to do this in practice we have taken this and analyze it by using software to reduce the costs and practical difficulties. After 

analyzing them in the software, we can implement it by making some adjustments in the parts of a refrigerator. For that, we have 

used a software named REFPROP [3] which is used to find the properties of a refrigerant and also it can blend the software in the 

different ratios we needed. 

II. ANALYSIS 

As we are going to change the domestic refrigerant with the blend of R744 and R1234yf in a ratio that will be found by analyzing them 

in different proportions using the software. In the software, the thermo physical properties of R744 and R1234yf will be there already. 

We have to give the ratios of the mixtures in the percentage format. Then it will be mixed and give the properties of mixed refrigerants. 

The version of the software used here is version 10. The mixture ratio can be specified by using two types of fractions one is mole 

fraction and the other is a mass fraction. Here the mixtures are by a mass fraction. The first component given in the software is R1234yf 

and the second one is R744. Viscosity, thermal conductivity, density, and specific heat are found by using the software. After giving the 

required details to get the properties it will be displayed in the graphical representation. They can be analyzed individually to know 

which one is good. Below the specific heat at constant pressure, specific heat at constant volume, entropy and enthalpy graphs are there 

and by using them the best mixture is to find out. In the below, specific heat at constant pressure vs temperature as Cp-T, specific heat at 

constant volume vs temperature as Cv-T and enthalpy vs entropy as h-s. 
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Fig. 1 Specific heat at constant Pressure (Cp) vs Temperature of R1 

 
Fig. 2 Specific heat at constant Pressure (Cp) vs Temperature of R2 

 
Fig. 3 Specific heat at constant Pressure (Cp) vs Temperature of R3 

 

Fig.1, Fig.2, Fig.3 In the refrigerant selection criteria, specific heat at constant pressure should be less. When comparing 

these three ratio mixtures, the R3 mixture has low Cp. The graph is drawn between the temperature and the specific heat at 

constant pressure, where specific heat is varying according to the change in the temperature. In all three graphs, the specific 

heat at constant pressure is calculated according to the temperature at 350 K. 
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Fig. 4 Specific heat at constant Volume (Cv) vs Temperature of R1 

 

Fig. 5 Specific heat at constant Volume (Cv) vs Temperature of  R2 

 

Fig. 6 Specific heat at constant Volume (Cv) vs Temperature of R3 

 

Fig.4, Fig.5, Fig.6 In the refrigerant selection criteria, specific heat at constant volume should be less. When comparing these 

three ratio mixtures, the R2 mixture has low Cv. Specific heat can be calculated at constant pressure, constant volume and constant 

temperature. Here the specific heat is calculated at constant volume with varying temperatures. The graph is drawn between the 

temperature and the specific heat at constant volume, where specific heat is varying according to the change in the temperature. In 

all three graphs, the specific heat at constant volume is calculated according to the temperature at 350 K. 
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Fig. 7 Enthalpy (h) vs Entropy (S) of R1 

 

Fig. 8 Enthalpy (h) vs Entropy (S of R2 

 

Fig. 9 Enthalpy (h) vs Entropy (S) of R3 

 

Fig.7, Fig.8, Fig.9 In the refrigerant selection criteria, enthalpy should be high. When comparing these three ratio mixtures, R3 has 

high enthalpy. The graph is drawn between the entropy and enthalpy where the enthalpy is changing according to the entropy. 

When the entropy is at 1.50 enthalpy is calculated for all the three mixtures. 
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Fig. 10 Pressure vs Enthalpy of R2 

Fig.10 In the refrigerant selection criteria, pressure should be less. When comparing these three ratio mixtures, the R2 mixture 
has low pressure. The graph is drawn between the enthalpy and the pressure, where pressure is varying according to the change 
in the enthalpy. In all three graphs, the pressure is calculated according to the enthalpy at 350 KJ/Kg. 

 

 

III. RESULTS AND DISCUSSIONS 

In this paper, R744 and the R1234yf were mixed with three kinds of proportions and their properties were found. The blend was 

created and analyzed using the software. As for the final result, R2 was having the same amount of merits and demerits of the 

blend R3. R1 blend did not have superior properties because of the need for high pressure during refrigeration. In this R1 blend 

mostly the properties of carbon dioxide are exhibited and in addition to R1234yf, it made the blend somewhat less performance 

even when individually compared to carbon dioxide and R1234yf. This situation makes the other two blends R3 and R2 for 

further more analysis or eliminates R1 blend from being compared because of low performance. The other two blends R3 and R2 

are evenly matched but not equal in all properties, one is high in a property then it is reverted in another property. This reverse 

performance continued all comparison except two where the omitted blend is superior. The properties compared are analyzed in 

different fields like constant volume like thermal barriers. The blend has an equal amount of CO2  and R1234yf  has properties of 

both which are evenly mixed where others have a superior property of the refrigerant which is more in quantity in the blend. 

Considering the above-mentioned properties along with the cost of the refrigerant R2 blend can be used in refrigeration systems. 

IV. CONCLUSIONS 

In the above analysis, we found that the R2 mixture is the best alternative for domestic refrigerants. By 

comparing Fig.10 with the enthalpy vs pressure graph of R134a and R1234yf [4], [5], we came to know that 

the R2 mixture will be the best one to be used as an alternative refrigerant in the future. Here it is found by 

analyzing and comparing their values, further it can be developed to use them in the refrigerators by 

knowing that any changes required based upon their conditions. 
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Abstract:The aim of this work is to find out the Von-mises stress and thickness distribution, equivalent plastic strain 

of AA1050, Common Brass and GI40. Abaqus FEA software is suite for finite element analysis and computer aided 

engineering. It helps to solve advanced computational problems. In this production of defect-free cups, decrease of 

the cost and optimization parameters are important. Wrinkling and spring back was observed in simulation cups. 

Defects like tearing, cracking will not observed in the components of deep drawing. Through this finite element 

analysis software, it is found that the minimum wrinkling occurs in the flange region of the deep drawing cup. 

ABAQUS 6.14 version is used for simulation process. Abaqus is a special purpose finite element analysis that employs 

to explicit integration scheme for solving nonlinear system of many complex contact under transient loads. Abaqus is 

capable of pre-processing, post processing and monitoring the processing stage. The main applications of deep 

drawing process are aerospace defense components like closed end containers, sleeves etc. Deep drawing is also used 

in automotive components.   

Keywords: Von-mises stress, Thickness distribution, Equivalent plastic strain 

INTRODUCTION 
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Deep drawing process was first developed in 1700s. Deep drawing process is mostly used in sheet metal 

forming process. This deep drawing process is mainly used in production of cars in industries, aerospace 

industries and also used in daily life kitchen appliances. Generaly sheet metals are having plastic deformation. 

So when the punch moves  towards the die then the required shape will be formed. This sheet metal forming 

process they are consider lot of factors like lubrication, punch force required for the sheet metal, die clearence, 

temperature, friction, speed of the punch, blank holding force, punchclearance and limiting drawing ratio. 

Production of defect free cups and reduce the productioncost of the sheet metal product is very important. 

Temperature, punch force, die and punch clearence are the very important parameters are consider during the 

deep drawing process.  Deep drawing is a forming process which comes under a combination of compressive 

and  tensile condition. In this, a flat sheet metal blank is formed into a hollow body open with one side. 

Fig 1. Assembly of deep drawing 

Normally deep drawing process has three types. They are deep drawing with tools, deep drawing with active 

means and deep drawing with active energy. 

 

 

Fig 2. Simulation modelling of deep drawing 
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2.Defects in Deep Drawing cups   

In the deep drawing process, intricate operation and more things turn out badly at the drawing operation, so 

defects can generally occurs. 

Fig 3. Defects in deep drawing 

a.Wrinkling in the flange : This is like ups and downs or waviness that is developed on the flange. If flange is 

drawn into die hole,it retained in cup wall region. 

b.Wrinkling in the wall : The flange of the blank undergoes radial drawing stress and tangential compressive 

stress during the stamping process, which sometimes results in wrinkles 

c. Tearing : It is crack in the cup, near the base, happening due to high tensile stress.  

d. Earing : The height of the walls of drawn cups have peaks and valleys called earing. 

e. Surface scratches : Usage of rough punch, dies and poor lubrication cause scratches. 

 

3.Modelling in finite element analysis All finite element models are analysed using ABAQUA/CAE pre-

processor which are analyzed from this study and investigations of the die, punch and blank holder are modelled 

through analytically rigid surfaces, where the blank is defined as deformable body. 

 

3.1 Material properties 

Aluminium of grade AA1050, common brass, Galvanized iron of grade G40. The mechanical properties is 

shown below in the table. 
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Fig 4. 3D model of deep drawing cup using ABAQUS 

 

 

Table 1 Mechanical properties of AA1050 

S.No. Property Value 

1 Density 2.7*10
-6

kg/mm
3 

2 Young’s modulus 70*10
3
MPa 

3 Poisson ratio 0.33 

4 Yield Strength 35Mpa 

 

 

Table 2 Mechanical properties of Common Brass 

S.No. property Value 

1 Density 8.7*10
-6

kg/mm
3 

2 Young’s modulus 102*10
3
MPa 

3 Poisson ratio 0.34 

4 Yield Strength 135Mpa 

 

 

Table 3 

Mechanical 

properties of 

GI40 

 

S.No. property value 

1 Density 7.8*10
-6

kg/mm
3 

2 Young’s modulus 200*10
3
Mpa 

3 Poisson ratio 0.29 

4 Yield Strength 470Mpa 
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4.Contact and Boundary Condition The thickness of the sheet metal can be choosen as 1mm. The diameter of 

the sheet metal is 80mm. 

     The coefficient of friction for die and sheet metal is 0.05. The coefficient of friction for sheet metal and 

holder is 0.08. The coefficient of friction for punch and sheet metal is 0.1. 

The contact is between  the sheet and the punch and die and blank holder is upheld by a kinematic contact 

conditions. The condition used by master-slave surface sets built up with in the initial steps of the arrangements. 

 The rigid body surface is defined as master surface and surface of the deformable body is defined as surface. In 

this, the friction of coefficient of all the contact surfaces are also provided. 

The boundary conditions which are characterized for each steps which characterizes the loading and unloading 

force which defines the movement of the punch and displacement of the blank and degree of 

freedom.Simulation can be employed to replace  the experimental trial and error process by virtual trial and 

error process. This simulation of deep drawing process employs more accurate determination of the effects of 

various process parameters on the deep drawing process. 

 The accuracy of simulation using finite element method depends on exact numerical description of tools and 

accurate description of material behaviour and contact behaviour and other process variables. 

5. RESULT AND DISCUSSION 

5.1  AA1050 at velocity 700mm/s 

                                                               Table 4. Parameters of AA1050 

S.No. Velocity 

of punch 

(mm/s) 

Height of the 

cup after 

punch force 

removed 

(Mm) 

 

Von-mises 

stress(MPa) 

 

Equivalent plastic strain 

 

 

      PEEQ       

 

Max 

 

Min 

 

Max 

 

Min 

1 700 30 114.1 73.84 0.2903 0.02144 
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Fig 5.Thickness distribution                         

 

 

Fig 6. Von mises stress distribution 

 

 

Fig 7. Equivalent plastic strain                                               
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Fig 8.  Thickness vs Von-mises stress                                                                                    

 

In the simulation of AA1050, the thickness is equally distributed. Von-mises stress may decide whether a 

material will be yield or crack. The design will fail when extreme estimation of von-mises sress induces in the 

material is more thanstrength of the material. 

5.2 Common Brass at velocity 700mm/s 

                  Table 5 Parameters of Common Brass 

S.No. Velocity of 

punch 

(mm/s) 

Height of the 

cup after 

punch force 

removed 

(mm) 

Von-mises 

stress(MPa) 

 

Equivalent plastic strain 

 

 

     PEEQ        

 

Max 

 

Min 

 

Max 

 

Min 

1 700 30 213.5 39.77 0.2816 0.02877 

 

Fig  9. Thickness distribution 
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Fig10.Von–mises stress distribution 

 

Fig 11. Equivalent plastic strain 
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Fig 12. Thickness vs von-mises stress 

In the simulation of common brass,the maximum elastic plastic strain is 0.2816. The Thickness distribution of 

the Common brass is slightly less when compared with AA1050. 

5.3 GI40 at velocity 700mm/s 

 

Table 6  Parameters of GI40 

 

 

 

 

 

 

  

 Fig 13.Thickness  distribution                    

 

Fig 14. Von-mises stress distribution 

S.No. Velocity of 

punch 

(mm/s) 

Height of the 

cup after 

punch force 

removed 

(mm) 

Von-mises 

stress(MPa) 

 

Equivalent plastic strain 

 

 

         PEEQ        

 

Max 

 

Min 

 

Max 

 

Min 

1 700 30 536.4 290.8 0.3285 0.1999 
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Fig 15. Equivelent plastic strain distribution 

 

Fig 16. Thickness vs Von-mises stress 

 

In the simulation of the GI, the stress formation is high when comapared with Common brass and AA1050. The 

thickness distribution is good at all sides of the cups. 

5.4 Comparision of  Results 

 

Fig 17. Distance vs Thickness 
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From the comparision of distance vs thickness, thickness distribution for aluminium is good as compared with 

others. The thickness distribution for brass changes at different distance. 

 

Fig 18.  Distance vs von-mises stress 

The von-mises stress distribution is constant inAA1050 and Common Brass. Von-mises stress is varying in 

GI40. 

6.  CONCLUSION 

The following conclusions are obtained from the analysis of deep drawing of AA1050,common brass and 

GI40. Defects like cracking, wrinkling, tearing and necking will not observed in the deep drawing 

components of AA1050,common brass and GI40 at the thickness of 1mm.The velocity of punch for all 

components will be  0.70 m/s and coefficient of friction will be 0.05.The von-mises stress distribution  is 

more in GI 40 when compared with AA1050 and common brass.The thickness distribution has found to be 

good in GI40 and AA1050 when compared with Common brass. The elastic plastic strain is distributed 

equally at  the three materials.  
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Abstract— In recent years usage of technology and growing up of wastes produced by its usage has been increased abruptly. One of the 

major wastes in it is E-waste. These E-wastes being a harmful pollutant direct disposal of it into the atmosphere affects the eco balance. 

Since it contains emissions of lead, barium, cadmium, chromium, brominated flame retardants or poly chlorinated biphynels (PCBs) 

compounds, these bring about various hazardous health problems. Here this study explains a process of pyrolysis where E-waste are 

converted into oil known us pyrolysis. It is a low grade oil its can be used in heating of chemicals and also boilers. In the present 

experimental investigation, E-waste of local scrap stores it is never being used, which is converted into a powdered form by the help of 

ball milling process containing low carbon percent and maximum volatiles process used here is fixed bed pyrolysis process to convert E- 

waste powder into oil char that can be used as a fertilizer. 

Keywords— E-waste, Pyrolysis Process, Bio oil, 

  

I. INTRODUCTION 

 In recent years due to usage of non- renewable sources there is increasing environmental pollution global warming is raising 

much causing effects to all creatures. These factors passed way to find fuel once such is hydrolysis which is from agree waste. In 

our topic, ―Extraction of bio oil through E-waste‖. As this solid E-waste place a dreadful role most of electronic goods come 

under E-waste reason surveys in India says that E-waste is being used.  

P. Madhu et al. [1] studied and reviewed increase in global level effects let the way to find some fuels which are non –

hazardous to us biomass is one kind of fuel alternative to fossil fuels. These bio-oil can be produced from lemongrass here to are 

some factors that affect this (i.e.) temperature, heat rate. The Ultimate rate of oil production from the reaction was temperature 

reaches 450º C, particle size 0.71-1.00 mm and heating rate of 45º C/ min. Pravakar Mohanty et al. [2] reviewed bio oil obtained 

through different species once such is hydropyrolysis where heating is involved in present of water two steps take place. In first 

step raw products are first converted into low calorific values and then to high calorific value through the process of hydro treating 

and reforming.Yusuf Makarfi Isa et al. [3] studied many alternates production are there for petroleum fuels best example algae 

and palm oil. These algae and palm oil technique is trending because they can be used in cooking and harmless effect in it. To 

enhance the bio-oil with the help of transesterfication, thermal cracking, hydro cracking and catalytic cracking process. 

Venkateswarlu Chintala [4]  in this work described the emerging technology solar too places role the main advantage is that 

simple products or being used in this techniques. Here biomass was put it up and utilized in I.C engines. Water content in oil and 

high viscosity result in sometime reduces efficiency of I.C engine. Shi Hua Chang [5] has found that, with the help of pyrolysis 

and solvolysis process, bio oil can be obtained from Empty Fruit Bunch (EFG) from palm oil. In non catalytic fast, catalytic fast 

pyrolysis process and with lower operating temperature and high pressure, solvolysis process can be achieved. Bo Zhang et al [6] 

has found that with the aid of ultrasonic pre-treated method, the bio crude oil can be obtained from the micro algae with the 

optimum operating conditions of 260º C and 300 W power for 2 minutes. By increasing the pre prolonged time, it also gives a 

maximum yield of 50% which shows the negative effect of this process. Hen Su Heo et al. [7] has analyzed the bio oil yield from 

waste furniture saw dusts. In this analysis, bio oil production was done based on the temperature, particle size, feed rate and heat 

flow rate. They concluded that with the temperature of 450 º C with a small particle size of 0.7 mm and maximum gas flow rates 

and maximum feed rate, the maximum condition of bio oil yield can be obtained from the fast pyrolysis process. 

Many researchers have produced bio oil with the use of pyrolysis process. So, the author has also chosen this method for bio 

oil preparation. In the current study, bio oil yield from E waste has been carried out by using fixed bed pyrolysis process. E waste 

is considered to be one of the sources for bio oil production and it also consist carbon contents. From the literature collection, it is 

investigated in this study that the main important factor that affects the bio oil yielding was pyrolysis temperature, small particle 

size and heating rate.  
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II.PROBLEM DEFINTION 

On a comparison of gasoline with diesel, the later is more efficient, durable, powerful and is used for large vehicles. But the 

costs of diesel are higher, so gasoline is being in a chance to occupy its place. With the usage of this gasoline, diesel in SI & CI 

engines chance for pollution, global warming and green house effect increases. Considering this effects gradually technology 

moved towards alternative fuels like bio diesel, bio oil found in E-waste powder where reduction of fossil fuel is also a major 

reason. 

 

III. EXPERIMENTAL PROCEDURE 

 Electric waste from electrical stores are being collected and sized using ball milk providing a powdered product this is 

then converted to bio oil try a pyrolysis writ which of condenser fixed bed reactor thermometer and recovery tart the bio oil and 

bio char are affected by three factors such as pyrolysis temperature heating rate, particle size etc.(4) Lets consider a constant 

particle size of above point six mm, heating of temperature above a rise above 300-600°C , speed ranging from 300°C/min to 

600°C /min 

  

 
 Fig.1. Experimental Investigation Flow Chart 

PCB boards collected from computer accessories are being polished by a polisher. Generally for about 5kg of PCB boards are 

driven into small pieces by hammer and then grinded which would retain only 3kg  where remaining 2kg was unwanted 

protrusions called debris struck at ball milk which brokes about a inch in the sizing process. The retained PCB board is powdered 

well and the process is grinding process, takes about 8 hours.  

      Instead of  making it to run completely, It was run by two sections of 4 hours a day thus resulting powder was very fine and  

sieving different configurations, categorized into 300nm, 150nm,90nm process for which oil yield is observed for various 

temperatures. 

Pyrolysis Set Up 

By using fixed bed reactor, Pyrolysis oil obtained from the sample E-waste powder was studied. Principle parts of this pyrolysis 

system contains reactor, heater, condenser and oil collector. The reactor consists of a stainless tube and it has 100 mm diameter 

and 150 mm height. This stainless flange has 170 mm diameter and 10 mm thickness. A little opening in between the reactor 

opening for leaving gas out, a 2kW power of electric heater was provided with ammeter and voltmeter set up for heating the 

biomass. For measuring the temperature of the heater, two identical k type thermocouples were inserted in between the heater. The 

rate of heat input can be varied with the help of an autotransformer. The temperature varied for about 400-700 ºC under the 

atmospheric pressure. To cool the condensable gas, water cooled condenser was used. The water that circulates continuously at a 

temperature of 5 ºC around the condenser set up recuperates or converts volatile/ condensable gas into liquid type fuel which was 
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called pyrolysis oil and it was gathered in the conical flasks. The temperature was varied about 400-700 ºC under the atmospheric 

pressure.  

100g of sample was carried out for examination with different temperature, rate of heat input and distinctive molecular size. Fine 

charcoal, gas and volatile compounds are the main outputs from this reaction. 

 Fixed Bed Reactor 

             Mild steel reactors help in pyrolysing rubber shells the reaction. The reaction chamber is a cylindrical chamber which has 

capacity to heat the reactor using 2kg of nichrome coil, glass wool. Aluminium sheet protects heat loss which is covered over the 

heating coil. The lid of the reactor consists of two thermocouples, to get material temperature and gas temperature respectively. 

Reactor top allows the gas transfer to the condenser. In between the lids and reactor top gaskets are present where six lock nuts are 

pierced and to fix the lids, preventing from gas leakage. 

IV. RESULTS AND DISCUSSION  

                
Fig 2.FTIR Interference Graph 

 Fig 2 shows that the peak curve obtained from the bio oil derived from e-waste by using FTIR.  Peak curve obtained 

between 3300 to 3600 cm 
-1 

results of 3269.34 cm 
-1 

indicates the presence of oxygenated compounds (O-H group). Next peak 

arises between 1570-1680 cm 
-1

 results of 1625.64 cm 
-1 

shows the presence of alkenes, this component used for mainly petroleum 

industry. The presence of alcohol, ether and carboxylic compound located at the peak between 100-1300 cm 
-1

. Next peak between 

760-880 cm 
-1

, it shows the bio oil contains aromatics which is aliphatic CH deformation group. The peak arises between 469-490 

cm 
-1

 results that presence of alkane and alkyl halides group, it’s a highly volatile liquids. Table 1 shows the FTIR frequency with 

class of compounds presence of bio oil 
TABLE 1 

FTIR FREQUENCY WITH CLASS OF COMPOUNDS PRESENCE OF BIO OIL. 

Frequency range (1/cm) Frequency (1/cm) Group Class of compound 

3300-3600 3269.34 O- H stretching Polymeric O-H 

1570-1680  1625.64 C-C stretching Alkenes 

1000-1300 1298.09, 1004.91 C-O Stretching  Alcohol, ether and 

carboxylic   

760-880 864.11 aliphatic CH deformation Aromatics 

469-490 476.42 Alkyl halides  Alkane 

 Table 1 shows the FTIR frequency with class of compounds presence of bio oil 
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Fig 3. SEM results of e- waste powder 

 

        Fig 3 indicates the SEM results of e- waste powder, this results shows that alteration of particle distribution can be in 

regular and formation of porous structure and resulted e waste having higher absorbents which absorb water ethanol and gaseous. 

The average particle size of the e waste was 6.9 mm and magnification was taken by 500 x, 750 x, results of SEM indicates the 

presents of plastic elements and metallic of porous materials in the e waste.  

V. CONCLUSION 

 In this study, pyrolysis temperature, heating rate and heating flow rate have been analyzed so well in order to obtain 

pyrolysis oil from E-waste. Maximum yield of about 550
0
c and heat flow rate of about 45

0
c at constant particle size of about 

0.6mm have been obtained as a result of the experiment which have been done pyrolysis reactor. Final improvements are required 

to convert bio-oil, I.C engine oil which transesterfication have been suggested in which ester is to be separated. 
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Abstract— Due to scarcity of fossil fuel, cost of the fuel increase day by day. After 20 to 25 year fossil fuel depleted completely so needed 

for replacement of fossil fuel. Another major problem is emission of fossil its one of the main reason for global warning so government 

implement the emission norms for reduce the emission. Automobile companies are struggling to achieve the emission norms by 

implementing after treatment methods like 3 way catalytic converter, Selective catalyst Reduction and Diesel Particulate Filter but it 

will increase the overall cost of the vehicle. In this research implement the algae and DME (Di Methyl Ether) is blended with diesel in 

compression ignition engine to reduce the emission and obtain the performance nearby compare to diesel. Algae are renewable energy 

source so there is no problem in depletion of fuel.  In our research 3 composition of fuel blended is compared first 100% diesel (D100) 

for reference second 80% diesel and 20% (D80B20) Algae biodiesel and third 60% diesel, 20% Algae and 20% Di Methyl Ether 

(D60B20A20) these composition taken from best performance from previous research work. Compare to first blend D100 thirst blend 

D60B20A20 performance and combustion character are nearby.  Emission like unburned hydrocarbon, carbon monoxide and NOx also 

reduced but in this research mainly concentrated on performance and combustion characteristics only 

 

Keywords— Algae, DME, Performance, Combustion and CI Engine. 

I. INTRODUCTION 

Nowadays, worries are growing about the use of conventional fossil fuels due to scarcity on internal combustion engines[1]. 

Besides the obvious concerns about their availability in the near future most of the researcher moves to hybrid Electric Vehicle 

and the associated volatility of their price, the environmental impact like Exhaust Emission and Evaporative Emission[3]. Due to 

Emission standard there is an increasing pressure on the automotive manufacturers for the reduction of the CO2 emissions of their 

products for reducing the global warming of the planet[7],]10]. 

By using biodiesel as a fuel for CI Engine to Reduce the CO2 to emission because biodiesel having low Hydrocarbon ratio fuel 

and also enhancement of fuel efficiency[14]. Main advantage of biofuels over fossil fuel first of all, they are a renewable energy 

source; second, the environmental impact in terms of CO2 is strongly attenuated by the amount of Carbon Dioxide absorbed by 

the plants during the growing process; third, some emissions, such as soot on Diesel engines, are generally lower than in fossil 

fuels[6][9]. The main downsides are the requirement of new fuel systems, complying with the specific features of biofuels; 

furthermore, some pollutants may be higher; finally, the engine power output may be negatively affected[8][11]. 

In early mostly the produce biodiesel by using edible oil like sunflower oil, Groundnut oil, etc,. Directly or indirectly it will 

increase the scarcity of edible oil and also increase the cost of the edible oil[12]. So now a day’s researcher focus on Non Edible 

oil like Jadroba oil, cotton seed oil etc,. Therefore, the next generation of biofuels should not interfere in any way with 

agriculture[2][5]. 

 

In this scenario, Biodiesel from microalgae appears as a very promising solution for partial or total substitution of fossil fuel in 

Diesel engines[13]. Microalgae are photosynthetic microorganisms able to aggregate into colonies, growing rapidly also in harsh 

conditions, in aquatic and terrestrial ecosystems. Reproducing themselves through photosynthesis, they convert sun energy into 

chemical energy[4]. They can grow almost anywhere, requiring a few simple elements: sunlight, water, micronutrients (nitrates, 

phosphates) and CO2. As for the other biofuels, their capacity to capture and convert CO2 from exhaust, promotes the reduction 

of greenhouse gases (GHG) and reduces the global warming[15] 
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II. EXPERIMENTAL 

Water is separated from biomass using density separator. The cells wall is disrupted in order to increase the overall oil yield 

using microwave. Chemical oil extraction by using solvent hexane. Chromatographic filtration, to eliminate chlorophyll and 

cellular residues. Evaporation occurs due to sun light for eliminate solvent residues and oil transesterification. 

Transesterification is a multiple step chemical reaction, in which triglycerides are converted into triglycerides, then 

triglycerides are converted to monoglycerides, and finally monoglycerides are converted to fatty acids and glycerol. The oil 

transesterification process is performed through basic catalysis by using sodium hydroxide (NaOH). The reaction takes place 

in a flask at 60 °C, for about four hours, adding methanol, at a molar ratio of 1:3; adding 1% NaOH acts as a catalyst. When 

the oil conversion into biodiesel is completed, the glycerol-methanol solution is separated from biodiesel. The biodiesel 

suspension is finally washed using distilled water in order to eliminate any glycerol, methanol and catalyst residual. 

The internal combustion engine load is given by the eddy current dynamometer. A computerized data acquisition system (DAS) 

is attach with the compression ignition engine to record and measure various engine performance parameters like temperature 

of incoming and outgoing of cooling water, fuel flow rate to engine, flow rate of cooling water, pressure inside the engine 

cylinder, speed of the engine, heat release rate of the engine, temperature of incoming air and exhaust gas. 

 

III.    METHODOLOGY 

The internal combustion engine load is given by the eddy current dynamometer. A computerized data acquisition system (DAS) 

is attach with the compression ignition engine to record and measure various engine performance parameters like temperature of 

incoming and outgoing of cooling water, fuel flow rate to engine, flow rate of cooling water, pressure inside the engine cylinder, 

speed of the engine, heat release rate of the engine, temperature of incoming air and exhaust gas, etc. 

IV.     EXPERIMENTAL PROCEDURE 

Initially, at no load condition, the engine was started using normal diesel without blended with Algae and DME as fuel and 

allowed to run for five to ten minutes. After five to ten minutes the engine warmed up, the gradually apply the load at the rate of 

20% load from the maximum load of engine the load applied through the eddy current dynamometer coupled with the engine and 

after applying running five to ten minutes. Then the performance character parameters such as heat release rate of the engine, 

speed of the engine, fuel flow rate, temperature of inlet air entering the cylinder and temperature of exhaust gas are recorded and 

observed. 

Then the applied load gradually increase upto to 40% of the maximum load condition of the engine and the engine was allow to 

run for five to ten minutes to reach equilibrium conditions of the engine, then the various performance character parameters are 

recorded as per the standard observation procedure given to the experimental engine.  

By following the same procedure the various parameters like speed, brake power, thermal efficiency etc. were recorded and 

observed for applied higher loads such as 20%, 40%, 60%, 80% and 100% of the full load of the engine. From the observed and 

recorded values, the various parameters such brake specific energy consumption of the engine and engine brake thermal efficiency 

were evaluated by using standard procedure. The diesel mixed with 20% Algae was used as fuel by following the same procedure, 

the various parameters related to performance characteristics were recorded and observed at different applied loading conditions 

of engine. The performance characteristics are evaluated were analysed and compared with the compression ignition engine using 

ordinary diesel without blending Algae or DME of as a fuel. 

Formula 

Brake thermal efficiency of diesel blended with the Algae and DME 

Brake Power ( B.P.) = ( 2∏NT )/ (60 x 1000) 

 = ( Pmb LAN)/  (60 x 1000) 

Pmb= Brake mean effective pressure, N/m2  

L   =    Length of stroke, m  

A   =   Area of cross section of the cylinder, m2  

N   =   RPM of engine crankshaft  

T   =    W×R N.M  

[ where, W  =   Net Load acting on the break drum, N,  R  =    Radius of the brake drum, m ] 

Brake Thermal (Ƞbt)  = B.P mf ×C.V  

Mf    = Mass of fuel supplied, kg/sec  

C.v   = calorific value of fuel,  j/kg  

B.P.  = Brake Power in  KW 

Indicated Thermal Efficiency (Ƞit) = I.P mf ×C.V  
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Mf     =    Mass of fuel supplied,kg/sec  

C.v    =    calorific value of fuel, j/kg  

I.P.    =    Indicated power 

Specific fuel consumption (SFC) = mf /B.P  kg/kWh.  

mf      =     Mass of fuel supplied, kg/hr  

B.P.    =    Brake Power, kw 

Mechanical efficiency ( Ƞmech )= B.P /I.P  

I.P.    =    Indicated power  

B.P.   =    Brake Power 

V.     RESULTS AND DISCUSSION 

A. BRAKE THERMAL EFFICIENCY 

TABLE I 

Brake thermal efficiency VS Load 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

Fig. 1  Brake thermal efficiency VS Load 

 

Fig 1 graph show the comparison between brake thermal efficiency of engine and applied load condition. From this graphs 

shows the brake thermal efficiency is decreased due to Algae and DME having low energy content compare to diesel. By adding 

DME with Algae it increase the brake thermal efficiency due to excess oxygen molecule there occurs complete combustion and 

also low cetane number compare to the diesel which leads the increase in percentage of combustion at the constant volume. 

 

 

 

LOAD D100 D80B20 D60B20A20 

2 0.81 1.11 0.45 

4 10.26 4.32 5.87 

6 16.05 10.12 13.62 

8 18.59 14.54 16.81 

10 19.84 17.81 19.13 
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B. Specific Fuel Consumption 

Table 2 Specific Fuel Consumption VS Load 
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Fig 2 Specific Fuel Consumption Vs Load 

Specific fuel consumption is the amount of fuel consumed by a vehicle for each unit of power output. A vehicle's specific 

fuel consumption is more or less independent from its nitrogen oxide emissions per kilometer. The specific fuel consumption of an 

engine is the rate of fuel burnt to produce a unit of thrust.Fig 2 graph show the comparison between Specific fuel consumption of 

engine and applied load condition. From this graphs shows the Specific fuel consumption is increase due to Algae and DME 

having low energy content compare to diesel so need more fuel for obtaining the power. By adding DME with Algae it reduce the 

Specific fuel consumption compare to algae blended with diesel. 

 

 

 

 

 

 

 

LOAD D100 D80B20 D60B20A20 

2 0.73 1.78 1.84 

4 0.62 1.23 1.19 

6 0.53 0.98 0.87 

8 0.46 0.82 0.75 

10 0.43 0.76 0.64 
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C. EXHAUST TEMPERATURE 

Table 3 Exhaust Temperature VS Load 
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Fig 3 Specific Fuel Consumption Vs Load 

Higher is the exhaust temperature, lower is the thermal efficiency of the engine since higher amount of heat energy is wasted 

through exhaust. Hence to boost engine performance, exhaust temperature should be as low as possible.Maximum Exhaust 

temperature of diesel is higher than Algae and Di Methyl Ether due to low energy content compare to diesel. Due to lower 

maximum exhaust temperature NOx emission reduced compare to diesel 

V.     CONCLUSION 

 

In this experimental investigation aimed at to the performance and combustion characteristics of Algae and DME in the 

compression ignition diesel engine while using blended with diesel. Using Algae as a biodiesel blended with diesel brake thermal 

efficiency is reduced due to algae have less energy content compare to diesel. Adding Di Methyl Ether to Algae to increase the 

performance and combustion characteristic of the blend. Di Methyl Ether needed low amount oxygen to burn so due to excess 

oxygen molecule available for burring of diesel and algae so there occur complete combustion and also low cetane number 

compare to the diesel which leads the increase in percentage of combustion at the constant volume. In early research in Algae and 

Di Methyl Ether both having property of having low unburned hydrocarbon, carbon monoxide and NOx emission compare to 

diesel. In further both Algae and Di Methyl Ether best replacement of Diesel because both are renewable energy sources  
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ABSTRACT: 

 Composite plays a important roles in modern days of the everyone’s life. Which gives 

the new combination of material with the new properties. Based on that we find the new 

combination of material to overcome the already existing material. Fins are mainly used to 

disperse heat from the material for cooling purposes. Aluminium MMCs are replacing 

conventional aluminium alloys in various domains exclusively in transportation. The basic 

scientific concept here is to improve the thermal conductivity of the conventional aluminium 

alloys. Stir casting process is mainly used for manufacturing of particulate reinforced metal 

matrix composite (PMMC). Manufacturing of aluminium alloy-based casting composite by stir 

casting is one of the most economical methods of processing MMC. Properties of these materials 

depend upon many processing parameters and selection of matrix and reinforcements. 

Advancements of manufacturing technology would allow incorporating the Aluminium 

(AA6061T6) and Aluminium Nitride (ALN) fillers of different/varied and also equal volume 

with molten aluminium. Scanning Electron Microscopy and EDX are necessary to study the 

various percentages of particle distribution in Al matrix system. Then temperature distribution 

along the extended surface (fins) would be determined by pin fin apparatus. This will be used to 

calculate average temperature of fins. . This results in a significant improvement in the heat 

transfer rate due to the addition of AlN particles in aluminium alloy (AA6061T6). 

 

KEYWORDS: 

Aluminium (Al); Aluminium Nitride (AlN); Aluminium Matrix Composites (AMC); Stir 

Casting. 
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NOMENCLATURE: 

NaCl - Sodium Chloride 

NaNo3 - Sodium Nitrate 

Cu - Copper 

Br - Brass 

Be-Cu - Beryllium Copper 

Cu-W - Copper Tungsten 

ECM - Electro chemical machining 

 

1.INTRODUCTION: 

 
Aluminium MMCs are replacing conventional aluminium alloys in various domains 

exclusively in transportation. In this order, this project justifies to develop novel hybrid materials 

that would replace aluminium alloys as cooling fin materials. Cooling fins are extended surface 

that improve heat transfer from heat sinks through various heat transfer modes such as 

conduction, convection and radiation. The basic scientific concept here is to improve the thermal 

conductivity of the conventional aluminium alloys. Stir casting process is mainly used for 

manufacturing of particulate reinforced metal matrix composite (PMMC). Manufacturing of 

aluminium alloy based casting composite by stir casting is one of the most economical methods 

of processing MMC. Properties of these materials depend upon many processing parameters and 

selection of matrix and reinforcements. Various surface treatments of micro particles are 

providing some special characteristics that effect the properties of composites. Here the process 

parameters such as inert gas environment, stirrer speed, reinforcement preheating and mold 

preheating would be attainted uttermost care. Advancements of manufacturing technology would 

allow incorporating the Aluminium (AA6061T6) and Aluminium Nitride (ALN) fillers of 

different/varied and also equal volume with molten aluminium. Through bottom pour stir casting 

furnace, the particle will be distributed. Dispersion of various percentages of micron size 

Aluminium (AA6061T6) & Aluminium Nitride (AlN) particles in Al would enhance the thermal 

properties of Al alloys. The thermal properties of various percentages of particle reinforced Al 

composites should be compared to obtain the optimized weight percentage of aluminium 

(AA6061T6) & Aluminium Nitride (AlN) particles that should be used for preparation of Hybrid 

composites. Scanning Electron Microscopy and EDX are necessary to study the various 

percentages of particle distribution in Al matrix system. For this the specimen preparation needs 

machining and polishing. Later, the thermal conductivity of Aluminium Hybrid Composites 
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would be measured using laser flash analysis method to compare the same with conventional Al 

alloys. Then temperature distribution along the extended surface (fins) would be determined by 

pin-fin apparatus. This will be used to calculate the fin efficiency and average temperature of 

fins. 

 

2.COMPOSITES: 

A composite material can be defined as a combination of two or more materials that 

results in better properties than those of the individual components used alone. In contrast to 

metallic alloys, each material retains its separate chemical, physical, and mechanical properties. 

The two constituents are a reinforcement and a matrix. The main advantages of composite 

materials are their high strength and stiffness, combined with low density, when compared with 

bulk materials, allowing for a weight reduction in the finished part. Composite materials are 

commonly classified at following two distinct levels. The first level of classification is usually 

made with respect to the matrix constituent. The major composite classes include Organic Matrix 

Composites (OMCs), Metal Matrix Composites (MMCs) and Ceramic Matrix Composites 

(CMCs). The term organic matrix composite is generally assumed to include two classes of 

composites, namely Polymer Matrix Composites (PMCs) and carbon matrix composites 

commonly referred to as carbon carbon composites. The second level of classification refers to 

the reinforcement form - fibre reinforced composites, laminar composites and particulate 

composites. Fibre Reinforced composites (FRC) can be further divided into those containing 

discontinuous or continuous fibres. Laminates are composite material where different layers of 

materials give them the specific character of a composite material having a specific function to 

perform. 

 

3.ALUMINIUM MATRIX COMPOSITES: 

 

High strength, fracture toughness and stiffness are offered by metal matrices than those offered 

by their polymer counterparts. They can withstand elevated temperature in corrosive 

environment than polymer composites.  
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Aluminium hybrid composites are a new generation of metal matrix composites that have the 

potentials of satisfying the recent demands of advanced engineering applications. These demands 

are met due to improved mechanical properties to conventional processing technique and 

possibility of reducing production cost of aluminium composites. The performance of these 

materials is mostly dependent on selecting the right combination of reinforcing materials since 

some of the processing parameters are associated with the reinforcing particulates. A few 

combinations of reinforcing particulates have been conceptualized in the design of aluminium 

hybrid composites. 

 

4.Applications of AlN: 

 Upto Electronics, 

 Dielectric layers in optical storage media, 

 Electronic substrates, chip carriers that require high thermal conductivity, 

 Applications Military applications, Gallium as a cross to grow crystals of arsenite, 

 Steel and semiconductor production. 

 

5.AA6061 is commonly used for the following: 

Construction of aircraft structures such as wings and fuses in domestic built aircraft 

rather than commercial or military aircraft. The 2024 alloy is somewhat strong, but the 6061 runs 

very easily and is resistant to corrosion even if the surface is corrupted, which is not the case for 

2024, which is commonly used with a thin alcatel finish for corrosion resistance. 

 

6.Aluminium nitride: 

Aluminium Nitride (AlN) is a solid nitride of aluminium. It has a high thermal 

conductivity up to 285 W / (m • K) and is an electrical capacitor. Its wurtzite phase (w-AlN) has 

a band gap of 6 eV at room temperature and has a potential application in optoelectronics 

operating at deep ultraviolet frequencies. 
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7.HEAT SINKS: 

A heat sink is a thermal conductive metal device designed to absorb and disperse heat 

away from a high temperature object such as a computer processor. Usually heat sinks are 

outfitted with built-in fans to help keep both the CPU and the heat sink at an appropriate 

temperature. Heat sinks are made out of metal, such as a copper or aluminium alloy, and are 

attached to the processor. Most heat sinks have fins, thin slices of metal connected to the base of 

the heat sink, which help spread heat over a large area. 

Fourier’s law of heat conduction states that if temperature gradient is present in a body, 

then the heat will transfer from a high-temperature region to allow- temperature region. And, this 

can be achieved in three different ways, such as convention, radiation and conduction. Whenever 

two objects with different temperature come in contact with each other, conduction occurs 

causing the fast-moving molecules of the high-heat object to collide with the slow-moving 

molecules of the cooler objects, and thus, transfers thermal energy to the cooler object, and this 

is termed as thermal conductivity. Similarly, heat sink transfers the heat or thermal energy from a 

high-temperature component to a low-temperature medium like air, water, oil, etc. Usually air is 

used as a low-temperature medium; and, if water is used as medium, then it is termed as cold 

plate. The heat sinks are classified into different categories based on different criteria. Let us 

consider the major types, namely active heat sinks and passive heat sinks. Active Heat Sinks are 

generally fan type and utilize power for cooling purpose. They can also be termed as Heat sink or 

fans. The fans are further classified as ball bearing type and sleeve bearing type. The ball bearing 

motor fans are preferred as their working span is longer and they are cheaper when it comes to a 

long span usage. The performance of these kinds of heat sink is excellent, but not for long term 

applications as they consist of moving parts and are a bit expensive as well. Passive Heat Sinks 

do not possess any mechanical components and are made of aluminium finned radiators. These 

dissipate thermal energy or heat by using the convection process. These are most reliable than 

the active heat sinks; and, for efficient operation of passive heat sinks, it is recommended to 

maintain continuous air flow across their fins. 
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Heat Sinks are generally made of metals; and, aluminium is the most common metal used 

in heat sink. We are aware of the fact that the thermal conductivity of each metal is different. The 

thermal conductivity of metal is proportional to the heat transfer in heat sink. Thus, if the thermal 

conductivity of the metal increases, then the heat transferring capacity of the heat sink will also 

increase.Heat sinks are commonly used in all CPUs and are also used in refrigeration and air 

conditioning systems, Engines and video card processors. 

 

8.STRUCTURAL CHARACTERISATION: 

Structural characterisation involves optical microscopic observation, SEM Testing, EDX 

testing and Pin fin testing. Optical microscopic observation provides the arrangement of 

particulates and also any defects in the material. A scanning electron microscope (SEM) 

produces images of a sample by scanning the surface with a focused beam of electrons. The 

electrons interact with atoms in the sample, producing various signals that contain information 

about the sample's surface topography and composition. The electron beam is scanned in a raster 

scan pattern, and the beam's position is combined with the detected signal to produce an image. 

Energy-dispersive X-ray spectroscopy (EDX) Analysis is an analytical technique designed to 

provide more in-depth information about crystalline compounds, including identification and 

quantification of crystalline phases. In EDX analysis, a focused X-Ray beam is shot at the 

sample at a specific angle of incidence. The X-Rays diffract in various ways depending on the 

crystal structure (inter-atomic distances) of the sample. The locations (angles) and intensities of 

the diffracted X-Rays are measured. Thermal performance of the material will be measured by 

Pin fin testing  

 

9.STIRCASTING: 

In the modern applied sciences, the concept of mixing two dissimilar materials has gained 

much attention. The combinations provide unique properties. The composite in Ductry has begun 

to recognize the commercial application of composites which promise to offer much larger 
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business opportunities in aerospace and automotive sectors. In the first stage, the matrix material 

is heated to above its liquidus temperature and then cooled down to a temperature to keep in a 

semi-solid state. At this stage, the preheated reinforcement materials are added and mixed with a 

mechanical stirrer. Again the slurry is heated to a liquidus state and mixed thoroughly. 

Nowadays, this two-step mixing process has used in the fabrication of aluminium because of 

more uniform microstructure as compared of conventional stirring. 

 

Figure 9.1 Stir casting machine 

 

Figure 9.2 Fabrication process 

 

10.PIN-FIN: 

Fabricated composites were machined according to the test equipment. The specific 

purpose of AA6061/ALN composites can only be verified by testing. There was an initial test 
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using the Pin-Fin tool Was carried out to measure the temperature distribution in the fabricated 

AA6061/AlN composites. The test model is fitted. Temperature thermocouples were measured at 

five points along the length of the paddle. Schematic diagram of. The setup is shown in the 

figure. 2 (a) The details of the pin paddle are in accordance with Figure 2 (b) 

 

 

Figure 10.1 Schematic ofexperimental set-up 

 

PIN –FIN MACHINE: 

 

 

Figure 10.2Connected with Pin-Fin 

11.SEM: 

SEM refers to electron microscope scanning. Electron microscopes use electrons for 

imaging, and light microscopes use visible light. SEMs use a specific number of coils to scan the 

beam in the form of a raster and use electrons that reflect or tap the area near the surface of a 

sample to create an image. Since the wavelength of electrons is much smaller than the 

wavelength of light, the resolution of SEMs is higher than that of a light microscope. 
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12.EDS: 

The electron beam-object interaction generates different types of signals with different 

information about the model (Figure 1). For example, backscattered electrons produce images 

with variations that contain information about the differences in atomic number; Secondary 

electrons provide spatial information (you can read more about it here cathodoluminescence can 

provide information about the electronic composition and chemical composition of materials; 

And transmitted electrons can describe the internal structure and crystallography of the sample. 

Another type of signal that is widely used in SEMs is X-rays. 

 

 

Figure 12.1Illustration of the electron-matter interaction depicting its different products. 

 

13.STRUCTURAL CHARACTERISATION 

 

SEM MATERIAL SAMPLE: 
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AA6061T6+AL                                                       AA6061+AlN+3Wt% 

 

 

AA6061+ALN+6Wt%AA6061+ALN+9Wt% 

Figure13.1 SEM MATERIAL SAMPLES 

 

AA 6061at 500X (100μm) & 1000X (50μm) magnificationRespectively this indicates the 

presence of thealuminium phase in the particular area, magnified with 50μm shows the interface 

of the aluminium phase with alloy materials in the same region. Shows the microstructure of the 

Al-PN alloy at 500X (100μm) and 1000X (50μm) magnitudes, respectively10 mm from the base 

of the cast. Ceramic cubic boron nitride particles remain silent. Delicately well distributed, 

except for a few macro holes surrounded by yellow. The model is surrounded by blue. In Figs.4.c 

& 4.d he observed an interface layer (surrounded by red) Launched with AA 6061 by boron 

nitride particles, although there are some blank areas (without ceramic Particles) caused by 

moisture between boron nitride and matrix materials. 
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SEM TEST RESULTS-PURE (AA6061): 

 

Figure 13.2 SEM TEST RESULTS- AA6061 

SEM TEST RESULTS -3 Wt.% ALN:  

 

Figure 13.3 SEM TEST RESULTS-3 Wt.% ALN 

 

SEM TEST RESULTS - 6 Wt.% ALN: 

 

Figure 13.4 SEM TEST RESULTS-6 Wt.% ALN 

5.5 SEM TEST RESULTS- 9 Wt.% ALN: 
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Figure 13.5 SEM TEST RESULTS- 9 Wt.% ALN 

 

Figure 13.4 SEM TEST RESULTS-6 Wt.% ALN 

 

 

Figure 13.5 SEM TEST RESULTS- 9 Wt.% ALN 

 

EDS TEST RESULTS – PURE AA6061: 
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Figure 13.6 EDS TEST RESULTS – PURE AA6061 

 

 

 

EDS TEST RESULTS – 3 Wt.% ALN: 

 

Figure 13.7 EDS TEST RESULTS – 3 Wt.% ALN 

 

EDS TEST RESULTS – 6 Wt.% ALN: 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IV, April-2020

ISSN NO: 1781-7838

Page No:330
Page 1644 of 3066Page 1644 of 3066



 
 

 

 

Figure 13.8 EDS TEST RESULTS – 6 Wt.% ALN 

 

 

 

 

 

EDS TEST RESULTS – 9 Wt.% ALN: 
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Figure 13.9 EDS TEST RESULTS – 9 Wt.% ALN 

RESULT: 

 

 

 

 

 

 

 

Table 13.1 Thermal conductivity of various materials 

CONCLUSION: 

 Reinforcement of hybrid (Aluminium AA6061T6 +Aluminium Nitride) particulates in 

the Aluminium improves the thermal conductivity value of the Aluminium.  

 The composition of hybrid particulates was clearly found with the help of the images in 

the microstructure.  

 Pin-fin tests were conducted on the specimen and the characters of thermal conductivity 

of the composite specimen were found improved.  

 

REFERENCES: 

 

S.NO MATERIAL THERMAL CONDUCTIVITY (k) 

1 AA6061T6 167 W/m-K 

2 ALN 285 W/m-K 

3 AA6061T6/ALN  180 W/m-K 
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Abstract— The working is about applying lean concepts in an Indian textile export industry. The goal is to develop and test different 

waste reduction strategies and improve productivity. This research describes the implementation of Value Stream Mapping (VSM) and 

Single Minute Die Exchange (SMED) for short. The existing state output level has been updated to effectively implement VSM. Level of 

implementation was found to have a significant relationship with the size and the type of company and not with the age of the company. 

Lack of awareness to implement lean, company culture, lack of communication, and employee resistance were the main barriers faced 

by the sample companies during the implementation of lean. The findings of this study reveal that a thorough analysis of the process, 

setup, and changeover time (CO), use of kaizen and quality circles which empower the workforce, are some of the various keys to a 

successful lean implementation in a textile industry. 

 

Keywords—Lean Practices; Waste Reduction; Productivity Improvement; VSM; Textile Industry. 

 

I. INTRODUCTION 

Fashion and retailing led the textile industry in the 1970s and the focus was on innovations in the supply chain's demand-

related pieces. India ranks among the top destination countries for any textile and apparel sourcing company. Indeed, no other 

country, apart from China, can match the size, spread, depth, and competitiveness of Indian textile and apparel industries [1]. In 

addition, by the global abolition of quotas at the end of 2010, India's sourcing prospects have greatly increased. India is supplying 

world markets with textiles and clothing worth more than US $11 billion [2]. And as more and more buyers around the world turn 

to India as an alternative to China, exports are increasing rapidly. 

Across the globe, consumer spending is declining. Retailers are looking to their suppliers for genuine innovation. We want 

really new clothing made of modern fabrics and yarns. They want to give their customers new services. Competition in the late 

1980s would draw on the strengths and core competencies of apparel and clothing companies and on long-term supply 

relationships. There are many things to discuss [3]. Textile and textile machinery will continue to be developed but the most 

important developments for the 2000's are in the fields of fibres, fabrics, calculation, control and multimedia. We may assume that 

a textile industry is an autonomous industry from the basic requirement of raw materials to final products [4]. 

The Indian textile industries have seen significant improvements in the last few years in this scenario. But the wasteful 

increases in capital will not solve the problem entirely; in the long run this will bring out the waste in a moderate way [5]. Lean 

manufacturing implementation is highly recommended, in order to identify the waste and remove it. 

 

II. LITERATURE REVIEW 

In recent years, in different manufacturing sectors, several literatures have extensively documented the introduction of lean 

manufacturing. Lean production is a conceptual paradigm practice which has been popularized since the early 1990s in many 

western industrial companies [6]. Initially, the publication of the book "The Computer Changing the World" began to disseminate 

some established lean manufacturing practices. Lean production is most often associated with the removal of seven wastes. 

Implementing it is intended to increase efficiency, minimize lead times and costs and increases quality. Quality is a major focus in 

lean manufacturing, as poor management of quality should result in huge waste and scrap [7]. Proper quality management at the 

right time will help production control. Companies such as Toyota, Pratt and Whitney, Sikorsky, Delphi, Ford and many other 

companies have made significant savings in their production operations by adopting lean principles [8]. Lean fabrication is an 

integrative term that can be implemented through selective set of keys or factors. 

It is believed that those key areas are very critical to its implementation. Although many literatures are comprehensively 

available on lean implementation very few have discussed the textile market [9]. The pressure from international competition on 

firms in the confectionery industry was immense. The rise in rivalry has resulted in a greater focus of customer satisfaction as the 
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company's long-term survival [10]. There is an opportunity for the textile industry to develop but some changes are needed. The 

textile industry has multiple opportunities for improvement under the highly competitive environment, using lean principles [11]. 

The businesses that embrace lean manufacturing as a working philosophy within their organizations will make significant 

changes in terms of their operating efficiency, even if it is in a changed format that best suits their particular business culture. 

Organizations that plan to use any Japanese manufacturing technology and practices should first understand the need to use it [12]. 

The first move is to define the value stream map. Value Stream Mapping is a practical tool for identifying lean vision production 

systems [13]. VSM has been used in numerous manufacturing industries [14]. In this paper we also explain an application of VSM 

to classify the different forms of waste in the floor of the textile shop. The authors have successfully applied both VSM and 

SMED in this study. 

III. PROBLEM STATEMENT 

In general, the key activities usually practiced in every textile industry shop floor include: After receiving an order from the 

customer, the design is made and it is marked in the marker sheet.  

 The proper size of the material is calculated, taking in to account the various allowances from the available empirical 

relationships, the existing database, and prior experiences.  

 After procuring the raw material of the desired quality, the pieces were cut in to required size.  

 Thereafter, the various processes were carried out.  

 In addition inspection is carried out to ascertain the desired quality.  

 Finally, finishing and cleaning operations are performed to complete the process. The finished component is then sent to 

the customer.  

Basically the transportation section has various problems such as  

 Weight carried by a worker was too heavy  

 Distance between each floor was more  

 Time taken for transportation was high  

 Increased delay time.  

In order to avoid all these NVAA the company decided to implement Lean concepts, so that overall performance will be 

increased. 

IV. CASE STUDY 

One of India's leading textile industries is the case study under consideration in this research. The industry's identity has not 

been advertised; but we will refer to the industry as ABC Textiles. The company is composed of 4 branches. This company 

manufactures various kinds of inner textiles for countries like China and America. This industry's and the company were facing 

severe pressures in most regions, both externally and internally, to increase output flow line efficiency. The industry has made 

huge investments in capital to take steps in growth, modernization, etc. Management of the company has endeavoured to 

incorporate 5S+safety and total production maintenance; annual turnover was US$17 million. Activities conducted in an 

organization can be classified as VA, Non Value Added Activities (NVA), essential but Non Value Added Activities (NNVA), 

clearly. There was a long distance between the material floor and the store floor. 

 

V. IMPLEMENTATION & RESULTS 

A. Select the process to be Mapped: 

The manufacturing process we had chosen for mapping was. In this sector we concentrated on raising the production line rate 

and reducing the worker's fatigue. We traced the processes from raw material releases to finished products. We studied the flux of 

materials between different floors. The second step was to collect all the data from different floors and to draw the map of the 

existing state as shown in Fig. 1. 

 

Fig. 1 Existing Material Flow Process 
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B. Existing State Mapping: 

The specification of the commodity was provided by the design engineer on to the cutting floor in the existing state diagram. The 

operators were given the designs for cutting the raw material in cutting floor. After the cutting process was complete, the 

production manager issued the order for material release. The material then is transferred to the manufacturing floor. 

C. Flow of Material from Cutting Floor & Production Floor: 

The materials were transferred via trolley from the cutting floor to the production floor. 5 boxes of materials were moved for one 

single trolley change.box contains 100 pieces, 500 pieces in total have been moved per move. The content packed per box 

weighed 3.2 kg. Average load weight in trolley was 16 kg (for 5 boxes). The amount of time taken to load materials and the 

distance from floor cutting to floor processing was estimated as 65 feet. The time taken for the trolley to move 65 feet with load 

was 70 seconds, and 33 seconds per box for unloading materials from the truck. Box exchange time was 3 seconds. From 

production floor to cutting floor the return time was 60 seconds without load. That was 70 goods an hour. 19500 was the average 

number of goods manufactured per turn and two working shifts per day. The total number of products produced was 38600 per 

day. For the transfer of materials from the cutting floor to the production floor, total5 employees were needed per shift. The total 

number of pieces one employee moved was 3920 per move. Number of boxes one employee moved were 38 tells 40 boxes. The 

worker had borne a load of 40*3.2=128 kg per move. Overall worker load was 128*2=256 kg. (Both to load and unload).The 

worker's bone was twisted 80 times in the back as shown in Fig. 2.  

 

Fig. 2 Existing Production Flow Layout 

D. Production Floor: 

The same form was organized in production floor as classes. In the production floor, ten types of operations were 

conducted, so 10 groups of were formed. There were nine inter-group junctions. The total time needed for the material transfer 

between parts was 25*8= 200 seconds. The weight of material transferred by the worker was 3.2 kg/100 parts per single time. 

Weight transferred for 19500 pieces was 3. Goods completed were then moved to the packaging board. The gap from the 

packaging floor to the production floor was 38 metres. Time required for product transfer was 35 seconds. Analyse the existing 

state. The third step for Value Stream Mapping implementation was the study of the existing state diagram. We systematically 

analysed to find out the different Non Value Added Activities of the existing state diagram. The time taken for material transfer 

from cutting floor to production floor and from manufacturing floor to packing floor was high. Workers have been heavily 

distracted by more loads being shifted, 

E. Mapping and Implementation of Future State: 

To avoid the Non Value Added Activities of the existing state map we had studied in the third step, we mapped the future 

state as shown in Fig 3. We are hardly focusing on reducing the time needed to move material from cutting floor to production 

floor. Boost manufacturing pace. Reduce breakdowns on computer. It improves the rework process and reduces the time required. 

 Part to Cut. 

 Section Output. 

 Section Inspection. 

 Part Packing. 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IV, April-2020

ISSN NO: 1781-7838

Page No:337
Page 1651 of 3066Page 1651 of 3066



 

Fig. 3 Shop Floor Layout 

 

F. Transfer of Material in Future State: 

The distance between the cutting section and the manufacturing section was reduced to 10 feet, since the floors were 

combined. The team leader himself moved the material from section cutting to section output, so no separate worker was needed. 

The content was moved by box and not by the trolley so there was a reduction in human fatigue. Time taken to load and unload 

the goods has been measured as 35x2=70 seconds. The travel time with load was 10 seconds for 10 feet. Total time spent is 

35x2+10=80 seconds. Time taken for 100 pieces of material being moved was 80 seconds as shown in Fig. 4. 

 
Fig. 4 Proposed Production Floor Layout 

 

VI. PRODUCTION SECTION IN FUTURE STATE MAP 

Computer structures in groups were abolished, and separate teams were formed. Every team was led by a team leader, and 

there were 12 staff in the team. Since the machines were arranged according to operating sequence, the transfer of materials was 

made easy and the time required to transfer materials was reduced in the production section As the material was moved in the 

production section between the machines, the weight carried between the groups by a worker was avoided which reduces human 

fatigue. Inspection and packing section were incorporated within the package, thereby eliminating the time taken for material 

transfer to the packing floor. Table 1 study parameter of lean implementation is given below.  

TABLE I 

COMPARISON OF EXISTING VERSUS PROPOSED 

Study Parameters 
Before 

Implementation 

After 

Implementation 

Percentage of 

Improvement 

Material Transfer 100 Seconds 78 Seconds 22% 

Travelling Distance:  65 Feets 27 feets 58.5% 

Production Rate  25 minutes 9 minutes 64% 

Defect Rate 7% 4% 42.8% 

Overall (Leanness) 32.63% 45.85% 28.8% 
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A. Non Value Added Activities: 

The time taken to move 100 parts= 598/6= 99.7 seconds says 100 seconds in the existing state diagram. The time taken to 

move 100 parts was 82 seconds in future State diagram. Time saved after future state map implementation was 100-82=18 

seconds per 100 bits. Time saved= 18*196=3528 seconds= 58 minutes and 48 seconds per shift. As load carrying capacity and 

distance have been reduced. 

B. SMED: 

Since VSM was introduced, the computers were configured according to the service sequence. The time required for 

changing the setup from one style to another in the existing state was 28 minutes. SMED was introduced through the following 

steps; the future-style sequence of operations was extracted. For this phase the time required was 49 seconds. We adopted the 

same protocol for the next 9 operations. So the overall setup time required to change from current to future design was 8 minutes 

and 10 seconds. 

C. Material Transfer: 

100 Part transfer time was 100 seconds. It took just 82 seconds for 100 pieces after Implementation. Hence the 

percentage reduction in transfer of material is 18. 

D. Travelling Distance: 

The difference between the cutting floor and the manufacturing floor was 63 feet. The gap was reduced to 8.3 feet after 

Implementation. The difference from the cutting floor to the production floor is therefore reduced by 83.5%. 

E. Distance from Cutting floor to Production floor: 

The gap to the inspection floor from the production floor was 38 feet. The gap was decreased to 1 foot after 

implementation. The gap from the production floor to the inspection floor is therefore decreased by 96%. The distance between 

the inspection floor and the packing floor was 8 feet. The distance was decreased to 1 foot after implementation. The distance 

from the inspection floor to the packing floor is therefore reduced by 85%. Capacity carrying load was 18.5 Kg. 

F. Production Rate: 

The production rate was 19500 pieces / shift at the earlier stage. The production rate was increased to 27470 pieces / shift 

after implementation. Therefore, the production rate is increased by 42.0%. In the current state, it took 26 minutes to change the 

configuration from one design to another. It was later reduced to 7 min 12 sec. Hence the amount of setup time is reduced to 72.63. 

 
VII. CONCLUSION 

Ultimately, this work has the proof of benefits when applying lean concepts to the floor of the textile store. It is the prime 

time, according to our experience, that lean design has been successfully implemented in the floor of the textile store. We hope 

this paper will contain its importance for textile industry practitioners. Because of rising customer expectations and intense global 

competition, Indian textile factories are attempting to increase productivity at lower costs and to manufacture with the highest 

quality of products and services. Under these conditions, the authors have employed lean manufacturing methods with reasonable 

investment to enhance the process environment. With the aid of various tools, such as Value Stream Maps and SMED, the 

efficacy of lean principles is systematically substantiated in this paper. Even so, the full success of the thorough implementation of 

lean thinking depends on close understanding between management and shop floor workers. Good information management 

systems are needed to in still strong organizational principles and continuous improvement initiatives. These management 

concepts are fully integrated with the principles of shop flooring, and then lean systems can be effectively implemented to achieve 

maximum efficiency. The fractured supply base poses barriers to the alignment of the ties in the supply chain. For this purpose 

future studies on supply chain management can be carried out to achieve good control, efficiency and consistent performance. 
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Abstract—The hybrid fiber composite materials are used in many applications to obtain the required mechanical properties. The 

mechanical properties of the hybrid fiber matrix are based on the fiber incorporated with the matrix with the same resin matrix. The 

mechanical properties of glass, glass and carbon fiber reinforced epoxy hybrid composite and glass/carbon fiber laminated with 

aluminium reinforced epoxy were studied. The compression moulding technique is used for the fabrication of hybrid fiber composite 

materials. The mechanical properties such as hardness, tensile strength, tensile modulus, ductility, and peak load of the hybrid 

composites were determined as per ASTM standards. The glass and carbon fiber reinforced epoxy hybrid composite with high tensile 

strength and flexural strength is fabricated. 

 

Keywords—Glass, Aluminium reinforcement, GFRP, CARLL 

I. INTRODUCTION 

Now a day, the composite engineers are focusing on the development of new stronger, tougher, lightweight structural 

materials supporting latest technologies and design concepts for the complex shaped structures like aircraft, automotive 

structures and large wind turbine blade structures [1]. Glass fiber reinforced composite material is low density material with 

excellent mechanical in impact, tensile and flexure conditions. Glass fiber composites are mostly used in automobile industries 

to reduce the weight of the vehicle which improves the fuel efficiency. Alternative layers of aluminium alloy sheets and 

glass/carbonfiber reinforced epoxy were used to manufacture hybrid fiber laminates, GFRP exhibits outstanding fatigue and 

impact resistance, good residual and blunt notch strength [6].  The use of glass fiber as a replacement for steel reduces the 

weight of component by 20% to 30%. However, carbon fiber composite is lighter than glass fiber and twice the strength of glass 

fiber. The replacement of steel with carbon fiber composite reduces the vehicle weight by 60%.  CFRP composites are more 

expensive than GFRP composites [7]. To reduce the cost of the fiber composite glass fiber can be mixed with carbon to form a 

hybrid fiber. The combination of glass and carbon fiber will result in a low cost fiber composite with high strength, high 

corrosion resistance and high tensile strength. Scientist and researches has found that there is a positive effect of hybridization 

of glass and carbon fibers [8–11]. The hybrid composites are widely accepted and preferred due to not only the high strength 

carbon fiber; but also for the complementary beneficial properties of both glass and carbon fibers [3–5] in this work we used 

two types of hybrid fibers, E-glass fiber and carbon fiber bonded using epoxy resin and glass/carbon hybrid fiber with 

aluminium plate bonded using epoxy resin and HY917 hardener. Aluminium plate is used as reinforcement between the glass 

and carbon fibers with epoxy resin bonding to improve the mechanical strength of the fiber composite. The effectiveness of 

reinforcement essentially depends on the adhesion between matrix and fiber, so this is a key factor in determining the final 

properties of the composite material, particularly its mechanical properties[2]. The different hybrid fiber specimens were 

subjected to tensile, flexural, inner laminar shear strength and impact test as per ASTM standard. 

II. EXPERIMENTAL WORK 

The carbon fiber and E glass fiber is selected for the reinforcement and epoxy resin as matrix material. The glass fiber of 

plain weave with 200gsm and density of 2.3gm/cc. The carbon fiber of twill weave 245 gsm and thickness 0.3mm were used. 

Aluminium alloy sheet of 0.5 mm was used in the preparation of GLARE and hybrid fiber. 

 

The GFRP and glass/carbon fiber /Epoxy based hybrid fiber is prepared by compression moulding method. Glass Fiber, 

carbon fiber and aluminium alloy sheets were cut to fit into the die of compression moulding machine. The dimension of the 

samples was 270mm x 270mm. The Glass/Carbon fiber and aluminium sheet of required size is taken and placed into the mould 

and the mould should be smooth to prevent bonding of the specimen to the mould. The Glass /Carbon fiber and aluminium 

sheet is placed on the open mould and adjusted manually in the open mould. The mixture of Epoxy resin and hardener HY917 is 
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mixed in the proportion of 10:1 weight ratio respectively. The mixture of Epoxy resin and Hardener is brushed on the fiber 

alternatively. 

In this experiment three different fiber samples were prepared. The first fibersample is made of the glass as reinforcement 

and Epoxy resin as matrix material.The Glass fiber of dimension 270 mm length and 270 mm width is used and eight such 

plates of glass fiber is arranged alternatively with applied Epoxy matrix material from the GFRP sample. Second sample is the 

Glass/ Carbon based hybrid fiberby using carbon and glass fibersas reinforcements and Epoxy resin as matrix material.The four 

of glass fiber and carbon fiber in required dimension of 270 mm length and 270 mm width is placed alternatively with Epoxy 

and Hardener mixture applied alternatively between the fiber to fabricate Hybrid fiber. The third sample was made of carbon 

fiber (c), glass(g) and aluminium alloy sheet(al) of dimension 270 mm length and 270 mm width. The glass  and carbon fiber is 

supported by the aluminium sheet for better strength. The glass fiber (g), carbon fiber (c) and aluminium alloy sheets (al) are 

placed in the order of g-al-c-al-c-al-g.  

 

The samples are kept in the compression mould after the preparation of 95 °C for rapid curing of the sample and then the 

samples are compressed by the compression moulding machine by applying pressure of 1500 bar to eliminate the air entrapped 

in between the samples for better bonding 

 

   
Fig.1Hardner HY951       Fig.2 Epoxy Resin LY556 

 

After the mould was set, fibers were placed on die one by one and in-between each layer,  resin  - hardner mixture was 

poured to some amount to spread along all the layers. 

Finally, mould was closed and allowed the plate to cure inside the mould under mould pressure  for 30mins. And outside the 

mould for 15 mins. 
III. SPECIMEN PREPARATION 

After all the three plates were prepared, they are cut as per ASTM standards for testing. For tensile testing, plates were cut 

into the dimensions of 250 X 25 X 3 mm as per ASTM D-3039  standard. 

For flexural testing, plates were cut into the dimensions of 125 X 13 X 3 mm as per ASTM D-790 standard. For izod impact 

testing, plates were cut into the dimensions of  65 X 13 X 3 mm as per ASTM D-256  standard. 

 

   
Fig.3 Pure Glass laminates   Fig.  4 Glass-Carbon laminates 
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Fig.5 Glass-Carbon with Aluminium laminates  

 

For inner laminar shear strength testing, plates were cut into the dimensions  as per ASTM D-3039  standard (i.e., length as 

(thickness X 6), breadth as (thickness X 2) and thickness same as plate thickness. 

IV. TESTING PROCEDURE 

For each plate four tests were taken to understand its mechanical properties like shear strength, tensile strength, etc.The four 

tests are, 

 Tensile test 

 Flexural test 

 Inner laminar shear strength (ILSS) test 

 Izod impact test 

 

For each testing, from every plate three samples were taken for testing and average of those values are produced below. 

A. Tensiletest 

Tensile test was taken using Kalpak Universal Testing machine to measure its peak load, % elongation and ultimate 

tensile strength. 

A tensile specimen is a standardized sample cross-section. It has two shoulders and a gage (section) in between. The 

shoulders are large so they can be readily gripped, whereas the gauge section has a smaller cross-section so that the 

deformation and failure can occur in this area. 

 

 
Fig.6 Tensile test on laminates 

 

 The machine speed : 2mm/min 

 load cell : 1000 kgf 

 gauge length :150 mm 

The results obtained through tensile test  is shown below 
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TABLE I 

RESULTS OBTAINED THROUGH TENSILE TEST 

Sample CS Area[mm²] Peak load [N] % Elongation UTS [N/mm²] 

G 75 5966.144 5.993333 79.549 

GC 75 8747.414 1.97 116.6343 

GCA 75 7531.278 1.886667 100.429 

 

Load  vs Displacement on tensile test for 3 samples: 

 

 
Fig.7 Tensile test of G     Fig.8 Tensile test of GC 

 

 
Fig.9Tensile test of GCA 

 

B. Flexural  test 

Flexural test was taken using Kalpak Universal Testing machine to measure its peak load [N], flexural strength [Mpa] and 

flexural modulus [Gpa]. 

Unlike a compression test or tensile test, a flexure test does not measure fundamental material properties. When a specimen 

is placed under flexural loading all three fundamental stresses are present: tensile, compressive and shear and so the flexural 

properties of a specimen are the result of the combined effect of all three stresses as well as (though to a lesser extent) the 

geometry of the specimen and the rate the load is applied. 

 

 

 

Fig.10 Flexural test on laminates 
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 The machine speed : 2mm/min 

 load cell : 1000 kgf 

 gauge length : 63 mm 

 

The results obtained through flexural  test  is shown below. 

 

TABLE II 

THE RESULTS OBTAINED THROUGH FLEXURAL  TEST 

Sample CS Area[mm²] Peak load [N] Flexural Strength 

[Mpa] 

Flexural Modulus 

[Gpa] 

G 39 226.4377 182.892 20092.16 

GC 39 517.677 418.124 39486.83 

GCA 39 233.73 188.782 42647.08 

 

Load  vs Displacement on flexural test for 3 samples: 

   
Fig.11 Tensile test of G            Fig.12 Tensile test of GC 

 

 
Fig.13  Tensile test of GCA 

 

C. Inner laminar shear strength (ILSS) test 

ILSS test was taken to measure its peak load [N] and Shear Strength [MPa]. 

The test gives only a qualitative measure of the interlaminar shear strength but remains popular either for quality control or 

for investigating matrix and interface dominated behaviour. Under load, a complex stress state exists in the specimen, involving 

interlaminar shear stresses, contact stresses at the loading points and flexural stresses. 

 
Fig.14 ILSS test on laminates 
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 The machine speed : 2mm/min 

 load cell : 1000 kgf 

 gauge length : 63 mm 

The results obtained through ILSS test is shown below. 

 

TABLE III 

RESULTS OBTAINED THROUGH ILSS TEST 

Sample CS Area[mm²] Peak load [N] Shear Strength 

[MPa]=3P/4bh 

G 18 649.046 27.04333 

GC 18 897.1933 37.383 

GCA 18 581.2457 24.21833 

 

Load  vs Displacement on ILSS test for 3 samples: 

 

   
Fig.15Tensile test of G       Fig.16 Tensile test of GC 

 

 
Fig.17 Tensile test of GCA 

 

D. Izod impact test 

Izod impact test was taken to measure its Impact Energy [J]. 

Although the tests are similar to the Charpy test, the standard testing procedure is adapted from ASTM D256 . This test 

gives the energy to break standard test specimens under the influence of specimen notching, mounting and pendulum velocity-

at-impact. 

 

 The machine speed : 2mm/min 

 load cell : 1000 kgf 

 gauge length : 63 mm 
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Fig.18Laminates before impact     Fig.19 Laminates after impact 

 

The results obtained through Izod impact test  is shown below. 

 

TABLE IV 

RESULTS OBTAINED THROUGH IZOD IMPACT TEST   

Sample Impact Energy [J] 

G 1.1 

GC 0.816667 

GCA 1.716667 

 

V. RESULTS 

From tensile test, it is evident that glass – carbon(plate 2)composite has the highest ultiFig.  20mate tensile strength and peak 

load that other two composites.  

In flexural test also, Plate 2 has highest flexural strength and Plate 3 has highest flexural modulus than the other two 

composites respectively. 

Through ILSS test, it’s also evident that glass-carbon composite has more shear strength that other two. 

But in Izod impact test, Plate 3 (glass, aluminium, carbon layered plate ) has more impact energy than others. This is because 

of aluminium which has impact strength 

VI. CONCLUSIONS 

Experiments were conducted on glass epoxy composites, carbon-glass epoxy composites and glass-carbon-aluminium epoxy 

composites to find out the overall mechanical properties, it is observed that impact strength of the fiber reinforced material has 

improved by combining glass ,carbon and aluminium  among others. Subsequently, ILSS decreases by increase in delamination. 

This is due to improper binding of fibers with the aluminium sheet. 
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ABSTRACT 

 

In the small scale industries, in order to achieve the customers demanded dimension 

and fast production, the surface roughness AISI 420 stainless steel is only considered as 

quality characteristics of the components. No one is considered the skewness and kurtosis 

of finished components. In order to improve the produce quality characteristics, skewness 

and kurtosis are also considered in this project. The comparative study is carried out 

between surface roughness and skewness and kurtosis. The designs of experiment, analysis 

of variance, regression models are employed in this work. 

Keywords : Surface roughness, Skewness, Kurtosis, etc.  
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INTRODUCTION  

 

Numerous engineering structures and mechanical parts are exclusively made from stainless steel with 

chromium element ranging from 13% to 30%, together with nickel in order to ensure corrosion resistance [1]. 

Usually, such steels present difficulties in machining because of their foremost ductility, elevated strength, 

significant work hardening rate and relatively low thermal conductivity. The accomplishment of whichever 

machining operation for stainless steel is considerably affected by workpiece properties and material removal 

process. Basically, these properties and further intrinsic characteristics in relationship with the cutting procedure are 

commonly summarized in the term ‘‘machinability.’’ For instance, the knowledge of cutting force components and 

associated surface roughness data provides useful information in relation to plastic deformations and required 

mechanical power for material machining. Moreover, it makes it possible to delimit the cut zone by choosing safe 

cutting force values for the tool from standard guides. Usually, turning operation produces the components that have 

critical features and that entail specific surface finish [2]. When considering product manufacturing process, both 

optimization and modeling are carefully taken into account as two key issues. Cutting force components and surface 

roughness are difficult to model because they are affected by a variety of variables.  

Recently, several studies presented different mathematical/statistical models using cutting force 

components, surface roughness measurements and a specified machining process with the aim to simulate and 

subsequently optimize the cutting regime [1,3,4].  Noordin et al. [5] studied the performance of a coated carbide 

insert for the case of hard turning of AISI 420 stainless steel with respect to tool life and surface roughness. The 

results showed that an extremely fine surface roughness is obtained when using a wiper-coated carbide tool. Xin and 

It-Meng [6] found that cutting parameters’ influence (represented by cutting speed, feed rate and depth of cut) has 

been extended to tool material, tool geometry and work materials in terms of dynamic cutting forces. Ciftci [7] 

presented results of an experimental work for dry turning of two austenitic stainless steels (AISI 304 and AISI 316) 

using coated cemented carbide tool. The study showed that the higher the cutting speed, the lower the surface 

roughness values, and the TiC-/ TiCN-/TiN-coated cutting tools gave lower cutting forces than TiCN-/TiC-/Al2O3-

coated tools. In another study, Lima et al. [8] found that increasing cutting speed decreased machining forces, 

whereas feed rate and depth of cut had an ever-increasing effect. Additionally, the same study concluded that the 

surface finish of the machined part was improved at high cutting speeds and deteriorated with increasing feed rate. 

Liew and Ding [9] established that ductility of tool wear appeared to have influences on the surface roughness 

during the milling of AISI 420. El-Tamimi and El-Hossainy [10] used carbide cutting tools to study the extreme 

cutting conditions of stainless steel AISI 420, and then, mean effect and interaction plots were used to extract the 

most influential factors. Meanwhile, Bouchelaghem et al. [11] concluded that the feed rate remains the most 

affecting factor on the surface roughness values in turning of AISI D3. More et al. [12] used the statistical analysis 

(analysis of variance (ANOVA)) to determine the effect of cutting speed and feed rate on tool wear and surface 

finish when turning hardened AISI 4340 steel.  

In this work, in order to achieve the customers demanded dimension and fast production, the surface 

roughness AISI 420 stainless steel is only considered as quality characteristics of the components through most of 
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the researchers. No one is considered the skewness and kurtosis of finished components. In order to improve the 

produce quality characteristics, skewness and kurtosis are also considered in this project. The comparative study is 

carried out between surface roughness and skewness and kurtosis. The designs of experiment, analysis of variance, 

regression models are employed in this work 

 

 

EXPERIMENTAL DETAILS 

 

 The mechanical turning was carried out using CNC lathe machining center and it is shown in Figure 

3.1.The specification is shown in Table 3.1. The round shape rod was selected as work material. The process 

parameters were selected based on the previous literature and machine specifications. The selection of process 

parameters are shown in Table 3.2. Based on the process parameters and its levels, the Minitab software was used to 

plan the experiment. L9 orthogonal array and outputs are shown in Table 3.3. The mechanical turned work piece is 

shown in Figure 3.2.TalyMap Platinum 5.1.1.5374 software (non- contact surface roughness tester) was used to 

measure skewness (Rsk), Kurtosis (Rku) which is shown in Figure 3.3. Surface roughness (Ra) is shown in Figure 

3.4. 

 

 

Figure 3.1 Mechanical turning photo shot 

 

 

 

 

 

 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IV, April-2020

ISSN NO: 1781-7838

Page No:353
Page 1664 of 3066Page 1664 of 3066



Table 3.1 Specification of machining center 

Axes travel X, Y, Z 650X500X450 mm 

  

Spindle Speed range 200-20,000 rpm 

  

Rapid Transverse X, Y, Z 40 m/min 

 

Axial feed rate 1-40000 mm/min 

  

Size of the Table 850mm X 500 mm 

  

Table Load Capacity 650 kg 

  

Spindle power 15/11 kw 

  

 

 

 

 

Table 3.2Process parameters and its levels 

Parameter Designation Level 1 Level 2 Level 3 

Spindle speed 

(rpm) 
S 2000 3000 4000 

Feed rate 

(mm/min) 
F 10 20 30 

Depth of cut 

(mm) 
D 0.3 0.6 0.9 
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Table 3.3 Design of experiments and input and output (Turning) 

Exp. 

No 

Input Output 

Speed Feed 
Depth of 

cut 
Rsk Rku Ra (µm) 

1 2000 10 0.3 -0.267 3.223 1.982 

2 2000 20 0.6 -0.791 4.087 1.725 

3 2000 30 0.9 1.148 5.628 2.722 

4 3000 10 0.6 0.203 3.022 2.301 

5 3000 20 0.9 -0.718 3.869 1.883 

6 3000 30 0.3 -0.466 2.869 1.883 

7 4000 10 0.9 0.358 8.486 1.574 

8 4000 20 0.3 0.148 2.345 1.913 

9 4000 30 0.6 -0.081 2.848 2.193 

 

 

 

 

Figure 3.2 After mechanical turning 
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Figure 3.3 Non contact optical profiler 

 

 

Figure 3.4 Surface roughness tester 

 

 

RESULTS AND DISCUSSIONS 

 

 

4.1 Skewness, kurtosis and surface roughness analysis 

 

Generally, Skewness (Rsk) is a measure of the average of the first derivative of the surface (the departure 

of the surface from symmetry). A negative value of Rsk indicates that the surface is made up of valleys, whereas 
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a surface with a positive skewness is said to contain mainly peaks and asperities. Therefore a negatively skewed 

surface is good for lubrication purposes. Skewness has no unit. 

The skewness of a profile is the third central moment of the profile amplitude probability density function, measured 

over the assessment length. This parameter is sensitive to occasional deep valleys or high peaks. A symmetrical 

height distribution, i.e. with as many peaks as valleys, has zero skewness. Profiles with peaks removed or deep 

scratches have negative skewness. Profiles with valleys filled in or high peaks have positive skewness. This is 

shown in Figure 4.1. 

 

 

Figure 4.1 Specifying skewness  

 

The kurtosis coefficient is the fourth central moment of a profile amplitude. It describes the sharpness of the 

probability density of the profile. If Rku< 3, the distribution curve is said to be platykurtic and has relatively few 

high peaks and low valleys. If Rku> 3 the distribution curve is said to be leptokurtic and has relatively many high 

peaks and low valleys. Figure 4.2 shows these two types of kurtosis. 

 

 

Figure 4.2 Specifying kurtosis 
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The both positive skewness and negative skewness values are observed in the work material and it is shown 

in Figure 4.3. 

In the Figure 4.3, it can be identified that the 1,2,5,6 and 9
th

 experimental conditions are produced 

negatively skewed surface on the work material which is suitable for good lubrication purposes. The results are due 

to the interaction effects of process parameters.The 3, 4, 7 and 8 experimental conditions are produced positive 

skewed surface on the work material which have peaks and irregular surface on the work material. The results are 

due to the interaction effects of process parameters. 

Kurtosis (Rku) is a measure of sharpness of profile peaks.In the Figure 4.4, it can be identified that 

the6, 8 and 9
th

 experimental conditions are produced platykurtic and has relatively few high peaks and low 

valleys. The remaining experimental conditions are produced leptokurtic and have relatively many high peaks and 

low valleys.  

 

 

 

Figure 4.3 Skewness of machined surface 
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Figure 4.4 Kurtosis of machined surface 

 

Surface roughness is fine irregularities that are produced during a machining process (grinding, polishing and 

machining). In the Figure 4.5, it can be identified the minimum surface roughness in the experimental conditions 7. 

 

 

Figure 4.5 Machined surface roughness 

 

4.2. Effect of process parameter on Rsk, Rku, Ra 

 

The effect of process parameter on Rsk is shown in Figure 4.6. The mean Rsk value is shown in Table 4.1. The 

ANOVA for Rsk value is shown in Table 4.2. In Figure 4.4, the process parameters are increases with Rsk decreases 
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and increases. In Table 4.1 and Table 4.2, the most contribution percentage was identified as feed rate. The optimum 

points were 3000 rpm spindle speed, 20 mm/min feed rate and 0.6 mm depth of cut. The effect of process parameter 

on Rku is shown in Figure 4.7. The mean Rku value is shown in Table 4.3. The ANOVA for Rku value is shown in 

Table 4.4. In Figure 4.7, the process parameter increases (speed and feed rate) with Rku decreases and increases. As 

depth of cut increases with Rku increases. In Table 4.3 and Table 4.4, the most contribution percentage was depth of 

cut. The optimum points were 3000 rpm spindle speed, 20 mm/min feed rate and 0.3 mm depth of cut. The effect of 

process parameter on Ra is shown in Figure 4.8. The mean Ra value is shown in Table 4.5. The ANOVA for Rku 

value is shown in Table 4.6. In Figure 4.6, the process parameter increases (speed) with Ra decreases. As feed rate 

increases and Ra decreases and increases. As depth of cut increases with Ra increases. In Table 4.3 and Table 4.4, 

the most contribution percentage was depth of cut. The optimum points were 4000 rpm spindle speed, 20 mm/min 

feed rate and 0.3 mm depth of cut. 

 

 

 

Figure 4.6 Mean graph analysis for Rsk 

 

 

Table 4.1. Response table for means Rsk 

Level speed feed 
Depth of 

cut 

1 0.030 0.098 -0.195 

2 -0.327 -0.454 -0.223 

3 0.142 0.200 0.116 

Delta 0.469 0.654 0.339 

Rank 2 1 3 
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Table 4.2 ANOVA for Rsk 

Source DF Seq SS Adj SS Adj MS F P CP 

Speed 2 0.360 0.360 0.180 0.26 0.792 12.31 

Feed 2 0.743 0.743 0.371 0.54 0.649 25.42 

Depth of 

cut 
2 0.446 0.446 0.223 0.32 0.755 15.27 

Error 2 1.373 1.373 0.687   47.00 

Total 8 2.921     100.00 

 

 

 

 

Figure 4.7 Mean graph analysis for Rku 

 

Table 4.3. Response table for means Rku 

Level speed feed 
Depth of 

cut 

1 4.313 4.91 2.812 

2 3.253 3.434 3.319 

3 4.56 3.782 5.994 

Delta 1.306 1.477 3.182 

Rank 3 2 1 
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Table 4.4 ANOVA for Rku 

Source DF Seq SS Adj SS Adj MS F P CP 

Speed 2 2.89 2.89 1.445 0.51 0.663 9.74 

Feed 2 3.576 3.576 1.788 0.63 0.614 12.05 

Depth of 

cut 
2 17.539 17.539 8.77 3.09 0.245 59.08 

Error 2 5.685 5.685 2.842   19.15 

Total 8 29.689     100.0 

 

 

 

Figure 4.8 Mean graph analysis for Ra 

 

 

Table 4.5. Response table for means Ra 

Level speed feed 
Depth of 

cut 

1 2.143 1.952 1.926 

2 2.022 1.84 2.073 

3 1.893 2.266 2.06 

Delta 0.25 0.426 0.147 

Rank 2 1 3 
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Table 4.6 ANOVA for Ra 

Source DF Seq SS Adj SS Adj MS F P CP 

Speed 2 0.094 0.094 0.047 0.18 0.846 9.97 

Feed 2 0.292 0.292 0.146 0.57 0.637 31.14 

Depth of 

cut 
2 0.040 0.040 0.020 0.08 0.928 4.23 

Error 2 0.513 0.513 0.256   54.66 

Total 8 0.938     100.00 

 

4.3 Regression analysis 

 

The model between the input factors (spindle speed, feed and depth of cut) and the Rsk, Rku and Ra in steel were 

obtained by multiple linear regressions. The regression equations obtained were as follow: 

 

Rsk = - 0.78 + 0.000056 Spindle speed + 0.0051 Feed rate + 0.763 Depth of cut 

 

S = 0.717309   R-Sq = 11.9%   R-Sq(adj) = 0.0% 

 

Rku = 1.62 + 0.000124 Spindle speed - 0.0564 Feed rate + 5.30 Depth of cut 

 

S = 1.58107   R-Sq = 57.9%   R-Sq(adj) = 32.6% 

 

Ra = 1.95 - 0.000125 Spindle speed + 0.0157 Feed rate + 0.223 Depth of cut 

 

S = 0.366110   R-Sq = 28.6%   R-Sq(adj) = 0.0% 

 

 

 

F: feed in mm/min, S: spindle speed in rpm and D: depth of cut in mm. In this multiple linear regression analysis, R-

Sq was the regression coefficient for the developed models, which specify that the experimental data were fit with 

the model satisfactory.  

 

 

CONCLUSIONS 

 

1. Based on results of Rsk,Rku, Ra, the Mechanical turning is successfully performed. 

2. The optimum points for Rsk were 3000 rpm spindle speed, 20 mm/min feed rate and 0.6 mm depth of cut. 
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3. The optimum points for Rku were 3000 rpm spindle speed, 20 mm/min feed rate and 0.3 mm depth of cut. 

4. The optimum points for surface roughness were 4000 rpm spindle speed, 20 mm/min feed rate and 0.3 mm 

depth of cut. 

5. These conclusions only suitable for selection of process parameters and machine. 
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Abstract— Conventional materials have certain limitations to satisfy the demands of the today’s industrial world. In order 

to overcome from this, we need a special type of material called composite material. Composite material is made up of two 

or more materials with different individual characteristics but when combined it exhibit the new material with 

characteristics different from the individual components added. Among them metal matrix composites are highly 

recommended for high-tech engineering applications due to their mechanical behaviour. In composite material aluminium 

based metal matrix composites plays a vital role in automobile industries, shipyards and aircraft applications due to their 

mechanical properties, light weight, low coefficient of thermal expansion and better corrosion and wear resistance as 

compared with other metals and alloys. The objective of the work is fabrication of aluminium6061 based metal matrix 

composites reinforced with boron carbide and graphite in various mixing ratio by stir casting technique. The casted 

composite is then subjected to various mechanical tests to determine various mechanical properties and analyse the effects 

of reinforcement on the mechanical behaviour of obtained aluminium 6061 metal matrix composite. 

Keywords: Aluminium 6061, Boron carbide, graphite, Metal matrix composite, stir casting technique. 

 

1. INTRODUCTION 

Our modern technologies demand materials with unusual and extra-ordinary combination of properties that can’t be produced by 

the conventional metal alloys, ceramics, and polymeric materials. Especially materials required for aerospace, underwater and 

transportation applications need special type of materials with extraordinary properties.  For instances, aircraft engineers are in 

search of structural materials having low density, stiffness, high strength, abrasion-resistance, impact resistance and corrosion 

resistance. Such a combinations of properties are difficult to achieve in conventional materials because usually materials with high 

density   and stiffness results in decreasing impact strength. To satisfy the demand of the modern technologies we need a special 

type of material. This increasing demand for the special type of materials with different combination of properties leads to the 

development of composite materials. Composite materials might be characterized as any multiphase materials that show 

noteworthy extents of properties than the individual constituents added in that material. Composite materials are important 

engineering materials due to their mechanical and tribiological properties. 

 

2. ROLE OF METAL MATRIX COMPOSITE 

 

Metal matrix composite (MMC) is composite material with at least two constituent parts, one being a metal. The other material 

may be a different metal or another material, such as a ceramic or organic compound. Metal matrix composites are broadly used in 

Aerospace, automobile, marine and structural application, etc., due to its outstanding mechanical properties. Strength of MMC is 

considerable better than the strength of base metal. 

In MMCs intended for use at elevated temperatures, an additional consideration is the difference in melting temperatures between 

the matrix and the reinforcements. A large melting temperature difference may result in matrix creep while the reinforcements 

remain elastic, even at temperatures approaching the matrix melting point. 

 
2.1 ALUMINIUM METAL MATRIX COMPOSITE (AMC) 

 

Aluminium metal matrix composites (AMC’s) refers to the class of high performance, lightweight aluminium based material 

systems The AMC material system offers a combination of properties which are superior to many commercially available high 

strength monolithic materials. Over the years, AMC’s have been utilized in numerous structural, non-structural and functional 

applications of engineering and technology sectors.  

The main driving force for the utilization of AMCs in these sectors includes high performance, economics and environmental 

benefits. The key benefits of AMC’s in transportation sector includes lower weight which in turn effects the consumption, higher 

efficiencies, less noise produced, lower pollution and better shock absorbing capabilities.  

 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IV, April-2020

ISSN NO: 1781-7838

Page No:365
Page 1676 of 3066Page 1676 of 3066



2.2 MATERIAL PROPERTIES 

 

Aluminium 6061 Alloy:Aluminium 6061 is a precipitation-hardened aluminum alloy, containing magnesium and silicon as its 

major alloying elements. Originally called "Alloy 61S", It has good mechanical properties, exhibits good weld ability. It is one of 

the most common alloys of aluminum for general-purpose use. 

 
                                                        Table 1: Properties of Aluminium6061 alloy 

 

Density 2700 Kg/m
3 

Melting point 600
0
c 

Modulus of Elasticity 69.5 Gpa 

Thermal Conductivity 200 w/mk 

Thermal Expansion 23.5 x 10
-6

/k 

Hardness 40 

Ultimate Tensile Strength 310 Mpa 

 

Boron Carbide: Boron Carbide is one of the hardest materials known, ranking third behind diamond and cubic boron nitride. It is 

the hardest material produced in tonnage quantities. Hot-pressed boron carbide is one of the hardest materials available in 

commercial shapes, and gives outstanding resistance to abrasive wear. 

 

Graphite: Graphite is an excellent conductor of heat and electricity and has the highest natural strength and stiffness of any 

material. It maintains its strength and stability to temperatures in excess of 3,600°C and is very resistant to chemical attack. At the 

same time it is one of the lightest of all reinforcing agents and has high natural lubricity. 

 

 

3. EXPERIMENTAL PROCEDURE 

 

     The main objective of the present work is to produce the aluminium 6061 metal matrix with boron carbide and graphite 

composite by crucible casting method and analyse it's mechanical behaviours by taking various tests. 

 

3.1 Material used 

             The different constituent added in this aluminium based metal matrix composite are 

 Aluminium 6061 alloy (primary phase) 

 Reinforcements (secondary phase) 

 Boron Carbide. 

 Graphite. 

 

3.2 Mixing Ratio 

            In this project Aluminum and silicon carbide, Graphite mixed below mentioned categories. 

 

 Sample1: AL95% Gr 2.5% B4C 2. 5%  

 Sample2: AL90% Gr7.5% B4C 2. 5%  

 Sample3: AL85% Gr10 % B4C 5%  

 

 3.3 Material Dimensions 

              The amount of each material required for the different composition of the composite is calculated based volume based 

ratio method.  

 

Dimension for Cylindrical Specimen:   2.5cm diameter&30cm length  

 

Dimension for Rectangular Specimen: 10x3.5x1.6 Cm 

 

3.4 Stir Casting Technique: 

              Stir casting is a liquid state casting method for the fabrication of composite materials, in which a dispersed phase is 

mixed with a molten matrix metal by means of mechanical stirring. Stir Casting is the simplest and the most cost effective method 

of liquid state composite fabrication. 

 

Step 1: Preheat and melting the Aluminium6061 alloy up to its melting point 6000c in the furnace. 

Step 2: Reinforcements such as Graphite and Boron Carbide were preheated at a specified temperature for 30 min in order to 

remove moisture or any other gases present within reinforcement. Reinforcements are added as per the Mixing Ratio with 

Aluminium 6061.  

Step 3: After melting the matrix material at certain temperature, the mechanical stirring is started to form vortex for certain time 

period then reinforcement’s particles are poured by the feeder provided in the setup at constant feed rate at the center of the vortex, 

the stirring process is continued for certain time period after complete feeding of reinforcement particles. 
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Table2: Stir casting machine specification                                                   Fig 1 : Bottom pouring type Stir Casting machine                                               

 

Step 4: Stirring up the molten aluminium with reinforcements at a constant rate which enhances the uniform distribution 

throughout the matrix phase which is necessary to adjoining the reinforcements with matrix material.  

 

Step 5: The molten mixture is then poured in preheated mold and kept for natural cooling and solidification. While pouring the 

slurry in the mold the flow of the slurry is kept uniform to avoid trapping of gas. After stirring molten slurry is poured into the 

desired mold with preferred dimensions which would be facilitated for conduct various tests on it. 

 

                
 
            Figure 2: Pouring of Molten composite                                                   Figure 3: Finished Metal Matrix composite 

  

 

 

4. MECHANICAL PROPERTIES ANALYSIS 

 

              The fabricated Aluminium6061 based metal matrix composite is subjected to various tests to determine various 

mechanical properties and analyse the effects of reinforcement on the mechanical behaviour of obtained aluminium 6061 metal 

matrix composite. 

 

Tests to be taken for mechanical properties analyse: 

  Hardness test  

  Tensile test 

  Impact test 

  Wear test 

 

4.1 Hardness Test 

       Hardness is the Fundamental Property of the material which is closely related to strength that means the ability of the 

material to resist cracks, indentation or penetrations. 

       

 

 

 

 

S.no Specification Value 

1 Operating voltage 400/440v,AC 50 Hz 

2 Power Consumption 12kw 

3 Capacity 2kg 

4 Retort Stainless steel AISI 

310 

5 Dimension of Retort 100mmx 

300mm(IDxDepth) 

6 Maximum 

temperature 

900
o
C 

7 Pouring Motorized- Automatic 
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 4.1.1 Process Parameters: 

 Scale used        : B-Scale 

 Indenter type   :  Hardened Steel ball indenter (Used for Copper, Aluminium) 

 Indenter Diameter: 1.5mm 

 Major load: 100 kg 

 Minor Load: 10kg 

 

 
 

         Fig 4: Casted Composite material                                                   Fig 5: Hardness test specimen 

 

      4.1.2 Hardness test results: 

 
Table3: Hardness test results 

S.No Material Average HRB 

A1 AL95%  Gr2.5%   B4C 2. 5% 23 

A2 AL90%  Gr 7.5%  B4C 2. 5% 32 

A3 AL85%  Gr10 %   B4C   5% 22 

                                          

4.2 Tensile Test 

               Tensile testing, also known as tension testing, is a fundamental materials science and engineering test in which a 

sample is subjected to a controlled tension until failure. Properties that are directly measured via a tensile test are ultimate tensile 

strength, breaking strength, maximum elongation and reduction in area. 

             The tensile test specimen is machined as per the ASTM E8 standard and taking the tensile test using the Universal 

testing machine (UTM) and various results are noted in the given table. 

 

 
 
             Figure 6: Tensile test specimen                                                                   Figure 7: Specimen after tensile test  

 

Table 3: Tensile test results 

 

 

 

 

Sample 

specimen 

Dia 

mm 

CSA 

mm
2
 

YL  

kN 

YS 

N/mm
2
 

TL 

kN 

TS 

N/mm
2
 

IGL 

mm 

FGL 

mm 
%E FD %RA 

A1 16.22 206.71 12.08 58.44 20.36 98.49 50.00 53.79 7.58 14.11 24.33 

A2 16.17 205.44 11.98 58.31 21.46 104.46 50.00 54.68 9.36 13.98 25.25 

A3 16.25 207.48 11.57 55.77 21.93 105.70 50.00 54.92 9.84 14.29 22.67 
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4.3 Impact Test 

        The impact test is a method for evaluating the toughness and notch sensitivity of engineering materials. It is usually used 

to test the toughness of metals, but similar tests are used for polymers, ceramics and composites. 

The notched test specimen is broken by the impact of a heavy pendulum or hammer, falling at a predetermined velocity through 

a fixed distance. The test measures the energy absorbed by the fractured specimen. 

 

         4.3.1 Izod Impact Test: 

             The test specimen is machined to a square or round section, with either one, two or three notches. The specimen is 

clamped vertically on the anvil with the notch facing the Hammer. 

 

                                                                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8: Impact test specimen                                                                                     Table 4: Impact test results 

 

 

 

4.4 Wear Test 

               Wear is the damaging, gradual removal or deformation of material at solid surfaces. 

Pin on desk Method:A tribometer is an instrument that measures tribological quantities, such as coefficient of friction, friction 

force, and wear volume, between two surfaces in contact. 

The wear test was performed on a pin-on-disc apparatus according to ASTM standard. 

 

 

S.no Before 

weight 

After 

weight 

Difference in 

gm 

1 9.6965 9.6310 0.0655 

2 9.6383 9.4641 0.1742 

3 9.4171 9.3361 0.081 

                      
Figure 9: Rotatory Pin disk Tribometer                                                             Table  5: Wear test specimen results 

 

The mass loss of the specimen was measured in order to calculate the specific wear rate by the following equation. 

 

Ws = ∆m /  ῤ FNL mm
3
 Nm

-1
 

In which  

 

 FN is the normal load applied on the specimen during sliding,  

 ∆m is the specimen’s mass loss,  

 ῤ is the density of the specimen, and 

  L is the total sliding distance 

                                                        

 

 

 

S.No Material Impact 

strength in 

joules 

A1 AL95%  Gr2.5%   B4C 2. 5% 14 

A2 AL90%  Gr 7.5%  B4C 2. 5% 10 

A3 AL85%  Gr10 %   B4C   5% 8 
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4.4.1 Wear analysis graph 

 

  
   

       Figure 10 : Wear test Sample 1 graph                                         Figure 11: Wear test Sample 2 graph  

                                                                            

             

                              
 

       Figure 12: Wear test sample 3 graph                                                        Table 6: Wear rate of specimen 

 

 

5. CONCLUSION 

              The present work was based on the development of aluminium alloy with the additions of Boron and graphite 

reinforcements in terms of varying volume percentages. Developed composites were characterized by mechanical testing in terms 

of hardness, tensile, impact and Wear test.  

Following points can be concluded from the work carried out: 

 Composite with 7.5% B4C + 2.5 % Gr shows highest hardness value and less wear rate of 32 HRB and 0.295 mm3 Nm-

1.It indicates higher contribution of B4C  increases the hardness of the material as well as decrease the wear rate. 

 Tensile Test shows that the composite with 5% B4C + 10% Gr gives high tensile strength and high percentage of 

Elongation. 

 From the impact test results, the highest value was obtained at composite with 2.5% B4C + 2.5%Gr. 

           Thus the behaviour and the properties of the material changes depend upon the reinforcement’s contribution in the 

composites. 
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Abstract–Efficient heat removal via thermal management materials has become one of the most critical 

challenges in the development of modern microelectronic devices. However, the conventional polymer-based 

thermally conductive composites with randomly distributed filler particles usually yield an undesired value because 

of the lack of efficient heat transfer pathways. A unique “particle-constructing” method was adopted for fabricating 

highly ordered three-dimensional GO-based polymer composites, throughout which the GO-PDA formed an intact, 

uniform and well defined network structure. 

Index Terms– Matrix material, graphene oxide, composite materials, composites,thermal conductivity 

enhancement in composites. 

 

I. INTRODUCTION 

A) Fibre reinforced polymer:  

 

These kind of materials consists of the fibres and matrices as its layers which are reinforced together. 

Various kinds of fibres are being used for this FRP. Some natural fibres such as the wood, asbestos, 

plant fibres etc. The strength of the material is increased by the fibres and the fillers are added to 

increase the machining ability of the material. 

 

B) Particle reinforced polymer:  

 

Mnay different materials are used in the particle reinforcement polymers. The ductility of the material 

is being enhanced with the youngs modulus .the ceramic has some special properties such as the high 

melting point , thermal insulation, high strength etc.  

 

C) Structural Polymer Composites:  

 

The structural polymer composites are held together by the matrix composites. Easy production, high 

productivity and low cost of production are the reasons why polymer matrices are used for structural 

composites. The high strength and high brittleness requirements for structural purposes are met by 

adding filler materials and fibres.  

 

II. LITERATURE REVIEW 

 

A.  Particulate filled polymer composites:  

                    The field investigations on NCI have been broadly carried out in many countrieshaving temperate, 

arctic and desert climate conditions. However, information collectedfrom the tropical climates is rather limited. 
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Tropics are mainly characterized by highhiunidity so that one could expect biological contaminants on insulator 

surfaces especiallyon the non-ceramic ones. Reports are available on biological growth on ceramic insulatorsin 

tropical and sub tropical environments [7, 8, 9]. Biological contamination has also beenfound on silicone rubber 

insulators reported in Tanzania [10, 11], USA [12] and Germany[13]. 

Chemey et al [14] prepared a report in which minimum test requirements for nonceramictransmission insulators 

are provided. The test requirements are divided into materialtest and insulator design test that are needed to 

assess the relative merits of a variety ofpossible materials and designs.  

B.. On Thermal Conductivity Models  

                     Gorur et al [17] have tried to use of certain filler materials to improve the trackingand erosion 

properties of composite insulators. The water of hydration has been found to playan important role for imparting 

better erosion and tracking performance. Hence the materialswith hydrated forms of filler like aluminium tri 

hydrate (ATH) or silica are generally used.Optimum quantity of filler with good uniform dispersion has been 

found to give the bestresults. Further work in the direction of improving the performance of materials 

forcomposite insulators is still continuing. James change et al [18] have investigated the mechanism involved in 

the loss and recovery of surface hydrophobicity of SIR and EPDM materials.  

: 

  (2.1) 

 

 (2.2) 

 

 

 (2.3) 

 

d) Polymeric insulators: 

Tourreil et al [15] have conducted the laboratory-ageing test with four compositeinsulator shed materials and 

compared the results with naturally aged ones. The resultsshowed that laboratory-ageing simulates well the 

outdoor ageing and it is possible todetermine the acceleration factors relating the two ageing procedures. 

Dietz et al [16] have reported by conducting the laboratory and field tests, that thesilicone rubber (SIR) weather-

shed materials will have outstanding properties. The problemof "brittle fracture" which was only the unsolved 

problem during 1980's was solved during1986 by straight and intensive development. They also suggested that 

the composite long rodinsulators could be applied to HVDC transmission in pollution prone areas. 
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III. METHODOLOGY 

 

 

A. Materials and methods: 

1) Matrix Material: 

 The dibutyl and dialkyl resin employed in the present study is LY556 and the hardener is HY951 was 

purchased from M/s Javanthee Enterprises, Chennai. Dibutyl and dialkyl LY556 / Hardener HY951 (Room 

Temperature cure type): LY556 resin is a bi-functional dibutyl and dialkyl resin ie., Diglycidyl Ether of 

Bisphenol-A (DGEBA) and HY951 is an aliphatic primary amine, viz., TriethyleneTetramine – TETA. Mixing 

ratio is 10:1 w/w. 

 

Table 4.1: Properties Of Dibutyl and dialkyl LY556 And Hardener HY951 

Properties Dibutyl and dialkyl LY556  Hardener HY951 

Visual appearance 
Medium viscosity, colorless clear 

liquid. 
Brownish yellow color liquid. 

Viscosity at room temperature 9000-12000 mPa.s 500-1000 mPa.s 

Density at room temperature 1.13-1.16 gm/cc 0.946 gm/cc 
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Fig 3.1:Epoxy Resin and  Hardener 

B) Reinforcement : 

 

                 fig3.2 Dibutyl phthalates     fig3.3 Dibutyl phthalates 

fig3.3 Dioctyl phthalates  
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c)  Preparation of Phthalates acid solution 

 

 

Fig 3.4:  Preparation of Phthalates acid solution 

D) Preparation of polymer composites gel 

S.No Material  Mass fraction (g) 

1  Epoxy  1000 

2 hardner 150 

3 Dialkyl 300 

4 Dibutyl 300 

5 dioctyl 300 
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Fig 3.5: Polymer composites gel 

 

VI EXPERIMENTAL WORK 

 

A) Experimental setup 

Initially water storage tank are made with dimension of the length is 30 cm, diameter is 20 cm and 

volume of tank is 30000cm3. The tank was coated by polymer composite gel upto 4mm thickness. The k type 

thermocouples are inserted to the inside and outside wall of tank. The insulation of tank is also made. The 2000 

w water heater is fixed into water storage tank. 

 

Fig 4.1: Experimental setup 
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B) Experimentation  

 

Water storage tank temperature maintained to 70°C. Then after reach required temperature the water heater is 

off. The inside and outside wall temperature was measured by thermo meter. After 30minute the same 

experiments was done continuously up to 20cycles. 

 

Equipment Used         :  AnterUnitherm Model 2022 

        Specimen type            :   Polymer composite gel 

                                               Specimen dimension   :   50Dx10L in mm 

                                               No of specimen            :  2 

 

Fig 4.2:AnterUnitherm Model 2022 pro thermal property analyzer and water bath 

 

V RESULT AND DISCUSSION 

 

A) Effect of Phthalates on Thermal conductivity of polymer insulator 

 

Fig 5.1: Thermal conductivity vs. temperature 
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B) Figure 5.1: Thermal conductivity vs. temperature 

 

 

Fig 5.2: thermal conductivity vs. material 

C)  Effect of Phthalates on Thermal Insulating capacity 

 

 

Fig 5.3: Wall temperature vs. temperature 
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 Fig 5.4:  comparison different temperature of wall and water 

 

 

D) Effect of Phthalates on Thermal Insulating time 

 

 

Fig5.5: Time vs. different medium temperature 
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 Fig 5.6: comparison of heat absorbing efficiency 

E)  Effect of polymer composite coating thickness on Thermal Insulating  

 

 

  

Fig 5.7: water temperature vs. wall temperature with respect to coating thickness 
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Fig 5.8: comparison of absorbing temperature with respect to Coating thickness 

F)  Corrosion Properties of the Thermal Insulation 

 

 

Fig 5.9: comparison of corrosion rate with respect to material 
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VI CONCLUSION 

 

Besides this frame, recently other promising concepts areappearing in the experimental analysis related to 

polymer-basedthermal insulation: 

 The thermal conductivity of the phthalates based polymer insulation (PPE) is act as quite reaction for 

high thermal heat compare than other natural insulation. The PPE shows the 18% lesser thermal 

conductivity than non insulated silver material. 

 The insulation capacity of the PPE 45% more than inside wall and 70% than water intermediate. 

 The insulation time was shown the PPE better performance at less time. The PPE was set as 52
0
c at 

40min and same time period the inside wall was shown 94
0
c. 

 The coating thickness is directionally proportional to the insulation capacity, 4mm layer was shown 

better performance than then3mm, 2mm layer. 

 The corrosion properties of the PPE were shown better than metal. 
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Abstract— Increasing of automobiles in the world, proliferates the harmful pollutants in the atmosphere. The catalytic converter is 

introduced to reduce antagonistic exhaust emissions from the automobiles. The emissions of concern are unburned or partially burned 

hydrocarbons (HC), carbon monoxide (CO), oxides of nitrogen such as nitric oxide and nitrogen dioxide (NOX). Catalytic converter 

incorporates a precise combination of precious metals platinum, palladium and rhodium. It decline the emissions through oxidation and 

reduction reactions. For diesel engines, catalytic converter is used to control HC and CO, but reduction of NOX emissions is poor 

because the engine runs lean, in order to avoid excess smoke.  

Although, various emission control techniques are in progress, the emission level are always in higher rate. While more efforts persist to 

find cheaper alternatives, we done a project by using barium chloride (BaCl2), calcium carbide and zirconium oxide (ZrO2) are mixed 

together in the definite ratio and feed into the catalytic converter setup by spray pyrolysis methodology. As a result, the reduction of 

emission level as well as cost is acquired. This experiment will enhance the pollution free environment. 

 

Keywords— Exhaust emissions, catalytic converter, Replacement of catalysts, mixture of BaCl2 calcium chloride and ZrO2, spray pyrolysis. 

I. INTRODUCTION 

―Perfect‖ Combustion = FUEL (hydrocarbons) + AIR (oxygen and nitrogen)   CARBON DIOXIDE + water + unaffected 

nitrogen 

Typical Engine Combustion = FUEL (hydrocarbons) + AIR (oxygen and nitrogen)   UNBURNED HYDRO CARBONS + 

NITROGEN OXIDES+ CARBON MONOXIDE + CARBON DIOXIDE + water 

Automobile exhaust consists of wide range of pollutants from simple to carcinogenic substances such as (1) Hydrocarbons 

(Unburnt), (2) Carbon monoxide, (3) Oxides of nitrogen (NOx), (4) Lead oxides, (5) Particulate matters. Hydrocarbons and CO 

appears in the exhaust gas products of incomplete combustion. Oxides of nitrogen result from the reaction of nitrogen and oxygen 

contained in the combustion air at high temperature prevailing during combustion. Further, many of these primary pollutants react 

with each other to form secondary pollutants.  Hydrocarbons react in the presence of nitrogen oxides and sunlight to form ground-

level ozone, a major component of smog. Ozone irritates the eyes, damages the lungs, and aggravates respiratory problems. 

Nitrogen oxides affects the human health by soreness, coughing, chest discomfort, eye irritation and some long term effects such 

as development of cyanosis especially at lips, fingers and toes, adverse changes in cell structure of lungs wall. Short term health 

effects are headache, shortness of breath, dizziness, lack of motor coordination and long term health effects on brain and central 

nervous system, nausea, vomiting, cardiac and pulmonary functional changes, loss of consciousness and death. Carbon dioxide 

does not directly impair human health, but it is a ―greenhouse gas‖ that traps the earth’s heat. Sulphates increases asthma attacks 

and also reducing lung function when oxidants are present in the atmosphere. Suspended particulate increases susceptibility to 

other pollutants and it will particularly constitutes poly-organic matters, which is toxic and carcinogenic. It leads to silicosis and 

brown lung. Lead produces anaemia, high blood pressure, damages kidney and brain. It includes cancer and neurological disorders. 

It also lowers the IQ power of the humans. The automobile exhaust leads to many environmental damages such as formation of 

smog, acid rain, evolution of global climate changes. Global warming is the main concern of the exhaust emission. 

II. EXPERIMENTAL 

The catalytic converter arrangement is made up of galvanized iron, which is placed in the way of exhaust gas and the toxic gases 

enters the new catalytic converter arrangement and the catalytic reaction takes place. As the result, the pollution free emission can 

be achieved. This arrangement incorporates three chambers and other spare parts, they are as follows, 

 Inlet chamber  

 Purification chamber  

 Outlet chamber 

 Reducers 
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Fig 1 Inlet Chamber 

Inlet chamber is the primary part of the converter arrangement. The exhaust gas from engine is passing through the pipe line and 

permitted into the arrangement via inlet chamber. It has threaded ends, which is used to connect other chamber. So, the welding 

process is not required. 

 The dimension of the chamber has 38.10mm external diameter, 3mm thickness and length is about 144.92mm. 

 

Purification Chamber 

 Purification chamber is the secondary part of the arrangement. The exhaust gas from the inlet chamber is penetrated into 

the purification chamber. The catalytic reaction takes place in this chamber, the consequence of the reaction is used to purifying 

the harmful gases in the exhaust emission. Therefore, this chamber is termed as purification chamber.  

 This is the largest chamber of 76.2mm external diameter, 3 mm thickness and length is extended up to 253.7mm. The 

purification chamber is connected with other chambers with the help of the reducers. It is designed in the solid work software and 

the structure is fabricated. 

 
Fig 2 Purification Chamber 

The dimension of wire mesh is appended in to the stud, a fully threaded rod. There are 34 meshed structures which is 

arranged over the purification segment for the corresponding reaction to take part. The arrangement of these wire mesh 

are bolted between each other. These bolted arrangements are to avoid the overlap between wire mesh. If there is any 

overlap of wire mesh then the exhaust gases will undergoes backflow (i.e..) the gases will return to exhaust pipeline. So in 

order to avoid this situation it gets bolted between each other. 

 
Fig 3 Wire Mesh 

Outlet Chamber: 

 The outlet chamber is the tertiary part of catalytic converter where the purified gas gets exhausted into the atmosphere.  

And these exhaust gas has minimal amount of hazardous, when compared to the engine without catalytic converter. 

 The dimension of the chamber has 38.10mm external diameter, 3mm thickness and length is about 144.92mm. 

 The outlet chamber has a analyzer tube at the end, which is placed in the inclined position. This is for the purpose of 

stricking of the exhaust gas into tube and minimum amount of  gas is allowed to analyze the gas by using five gas analyzer. It is 

impossible to analyze the entire gas due to high temperature exhaust. The dimension of an inclined analyzer tube has 13mm 

external diameter, 3mm thickness. 
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 Fig 5 Outlet Chamber 

 
fig 4 Catalytic Converter 

 

III. RESULT AND DISCUSSION 

To analyse the result of emission control in the catalytic converter, different loads are applied on the engine at 7200rpm. 

Emission level is measured through the EVL gas analyzer, which shows the observation table with measured values at regular 

intervals. In this analyser, the emission level of NOX and HC are measured in parts per million. Whereas, the emission level of 

CO, O2, CO2 are calculated in percentage. As a result, the graph is drawn by considering load is along X-axis and emission 

pollutants along Y-axis. Two curves are obtained, in which the blue colour shows the emission level of engine without 

catalytic converter. Next, the orange colour shows the emission level of engine with our catalytic converter. 

NOX 

 At no load condition Nox is reduced by 35% when compared to the automobile without catalytic converter. Increasing 

load to 20%, Nox is reduced by 36%. 

Table 1 Emission of NOx 

Load Without catalytic 

converter 

With catalytic 

converter 

0 400 260 

3 750 480 

6 1150 850 

9 1300 980 

12 1200 1050 

 

Further increase of 40% of load Nox is reduced by 27%. Load above half at 60% condition Nox is reduced by 25%. At fully 

load condition Nox is reduced by 14%. 
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Fig 6 Emission of NOx 

 

CO: 

 

 At no load condition CO is reduced by 50% when compared to the automobile without catalytic converter. 

 

Table 2 Emission of CO 

load Without catalytic 
converter 

With catalytic 
converter 

0 0.08 0.04 

3 0.06 0.05 

6 0.05 0.04 

9 0.1 0.07 

12 0.3 0.16 

 

Increasing load to 20% load condition CO is reduced by 17%. Further increase of 20% of load CO is reduced by 20%. Load 

above half at 60% condition CO is reduced by 30%. At the end of full load condition CO is incredibly reduced by 46% 

 

 

 

 

 

 

 

 

 

Fig 7 Emission of CO 
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HC  

 At no load condition HC is reduced by 40.3% when compared to the automobile without catalytic converter. 

 

Table 3 Emission of HC 

load Without catalytic 

converter 

With catalytic 

converter 

0 52 31 

3 53 36 

6 60 41 

9 70 56 

12 118 86 

 

 

Increasing load to 20% load condition HC is reduced by 32%. Further increase of 20% of load HC is reduced by 31%. Load 

above half at 60% condition HC is reduced by 20%. At the end of full load condition HC is incredibly reduced by 27%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8 Emission of HC 

CO2:  

 At no load condition CO2 is increaded by 10.3% when compared to the automobile without catalytic converter. 

Table: Emission of CO2 
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Increasing load to 20% load condition CO2 is increased by 23%. Further increase of 20% of load CO2 is increased by 24%. 

Load above half at 60% condition CO2 is increased by 22%. At the end of full load condition CO2 is increased by 17% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9 Emission of CO2 

O2 

 At no load condition O2 is increased by 44% when compared to the automobile without catalytic converter. 

Table 5.5: Emission of O2 

 

 

 

 

 

 

 

 

Increasing load to 20% load condition O2 is reduced by 48.8%. Further increase of 20% of load O2 is reduced by 52.5%. Load 

above half at 60% condition O2 is incredibly reduced by 54.5%. At the end of full load condition O2 is reduced by 62.9% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 10 Emission of O2 
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IV. CONCLUSION 

On the basis of above results we conclude that calcium chloride Barium chloride and zirconium oxide used in the catalytic 

converter setup as a catalyst have the property to reduce the pollutants in high level. Compared to noble metal catalysts used in 

normal catalytic converter, (platinum palladium and rhodium) the new catalysts are preferred as the concern of low cost. 

Exhaust gas pollutants (i.e.,) Hydrocarbon (HC), oxides of nitrogen (Nox), Carbon monoxide, Carbon dioxide which are 

reduced at higher level at all load conditions. The peak reduction of pollutants are as follows, Hydrocarbon is reduced by 

40.3%, Nox is about 36%, Carbon monoxide declined up to 46%, Carbon dioxides increased up to 23% when gases pass 

through catalytic converter. On the other hand, oxygen level from the exhaust level is being lowered to 62.9% as the maximum. 

This results of a new catalytic converter is always in the higher rate, when compared to conventional noble metal catalytic 

converter. In future, this catalytic converter can be used in all automobiles to reduce harmful gases from vehicle. And assure 

that will be very useful to preserve the green environment. 
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Abstract— Achieving image quality is an essential task in vision systems. The image acquisition 

process is considered as critical process in vision system because this system depends on many factors 

such as lighting condition, camera resolution, object type (2D or 3D), working distance, object area, 

camera angle position and lens magnification. The single factor experiment conducted at different 

levels by changing illumination, camera resolution, object area and working distance. The output of 

the imaging system is images and the image contrast is one of the quality dimensions of image [14] 

and it is measured by matlab tool. The aim of the output analysis is to find whether the factors 

affected the image contrast or not using Design of Experiments (DOE) concepts (factor factorial 

experiments). The conclusion is made based on hypothesis and statistical data with experimental 

results. From the analysis of output images and experimental results, the factors (illumination, 

camera resolution, and working distance) significantly affect the image contrast. The predictions of 

factors can be applied to design the imaging system successfully.  

Keywords—Vision Systems, Image quality, DOE techniques. 

I.  INTRODUCTION  

Machine vision is a quality inspection system which replaces the human inspection. The inspection 

quality quite high compared to the human inspection because, the inspection done by computerized 

automation. The major components involved in this system are the sample which is going to be inspected; 

imaging system includes camera, lighting and the image analysis software. The software used for comparing 

the standard image with sample image and it helps to make decision whether the sample is accepted or 

rejected. 

      Achieving the quality of image is difficult task in imaging system because of this system depends on 

many factors such as lighting condition, camera resolution, object type (2D or 3D), working distance, object 

area, camera angle position and lens magnification. One of the important information investigated in image 

is image contrast and it is considered for analyzing the image quality. 

The design of experiment techniques used to find the factors involving in the imaging system and the 

experimental results will help to find the factors affecting the imaging system. This paper organized into 

following sections. Section 2 is an overview of the literature review. Section 3 discusses the problem 

description. Section 4 discusses the objective of this study.  The experimental work explained is session 5 
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and the selection of factors and levels is described in section 6. Section 7 discusses the proposed method. 

Output analyses are discussed in section 8. Conclusion is discussed in Section 9. 

II. LITERATURE REVIEW 

Jiancheng Jia (2009) [2] developed a machine vision system for industrial assembly inspection which 

explains a successful industrial application of machine vision technology for medical syringe assembly. And 

this paper describes the placement of camera (angle position) and capturing distance is an important task to 

increase the performance of the image acquisition process in vision system. Tang Bo et al (2009) [3] 

designed a machine vision system for surface inspection of steel strip which explains the traditional surface 

quality inspection of steel strip carried out by human inspectors, which is far from satisfactory because of its 

low productivity, low reliability and poor economy. In this paper, the structure of the surface automated 

inspection system and the imaging factors (illumination, camera resolution) is described. Bundit Jarimopas 

& Nitipong Jaisin (2008) [8] developed an efficient machine vision experimental sorting system for sweet 

tamarind pods based on image processing techniques. In this imaging system the important factors described 

are illumination and the placement of camera (angle position). H.Golnabi et al (2007) [1] proposed a design 

of industrial machine vision system which includes Universal design, Methodology, Industrial Applications 

(AVI, Part identification), Key points in design, and Future developments. In imaging system design 

illumination, camera resolution and object type (2D or 3D) are the factors considered.  R.C. Staunton (2005) 

[7] presented a detected edge position evaluation using measured acquisition system factors. In this paper, 

the image acquisition factors Lens magnification, Camera angle position, lighting condition are described. 

Monica Carfagni   et al (2005) [10] presented a machine vision course for undergraduate students. That 

course includes the design of imaging system and the factors are considered in vision system. The imaging 

system factors are lens magnification, Camera angle position, Object area and lighting condition. S. 

Ducournau et al (2004) [6] presented a machine vision system designed to count the number of emergent 

radical tips on seed lots, under controlled lighting, temperature and hygrometric conditions. An image 

acquisition system developed and the factors (illumination, camera resolution and working distance) are 

involved in imaging system are explained. A Brain et al (2002) [4] presented a Common Principles of Image 

Acquisition Systems and Biological Vision. The principles include the system design and the factors are 

considered (camera resolution, illumination and camera angle position) in vision systems. Elias N. Malamas 

et al (2003) [17] did a survey on industrial vision systems, applications and tools. Under the light of recent 

advances in image sensors, software and hardware technology, important issues and directions for designing 

and developing industrial vision systems are identified and discussed. In imaging system design 

illumination, camera resolution and object type (2D or 3D) are the factors considered. A.Ravishankar 

Rao(1996)[16]presented future directions in industrial machine vision a case study of semiconductor 

manufacturing applications. In this paper, the image acquisition factors lens magnification, Camera angle 

position, lighting condition are described. Hyung-Ju Park et al (2011)[13] developed a Subjective Image 

Quality Assessment based on Objective Image Quality Measurement Factors. The quality factor Uniformity, 

Contrast, Color accuracy, Loss of details, Noise and Sharpness are described. Ismail Avcıbas et al 

(2002)[14] presented a Statistical evaluation of image quality measures. The image quality measurements, 

Sharpness, Loss of details, Noise, Color accuracy, Dynamic range, Contrast, Uniformity, and Lens 

distortion, are explained.  

   From the above Literature Survey the factors involved in imaging system is Working Distance, Object 

area, Camera resolution, Illumination, and these parameter considered for further investigation purpose.  

III. PROBLEM DESCRIPTION 

Achieving image quality is an essential task in vision systems. The image acquisition process is 

considered as critical process in vision system because this system depends on many factors such as lighting 

condition, camera resolution, object type (2D or 3D), working distance, object area, camera angle position 
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and lens magnification. The image quality is mainly based on these factors.  Finding the desired factors and 

optimal settings of factors enhance the performance of imaging system and improves the image quality. The 

unknown factors which affects the image quality significantly. The experimental setup help us to  

IV. OBJECTIVES OF THIS STUDY 

1. Predict the factors for imaging system. 

2. Develop the experimental setup and conduct the single factor experiments. Collect the data and 

analyze the output   images using Matlab tool. 

3. Validate the experimental result by statistical methods. 

V. EXPERIMENTAL SETUP 

The experimental setup consists of lighting system, camera mounting stand, and PC connection cable. At 

different levels, the image of the object is captured using camera and the images are stored in the PC. 

Figure.1 experimental setup 

 

The figures 1, 2 show the experimental setup of imaging system and lighting system respectively 

Figure.2 Lighting system 
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VI. SELECTION OF FACTORS AND LEVELS 

The following table shows the factors chosen for conducting  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.NO 

Camera 

resolution 

(MP) 

Image contrast 

1 2 3 4 5 6 

1 1 6.6 6.1 6 6.2 6.5 6.8 

2 1.3 5.8 5.6 5.5 5.6 5.7 5.8 

3 2 2.3 2.1 2.3 2.5 2.4 2.2 

4 3 2.6 2.55 2.5 2.65 2.5 2.7 

5 3.2 1.6 1.55 1.58 1.5 1.52 1.2 

6 4 1.1 1.9 1.3 1.8 1.5 1.3 

 

S.

NO

. 

 

Workin

g 

distanc

e (cm) 

 

Image contrast 

 

1 2 3 4 5 6 7 8 

1 5 8.

8 

8.

7 

8 8.

1 

8.

5 

8.

2 

8.

4 

8.

9 

2 10 8.

9 

8.

2 

8.

8 

8.

9 

8.

1 

8.

4 

8.

5 

8.

7 

3 15 7.

8 

7.

5 

7.

2 

7.

5 

7.

1 

7.

6 

7.

9 

7.

4 

4 20 7.

1 

7.

1 

6.

2 

6.

4 

6.

9 

6.

3 

6.

8 

7 

5 25 6.

6 

6.

1 

6 6.

3 

6.

7 

6.

9 

6.

2 

5.

8 

6 30 5.

8 

5.

1 

5 5.

9 

5.

3 

5.

4 

5.

5 

4.

9 

7 35 4.

58 

4.

56 

4.

56 

4.

56 

4.

57 

4.

56 

4.

58 

4.

56 

8 40 3.

06 

3.

04 

3 3.

02 

3.

01 

3.

04 

3.

05 

3.

03 

9 45 2.

42 

2.

42 

2.

43 

2.

46 

2.

42 

2.

32 

2.

4 

2.

42 

10 50 2.

9 

2.

1 

2.

4 

2.

7 

2.

9 

2.

8 

2.

5 

2.

6 

11 55 2.

7 

2.

1 

2 2.

6 

2.

8 

2.

9 

2.

5 

2.

4 

12 60 1.

9 

1.

6 

1.

8 

1.

5 

1 1.

9 

1.

5 

1.

4 
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the experiments.  The single factor experiments are conducted by changing factors at different levels (Low, 

High and medium). 

Table1. Selection of factors and level 

S.No. Factors Unit Level Variable 

1 
Working 

distance(a) 
Cm 

Low, High, 

Medium 
Yes 

2 
Camera 

resolution(b) 
Mp 

Low, High, 

Medium 
Yes 

3 
Object area 

(c) 
m

2 
Low, High, 

Medium 
Yes 

4 
Illumination 

(d) 
Lm Low,High,Medium Yes 

 

The following table shows the image contrast values at different working distance. The working distance is 

varied from 5cm to 60cm to find the contrast values occurring with minimum deviation. 

Table 2. Working Distance Vs Image contrast 

0

2

4

6

8
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5 10 15 20 25 30 35 40 45 50 55 60
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ag

e 
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n
tr

as
t

Working distance (cm)

Working distance Vs Image contrast

 

From the above chart the minimum output variation of image contrast occurs for working Distance of 35cm, 

40cm & 45cm. 

 From the below chart the minimum output variation of image contrast occurs at Camera resolutions of 

1.3MP, 3MP and 3.2 MP.  

0

2

4

6

8

1 1.3 2 3 3.2 4

Im
ag

e 
C

o
n

tr
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t

Camera resolusion (MP)

Camera resolusion  Vs Image contrast

 

Table 3. Camera resolutions Vs Image contrast  
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 The following table shows the image contrast values at different object areas. The object areas are varied 

from 50cm
2
 to 250cm

2
 to find the contrast values occurring with minimum deviation. 

 

 

S.NO 

 

Object 

area 

(cm
2
) 

Image contrast 

1 2 3 4 5 6 

1 50 9.6 9.1 9 9.2 9.5 9.8 

2 70 9.8 9.6 9.5 9.6 9.7 9.8 

3 90.25 6.3 6.1 6.3 6.1 6.4 6.2 

4 150 3.6 3.55 3.5 3.65 3.5 3.7 

5 200 1.6 1.8 1.5 1.9 1.55 1.2 

6 250 1.1 1.9 1.3 1.8 1.5 1.3 

 

Table4.  object area Vs Image contrast  

0

5

10

15

50 70 90.25 150 200 250

Im
ag

e 
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n
tr
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t 

Object area (cm2) 

Object area Vs Image contrast  

 

From the above chart the minimum output variation of image contrast occurs at Object areas of 70 cm
2
, 

90.25 cm
2
, and 150 cm

2
. 

 The following table shows the image contrast values at different illumination. The illuminations are 

varied from 500lm to 1450lm to find the contrast values occurring with minimum deviation. 

 

S.

N

O 

 

Illumin

ation(l

m) 

Image contrast 

1 2 3 4 5 6 

1 500 1.3 1.7 1.6 1.3 1.

9 

1.4 

2 630 1.9 1.4 1.5 1.8 1.

9 

1.6 

3 720 2.0

3 

2 2 2.0

8 

2.

1 

2.0

5 

4 810 2.0

8 

2.1 2.0

7 

2.0

9 

2 2.0

3 

5 1190 2.5 2.5

3 

2.4

8 

2.4

5 

2.

5 

2.4

8 

6 1450 3.2 3.8 3.6 3.7 3.

4 

3.9 
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Table 5. Illumination Vs Image Contract 
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   From the above chart the minimum output variation of image contrast occurs at Illumination levels of 

720lm, 810lm, and 1190lm.  

 From the analysis of output images the minimum variation of image contrast at different factors levels 

are tabulated below. 

 

 

 

 

 

 

 

 

 

TABLE 6.  SELECTION OF LEVELS 

VII. METHODOLOGY 

 The output of the imaging system is images. The images are analyzed using MATLAB and measured the 

contrast value. Contrast is one of the quality dimensions of images.  The aim of the output analysis is to find 

whether the factors affect the image contrast or not using Design of Experiments concepts (single factor) the 

conclusion was made based on hypothesis and statistical data. The optimal setting can be achieved by 

finding the minimum deviation of output among the different parameter levels. 

VIII. OUTPUT ANALYSIS 

Factor factorial Experiments 

Factor: camera resolution(A), working distance(B) & illumination(C) 

Hypothesis: 

H0:  There is no interaction between camera resolution, illumination and working distance. 

H1: There is an interaction between camera resolution, illumination and working distance. 

Table 6. Experimental data for 3 factors (illumination, working distance & camera resolution) experiment. 

S.N

o 

 

Factors Levels 

Low  Mediu

m 

High 

    1 Working 

distance  

35cm 40cm 45cm 

2 Illumination 720l

m 

810lm 1190l

m 

3 Camera 

resolution 

1.3M

P 

3MP 3.2MP 

4 Object area 70cm
2 

90.25c

m
2 

150cm
2 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue V, May-2020

ISSN NO: 1781-7838

Page No:244
Page 1708 of 3066Page 1708 of 3066



 

 

S.

N

O 

 

 

Cam

era 

resol

ution 

(A) 

Working distance (B) yi.. 

35 cm 45 cm 

Illumination  (C) 

             

720lm 

1190l

m 

720lm 1190l

m 

1 1.3 

MP 

5.4

1 

 

5.3

8 

6.

28 

6.

4

6 

6.

4

2 

6.

08 

3.

0

6 

3.

12 

42

.2

1 

10.79 12.74 12.5 6.18 

2 3 MP    

3.26 

3.

20 

4.

78 

4.

2

4 

5.

7

6 

5.

28 

7.

0

2 

7.

14 

40

.6

8 

6.46 9.02 11.04 14.16 

3 3.2 

MP 

2.46 2.

3 

3.

48 

3.

5

6 

9.

2

6 

9.

42 

8.

0

6 

7.

24 

45

.7

8 

4.76 7.04 18.68 15.3 

B × C 

Total y.jk. 

22.01 28.8 42.22 35.64 y

…. 

=1

28

.6

7 

y.j.. 50.81 77.86  

 

Where a= Number of level for camera resolution=3, b= Number of levels for working distance = 2, c= 

Number of levels for illumination = 2, n= Number of replicates = 2, N= Total number of trials = a.b.c.n=24 

Table 7. Experimental data for 2 factors (camera resolution & working distance) & (camera resolution & 

illumination) experiment. 
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Table.8.ANOVA for 3 factors (illumination, working distance & camera resolution) experimental data 

Source of 

Variation(SOV) 

Sum of 

Square(SOS) 

Degrees of 

Freedom(DOF) 

Mean 

Square(MS) 

F0 

Camera 

resolution(A) 

1.71 2 0.855 7.125 

Working 

distance(B) 

0.46 1 0.46 3.83 

Illumination ( 

C) 

2.72 1 2.72 17.66 

AB 7.86 2 3.73 32.75 

AC 5.36 2 2.68 22.33 

BC 4.26 1 4.26 35.5 

ABC 3.72 2 1.86 15.5 

Error 1.4 12 0.12 - 

Total 27.49 23 - - 

 

From statistical table F (2, 12) = 3.89,  = 5% 

                                F (1, 12) = 4.75,  = 5% 

The F0 > F so accept H1 and reject H0.  

 There is an interaction between camera resolution, illumination and working distance. The working 

distances do not affect the image contrast. 

 The lighting illumination and camera resolution significantly affects the image contrast. 

A×B Total  

yij.. 

                                              

A 

B 

35cm 45cm 

1.3MP 25.53 18.68 

3MP 15.48 25.2 

3.2MP 11.8 33.98 

A×C Total  

yi.k. 

A C 

720lm 1190lm 

1.3MP 23.29 18.92 

3MP 17.5 23.18 

3.2MP 23.44 23.34 
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IX. CONCLUSION 

From the analysis of output images and experimental results, the following factors involved in imaging 

system are found to affect the image contrast. 

Working distance, Camera resolution and Illumination. 

 

Table.9. Result of three factor factorial experiments 

S.No. Parameters 
The interaction of parameter affected 

the image contrast? 

1 Working distance (a) No 

2 Camera resolution(b) Yes 

3 Illumination (d) Yes 

4 
Working distance (a) & Camera 

resolution(b) 
Yes 

5 Camera resolution(b) & illumination (d) Yes 

6 Illumination (d) & Working distance (a) Yes 

7 
Illumination (d) , Working distance (a) & 

Camera resolution(b) 
Yes 

 

The predictions of factors can be applied to design the imaging system successfully and the optimal settings 

of these factors can be used to achieve the image quality, increase the performance of the imaging system.  
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Abstract: This dissertation explores the springback effect 

of Galvanized Iron board. Performance of galvanized 

Iron sheet metal is determined by sheet thickness, die 

angle, die opening, and punch radius. The parameters 

above are performed experimentally, and the S / N curve 

is plotted using Taguchi analysis to classify most affected 

parameters. The Regression-based mathematical models 

for springback prediction in the Galvanized Iron sheet 

bending process V-Die were developed. Sheet thickness, 

Die angle, Die opening, and Punch radius were 

considered input parameters, and springback and Bend 

force were considered output parameters for model 

creation. For Galvanized Iron sheets, various regression 

models were built based on experimental findings, 

including linear, linear-square, linear-interaction, and 

quadratic terms for the springback prediction. 

 

Keywords: Simulation of processes-GI steel – V-Die 

bending – Bend force – Springback. 

List of symbols 
t Thickness of sheet in mm 
Θ Die angle in degrees 
X Die opening in mm 
R Punch radius in mm 
Θs  Springback angle (θ1 − θ2) in degrees  
θ1 Bending angle before springback in (deg) 
θ2 Desired bending angle after 

springback (deg) 
Y Estimated value 
Βi Regression coefficient of i th 
βi j Regression coefficient of interaction of i th 

independent variable 
xi i th independent variable 

 
 
 

 

Introduction 

Automotive industries, to a great extend are dependent 

upon the manufacturing of automobile parts which is 

being used by thin metal sheet. The salient features of 

sheet metal items are low cost and   weight, smooth 

surface finish and best interchangeability. For past few 

decades several studies were conducted in order to get  

better idea in sheet metal bending,. Drawing Processes 

for sheet metal formation including bending, stretching 

and drawing are commonly used in industry. Sheet metal 

bending is an important process in method and 

manufacture of sheet metal formation. Spring back 

calculation is a most important problem for sheet metal 

manufacturing in determining a product's desired form. 

Springback refers to the difference in form between the 

configurations fully loaded and unloaded. The process 

selected for analyzation is V-Die bending due to its 

outstanding elasticity and lessening in bend power. In V-

Die bending, the appropriate angle is created on the piece 

of work by adjusting the punch depth that enters the die 

opening. Changing the size of the opening die often 

affects the amount of force needed for bending. When the 

die opening , there was a decrease in force for bending 

and vice versa. In the present investigation the sheet 

material of Galvanized Iron (GI) steel is used because of 

its own excellent formability.
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 The regression study is prepared  to examine and model 

the relation between a predictors and variable response. If 

the response variable is continuous it is a standard method 

for experimental data analysis.  Multiple linear Regression 

Analysis (MRA) is normally applied  for various forms of 

statistical analysis . It is also very supportive to implement  

the reports of multiple  experiments in terms of an 

empirical model, that is, a data-derived equation which 

expresses the relationship between the reaction and 

imperative design dependents[1]. A major problem in 

sheet bending technology is  to establish the quality 

springback  the simulation of the spring back for quality 

product and preference of different  bending angles. For 

past four decades a vast research work is done for 

phenomenon of bending. A mathematical model for plane 

strain sheet bending was defined by Wang et al.[2] 

developed the analytical method for calculation of  strain 

sheet bending to predict springback and the maximum 

bending force on punch and die. Hang et al.[3] performed 

an experimental investigation  on steel sheets and defined 

the effects on V-die bending processes of process variables 

such as die radius ,punch radius, , friction coefficient, 

normal anisotropy , punch speed strain hardening 

exponent, and so on. Gary[4] identified statistical 

variability in the springback of the material property. Kim 

et al.[5] suggested an empirical model for predicting 

springback, bend allowance simultaneously in the cycle of 

bending air. Bruni et al.[6] analyzed the impact of process 

parameters on the springback of AZ31 magnesium alloy 

namely temperature, punch speed and punch radius. Dongye 

Fei et al.[7] investigated the springback behavior of cold 

rolled plasticity-induced transformation steels (TRIP) in the 

air v- bending cycle. The creation of theoretical models for 

such processes is difficult due to the difficulty of sheet 

bending processes. Consequently, the theoretical models are 

replaced with empirical models obtained by experimental 

study. In addition, traditional springback prediction is by 

method of trial and error, and is costly and laborious. 

 Those are the reasons for developing a mathematical 

model using multiple regression analysis from the 

experimental data to predict springback in GI sheet V-Die 

bending phase. Four regression model structures are 

considered for this study, namely vector, vector-square, 

linear-interaction, and quadratic models. Variance Analysis 

(ANOVA) was conducted to test the validity of the proposed 

model. The analysis is described as follows, defining the 

parameter specification for carrying out the experiments, 

followed by a description of the regression models. The best 

sub-set, suggested, models are provided for springback, 

ANOVA, correlation, comparison, error analysis.

Usage of multiple tests of regression for Mathematical 

Modeling 

 
An array of different  mathematical forms can be used for 

springback analysis in the phase of the bending. Multiple 

regression analysis is one of those approaches and the process 

is also trouble-free. The input variables which are related to 

the flow model and thus the overall output of the process can 

be predicted. The connection among the input and response 

variables could be established by using statistical techniques to 

build a regression-based mathematical model. After forming 

the model, the values of the actual process variable are 

replaced with in the equation to guess the process reaction. 

 

Regression design and procedure 
 

Different models are being compared to locate the best match, 

and a good model has been preferred as it has higher adjusted 

R2. Every  mathematical models were also tested with F-test 

and R2 values for their accuracy. The higher F value and 

modified R2 squared value indicate that the recognized 

mathematical models are perfect and have agreeable fit. 

 

Assumptions made: 

 

1. Normal Distribution of Errors 

2. The average of the all errors are zero 

3. Errors are considered of constant variance 

4. The independence of model errors 

 
Design structures 

 

With multiple linear regression analysis, the fundamental 

relationship is written as 

 

 β0 + Xi + π- (1)  

 

In the above equation, Y is considered as   the 

dependent variable (predicted springback) β0 is the intercept 

estimator, are linear terms considered are β1, β2, and  βk , 

number of variables are denoted as k, Xi is the variable that is 

independent of ith, the random error is considered as π . 
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Specific linear Eq models. 1 For the approximate answer, the 
following can be written as: Y = (Y − ÿ). (2) You can express 
linear terms as Y = β0 +. (3) = 1 Linear-square terms as Y = β0 
+ some + some 2. (4) = 1 = 1 Terms of linear interaction are 
defined as Y = β0 + range + range. Square words have the form 
Y = β0 + range = 1 + range = 12 + range, where, β11, β22. The 
square words are βkk and β12, β13. βk−1, k are the symbols for 
interaction of the second order. 
 
Linear-square definitions are Y = β0 + some + some 2. (4) = 1 = 
1 Terms of linear interaction are defined as Y = β0 + range + 
range.Choosing of parameters and their levels. 

 

Based on the literature, four independent controllable 
predominant bending parameters that are having greater 
influences on the springback is chosen. They are thickness of 
the sheet (t), die angle (θ), die opening (x), Punch radius (r). In 
the V-Die bending process, the bend angle is determined by the 
punch travel. In the bending process there is a influence of 
punch in spring back of the bending process. The concentrated 
compressive stress is applied on one face and tensile stress is 
applied on the other face during the bending process.The width 
of the sheet is the affecting factor because the stress value 
affects the bend region. The key factor in developing a 
mathematical model is to obtain sufficient experimental data 
simulating the working environment in the laboratory. 

 

Developing and conducting experiments 

 

The regression analysis in the present investigation is intended 

to prepare the process of different models to forecast   the 

spring back, so that the credit for the spring back is being 

measured. The 4 variables which are considered as the input 

variables are regressed to find the determinant of the response 

variables. standard experimenting with one-factor-at-a-time 

approach is too confused and not comfortable to run. A huge 

number of experiments are conducted when the number of 

processes In addition, the equation built from MRA provides a 

more reliable approximation and is relatively easy to manage 

computationally. Since the adopted regression analysis 

technique employ collection of experimental data found on the 

orthogonal arrays, 18 experiments with four input variables 

were performed for GI sheet material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Four variables are used to carry out the experimental 

investigation with three level architecture of the experiment 

matrix and are described in Table 2. The architecture is 

balanced to measure the factor rates equally, and with a few 

runs to evaluate other factors. The effects of bending 

parameters on springback was analyzed using statistical 

analysis. Validation tests were increase of parameters to check 

the viability of the proposed models. Four parameters require a 

significant number of tests in the case of factorial design for three 

stages. The Taguchi technique uses a special design of orthogonal 

arrays to test the whole parameter space with only a small number 

of experiments to overcome this problem. Taguchi method is 

widely used for parameter level optimization. The Taguchi 

orthogonal array coupled with regression analysis is adapted in 

this research to predict the response within the range of 

experiments performed. For multiple regression analysis 

MINITAB Statistical Program (Version13) was used. 

 

Conducting experiments 

 

With a thickness of 0.75 and 1.5 mm, the GI sheets 

adopted for bending were mitigated into (80 amb20 mm) 

lengths. The sample models were obtained from rolled 

steel sheet and used in the condition as obtained. The 

tests were conducted on a UTM (Universal Computing 

Machine). The punch and corresponding die are prepared 

with reinforced steel. The Die was fixed on the UTM's 

fixed base. In the Universal Testing Machines movable 

head and the punch was located above the die. The punch 

center axis coincides with die. With special care, the 

sample was placed in the appropriate place over the die. 

The length of the punch is 90 mm. Before starting the 

experiments the dry condition environment was ensured. 

Gradually by applying the load, and proper depth was 

provided in order to buckle the surface. Figure 1 shows a 

graphic layout of the experimental system. The 

displacement in punch was witnessed respectively from 

UTM digital meter. The angle difference between the 

bends (θ1 − θ2), 
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when the sample was subjected to load (θ1) and after 

removal of load (θ2) gives the spring back angle (θs). The 

above steps were repeated with different levels. There are 

two sets of experiments, one for fitting (Table 2) and other 

(Table 7) for validation to verify the effectiveness of the 

models. In order to formulate regression models for the 

prediction of springback, four process variables, namely, 

thickness of the sheet (t), die angle (θ), die opening (x), 

Punch radius (r) are considered and to verify the developed 

model, several experiments were conducted. 

Analysis Of The S/N Ratio 

Taguchi method stresses the importance of studying the 
response variation using the signal – to – noise (S/N) 
ratio, resulting in minimization of quality characteristic 
variation due to uncontrollable parameter. Optimization 
was considered as the quality characteristic with the 
concept of "the smaller-the-better". The S/N ratio for the 
smaller-the-better is: 

S/N = -10*log (mean square deviation) 

S/N = -10* log10 (sum (y**2)/n) 

Where n is the number of measurements in a 

trial/row, in this case, n=1 and y is the measured value in 

a run/row the radius. 
 

Table 1 Levels and values of parameters 
 

Si no Parameter/notations/units 
 

Parameter levels 

  
 1 2 3 

1 Thickness of the sheet (t) in mm 0.75 1.5 - 

2 Die angle (θ) in Degrees 60 90 120 

3 Die opening (x) in mm 24 32 40 

4 Punch radius (r) in mm 2 4 6 

 

 

S/N ratio values are calculated by taking into consideration 
of above equation. 

 

 
Mean of SN ratios VS springback 

From the above graph, the optimal process parameters 
have been established by analyzing response curves of S/N 
ratio. The most significant values for thickness of the  
sheet, die angle, die opening and punch radius are 0.75mm, 
60o, 40mm, 4mm respectively. 

Response Table for Signal to Noise Ratios (spring back) 

 

 
Hence the optimum condition of input parameter is 
A1B3C2D4. 

 

 
 

 

 

 
Level Thickness Die angle Die Punch 

of the sheet (Degrees) opening radius 

(mm)  (mm) (mm) 
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Response Table for Signal to Noise Ratios (Bend force) 

 

above optimum values the springback could be reduced in 

V-die bending process of Galvanized Iron sheet. 

 

Multi-Regression Model for Springback and Bend 

force 
 

 

 

 

 
From above table, it shows the factor level values of each 

factor and their ranking. According to their ranking, it 

indicates that the most significant process parameter for 

springback is given order is thickness of the sheet, die 

angle, die opening and punch 

 

 

Level Thickness Die angle Die Punch 

of the (Degrees) opening radius 

sheet (mm)  (mm) (mm) 

1 -7.754 -14.416 -14.024 -16.351 

2 -20.868 -14.300 -14,801 -15.225 

3 - -14.217 -14.108 -11.308 

Delta 13.118 0.198 0.777 5.043 

Rank 1 4 3 2 

 
 

From above table, it shows the factor level values of each 

factor and their ranking. According to their ranking, it 

indicates that the most significant process parameter for 

bend force is given order is thickness of the sheet, die 

angle, die opening and punch radius. Hence the optimum 

condition of input parameter is A1B4C3D2. BY using the 

Mean of S/N Ratio Vs Bend Force.From the above graph, 

the optimal process parameters have been established by 

analyzing response curves of S/N ratio. The most 

significant values for thickness of the sheet, die angle, die 

opening and punch radius are 1.5, 60o, 32mm, 2mm 

respectively. 

Comparison between linear interaction and quadratic 
models show that quadratic model is relatively closer to 

the response as the R2 value is higher. A Quadratic model 
regression model was selected as the only model ensuring 

a sufficient fit (R2 = 98.36%). It is evident that the 
quadratic model has better prediction than the others. 

Analysis of variance (ANOVA) of Quadratic model 

The calculated total sum of squares value is used to 

measure the relative influence (% contribution) of the 
factors. The larger the value of the sum of squares, the 

more influential is the factor for controlling the response. 

The results of ANOVA for significance of regression in 
multipleregressions for springback. The adequacy of the 

model was tested using the ANOVA technique. As 

calculated F is greater than the critical F, the null 
hypothesis is rejected and concluded that there is 

significant difference between regressions (parameters). 
As per this technique, the calculated value of the F ratio  

of the model developed does not exceed the standard 

tabulated value of F Ratio for a desired level  of 
confidence say 95 %. The springback has been mainly 

influenced by first order terms followed by interaction 

terms. 

     

1 -20.19 -19.34 -14.86 -16.42 

2 -14.08 -16.24 -18.09 -17.73 

3 - -15.83 -18.46 -17.27 

Delta 6.10 3.51 3.59 1.31 

Rank 1 3 2 4 
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. 

 
Modeling of springback on V-Die bending process of GI sheet using multiple regression analysis 

 

Table 2 Design matrix of Test Values of parameters measured Bend 
 

Independent parameters S.No. t θ x r 
 

springback 
angle 

springback 
Force 

  (mm) (deg) (mm) (mm) (deg) (KN/m) 

 
 
1. 

 
0.75 

 
60 

 
24 

 
2 

 
12 

 
3.3845 

2. 0.75 60 32 4 15 2.2565 

3. 0.75 60 40 6 14 1.5695 

4. 0.75 90 24 2 5 3.7770 

5. 0.75 90 32 4 11 2.4050 

6. 0.75 90 40 6 15 1.6675 

7. 0.75 120 24 4 5 3.4825 

8. 0.75 120 32 6 9 2.5505 

9. 0.75 120 40 2 13 1.9130 

10. 1.5 60 24 6 4 7.6000 

11. 1.5 60 32 2 9 15.205 

12. 1.5 60 40 4 7 15.250 

13. 1.5 90 24 4 6 9.0745 

14. 1.5 90 32 6 5 9.2705 

15. 1.5 90 40 2 3 15.3035 

16. 1.5 120 24 6 4 5.2485 

17. 1.5 120 32 2 4 14.129 

18. 1.5 120 40 4 6 14.6165 

 

 

 

 
Multi Regression model for Springback 

 

 
 

S 

No. 
Model Regression models R2 % R2 (adj) % 

1. Linear 13.5 – 7.556t – 0.0556θ + 0.2292x +0.2083r 74.79% 67.03% 

 

2. 
Linear- 

square 

 

5.667 – 7.556t – 0.2556θ + 1.2292x + 
 

77.59% 

 

61.90% 

  0.708r + 0.00111θ2 – 0.0156x2 – 0.0625r2
 

  

3. Linear- 12.089 + 11.474t – 0.2978θ+ 0.802x – 3.724r+ 0.05tθ – 0.748tx 91.91% 80.35% 

 Interaction + 0.2049tr + 0.0025θx + 0.0269θr + 0.025rx   

     

4. Quadratic 3.74 + 17.9t – 0.552θ + 1.6292x – 2.1560r + 0.0014θ2- 0.0125x2
 98.36% 93.03% 

  – 0.4612r2 + 0.0353tθ – 0.9420tx +0.6166tr + 0.003θx + 0.0288θr   

  +0.00673xr   
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Multi regression model for Bend force 

 
 

 S.N

o. 
Model Regression models R2 % R2 (adj) % 

 

 
1. Linear – 15.122 – 24.9778t – 0.0189θ + 0.3771x – 2.1917r 90.93% 86.92% 

 

 
2. Linear-

square 
– 39.00 + 24.9778t – 0.1622θ + 1.8604x + 0.2075r + 0.008θ2 92.30% 86.92% 

 

   
– 0.232x2 – 0.533r2 

   

 3.  Linear- 16.59 + 10.0963t + 0.0677θ – 1.6544x + 0.1543r – 0.1033tθ 99.60% 99.03%  

  Interaction + 1.1768tx – 3.0640tr + 0.0023θx – 0.0079θr + 0.0863rx    

 
4. Quadratic 15.8776 + 12.8667t – 0.1540θ – 1.1030x + 0.0489r + 0.0013θ2 99.95% 99.77% 

 

   
– 0.0088x2 – 0.1573r2 – 0.1138tθ + 1.0947tx 

   

   – 2.7576tr + 0.0023θx – 0.0078θr + 0.1159xr    

 

 

From table, R2 and R 2 (adj) values for 
SPRINGBACK are almost similar, so the factors for 
SPRINGBACK can be operated to obtain the regression 
equation is correct.For bend force, R2 and R2 (adj) values 
are same, so the factors for spring back can be operated  
and regression equation is correct. 

There are four models linear, linear square,linear 
interaction and quadratic models are developed using the 

four input parameters and one output parameter. From 
these four models the quadratic model is the appropriate 

model in prediction of springback than other models. 

 

 

Modeling of springback on V-die bending process of Galvanized Iron steel sheet using multiple regression analysis 

Analysis of variance (ANOVA) results for springback 
 
 

S.No. Source DF Seq SS Adj SS Adj MS F Value Probability 

1. Regression 13 289.67 289.67 22.2824 18.46 0.006 

2. Linear 4 220.25 43.138 10.7844 8.93 0.028 

3. Square 3 8.250 19.000 6.3335 5.25 0.072 

4. Interaction 6 61.171 61.171 10.1951 8.44 0.029 

5. Residual Error 4 4.829 4.829 1.2073   

6. Total 17 294.50     
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Modeling of Bend force on V-die bending process of Galvanized Iron steel sheet using multiple regression analysis 
Analysis of variance (ANOVA) results for Bend force 

 

S.No. Source DF Seq SS Adj SS Adj MS F Value Probability 

1. Regression 13 2113.5 2113.5 162.579 579.96 0.000 

2. Linear 4 1922.8 9.35 2.336 8.33 0.032 

3. Square 3 29.06 7.30 2.435 8.69 0.032 

4. Interaction 6 161.63 161.63 26.938 96.10 0.000 

5. Residual Error 4 1.12 1.12 0.280   

6. Total 17 2114.6     

 

 

 
Regression Statistics for Springback 

 

 

Factors Coefficient SS of seq T ratio Probability (α) Conclusion 

t 17.9005 6.1215 2.924 0.043 Significant 

θ -0.5523 0.1347 -4.102 0.015 Significant 

X 1.6292 0.6759 2.411 0.074 Non-significant 

R -2.1560 2.0184 -1.068 0.346 Non-significant 

2 0.0014 0.0006 2.226 0.090 Non-significant 

2 -0.0125 0.0094 -1.331 0.254 Non-significant 

2 -0.4612 0.1502 -3.071 0.037 Significant 

tθ 0.0353 0.0313 1.129 0.322 Non-significant 

tx -0.9420 0.1513 -6.224 0.003 Significant 

tr 0.6166 0.6054 1.018 0.366 Non-significant 

θx 0.0030 0.0019 1.586 0.188 Non-significant 

θr 0.0288 0.0076 3.766 0.020 Significant 

xr 0.0673 0.0381 1.767 0.152 Non-significant 
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Regression Statistics for Bend force 

Factors Coefficient SS of seq T ratio Probability (α) Conclusion 

t 12.8667 2.94975 4.362 0.012 Significant 

θ -0.1540 0.06488 -2.373 0.077 Non-Significant 

X -1.1030 0.32568 - 3.387 0.028 Significant 

R 0.0489 0.97260 0.050 0.962 Non-significant 

2 0.0013 0.00031 4.296 0.013 Significant 

2 -0.0088 0.00452 -1.954 0.122 Non-significant 

2 -0.1573 0.07236 -2.174 0.095 Non-Significant 

tθ -0.1138 0.01507 -7.550 0.002 Significant 

tx 1.0947 0.07293 15.011 0.000 Significant 

tr -2.7576 0.29171 -9.453 0.001 Significant 

θx 0.0023 0.00092 2.495 0.067 Non-significant 

θr -0.0078 0.00368 2.105 0.103 Significant 

xr 0.1159 0.01836 6.312 0.003 Significant 
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On the basis of the proposed model, the 

influences of process parameters on springback were 
analysed. The sheet thickness, die angle most important 

influences in springback prediction during v- die bending 

phase. Many major factors were the opening die and the 
punch size.  As t test likelihood values of the following 

springback parameters were significant; sheet thickness, 
die angle, die opening. 

 

Conclusion 

Galvanized Iron sheet springback and bend force 
analysis is performed by v-bending technique, and the four 
parameters are selected using Taguchi experimentation 
method with minimum number of experiments. L18 
orthogonal array was chosen, and the experiment design 
used factors with three rates. Blade thickness, Die angle, 
Die opening, Punch radius are taken as parameters for 
process control. From Taguchi study we have to infer that 
when the sheet thickness is 0.75 mm, die angle 60o, die 
opening 40 mm and punch radius 4 mm, springback may 
be reduced. 

The springback mathematical model was 
developed using MINITAB software, and four linear, 

linear square, linear interaction, and quadratic models were 

developed. It is found that, in springback prediction the 
results obtained from the quadratic model are more suitable 

than other models. 
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Abstract—To run the electric vehicle, battery system is used. In battery system internal heat is generated due to various reason such as 

close arrangement of cells, periodic recharge and discharge of  batteries. This heat can cause reduction of driving range, System safety, 

Life time of battery and Efficiency. To eliminate the heat by introduction of Battery thermal management system. In  Battery thermal 

management system various cooling arrangement configurations (1s,2s,Parallel & Parallel with smooth tubes) are done to maintain the 

optimum temperature level of  battery. This work is done by a Computational fluid analysis to characterize the temperature distribution 

of the battery under various configuration using Ethylene glycol and also Nano particles and Phase change material are introduced in the 

Lithium ion battery system. Inlet velocity of fluid is given as 0.1m/s and the temperature is 300K. Heat generated by the cell is 4 watts per 

cell and the heat flux is 1.66*e^5 w/m^2. 

 

Keywords— Battery Thermal Management, Lithium Ion Battery, Ethylene Glycol, Nano Particles, Phase Change Material. 

I. INTRODUCTION 

 In day-to-day life E-vehicles are increased in numbers to avoid pollution. Electric vehicles use large amount of batteries to 

store energy.  Battery system is one of the major part in electric vehicles, on behalf of that this project has been explored.  

Lithium ion battery system is used in the most of the electric vehicle. Lithium ion battery contains low self discharge rate, 

light weight and high energy density. However, despite their auspicious feature, there are some obstructions with regards to battery 

system such as temperature related issues. The temperature can minimize the lifetime, performance and safety. Temperature 

difference among cells and modules in a battery pack must be controlled else thermal runaway might occur. Thus, an effective 

battery thermal management system is necessary to disappear the excess temperature  in the battery. Moreover, in low temperature 

case, heating is required to ensure the best performance. 

 The goal of battery thermal management system is to increase the life time of Lithium ion cells and thus regulating the 

temperature level and distribution. The vehicle is operated in very high or low ambient temperature battery efficiency will decrease. 

A BTMS is especially necessary when the cells are susceptible to high rates of charging and discharging. Not only the average or 

maximum temperature in a cell influences the aging but also the temperature gradient across the cell. Premature aging of a single 
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cell degrade the performance of the module. The heat is generated due to joule’s heating law. High cell temperature lead to increase 

the internal resistance of the cell which will reduce the output power. As the battery pack increase in size and charge/discharge rate 

more heat energy will generated in them. If this heat does not dissipate properly, it will remains in the battery pack. To made the 

convective heat transfer temperature distribution can done.  

This project aims to analyze and compare the arrangement of pipe and performance of different cooling configuration used 

in the Lithium ion battery module. The comparison is done by simulating the performance of the module using computational fluid 

dynamics software. This software replicates the properties of cell and flow distribution. To analyze result such as maximum 

temperature, temperature difference and the temperature distribution within the cell are compared to each other. 

II. OBJECTIVE 

 The main objective of this is to maintain the energy dissipation of each cell in the module in order to control the 

temperature level of batteries. The dissipation rate of the cells used in the module plays a major role in the energy storage. Due to 

this reason the usage of flow of coolant through various channels is to control the temperature of the battery module and to improve 

the life of the battery. Since the battery is less affected by the temperature change there will be a huge difference in the life time 

working of the battery. In this use the constant heat flux generated in the cells and to find the optimal solution. 

III. CAD MODEL –VARIOUS GEOMETRICAL CONFIGURATION 

Geometric model is generated in “CATIA SOFTWARE” and the generated model is exported to .IGES format as it is a 

third party format. 

IV. 3D MODEL FOR COOLING CHANNELS 
The fluids in the channel can observe the heat of the cell. So, optimize the fluid channel is necessary. The fluids are flow in 

various channel, as shown in the Fig. 1-4. 

A. 1-s Cooling Tube (1-Inlet & 1-Outlet)  

This channel consist of one inlet and one outlet and it is a primitive type. A single channel can flow a entire cell, as shown 

in Fig. 1. A first cell has a minimum temperature and last cell has a maximum temperature. It has a high pressure pump to flow a 

fluid at a edge.  

 

Fig. 1    1-s Cooling Tube (1-Inlet & 1-Outlet) 

B. 2-s Cooling Tube (2-Inlet & 2-Outlet) 

This channel consist of two inlet and two outlet. A single channel can flow a half of the module, as shown in Fig. 2. It has a 

less pressure pump than 1S configuration to flow a fluid at a edge. 
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Fig. 2 2-s Cooling Tube (2-Inlet & 2-Outlet) 

C. Parallel Cooling Tube 

In this type of channel has also one inlet and one outlet. The fluid will not fulfilled to travel in the pipe. The pipe is fitted in 

entire row in the module, as shown in Fig. 3.   

 

Fig. 3 Parallel cooling tube 

D. Parallel Cooling with Smooth Tubes 

In this configuration has also one inlet and one outlet, as shown in Fig. 4. The fluid is fully developed flow in the channel. 

The fluid flow in the smooth way in the tube. So, it is called as Parallel Cooling with Smooth Tubes.   

                                                      

                                                                                         Fig. 4 Parallel Cooling with Smooth Tubes 
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V. SURFACE MESH 

A. Meshing: 

After cleaning up the geometry surface mesh is generated in ANSA tool. All the surfaces are discredited using triangular 

surface element .As the geometry has some complicated and skewed surfaces triangular dominant surface elements are used to 

capture the geometry. The following figure shows the surface meshes and volume mesh in a cut plane. The meshing of various 

configuration as shown in Fig. 5-8. The surface mesh count of the entire flow ,maximum surface skewness, the volume count and 

maximum volume skewness are shown in Table 1. 

 

 

 

 

 

Fig. 5 Surface Mesh for 1-s Cooling Tube (1-inlet & 1-outlet) 

 

 

 

 

 

 

Fig. 6 Surface Mesh for 2-s Cooling Tube (2-inlet & 2-outlet) 

 

 

 

 

 

 

 

Fig.7 Surface Mesh for Parallel Cooling Tube 
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Fig.8 Surface Mesh for Parallel Cooling with Smooth Tubes 

VI. MESH-DETAILS 

 
The meshing of these configuration is very complicated because it has two domain solid and fluid, as shown in Fig.5-8. By 

using the ANSA software surface mesh is generated. The meshing details are shown in Table 1. 

 

TABLE 1 

MESH DETAILS 

Parameter 1S Configuration 2S Configuration Parallel Cooling Tube 
Smooth Parallel Cooling 

Tube 

Surface Mesh Count 4,52,319 4,11,741 4,01,672 5,92,167 

Surface Mesh Quality 0.6 0.6 0.6 0.6 

Volume Mesh Count 11,74,181 11,40,017 11,20,641 1,21,907 

Volume Mesh Quality 0.8 0.89 0.89 0.89 

 

VII. SOLVER-SETUP 

 Coolant Fluid is assumed to be Ethylene-Glycol, Flow is assumed to be 3D,Turbulent and compressible, Flow is assumed 

to be velocity inlet with 0.1 m/s, Air temperature is assumed to be at STP, Cell volumes are assumed to be at constant heat flux  of 

1.66*e^5 W/m2. 

 

VIII. MATERIAL PROPERTIES 

 

To choose four different material and has an different fluid properties as shown in Table 2. In PCM material has both fluid and 

solid properties and the Nano particle is combined with Ethylene-Glycol to become Nano fluid. The Nano fluid has special fluid 

properties based on the concentration.  
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TABLE  2 

PROPERTIES OF MATERIAL 

Properties/Material Symbols 
Ethylene-Glycol 

(Fluid) 

Lithium ion 

Battery (Solid) 
Nano fluid PCM 

Density(Kg/m3) ρ 1097 2560 1169.25 857 

Specific Heat (j/Kg-K) Cp 2200 1000 3500 680 

Thermal Conuctivity (W/m-K) k 0.254 25 0.326 30 

Viscosity (Kg/m-S) µ 0.001003  0.001095 0.00553 

Latent Heat (j/Kg)     223000 

Liquidus Temperature (K)     317 

Solidus Temperature (K)     317.1 

 

IX. RESULTS AND FINDINGS 

 

A. Temperature contours for different geometrical configuration 

       1)  1-S Cooling Tube (1-Inlet & 1-Outlet): For this configuration there is a considerable variation of temperature some cells 

with high temperature (315K) near outlet and low temperature near the inlet. This is because of the reason that the heat is 

continuously added to the cooling liquid. While the high temperature cells produce unfavorable condition,  too much temperature  

variation cause thermal stresses in the Battery system. A single channel can flow a entire cell, as shown in Fig. 1. A first cell has a 

minimum temperature and last cell has a maximum temperature. Maximum temperature is 315K. Minimum temperature is 300K. 

Temperature difference is 15K, as shown in Fig. 9.  

 

 

 

 

 

 

 

 

 

 

 
Fig. 9   Temperature Contour of 1-s Cooling Tube 
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        2)  2-S Cooling Tube (2-Inlet & 2-Outlet):In this configuration  temperature has reduced by 3 K from 1S configuration.Still the 

high temperature cells produce unfavourable condition. This too much temperature variation cause thermal stresses in the Battery 

system in this configuration too. Maximum temperature is 312K. Minimum temperature is 300K. Temperature difference is 12K ,as 

shown in Fig. 10. 

 

 

 

 

 

 

 

 

 

Fig. 10 Temperature Contour of 2-s Cooling Tube  

       3)  Parallel Cooling Tube: In parallel configuration most of the cells have minimum temperature of 307 K. At the same time 

few cells near the outlet region have very high temperature. Maximum temperature is 337K.Minimum temperature is 

300K.Temperature difference is 37K, as shown in Fig. 11. 

 

 

 

 

 

 

  

 

  Fig. 11 Parallel Cooling Tube 

      4)  Optimized Parallel Cooling with Smooth Tube: This parallel configuration with smooth coolant flow channels eliminates 

high temperature cells very efficiently. Maximum temperature is 308K. Minimum temperature is 300K. Temperature difference is 

8K, as shown in Fig. 12.  
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Fig. 12 Parallel Cooling with Smooth Tubes 

X. FINDINGS FROM THE ANALYSIS 

In the base 1S configuration, Heat transfer characteristics are comparably poor due to “Continuously decreasing thermal 

gradient between Cold fluid and Hot cells”. Thus the Cells near the outlet have higher temperatures and in-turn less fatigue life. 

Where as in 2S configuration, the thermal gradient is high in both loops that result in better heat removal. Few cells registered high 

temperatures due to improper design that can be still improved. The average temperature distribution is very low comparing to other 

configurations and it would be the optimum model structure for better heat removal. In parallel configuration the smooth 

configuration  provides the optimum temperature distribution. Thus this geometrical configuration is taken for the further studies. 

 

XI. FINDING THE OPTIMUM NANO PARTICLE CONCENTRATION 

With parallel configuration with smooth coolant path is found to be optimum where the heat transfer is maximum, a study 

is executed with Nano particles are added in to the base fluid. The volume concentration of Nano particles are varied from 0.1 to 

0.4, as shown in Fig. 13-16 and CFD results are taken and compared. 

 

 

                        Fig.13 0.1% Nano particle concentration                                                                                       Fig.14 0.2% Nano particle concentration     

                                                                  

 

                      Fig.15 0.3% Nano particle concentration                                                                          Fig.16 0.4% Nano particle concentration 
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XII. FINDINGS FROM NANO ANALYSIS 

 

With the concentration of  Nano particles increase heat transfer rate increases and after 0.3 again heat transfer rate 

decreases. This is because of the reason the specific heat capacity (Cp) decreases after Nano particles concentration of 0.3 

drastically. Thus 0.3 would be optimum concentration of Nano particles as shown in Fig. 15. 

XIII. MODEL WITH PCM  
 

The PCM used for thermal management have a melting point in the optimum performing range of lithium cells. The PCM 

has high latent heat and acts as a heat sink during battery discharge. When the cells are on standby, the PCM releases heat to the 

cells an environment. The PCM consist of paraffin mixed with graphite flakes. The PCM is introduced in parallel cooling with 

smooth tube configuration and also Nano fluid is introduced in the channel, as shown in Fig.17. The fluid properties are in Table 2. 

It act as a hybrid thermal management system. 

 

 

 

 

 

 

 

 

Fig. 17 PCM Cells 

 

XIV. DOMAIN DISCRETIZATION WITH PCM 

 

The meshing of parallel cooling with smooth tubes and PCM material are shown in Fig. 18. With the inclusion of  PCM 

temperature distribution on the cells has found to be uniform and minimum at 304K, as shown in the Fig.19. But due to the space 

available very little PCM can be introduced for the given arrangement of cells. 

 

 

 

 

 

 

Fig.18 Mesh on PCM 
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Fig.19 Temperature Contour of PCM with 0.3% Concentration of Nano fluid 

 

XV. CONCLUSION 

Thus an exclusive and extensive analysis is executed using computational fluid dynamics (CFD) for the understanding the 

impact of enhancing the rate of heat transfer by varying geometrical configuration, using nana particle with the base fluid and 

adding PCM in the available space. From a detailed analysis of EV using CFD for various geometrical configuration, different 

concentration of Nano particles and PCM it was found that Parallel configuration with smooth coolant path found to better. A Nano 

particle concentration of 0.3% was found to be optimum for higher heat transfer rate. PCM concentration shows good heat transfer 

characterises  still PCM materials are costlier. Thus Parallel configuration with smooth coolant path allied by 0.3 concentration of 

Nano particles found to be the optimum model. 
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Abstract:    Tribological performance of TiAlN/WC-C multilayers proceeding covering inserts through machining 

process. The element of the wounding instrument impacts the excellence of the machining of a substantial. Snapping is 

the highest sensation that disturbs lifetime of an instrument then essentially the excellence of the handled creations 

inclined. The base of this pole investigation effort facts through development of wear conflict an instrument completed of 

tungsten carbide (WC) over and done with solitary then many coverings. The WC-C/TiAlN multifilms remained useful to 

the exterior of the instrument insert through resources of the cathode arc vaporization development smeared. Aimed at 

assessment existed likewise solitary TiAlN then dual TiAlN/WC-C films formed. Micro strength, the exterior unevenness, 

the attire performance then the amount of resistance stood strong-minded consuming a knop rigidity sample, an exterior 

unevenness sample in addition to a CNC lathe mechanism apparel sample investigated. The manifold films since 

TiAlN/WC-C displayed in assessment of the further high layer models then the complicated substance (WC) a lesser 

number of resistance, fewer apparel harm then developed rigidity (24.47 GPa) which designates the confident inspiration 

of the tough multifilm stays owed.  

Keywords—Tribological performance of TiAlN/WC-C,multifilms ,TiAlN  

I. INTRODUCTION 

 

Coating on wounding tool is an efficient way to improving tool performance while fabricate hard to machine 

substances. The must for excessive productivity then accuracy in alloy fabricate has leads to the development of 

hard coatings on the wounding tools. Hard coatings have a more range of scientific uses payable to their 

developed mechanical, Tribological, biological then physical belongings. In now a days wear resilient high hard 

coverings in solitary film then multifilm method implement that got an inordinate crack through in alloy 

wounding industry [1]. The hard/easy covering include a less inner stress TiAlN (rigid film) of medium micro 

hardness then less coefficient of friction [2].Conducted experimental working desiccated revolving of austenitic 

stainless steels cemented carbide material covered through TiCN/TiC/Al2O3 then TiC/TiCN/TiN multifilm 

coverings, then initiate that the machined apparent smoothness standards are pretentious through the coating 

quickness [3]. The wear performance then life of a tool delivered through a surface film/carbide tool through the 

excessive best mixture of the covering/substrate belongings [4]. The mechanical Tribological belongings of 

nanostructured TiN/TiBN multifilm coating as a purpose of bifilm thickness equipped by at room temperature 

through responsive unstable magnetron sputtering in an N2-Ar gas combination consume considered [5].  

The dual reversion calculations attained aimed at surface smoothness then MRR through esteem to fabricate 

through an uncovered tools then also through coated tools are enhanced in every through since them such as 

various purposes, it may be attributed to the detail that the top skill-off resolution are excessively delicate 

towards the standards practiced [6]. This process containing various records of the COF, then visualizations of 

wear materials then the uses of PVD-TiAlN coated inserts [7]. The wounding performance of SiAlN brick 

wounding inserts was developed through generating TiCN coverings on the supplements of nickel-founded 

composite revolving in desiccated situations then the level of frictional wear of covered inserts is lower than the 

uncoated inserts [8]. The outcome of the wounding quickness proceeding a device lifetime then the wear 

machinery, the surface excellence of the machined work pieces were calculated through a sequences of turning 

experiments [9]. The increment of feed amount increase the energy, surface roughness then tool wear rate are 

improved as wounding velocity increased then declined for energy [10]. The multifilm coating at 10nm bifilm 
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historical then equivalent to separate film thickness fraction, a mixture of best mechanical belongings, 

Tribological performance also adequate hardness with an typical rigidity of 31 GPa, flexible modulus of 320 

GPa then low COF of 0.49 consume attained in this project [11]. Increased extra range of films in multifilm 

coatings increased the surface quality then as a good surface finish (0.219 µm) was attained. Through increased 

in load, the coefficient of friction of multifilm coating declined (0.43) then the wear loss was raised when 

sliding for long distances (1900 m) [12]. The paste wear, rust wear then dispersion wear are the central wear 

machineries of the covered device. The TiO2 is made on the tattered surface that may increase the rigidity of the 

wounding zone then show the part of thermal protection then decrease the roughness quantity, can improve tool 

life [13]. The definite methods then logical approaches going on short position cross section of covered 

experiment surface then best study of revetest abrasion analysis ways to find the operational then mechanical 

belongings by the conversion section among WC-C then TiAlN film [14]. The study distribute that TiN layer 

fixed through Si may be useful in refining the wounding inserts used for cast iron. Proof of a decline in hollow 

wear was detected used for the layer placed areas then movement fraction decreases the abrasion at the bit insert 

edge then the consequent profligate wear [15]. TiAlN/CrSiN multifilmed high films through bifilm stages series 

since 6 towards 40 nm were organized through the oscillating unbalanced sensitive beat Direct Current 

magnetron spluttering method effectively then flexible distortion conflict then Tribological results has been 

attained in this process [16]. The descending abrasion path finished the starting period then steady wear period 

through the descending interval, at the greater realistic weight then the lesser oscillation of the abrasion quantity 

was offered finally the titanium oxide was designed then can increase the wounding performance [17]. The 

AlCrN/AlCrSiN-Ni covering deliver the finest cut snap transmission conflict then the greater mechanical 

belongings to uniform coverings increase the wear conflict of AlCrN/AlCrSiN-Ni multifilm at RT then 600ºC 

[18]. 

 

II. EXPERIMENTAL SETUP 

 

Solitary film through multifilm covering be arranged in extensive curve departure through in an engineering 

testimony method (OerlikonBalzers). The device be qualified through eight extensive curve sources. The eight 

sources be used to put a thin film of TiAlN/WC-C of nearly 0.5 µm thickness on the cutting tool insert. The 

depositing solitary films, (TiAlN/WC-C) customized produced in targets be employed as a curve source. The 

round plate produced adapted provided in target be fixed. Within the cubicle through the covering procedure in 

all things. The list of procedure parameter be listed Table 1. Before to testimony, all the stratum be clean using 

an ultrasonic pre cleaner through using an ultrasonic remove device through few tank together through a boiling 

sky drier used for 1.5 h. A drawing of the testimony method is represented in Figure 1. Titanium, Aluminum or 

carbonitride through hard carbon materials of WC-C be positioned as target on the inside of the cubicle surface 

to put down multifilm through solitary film covering independently on the tool substratum (tungsten carbide 

insert) through a substratum present of 18.5 A be complete to the cubicle. The substance composition of the 

tungsten carbine is delivered Table 2. The tungsten carbine has a hardness of 19 GPA. The insert include the 

numbers having ISO description CNMG 120408 (80º equilateral) through harmful collect viewpoint through 

edge radius of 0.8 mm. The response of the claret immediate gas nitrogen (N2) be included through the 

departure procedure. The action of exciting through ionization preserve happen through the contact through the 

ionized metal irons, which hard shape slim film on the outside of substratum. The argon gas be produced inside 

the cubicle to protect the physical vapor testimony (PVD) process & maintain an inert atmosphere inside the 

cubicle. The argon gas force range begin 750 to 850 sccm, through the nitrogen gas force ranges begin 1000 to 

1200 sccm based on the cubicle force in maintain because 3.2 × 10^-4 mbar. The heat of testimony is maintain 

through controlled on 450 ºC using temperature transducers.  

The initial pressure during testimony is set to 4.5× 10^-4 mbar. A bias voltage for the substratum period of 

testimony of coating is given as 200 V. The micro hardness of coated cutting tool be tested in using Waldport 

Wilson instrument of knap rigidity test 400 sequence model through a load of 1 kg through reside instance of 10 

s in shape pink .diffusion deepness range starts through 0.85 to 1.2 mm. Four measurements be in use to every 

model through the normal charge be noted. outside bumpiness of coated inserts be calculated in mitutoyo 

surface test SJ-411 outside bumpiness test through 1 is X-axis move series through a rate of 0.5 mm × s^-1. 

Four measurements be in use of every model surface through normal rate be report. The TiO2 Nano stabilizer 

deionized stream base lubricant be arranged follow the run plan exposed in Fig. 2. TiO2 Nano particles be 

varied into the deionized stream in mechanical rousing. After that surfactant be regularly additional keen on the 

resolution, which acts as a surfactant of TiO2 in arrange to pick up the dispersive land of the Nano particle. The 
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substance composition of arranged lubricant are delivered in Table 3. The dissimilar lubrication situation 

(exposed in the table 3 as number 1-3) be useful for Tribological tests. The arid through water lubrication 

conditions be used as a standard in link on the lubrication effect of as arranged deionized stream based Nano 

additive lubricants. The deionized stream based lubricant be collected of diverse throng fraction of TiO2 Nano 

particle through surfactant mass fractions. Tribological tests be conducted using a CNC lathe device. 

 

 

 

 

Table 1: Coating deposition parameters 

 

 

 

 

Table 2: The Biological composition of tungsten carbide insert 

 

 

 

 

Table 3: The biological compositions of prepared lubricants 
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Fig 1: Cathodic arc evaporation process diagram 
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Fig 2: the movement diagram of research of TiO2 Nano deionized centered lubricant 

 

 

 

Deionized 

water 

TiO2 

nanopartic

les 

Mixture 

solution 

Solvent  

Lubricant 

solution 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue V, May-2020

ISSN NO: 1781-7838

Page No:287
Page 1736 of 3066Page 1736 of 3066



III. RESULTS THEN DISCUSSION 

 

Types of mechanical belongings be delivered within Table 4. Stiffness of different covering be measured at 

room temperature through the values be noted as shown in Figure 3. It be experimental the multifilm 

(TiAlN/WC-C) covered inserts own high stiffness of 22.108 GPa. The higher stiffness of multifilm covered 

include compared toward solitary film through bifidly introduce be probably due to the existence of aluminum 

nitride through hard carbon (WC-C) film. The normal stiffness of solitary film TiAlN through uncovered tool 

(tungsten carbide) place in be about 20.8 through 19.1 GPa, respectively. 

 

 

Table 4: Types of mechanical belongings be delivered 

 

 

Fig 3: Hardness of coated tools 

 

Figure displays the frictional conduct of uncovered and covered apparatuses. At chamber heat, down resistance 

among uncoated and coated apparatuses shows a fast increase and then continues at a reasonably fixed cost of 

about 0.68, 0.58 for TiAlN, TiAlN/WC-C covered apparatuses and 0.8 for the uncovered apparatus. This 

strident rise in fight amount of conflict accords with apparel of the solid and expressions equal conduct as the 

apparel level. After the apparel outcomes, multilayer covering tips to a rise in stiffness and as an outcome to a 
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reduction of an apparel level and resistance number of resistance. The external irregularity of multilayer 

coverings was connected to the resistance number of resistance, as exposed by extra detectives. As shown in 

Figure 4, the irregularity of TiAlN/WC-C multilayer coverings was almost 0.139 µm already and 0.146 µm once 

apparel check, correspondingly. These properties appearance the well contest to number of resistance coverings. 

In adding, collective the number of films and familiarizing solid carbon in multilayer coverings led to an 

advanced external similarity and compact the friction number of resistance. As a number of films was improved 

since 1 to 2, the similarity of multilayer covering was better due to the rise in time of argon attack. Figure 6 

shows the differences of number of resistance and wear rate of multilayer TiAlN/WC-C covered instrument with 

lots at a continuous down speed 1.5 m × s1. When the weight is lesser than 5 N, the number of resistance is 

about 0.57 and the apparel loss is lowest. By rise of load the number of resistance drops who’s lowest is 0.43 

and the apparel cost of multilayer covering increases. Figure also depicts the rise in volumetric apparel rate with 

rise the usual weight inside the experimental series. Improved exterior irregularity later apparel check then huge 

amount of apparel fragments remain thought to be answerable for the reduction in resistance amount of conflict 

through the rise in natural weight. The period of chafing caused in broad scrubbing of apparent films, which 

produces great resistance strength owed to the plowing outcome stuck between the exteriors that information to 

harm of material. The rise popular volumetric apparel then apparel amount, in addition to the irregularity 

exterior, is owed to the growing weight during the experiments. 

 

 

Fig 4: Exterior seediness outcomes 

 

Figure 5 displays the SEM image of uncovered device then additional apparel is engaged in this image EHT = 

10.00 kV, Mag = 100 X, WD = 7.9 mm, signal A = SE2 then distance is 200 µm. Figure 6 displays the SEM 

image of TiAlN covered device then certain quantity of apparel was abridged in this image EHT = 10.00 kV, 

Mag = 150 X, WD = 8.1 mm, signal A = SE2 then length is 100 µm. Figure 7 displays the image of TiAlN/ 

WC-C multifilm covered device then apparel is abridged related to TiAlN covered device is exposed in this 

image EHT = 10.00 kV, Mag = 100 X, WD = 8.1 mm, signal A = SE2 then length is 100 µm. 
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Fig 5:  SEM image of uncovered device then additional apparel is engaged in this image EHT = 10.00 kV, 

Mag = 100 X, WD = 7.9 mm, signal A = SE2 then distance is 200 µm 

 

 

Fig6: displays the SEM image of TiAlN covered device then certain quantity of apparel was abridged in 

this image EHT = 10.00 kV, Mag = 150 X, WD = 8.1 mm, signal A = SE2 then length is 100 µm 
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Fig 7: displays the image of TiAlN/ WC-C multifilm covered device then apparel is abridged related to 

TiAlN covered device is exposed in this image EHT = 10.00 kV, Mag = 100 X, WD = 8.1 mm, signal A = 

SE2 then length is 100 µm 

 

 

VI. CONCLUSIONS 

TiAlN/WC-C multifilm coverings be situated positively dumped through Cathodic sweep vaporization method 

proceeding tungsten carbide wounding device insertion. Greater rigidity (24.47 GPA) stood detected designed 

for the TiAlN/WC-C multifilm covering and single film (TiAlN) coverings. That one stood similarly observed 

that TiAlN/WC-C covering exposed well development in apparel amount (52%) associated towards the 

uncovered device. Improved amount of films in multifilm covering improved the exterior similarity then as per 

an outcome worthy exterior quality (0.219 µm) stood attained.  
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a b s t r a c t

FSW parameters to fabricate the dissimilar materials of Brass-Copper joints without any defects. It eval-
uated by microstructural characteristics, mechanical behaviour of the welded joints. In this process tool
cylindrical shoulder produced frictional heat among tool shoulder and base materials. Commercially size
of plates 100 � 50 � 6 mm Br and Cu were welded by machine parameters of rotational speed 1200 rpm
travel speed of 50 mm/min and an axial force of 8 kN without any tilt. The made-up of FSW specimens
characterized microstructures by Optical Microscopy (OM) and Scanning Electron Microscopy (SEM).
Observed microhardness by Vickers hardness tester. The observed stir zone area properly joined in dis-
similar metals without any defects and enhanced the microhardness value.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

In the FSW process, the welding takes place at a high tempera-
ture far lower the melting temperature of the material specimen.
Produced frictional heat is between the rotating tool base metal
made to weld together. The frictional heat sources of specimens
become to softer under the melting temperature and travel beside
the weld tracking line attains. Defect-free weld of the copper and
brass attained by FSW made out100 mm/min constant welding
speed [1]. The influence of different speed inputs on Cu–30Zn brass
alloy examined microstructure and mechanical behavior of the
welded zone [2]. The thickness of 5 mm copper plates fabricated
by FSW and investigated by microstructure characteristics, heat-
affected zones and mechanical behavior of welded area [3]. The
distribution of heat beside the weld was examined and microhard-
ness evaluated by Brinell’s hardness test on alloy materials [4]. The
characteristic of mechanical properties observed on aluminium
specimens assessed by microhardness and tensile tests [5]. There
is no defect of copper welds attained heat input below
400–800 rpm of rotational and travel speed 50 mm/min [6]. FSW
process successfully fabricated by brass plates in various tool rota-
tional and various welding speeds. Fabricated specimens studied
mechanical behavior and microstructures [7]. Consuming friction

stir welding Al and Cu simply welded through offsetting the tool
to the aluminium side. Fabricating attain good bonding of grain
structure on the Al-Cu interface thin layer [8]. The axial load dis-
plays a high effect on the mechanical behavior of tensile strength
by tool travel and rotational speed [9]. For the duration of welding
process friction heat produced mechanical behavior of fatigue and
tensile strength is detailed in various welded aluminium alloys
[10]. The three-dimensional model is recognized to energy gener-
ation, material flow, and heat transfer in aluminium alloys by
FSW [11]. This investigation 6 mm thickness Cu and Br were
welded at 1200 rpm rotational speeds with 50 mm/min travel
speed of and10 kN an axial force. The welded zone recrystallization
of grain structure happening for the duration of the friction weld-
ing process. The microstructure is evaluated by optical microscopy
it observes particles distribution in the welded area confirmed
through SEM and the microhardness test was done for the stir zone
microhardness range. The microhardness value is higher than the
base metal.

2. Selection of material and process parameters

2.1. Selection of brass and copper

FSW also fabricates joining the dissimilar materials of copper
and brass plates. Cu has electrical and thermal conductivity is high.
Brass material is generally manufactured by collaborating zinc and

https://doi.org/10.1016/j.matpr.2020.03.740
2214-7853/� 2020 Elsevier Ltd. All rights reserved.
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copper alloyed, it simply formed and excellent forming, electrical
conductivity, drawing, and high strength. Hence, challenging to
fabricate the fusion welding process to zinc attain the evaporation
develops the main problem for the duration of the welding process.
At the end of the welding stage, the porous formation attained the
welded joints. Hence, copper and brass were failed its chemical and
physical properties it generally retains. Therefore Cu and Br were
carefully chosen for the FSW. In cooperation, the plates cut into
the required size of 100 � 50 � 10 mm by Electrical Discharge
Machining (EDM) the specimen plates as shown in Figs. 1 and 2.

2.2. Material composition

The composition of Cu and Br as given in Table 1.

2.3. FSW process parameters

The FSW is influenced by an axial load, tool pin profile, the tool
rotational, traverse speed, and the material characteristics.

2.4. Tool design

The tool design importantly influences the homogeneity of
welded joint of the dissimilar metals, the heat generated for the
duration of the welding process. This tool produced the maximum
amount of heat on the tool shoulder and avoiding the material
plasticized flow from the workpiece. Although the flow of material
moves equally the tool shoulder and pin. The H13 tool steel tool
takes hardened up to 58 HRC was double tempered is given as
shown in Fig. 3.

3. FSW fabrication procedure

Fig. 4 displays the FSWmachine fabrication work was done. The
Cu and Br plates clean of oil and minute dust particles and to be
welded as per the dimensions and. Following placed Cu and Br
plates clamped on the fixture. The rotational speed for this exper-
imentation is selected as 1200 rpm rotational, 50 mm/min trans-
verse speed and an axial load of 8 kN to generate frictional heat.
The tool travel along with the axis to be welded.

In this experimentation weld zone grain structure observed by
OM and SEM mechanical properties measured by Vickers hardness
testing machine. The friction stir welded specimens reveals there is
not seen any defects like crack, porous, and holes, etc., displayed in
Fig 5.

4. Results and discussion

4.1. Evaluation of microstructure

The SEM micrographs of the FSWed stir zone as display Fig. 6 it
revels highermagnification of stir zone is a function of volume. High

Fig. 1. Brass plate.

Fig. 2. Copper plate.

Table 1
Chemical composition of Cu and Br materials.

Material Zn Sn Pb Fe S P Al Ni Ti Cu

Copper 0.05 0.1 . . .. . . .. 0.09 0.03 0.03 0.02 0.01 Balance
Brass 38.55 0.30 3.44 0.19 . . .. . . .. . . .. 0.02 . . .. Balance

Fig. 3. FSW tool.

Fig. 4. FSW machine.
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rotational speed size of the particle interspacing between decreased
in the stir zone. The materials grain particles uniformly distributed
in the welded zone clearly seen. The frictional heat generation due
to material attained plasticized material flow during FSW.

4.2. Optical microscopy test

The optical micrographs of FSW specimens are displayed in
Fig. 7 it observed grain structure dynamically recrystallized in
the welded area. These demonstrations of copper and brass parti-
cles are uniform distribution and fine grain structure welded area.
Fig. 8 the stir zone attained various mechanical effect center
regions of the welded zone if received as fine and equalized grain
structure depends on frictional heat.

4.3. Microhardness test

The microhardness of welded area measured by Vickers hard-
ness testing machine at 450 g load applied for 10 s in stir zone
locations. The Vickers hardness testing machine as shown in Fig. 9.

The welded specimen’s hardness as shown in Fig. 10. Welded
zone hardness found is maximum when compared to the other
zones based on optimized process parameters. Increasing tool rota-
tion speed becomes the microstructural level of grain size reduced
in stir zone and also increased the value of microhardness up to
126 HV of the welded zone.

Fig. 7. Optical micrograph of friction stir welded (a) specimen 1, (b) specimen 2.

Fig. 6. SEM micrograph of welded zone.

Fig. 5. (a) Br and Cu welded specimen 1. (b) Br and Cu welded specimen 2.
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5. Conclusion

The friction stir welded specimens evaluated by microstructural
and mechanical properties outcomes, the leading conclusions as
follows:

� The defect of welding was not found in the welded zone based
on optimized FSW processing parameters.

� The fine and equalized grain structure seen in the welded joints.
It was attained by the welded zone dynamically recrystallized
compared to the base metal.

� SEM and OM observed the Cu and Br presence of particles uni-
form distribution of the entire welded zone.

� The welded zone microhardness value 126 HV was received it
higher than that other area of Br and Cu metals.
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Fig. 8. Optical micrograph of welded zone.

Fig. 9. Microhardness testing machine.
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a b s t r a c t

Gas Tungsten Arc Welding is one of the widely used welding techniques mainly in stainless steel appli-
cations. The major objective of this project is to weld two dissimilar stainless steel plates SS304 and
SS316L by TIG welding and Activated TIG welding along with analyzing the mechanical and microstruc-
ture properties of the welded joints to find their applications in food processing machine. Two dissimilar
metals of 6 mm thick AISI 304 and SS 316 L stainless steel plate are welded by Activated Tungsten Inert
Gas welding and Tungsten Inert Gas welding ‘‘V” butt joints. The activated flux used in this welding such
as aluminium oxide, copper oxide which increases the weld penetration of the joint and also to done the
welding in single pass. The life span of many food processing machines has been reduced over the years
due to low quality welded joints in the machine or has not fulfilled the estimated life span of the machine
due to their poor quality of joints and the materials of the machine could not adopt the working condition
of the machine. The experimental investigation shows that the A- TIG welding has high weld strength
than TIG welding.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

GTAW is something else called as Tungsten Inactive Gas weld-
ing in mechanical applications. It is one of the broadly utilized
welding in all applications. TIG Welding may be a manual welding
handle allowing the welder to use two welding hands distinguish-
ing TIG welding frommost other welding shapes is how the bend is
made and how the filler metal is used. When one hand TIG Weld-
ing is used to hold the TIG burn which transports the circular seg-
ment and the other hand is to include the filler metal in the weld
joint. Since two hands are required to weld TIG welding, it is the
most difficult and the most flexible for different metals. This proce-
dure is moderate but it conveys the foremost fabulous weld. TIG
welding is for the foremost portion utilized for fundamental weld
joints, welding metals other than essential steel, and where cor-
rect, small welds are required [1–5]. Devendran et al. reported that
made SS 304 similar welded joints without using any type of fluxes
in the welding process and found that failure of many food pro-

cessing machines due to failure of welding joints in the compo-
nents of machine. The author whom subjected SS304 similar
metal welded joints to different testing that gave various parame-
ters of mechanical properties of SS304 welded joints. They found
the properties of SS 304 similar joints with extreme working con-
dition [1]. Klobcar et al. detailed that the impact of flux helped
tungsten idle gas welding (GTAW) of 10 mm thickness on austeni-
tic stainless steel (SS 304) within the butt joints utilizing TIG and
A-TIG welding to discover that higher weld infiltration of welded
joints. The A-TIG welded joints have tall weld entrance due to
the impact of flux fabric in it [2]. D. Simhachalam et al. concen-
trated that the affect of welding prepare parameters on the
mechanical properties of solidified steel 304 (18Cr-8Ni) welded
joint got by TIG welding. The method parameters such as welding
current, filler pole diameter, Gas flow rate at the side shifted the
parameters and analyzed the mechanical properties at that point
compared with the results [3]. Radha Raman Mishra et al. The dis-
parate metal joints of have been risen as an assistant fabric for
diverse mechanical applications which gives awesome blend of
mechanical properties like quality, erosion resistance with lower
fetched. Determination of joining handle for such a fabric is
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troublesome due to their physical and chemical properties. The
comes about were considered for different joints made by TIG
and MIG welding strategies and it was observed that TIG welded
divergent metal joints have best physical properties over MIG
welded joints [4]. ManabendraSaha et al. was pointed at minimiz-
ing the deformity in weld joint in stainless steel SS 304 sheet for
making strides quality and toughness of the take note structures.
In this way done TIG welding of stainless steel SS 304 by utilizing
distinctive welding parameters brought about in change in welded
joint pliable quality and hardness by 10.56% and 7.36% beside tiny
investigation [5]. LI Qing-Ming et al. Extraordinary course of action
of water-cooling system and stainless steel were utilized as parent
fabric. Amid welding handle, fast camera system and oscillograph
were utilized for catching provoke circular section shape and bend
voltage independently. The exploratory comes about illustrate that
the movement can increment the circular segment voltage
whereas has no the affect on bend voltage. Compared with the cus-
tomary tungsten dormant gas welding (C-TIG), it is found that the
circular segment portion state of A-TIG welding utilized with the
movement has changed clearly [6].

AtulBabbar et al. This paper mainly involves those different
components fluxes which were used in A-TIG welding on SS 304
plates. They were made SS 304 welded joints and found depth of
penetration, tensile test, micro hardness, and metallurgical proper-
ties on the welded joints. This results which resembles that the A-
TIG welding which produces better welded joints by the results of
tensile test as well as it produce defects free welded joints [7].

Jeraldnavinsavio et al. (2019) found that the strength of SS 316 L
and AISI 430 of dissimilar joints along with the tensile test and
impact test. This Evaluation will be usable for examining the struc-
tural – property connections of dissimilar weldmentsutilizing dif-
ferent filler rods and the mechanical properties of the specimen
analyzed [8]. AakankshaJadhav et al. (2018) A-TIG welding process
parameters which is utilized to controlling the infiltration of SS
304 weld and hardness comparative welded joints conjointly it is
utilized to deliver imperfection free welded joints. A-TIG welding
parameters such as current, gas stream rate and actuating fluxes
such as silicon oxide, zinc oxide and their combination are opti-
mized [9]. Friction Stir Processing (FSP) is a procedure to modify
the changes in surface of the metal which provides the consider-
able change in microstructure and other properties [1–3]. FSP has
the ability to process thermo mechanically in selective locations
on the metals surface and it has some depth allowance to change
specific properties of specimen or metal. FSP was modified sup-
ported on the concepts of Friction Stir Welding, but FSP is used
to change the local microstructure and doesn’t actually join the
metals together. Friction stir processing is by consistent welding
speed of 10 mm per minute. The Al2024 is reinforced with the
reinforcements such as Si3N4 and AlN in various compositions
by using FSP, and then the mechanical properties and
its microstructure were investigated properly. The Al2024
specimen used for this FSP process has the dimension of
100 mm � 50 mm � 10mm. The microstructure, hardness and cor-
rosion resistance of specimen is examined in friction stir processed
zone of Al2024 specimen is reinforced with Si3N4 and AlN [4–7].
The hardness of Al2024 is done with help of Vickers Hardness
and corrosion resistance is tested in room temperature. The scan-
ning electron microscopy (SEM) and optical microscope utilized
to magnify and observe microstructure of specimen element. Fric-
tion stir processing to add the reinforcements are done under the
low heat input conditions, rotational speed of tool is 1000 rpm
and feed rate of tool is 10 mm/min [7–10]. The friction stir pro-
cessed Al2024 specimen has various compositions in their rein-
forcements added in it. Those specimens are tested to get the
best reinforcement composition. A using friction stir process metal
like aluminum and reinforcements such as Si3N4 and AlN were

easily joined and provides good metallurgical bonding with the
base metal Aluminum. The Al2024 is reinforced with the reinforce-
ments Si3N4 and AlN in various composition by using FSP at con-
stant rotational speed of the tool is 1000 rpm, feed rate of tool is
10 mm/min and axial load applied is 10 KN [11]. The grain recrys-
tallization structure occurred at the welded zone during the fric-
tion stir processing is tested using light microscope and scanning
electron microscopy (SEM). The friction stir processed zone is
audited by Vickers hardness test performed for the hardness and
corrosion resistance test is done.

2. Material and method

2.1. SS304 and SS316L

SS 304 is the foremost by and large utilized austenitic treated
steel. It is something else called ‘‘18/8” tempered steel of its amal-
gamation, which joins 18% chromium and 8% nickel. SS 304 treated
steel has incredible forming and welding properties fair as erosion
resistance and quality. Type 304 evaluation treated steel is likewise
found in sinks, tabletops, espresso pots, coolers, stoves, utensils,
and other cooking machines. It can withstand corrosion that can
be brought about by different synthetic compounds production
found in organic products, meat, and milk. Mechanical properties
and chemical composition of the metals are shown in Table 1
and Table 2 respectively. Major difference between the SS304
and SS316 L is the Mo element as shown in the Table 2.

SS 316 L steel is an austenitic chromium-nickel stainless steel
that contains some place within the run of two and 3% molybde-
num. The molybdenum substance builds erosion resistance, makes
strides security from setting in chloride molecule courses of action,
and grows quality at tall temperatures. SS 316 L assessment tem-
pered steel is particularly compelling in acidic circumstances. This
assessment of steel is concentrate in securing against disintegra-
tion brought around by sulfuric, hydrochloric, acidic, formic, and
tartaric acids, fair as corrosive sulfates and fundamental chlorides.
SS 304 and SS 316 L is considered and initially bought a material in
the dimensions of 300 � 150 � 6 mm which is taken for the pur-
pose. We bought 4 plates of SS 304 and 4 plates of SS 316 L for
making 4 dissimilar of welded joints. SS 304 and SS 316 L two dis-
similar metals which were undergo cleaning properly with acetone
to remove foreign particles. There are 4 specimens which were
used in this experiment such as one specimen was welded by
TIG welding and other three specimens were welded by A-TIG
welding using activated fluxes such as aluminium oxide, copper
oxide and combination of both flux in a single specimen. The flux
material such as aluminium oxide, copper oxide mixed with the
solvent methanol in the ratio of 1:1 and to make flux paste to apply
at the area welding to be done by using paint brush. The coating of
flux paste along the width of plate 6 mm and thickness about
2 mm on surface of the plate to be weld with the coating density
of 10 mg/cr. Before that the material which already undergo sam-
ple preparation with 45degree ‘V’ groove taken by hand grinding
machine along with 2 mm root height on the edge of the two
plates. This procedure which was done on the two plates and the
final weldments groove angle became 90 degree. It will increase
the weld penetration of the two joints. Then the surface of the plate
which was cleaned and it was undergoing to welding area.

2.2. TIG welding and A-TIG welding parameters

Tungsten Inert Gas welding is one of the important welding
processes which are widely used to be weld stainless steel applica-
tions. There are two types which are available TIG and A-TIG which
means welding without flux and welding with flux. The trails runs
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have been done conducted to find the welding parameters which
suitable for our using factors. We were used constant welding
parameters for all specimens to be welded. From the trails we have
been finalized the important parameters for welding. In first phase,
welding was done without flux which means not applying any flux
at the area where welding to be done. In another phase welding
was done with flux and flux paste applied manually by paint brush.
The welded specimens are shown in Fig. 1 and Fig. 2. Welding
parameters are shown in Table 3.

In the wake of welding, the TIG welded work piece is considered
and different test performed on it. However, this paper contains
just destructive test like tensile test and Hardness test. Alongside
metallurgical properties investigation of the example is led. The
welded work piece was cut by wire EDM machining into required
specimens for testing.

3. Results and discussion

3.1 Tensile test

The tensile test was conducted on the TIG welded and A-TIG
welded work piece. The work piece which is cut on the basis of
ASTM-E8M-04 which is shown on fig and the 4 different work
pieces are cut into 4 specimens for testing. The specimen which
shown on Fig. 3a–c. The welded specimen is attached between
the cross head of UTM machine for tensile test. There are two
crosshead is present in the machine one is movable and another

one is fixed. The specifications of the machine which have loading
range of 20000 N and extension range 50 mm. The load is given to
the specimen from 0 N which is set on the machine. The values are
recorded, shown on the table and plotted on the graph. After test
conducted specimens are shown in Fig. 4a–d. Load of tensile test
for various specimens are shown in Fig. 5.

Fig. 6 shows the ultimate tensile strength of weld metal using
welding parameters. Flux material, time, current is taken in
account for the tensile testing. The oxide fluxes create a main func-
tion in tensile strength of weld metal. The AL2O3 flux has higher
tensile strength of 182 N/mm2. The CuO flux has little more tensile
strength than without flux. Combination of the AL2O3 and CuO flux
having the less tensile strength while compare with the AL2O3 flux
alone. It clearly shows that the CuO flux reducing the tensile
strength while the AL2O3 increasing the tensile strength.

Table 1
Mechanical Properties of SS304 & SS316L.

Grade Tensile Strength (Mpa)min Yield strength 0.2% proof (Mpa) min Elongation (% in 50 mm) min Hardness

Rockwell (HRB) max Brinell (HB) max

304 515 205 40 92 201
316L 485 170 40 95 217

Table 2
Material Composition of SS304 & SS316L (in %).

Grade/Element Mn C S P Si Fe Ni N Cr Mo

304 2.00 0.08 0.03 0.045 0.75 50 8 0.10 18–20 –
316L 2.00 0.03 0.03 0.045 0.75 50 0.10 8 0.03 18

Fig. 1. A-TIG Welding specimens.

Fig. 2. TIG welding specimen.

Table 3
Welding Parameters.

Parameters Values

Current (Amps) 120–150 A
Voltage (V) 16–18 V
Gas flow rate (lit/min) 18
Travel speed (mm/min) 3.5
Heat input (KJ/mm) 2.35
Shielding gas Argon
Stand-off distance (mm) 3
Flux material AL2O3, CuO
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3.2. Hardness test

Hardness of the fabric is characterized as the capacity of the
fabric to resist plastic wrong happening by ordinarily indentation.
The factors which also makes hardness very important for a mate-

rial such as abrasion, cutting, penetration and scratching. In engi-
neering point of view, hardness is one of the important
properties for anengineering materials. The specifications of the
test are,

Machine Name: Rockwell Hardness Tester
Testing load range: 10 Kgfto 150 Kgf
Used load for all specimens: 100 Kgf
Ball indentation size: 1/16 size

Hardness test results are plotted in the graph and the results are
shown in Fig. 7a–d.

Fig. 3a. Flux AL2O3.

Fig. 3b. Flux CuO.

Fig. 3c. Flux AL2O3 + CuO.

Fig. 4a. Tensile tested specimen (CuO).

Fig. 4b. Tensile tested specimen (AL2O3).

Fig. 4c. Tensile tested specimen (TIG).

Fig. 4d. Tensile tested specimen (AL2O3 + CuO).

Fig. 5. Tensile load of the specimens.
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Graph shows that the AL2O3 flux assisted weld zone has the
high hardness. As per the hardness results, AL2O3 flux assisted
weld has more hardness value of 87.9 Hv than the Cuo flux assisted
welding and without flux assisted welding.

3.3. Analysis of SEM images of tensile specimen

The broken tensile specimens were ultrasonically cleaned, and
SEM was used to analyze the fracture surface in the broken area.

SEM images of both base metal and welded specimen were
obtained for tensile fracture analysis. The images are classified into
four types according to usage of the flux materials.

Fig. 6. Tensile strength of specimens.

Fig. 7a. Hardness of TIG welding.

Fig. 7b. Hardness of A-TIG welding (AL2O3).

Fig. 7c. Hardness of A-TIG welding (CuO).

Fig. 7d. Hardness of A-TIG welding (AL2O3, CuO).

Fig. 8. SEM image TIG welding spot without flux.
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Fig. 8 shows the SEM image of TIG welding without any flux
assisted. The structure is uniform and there is no defects, grain
growth. Fig. 9 shows the AL2O3 flux assisted welding image. In this
the grain growth is formed and the structure is closely packed.
Fig. 10 shows the CuO flux activated welding image and this
formed the several voids which leads to the poor hardness and ten-
sile strength. Fig. 11 shows the AL2O3 and CuO combined flux acti-
vated welding image. In Fig. 9, CuO flux is not completely dispersed
with AL2O3. No voids are presented but it leads to the brittleness of
the metal.

4. Conclusion

In this study, the AL2O3 and CuO fluxes were used to compare
the effect of fluxes in the A-TIG welding of dissimilar metal and
to evaluate the mechanical and metallurgical properties of A-TIG
welding with stainless steel 304 and SS 316 L. The following
conclusions are drawn from the results of the experimental
study:

� The fractures of the tensile test sample occurred in stainless
steel base metal which is evident that the strength of the
welded joint was better than that of base metal. Tensile
strength is good in the AL2O3 assisted welding.

� Due to the increase in delta-ferrite content, the average hard-
ness found in the weld metal with AL2O3 is greater than that
of the base metal and Cuo flux assisted value.

� Microstructure tests show that A-TIG welding metal area with
AL2O3 consists of grain growth and the CuO flux consists of
voids. The presence of AL2O3 also produces an closely packed
structure in the weld region.
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Abstract: This present work demonstrates the 
optimization of the electrical discharge machining (EDM) 
by using symbolic logic integration with Taguchi method. 
The workpiece material AA2014 reinforced with 10 wt% 
Al2O3 particles. The Depth of cut, speed, feed, pulsed 
frequency & SR is the control parameters of EDM. 
Taguchi technique utilizing L9 orthogonal exhibit was 
wont to plan the investigation and in this manner, the 
impact of the variables on the reactions was contemplated. 
Taguchi strategy has built up a solid instrument inside the 
plan of trials, yet this technique can be upgraded to single 
execution attributes one after another. Subsequently, 
Taguchi system is including the representative rationale 
for streamlining of numerous quality attributes. Utilizing 
the representative rationale framework streamlining of 
complex various execution qualities is transmuted into 
the advancement of single reaction execution attributes. 
Trial results affirm that this technique is effective for 
streamlining of various quality attributes, for example, 
MRR and SR in EDM. 

Keywords:  Electrical Discharge Machining (EDM), Fuzzy 
logic, (AA2014/Al2O3).

I. Introduction 

EDM is a non-customary machining procedure, in which 
power is utilized to get the electrical sparkle and material 
evacuation, for the most part, happens because of warm vital-

Article can be accessed online at http://www.publishingindia.com
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ity of the flash. EDM is uncommonly intended to machine 
troublesome materials with high quality and with temperature 
safe compounds. It is the most effectively applied machining 
process for different workpiece materials in Modern areas. 
Electrical release machining (EDM) has become over the past 
couple of decades from a curiosity to a standard assembling 
process. Workpiece to be machined with EDM is to be electri-
cally conductive.

A huge amount of asks about are made for exhibiting of EDM 
technique and assessment of the methodology execution to 
recuperate MRR. Improving the MRR and surface quality 
are up ‘til now testing issues that bind the all-inclusive use 
of the development. In this paper, to smooth out the various 
introduction credits to single upgrade characteristics with the 
help of a symbolic method of reasoning structure.

II. Experimental Procedure

Electric release machining (EDM) was completed on the 
Aluminum Alloy 2014 plates having the measurements 100 
mm × 50 mm × 20 mm and the Aluminum oxide is considered 
as the abrasives. The machining was finished by thinking about 
the Depth of cut, speed, feed, beat recurrence, SR and each 
procedure parameters were changed more than three levels as 
appeared in Table I. In light of the Taguchi’s structure theory 
standard symmetrical exhibit L9 as appeared in subsequent to 
machining was finished standard vision estimating strategy was 
used to quantify the profundity of cut.
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the Taguchi's structure theory standard 
symmetrical exhibit L9 as appeared in subsequent 
to machining was finished standard vision 
estimating strategy was used to quantify the 
profundity of cut. 

 
TABLE I: COMPONENTS 

 

 
 
 

III. FUZZY LOGIC MODELLING 
 

The Fluffy Rationale demonstrating was at first 
made by Educator LotfiZadeh. Further, it is applied 
in different building applications particularly on 
assembling areas are shown in Fig. 1. As a result of 
the multifaceted nature of cutting edge producing 
process, in the current work of fluffy rationale 
procedure is applied in the forecast of SR and MRR 
in Electrical Release Machine (EDM). 
Fuzzification is a numerical strategy for changing 
over a segment known to man of T talk into the 
investment estimation of a soft set. Table II shows 
the fuzzification dividing the data and yield factors 
into soft regions fuzzification process is to describe 
the feathery sets in the data and yield factors. The 
information factors in this examination work are 
Profundity of cut, Speed, Feed, Beat, recurrence. 
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The Fluffy Rationale demonstrating was at first made by 
Educator LotfiZadeh. Further, it is applied in different building 
applications particularly on assembling areas are shown in 
Fig. 1. As a result of the multifaceted nature of cutting edge 
producing process, in the current work of fluffy rationale 
procedure is applied in the forecast of SR and MRR in Electrical 
Release Machine (EDM). Fuzzification is a numerical strategy 
for changing over a segment known to man of T talk into 
the investment estimation of a soft set. Table II shows the 
fuzzification dividing the data and yield factors into soft regions 
fuzzification process is to describe the feathery sets in the data 
and yield factors. The information factors in this examination 
work are Profundity of cut, Speed, Feed, Beat, recurrence.

Table II: Input and Output Variables for Fuzzy 
Modelling
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VIII. RESULTS AND DISCUSSION 

Hence Experiment is led on Aluminum Oxide 
utilizing Taguchi [L9] Orthogonal Array technique. 
The fluffy model outcome is validated with test 
results. Both the outcomes are estimated 
tentatively. The blunder proportion is assessed by 
the contrast between test results and fluffy model 
outcomes. The SR and MRR are anticipated over 
with a mistake of 16.03% and 6.88% individually. 
The anticipated mistake could be additionally 
decreased by creating more standards from the 
examination. 
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VIII. Results and Discussion
Hence Experiment is led on Aluminum Oxide utilizing Taguchi 
[L9] Orthogonal Array technique. The fluffy model outcome 
is validated with test results. Both the outcomes are estimated 
tentatively. The blunder proportion is assessed by the contrast 
between test results and fluffy model outcomes. The SR and 
MRR are anticipated over with a mistake of 16.03% and 6.88% 
individually. The anticipated mistake could be additionally 
decreased by creating more standards from the examination.
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IX. CONCLUSION 

For the desire for Surface Unpleasantness and 
Material Evacuation Rate in Al2O3 the feathery 
reason model was used. The closures are presented 
underneath. The presented model predicts the 
Surface Unpleasantness and Material Evacuation 
Rate with desire precision of 83.65% and 91% 
independently. 

 
The foreseen results accuracy relies upon the 
assurance of support work, number of feathery 
standards and the data method parameters. 
Electrical Release Machining makes the better 
surface complete high MRR when diverged from 
customary machining. Similar examples is been 
seen in cushy illustrating. 
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IX. Conclusion

For the desire for Surface Unpleasantness and Material 
Evacuation Rate in Al2O3 the feathery reason model was used. 
The closures are presented underneath. The presented model 
predicts the Surface Unpleasantness and Material Evacuation 
Rate with desire precision of 83.65% and 91% independently.

The foreseen results accuracy relies upon the assurance of 
support work, number of feathery standards and the data method 
parameters. Electrical Release Machining makes the better 
surface complete high MRR when diverged from customary 
machining. Similar examples is been seen in cushy illustrating.
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a b s t r a c t

In this work the turning operation is performed on Super alloy 2205 and their material removal rate also
known as MRR and surface roughness (Ra) characteristics are investigated. Uncoated tungsten carbide
tool is used to machine the Super alloy 2205. The super alloy 2205 is widely used because of its high
strength and is used in high chloride and marine environments because of its high corrosion resistance
characteristics. The machining was done in CNC lathe as per Taguchi’s methodology. L9 Orthogonal arrays
are used for parameter design and it is widely used for optimizing quality and performance of the man-
ufacturing processes. The main purpose of this investigation is to obtain optimal process parameters in
turning the Super alloy 2205 for increasing the MRR and simultaneously decreasing the surface rough-
ness of the manufactured component. Speed of the spindle, Feed and Depth of Cut are the factors selected
as input parameters and the Material Removal Rate (MRR) and Surface Roughness are considered as out-
put responses. The results are analyzed using MINITAB 19 software to know the optimal process param-
eters suitable for machining the alloy. ANOVA is conducted on the results obtained to find the
contribution of each machining parameter and to know the key factor which influences the material
removal rate and surface roughness. Results indicated that DOC dominated the MRR while machining
the super alloy and Surface Roughness was influenced Spindle Speed and Feed rate.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Newer Trends and Innovation in Mechanical Engineering: Materials Science

1. Introduction

Manufacturing industries has grown to a huge extent now-a-
days due to the advancements in the manufacturing processes
and the need for increasing the productivity for the increasing
demands. But with rapid production of goods by the industries
there arises the question for quality of the product. While machin-
ing of a material, it is essential to provide the customer with low
surface roughness [11] of the component as per specifications
asked by the customer. The surface finish of finished goods should
be as high as possible. This condition can be achieved by continu-
ous improvement in the manufacturing process. The tool wear is
also one of the important factors which is responsible for the sur-
face roughness of the material. As long as the tool is in proper con-
dition without wear, the surface roughness of the material will be
low. Improper selection of process parameter will result in lower
Material Removal Rate (MRR), lower surface finish, increased tool

wear, reduced tool life, high energy utilization etc., So, it is essen-
tial to pick the suitable process parameters to improve the produc-
tivity and also to produce sound quality products [12]. The super
alloy 2205 is widely used for its good strength and has good resis-
tance to crevice corrosion, pitting and intergranular corrosion.

This alloy is also resistance to sulphur and chloride ion stress
corrosion cracking. Due to these properties they are extensively
used in applications such as chemical processing equipment, high
chloride and marine environments and heat exchangers. Because
of its work hardening rate and high strength it is difficult to
machine this alloy. Carbide based tools are mostly used for
machining these alloys as they possess high hardness and they
retain their cutting edge for long runs. Low speeds and feed rates
can offer good surface finish on this material, but it is a long
time-consuming process and the expense of machining also
becomes high. The manufacturing industries need to produce
goods as quick as possible in order to meet the customer demands.
So, they need to produce the goods quicker, cheaper and with min-
imal surface roughness and minimal time. In this study tungsten
carbide tool [1] is used for turning operation of the super alloy
2205 and its process parameters are optimized by Taguchi Method
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[7–9]. The contribution of each parameter on the response is calcu-
lated by using ANOVA [4].

2. Literature review

B. Radha Krishnan et.al. (2019) – In this paper the optimization
of CNC turning parameters of IS2062 E250 steel. The tools used for
cutting are carbide tools. For designing the experiments. The DOE
was done using Taguchi’s L9 orthogonal array. The carbide cutting
tools were used as it retains good strength during the machining
process and the wear is less in these types of tools. The input
machining parameters chosen are cutting speed, feed rate and
DOC and the output responses are MRR and Surface Roughness.
Analysis of variance was conducted to find the key contributing
parameters.

M. Vijaya Kumar et.al. (2017) – This paper outlines the CNC
turning operation of EN19 stainless steel and finding out the
parameters which affects the material removal rate and surface
roughness. Various input factors were taken which includes rota-
tional speed, federate, lubricant, DOC is taken and their effects
are assessed on surface roughness and material removal rate. Here
Taguchi’s L18 mixed type orthogonal array is used for this investi-
gation purposes and optimization is done by Taguchi method and
Analysis of Variance was used to know the most significant factor
which affects the material removal rate and the surface roughness

Hemant Jain et.al. (2015) – The turning parameters of Inconel
625 were optimized by using Taguchi Method. Taguchi Design of
Experiments is an efficient method for optimizing quality of the
manufacturing process said by the author. The objective was to
obtain the optimized condition for maximum material removal
rate of the manufacturing component. The Inconel 625 specimens
were annealed at 1350℃ for one hour followed by ice quenching at
room temperature in order to get a homogenous phase. Design of
experiment was done by using Taguchi’s L9 orthogonal array. The
experiment was repeated two times so as to get best optimum
results. The S/N ratio was calculated using the MINITAB software
and the results are analyzed.

S.K. Madhavi et.al. (2015) – The objective of this experimental
work was to enhance the hardness and toughness of a material
by changing the process parameters during the machining process.
In this study the authors considered three input parameters such
as speed, feed rate and depth of cut. The optimization of the output
responses were done by using the GRA (Grey Relational Analysis.
The GRA turns multiple output responses into a single output
response called as Gray Relational Grade. Taguchi method and
ANOVA was conducted to find optimal process parameters on grey
relational grade (GRG).

B. Ravi Shankar et.al. (2017) –In this paper the investigation of
the forced developed during developed during the turning of AISI
52,100 steel used for bearing using cubic boron nitride (CBN)
inserts are analyzed. Taguchi’s L27 array was used to perform the
experiments and the data’s were analyzed by using MINITAB soft-
ware. The effect of the output responses was discussed with the
input factors. The influencing factors are in the order of nose
radius, (DOC), speed and feed.

3. Selection of work piece and tool material

The experiments must be carried out for finding the optimal
process parameter which produces increased material removal
rate and reduced surface roughness [2]. After studying a number
of the literature reviews, the material for conducting investigation
and available grade of tungsten carbide tool insert are selected.

3.1. Work piece material

The component used in this experiment is the super alloy 2205
(UNS S32205). This material has low machinability and is difficult
to cut and has high strength and high work hardening capability.
This material has extreme resistance to crevice corrosion, pitting
and chloride ion stress corrosion. These are the main properties
of the material. The experiment was performed in wet condition
with the help of lubricant. The geometric specifications of the work
piece used are given in the Table 1.

3.1.1. Chemical composition of work piece
The super alloy 2205 is made up of the following chemical com-

position provided in the Table 2.

4. Methodology

4.1. CNC lathe

The experiment was conducted in a heavy-duty CNC lathe
which has the advanced SIMENS SINUMERIK 802D control systems
[6]. This machine has the ability to handle a wide variety of input
parameters. The specifications of the CNC lathe are shown in
Table 3. The Fig. 4.1 shows the CNC lathe machining the work
piece.

4.2. Selection of machining parameters

The process parameters and values for investigating the
machining characteristics of Superalloy2205 is shown in the
Table 4. The input factors which are the spindle speed, feed rate
and depth of cut are chosen in three levels.

Table 1
Work piece specifications.

Work piece Specifications

Length 70 mm
Diameter 20 mm

Table 2
Composition of the work piece.

Element Composition (%)

Minimum Maximum

Mn – 2.00
S – 0.020
Si – 1.00
C – 0.030
P – 0.030
Ni 4.5 6.5
N 0.14 0.21
Cr 21.0 24.0
Mo 3.1 3.6

Table 3
Specifications of CNC Lathe.

S. No Specifications Range Unit

1 Swing over carriage 180 mm
2 Distance between centers 220 mm
3 Height of Centre 165 mm
4 Spindle bore diameter 40 mm
5 Spindle speed 5000 Rpm
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Each parameter consists of three levels. So, totally 27 experi-
ments should be carried out in a full factorial design. To minimize
the number of experiments Taguchi L9 orthogonal array is formu-
lated and is used in the experiment.

4.3. Design of experiments (DOE)

The experiment was conducted based on the Taguchi’s method-
ology. Here, in the investigation Taguchi L9 orthogonal array was
used to minimize the number of experimental runs. These orthog-
onal arrays have the advantage of providing minimum number of
runs and each run has a different level of parameter. In this exper-
iment the input factors selected are Spindle Speed, feed rate and
Depth of Cut. For each group one factor is kept constant and the
other two factors are varied. These values are first coded in the
form of orthogonal arrays. Table 5 displays the L9 orthogonal array
with the coded values.

4.4. Roughness measurement

The surface roughness for each experimental run is measured
by using the portable Mitutoyo surface roughness tester called as
SURFTEST SJ-210 is used here. It is a small, easy to use, lightweight
surface roughness tester which displays the waveforms on a col-
ored LCD screen. The roughness tester has a detachable drive unit

and so it has extensive use case and is easily portable. The drive
unit consists of a pickup stylus which is made up of a piezo electric
material and has a diamond tip which makes sure that the mea-
surements are accurate. The surface roughness tester is pictured
in the Fig. 4.2.

4.5. Experimental work

The experiments were conducted as per the Taguchi design and
the MRR was calculated. The surface roughness was measured by
the roughness tester and the readings were noted. The table shows
the coded values for the Taguchi L9 orthogonal array design. Now
the coded values are replaced with the actual machining process
parameters. The input parameters are speed, feed rate and DOC.
The material removal rate (MRR) and the surface roughness (Ra)
for the corresponding values obtained by the experimental work,
they are the output responses.

5. Results and discussion

The experimental investigation was conducted by using Tagu-
chi’s L9 orthogonal array design. The results obtained by experi-
ments are listed in the Table 6 along with the input process
parameters such as Spindle Speed, Feed Rate and Depth of Cut
and their output results which are Material Removal Rate and Sur-
face Roughness [10]. For the above experimental trials, the values
obtained were analyzed using the MINITAB 19 software [5] and
the results are explained by the following graphs and tables.

5.1. MRR

The relationship between mean of the S/N ratios to the input
factors such as spindle speed, feed rate and depth of cut with larger
the better method [3] is shown in the Fig. 5.1. For the MRR the
main effects plot is given in Fig. 5.2 For MRR, larger the better
method is used. Because MRR should be high in any machining
process. The both Figs. 5.1 and 5.2 indicates that the material
removal rate or MRR is maximum at level 1 spindle speed
1700 rpm, level 3 feed rate 0.25 m/min and level 3 depth of cut

Fig. 4.1. Machining of work piece in CNC lathe.

Table 4
Levels of Process parameters.

Parameter Unit Level of inputs

1 2 3

Spindle Speed Rpm 1700 1900 2100
Feed Rate m/min 0.15 0.20 0.25
Depth of Cut Mm 0.40 0.60 0.80

Table 5
Taguchi’s L9 Array model.

Trial No. Speed Feed Depth of Cut

1 A A A
2 A B B
3 A C C
4 B A B
5 B B C
6 B C A
7 C A C
8 C B A
9 C C B

Fig. 4.2. Portable Roughness Tester.
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Table 6
Experimental Results.

Trial No Speed Feed DOC MRR Ra

1 1700 0.15 0.4 0.333 0.53
2 1700 0.2 0.6 0.572 1.385
3 1700 0.25 0.8 0.888 1.354
4 1900 0.15 0.6 0.469 0.859
5 1900 0.2 0.8 0.817 1.691
6 1900 0.25 0.4 0.386 1.313
7 2100 0.15 0.8 0.513 0.651
8 2100 0.2 0.4 0.166 0.639
9 2100 0.25 0.6 0.410 0.713

Fig. 5.1. Response graph for mean of the S/N ratios and control factors for MRR.

Fig. 5.2. Response graph for means and control factors for MRR.
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0.8 mm. The corresponding design in Table 6 was the 3rd
parameter.

High MRR was obtained when the depth of cut is high. The spin-
dle speed also influences MRR to certain extent. Similarly, lowMRR
was obtained at low values of depth of cut and lower speeds.

The rank of the parameters was obtained by signal to noise
response table andmeans response table. The Tables 7 and 8 shows
that the most significance parameters was first DOC, second spin-
dle speed and third feed rate.

After getting the above results analysis of variance is conducted
for each response variable by using the MINITAB 19 software.
Table 9 shows ANOVA obtained for MRR in which shows DOC
and spindle speed are the key influencing factors dominating
Material Removal Rate. The significance of impact of each factor
on the reaction is assessed using F test at 95% certainty levels.
Depth of Cut contributes about 71.46% and P value of 0.024 and
the F value is 13.91. The key factor influencing material removal
rate is Depth of Cut.

5.2. Surface roughness

Fig. 5.3 displays the relation between mean of the S/N ratios of
the input parameters such as spindle speed, feed rate and depth of
cut with smaller the better method in Taguchi Design analysis. The
Response graph for means and control factors for Ra is displayed in
Fig. 5.4. Smaller the better method was used here because surface
roughness should be as low as possible for any machining process.

The Fig. 5.3 proves that the surface roughness is minimum at
level 3 spindle speed 2100 rpm, level 1 feed rate 0.15 m/min and
level 1 depth of cut 0.4 mm. Low Surface roughness is obtained
during smaller values of DOC and feed rate.

Table 7
Response Table of S/N Ratio for MRR (Larger is Better).

Level Spindle Speed Feed Rate Depth of Cut

1 �5.145 �7.308 �11.139
2 �5.533 �7.402 �6.391
3 �9.713 �5.681 �2.862
Delta 4.568 1.720 8.277
Rank 2 3 1

Table 8
Response Table of Means for MRR.

Level Spindle Speed Feed Rate Depth of Cut

1 0.5977 0.4383 0.2950
2 0.5573 0.5183 0.4837
3 0.3630 0.5613 0.7393
Delta 0.2347 0.1230 0.4443
Rank 2 3 1

Table 9
ANOVA for MRR.

Source DF Contribution SS MS F-Value P-Value

Spindle Speed 2 22.62% 0.094461 0.047230 9.88 0.048
Feed Rate 2 5.60% 0.023378 0.011689 5.54 0.122
Depth of Cut 2 71.46% 0.298393 0.149196 13.91 0.024
Error 2 0.32% 0.001333 0.000666
Total 8 100.00%

Fig. 5.3. Response graph for mean of the S/N ratios and control factors for Ra.
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The Table 10 and 11 which are the mean response table and the
S/N ratios response table give the rank of the parameters. The most
significance factors are in the order of first spindle speed, second
feed rate followed by depth of cut. ANOVA for the surface rough-
ness is shown in Table 12 which shows the contribution in per-
centage of each factor. The contribution of spindle speed is more
than the other factors. The surface roughness decreases with

increase in spindle speed. The contribution of the spindle speed
is about 42.31% and the value is about 12.71 and the corresponding
p value is 0.043. So, the most affecting factor is the spindle speed
and the second most affecting factor is feed rate. The error in the
analysis is 3.33%.

6. Conclusions

The above investigation includes the analysis and examination
of material removal rate which is MRR and surface roughness Ra
in machining of the super alloy 2205. The following important con-
clusions are derived from the above experimental work:

� Analysis of Variance shows that the contribution of DOC is
71.46% for the Material Removal Rate.

� In Taguchi analysis, for the output response Material Removal
Rate the rank of the parameters is found to be in the order of
DOC, Spindle Speed and last is the Feed rate.

� Analysis of Variance for surface roughness shows that the most
contributing factor is the spindle speed (42.31%).

� Taguchi Analysis for Surface Roughness indicates that the ranks
of the parameters are in the order of Spindle Speed, Feed rate
and DOC.

� Spindle speed and feed rate are most affecting factors for sur-
face roughness. The value of surface roughness increases with
increases in spindle speed.

Fig. 5.4. Response graph for means and control factors for Ra.

Table 10
Response Table of S/N Ratios for Ra (Smaller is Better).

Level Spindle Speed Feed Rate Depth of Cut

1 0.01770 3.52100 2.34639
2 �1.86934 �1.16729 0.47645
3 3.51886 �0.68649 �1.15562
Delta 5.38820 4.68829 3.50201
Rank 1 2 3

Table 11
Response Table for Means.

Level Spindle Speed Feed Rate Depth of Cut

1 1.0897 0.6800 0.8273
2 1.2877 1.2383 0.9857
3 0.6677 1.1267 1.2320
Delta 0.6200 0.5583 0.4047
Rank 1 2 3

Table 12
ANOVA for Surface Roughness.

Source DF Contribution SS MS F-Value P-Value

Spindle Speed 2 42.31% 0.60169 0.30084 12.71 0.043
Feed Rate 2 36.82% 0.52372 0.26186 11.07 0.083
Depth of Cut 2 17.54% 0.24950 0.12475 5.27 0.159
Error 2 3.33% 0.04733 0.02366
Total 8 100.00%
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a b s t r a c t

The electro chemical machining system is the type of system in which it is used in the machining oper-
ations. In our project we have analyse the erosion in the electro chemical machining tool. The main dis-
advantage of the electrochemical machining system is that, due to repeated use of electrochemical
machining tool there may be occurance of erosion in the machining tool. This effect is due to the presence
of oxygen content in the electrolyte. We compared different types of metal like beryllium copper, copper
tungsten, copper and brass with the electrolyte combination of sodium chloride and sodium nitrate.
Normally the electrolyte used in the electro chemical machining system is that the sodium chloride
and sodium nitrate [5]. So that we have used to compare the metals and electrolytes and used to find
the best among them. Finally we have concluded that the beryllium copper has the best results. So the
use of berylliumcopperwiththeelectrolyteofsodiumchloridewill havethereductionintheerosion.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Newer Trends and Innovation in Mechanical Engineering: Materials Science.

1. Introduction

Electro Chemical Machining (ECM) system is used in the
machining operations. The Electro Chemical Machining(ECM) is
used to remove material from the work piece in which it has been
fed [10]. In our project we have analyse the erosion in the electro
chemical machining tool. By the use of ANSYS fluent [3] we have
used to find out the meshing from grid independence test. By the
use of grid independence test we can find out the best meshing
which could be used to show the better solution. We have used
to compare different types of metal like beryllium copper, copper
tungsten, copper and brass [6] with the electrolyte combination
of sodium chloride and sodium nitrate. Normally the electrolyte
[4] used in the electro chemical machining system is that the
sodium chloride [2] and sodium nitrate. Fig. 1 indicates the process
of electro chemical machining.

The analysis is done by the use of ANSYS R3 2019 software
which is used to find the erosion which is occurred in the electro
chemical machining tool [9]. The main thing is to be inputted is
that the parameters which are been taken in the journal [1]. There

may be less amount of the cost required for the simulation
process.

2. Geomentry

Before naming the sections, we should make the fill by using fill
in the tool dialogue box. the naming of the inlet and outlet can be
done by using named selection option by right clicking the ports
which are been selected. By attaining this the tool design should
be designed from the designing software such as NX CAD, SOLID-
WORKS etc., we designed tool by using NX CAD from which the
parameters are taken from thejournal [1].

3. Meshing

It plays a main role in simulation process where the complex
products are divided into small elements. It is used to find the
accuracy, convergence and speed of the simulation. All the ele-
ments are join together called mesh or grid. Thus, meshing was
done for various material tools to find the proper grid analysis.
Each small element having their unique matrix that must be solved
to get the perfect solution. Meshing depends upon the shape of the
structure which is going to analyse. Element type must be depends

https://doi.org/10.1016/j.matpr.2020.05.012
2214-7853/� 2020 Elsevier Ltd. All rights reserved.
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upon the dimensions like 2 dimension or 3 dimension. Fig. 2 indi-
cates the meshing of the tool.

4. Setup

The setup is nothing but the one of the part of the analysis using
Ansys. The setup is nothing but the fluent in the Ansys. The fluent
is used in the CFD. The CFD is abbreviated as Computational Fluid
Dynamics. CFD is used in the CAE. CFD plays a main and vital role
in the CAE were CAE is defined as the Computer Applied Engineer-
ing. The CAE plays a main and vital role in the simulation and anal-
ysis of the object. It is the one of the emerging parts of the
engineering. In olden days the analysis is done by the manual
calculation by using the finite element analysis. But after the

computer revolution the analysis of the material is developed.
Various software is developed to analyze the material. Fig. 3 indi-
cates the Ansys fluent setup.

5. Analytical solution

5.1. Sodium chloride and beryllium copper (NaCl + Be-cu)

The tool is made up of Beryllium Copper and sodium chloride as
an electrolyte. Convergence is processed by giving various input
sources to get the complete and accurate solution. Erosion is noth-
ing but the removal rate of material from the removal which
reduce the lifespan of the tool [11].From this analysis we have
analysed the erosion rate of electrochemical machining tool based
on this above principle. Hence the erosion of the tool was analysed
using the software. Sodium chloridere act swith Beryllium copper
has less erosion properties. Hence, it has high life time and the

Nomenclature

NaCl Sodium Chloride
NaNo3 Sodium Nitrate
Cu Copper
Br Brass

Be-Cu Beryllium Copper
Cu-W Copper Tungsten [8]
ECM Electro chemical machining

Fig. 1. Electro Chemical Machining.

Fig. 2. Meshing of ECM tool. Fig. 4. NaCl & Be-Cu.

Fig. 3. Ansys fluent setup.
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usage is much higher when compared to other materials. Fig. 4
indicates the erosion rate of Na-Cl & Ba-Cu.

5.2. Sodium chloride and copper tungsten (NaCl + Cu-W)

The tool is made up of Copper tungsten [7] and sodium chloride
as an electrolyte. Convergence is processed by giving various input
sources to get the complete and accurate solution. Sodium chloride
reacts with copper Tungsten has less erosion properties . Hence,it
has high life time and the usage is much higher when compared
to other materials. Fig. 5 indicates the erosion rate of NaCl & Cu-W.

5.3. Sodium chloride and copper (NaCl + Cu)

The tool is made up of Copper and sodium chloride as an elec-
trolyte. Convergence is processed by giving various input sources
to get the complete and accurate solution Sodium chloride reacts
with copper has less erosion properties. Hence , it has high life time
and the usage is much higher when compared to other materials.
Fig. 6 indicates the erosion rate of NaCl & Cu.

5.4. Sodium chloride and brass (NaCl + Br)

The tool is made up of Brass and sodium chloride as an elec-
trolyte. Convergence is processed by giving various input sources
to get the complete and accurate solution Sodium chloride reacts
with brass has less erosion properties . Hence , it has high life time
and the usage is much higher when compared to other materials.
Fig. 7 indicates the erosion rate of NaCl & Br.

5.5. Sodium nitrate and beryllium copper (NaNo3 + Be-Cu)

The tool is made up of Beryllium copper and sodium nitrate as
an electrolyte. Convergence is processed by giving various input
sources to get the complete and accurate solution Sodium Nitrate
reacts with beryllium copper has less erosion properties. Hence ,
it has high life time and the usage is much higher when compared
to othermaterials Table 1. Fig. 8 indicates the erosion rate of NaNo3
& Be-Cu.

5.6. Sodium nitrate and copper tungsten (NaNo3 + Cu-W)

The tool is made up of copper tungsten and sodium nitrate as an
electrolyte. Convergence is processed by giving various input
sources to get the complete and accurate solution. Sodium Nitrate
reacts with copper tungsten has less erosion properties. Hence, it

Fig. 5. NaCl & Cu-W.

Fig. 6. NaCl & Cu.

Fig. 7. NaCl & Br.

Table 1
Erosion rate calculate values.

Properties Material Combination Values

Sodium Chloride + Beryllium Copper 6.6*10^-6
Sodium Chloride + Copper tungsten 6.9*10^-6
Sodium Chloride + Copper 6.8*10^-6
Sodium Chloride + Brass 6.95*10^-6

Erosion rate Sodium Nitrate + Beryllium Copper 8.0*10^-6
Sodium Nitrate + Copper tungsten 7.5*10^-6
Sodium Nitrate + Copper 7.0*10^-6
Sodium Chloride + Brass 7.19*10^-6

Fig. 8. NaNo3 & Be-Cu.
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has high life time and the usage is much higher when compared to
other materials. Fig. 9 indicates the erosion rate of sodium nitrate
and copper tungsten.

5.7. Sodium nitrate and copper (NaNo3 + Cu)

The tool is made up of copper and sodium nitrate as an elec-
trolyte. Convergence is processed by giving various input sources
to get the complete and accurate solution. Sodium Nitrate reacts
with copper has less erosion properties . Hence , it has high life
time and the usage is much higher when compared to other mate-
rials. Fig. 10 indicates the erosion rate of sodium nitrate and
copper.

5.8. Sodium nitrate and brass (NaNo3 + Br)

The tool is made up of Brass and sodium nitrate as an elec-
trolyte. Convergence is processed by giving various input sources
to get the complete and accurate solution Sodium Nitrate reacts
with brass has less erosion properties. Hence, it has high lifetime
and the usage is much higher when compared to other materials.
Fig. 11 indicates the erosion rate of sodium nitrate and brass.

6. Calculation

For NaCl solution
Take NaCl + Be-Cu Re = qVD/l

¼ 2160� 40� 0:7=813:3

Re = 100 � 10^5
The turbulence value is 100,000 for the mathematical calcula-

tion and the turbulence values which we analysed is 210000.
Hence, the Reynold number is greater than 4000. So, the flow is
turbulence. The turbulence is based the changes in their pressure
and velocity difference. So to get the accuracy and efficiency k-
epsillon2 equation is preferred.

For NaNo3solution:
Take NaNo3 + Br, Re = qVD/l

¼ 2260� 40� 0:7=0:00104

Re = 6084.61 � 10^4
The turbulence value is 608,461,223 for the mathematical cal-

culation and the turbulence values which we analysed 280000.
Hence , the reynold number is greater than 4000. So, the flow is
turbulence .The turbulence is based the changes in their pressure
and velocity difference. So to get the accuracy and efficiency k-
epsillon 2 equation is preferred.

7. Results

From the above analysis is used to calculate the erosion rate of
electrochemical machining tool is tabulated in the Table 1.

8. Discussion

From the above process the erosion rate of all material combi-
nation were found by using the following input parameters. Hence,
the erosion rate for sodium chloride with beryllium copper has less
value .so, it has more efficient when compared with other combi-
nation. It has more life time and it will give more accurate result
in electrochemical machining process. When the life time of the
tool increases will minimize the cost of the tool.
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a b s t r a c t

Considering the increase in road accidents in recent years, road accidents are accepted as an exceptional
dimension of a serious problem. Accidents have occurred due to the fact that the driver’s signal, partic-
ularly its faint curves, is particularly difficult when it comes to driving in mountainous areas, particularly
in severe twists. The human factor can not do much to improve the drivers’ awareness level and the stress
experienced by the drivers. Hence, the intelligence system places roads to the roads of the hill to help
drivers avoid the threat. This research created a system of stronger sensors that combined with a micro-
processor to achieve a lower price, but the most reliable indicator. Infrared sensors installed at a specified
height at the initial and closing section of the hard road are capable of detecting only a heavy vehicle. The
IR sensor module consists mainly of Infra Red Transmitter and receiver, output Light Emitting Diode. Infra
Red LED emits light, in the range of Infrared Frequency and IR light is invisible to us as its wavelength
(700 nm–1 mm) is much higher than the visible light range. An IR sensor emits and/0r detects IR radia-
tion to sense its surroundings, which is used as Obstacle detector is to transmit an infrared signal, this
infrared signal bounces from the surface of an object and the signal is received at the infrared receiver.
The use of microcontroller for generation and controlling logic of infrared signal helps the immediate col-
lision calculation when approaching the range of the vehicle, thereby providing some controls for a warn-
ing LED. As a result, the driver is controlled by the driver.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 2nd International con-
ference on Advanced Materials – Materials for a Better Living

1. Introduction

In the later years after independence the number of vehicles
subsequently increased but in the last two decades, it spreads dras-
tically in every level of the society hence, safety becomes the main
concern. There were difficulties in both ways, in both physical and
financial even after the digital. Many people lost their life due to
the accidents during traffics. The Federal Road Safety Commission,
Nigeria (2008), reported that the accidents are caused due to the
wrong decisions taken by the drivers. This decision may leads to
accident and not following the traffic rules. In Malo, W. The acci-
dents may be caused by three factors which are vehicle, the drivers
and the environmental conditions. About 77 percent of accidents
are caused by drivers and remaining 23 percent was caused by
vehicle and environmental condition. The causes due to over
speed, following too closely, taking overtakes. The driver is the

most important safety feature in any vehicle. Hence, to avoid acci-
dents safety designs of vehicles are made to reduce the error. So
the automatic detecting signals are used using the IR sensor. By
using the IR sensors there are many projects done in different fields
for different purposes. Before this IR sensor was used to detect the
moving objects in airborne forward looking. Consequently, areas
with residual motion indicate object activity. These areas are
detected, refined and selected using a Bayes’ classifier. A variety
of techniques to detect targets in static images have been pro-
posed. Early work often was data-driven and used ad hoc methods
such as thresholding based on the contrast of an object compared
to the local background. In this paper we are going to say about the
construction and working of the IR sensor in the Hair pin bends of
the roads for the heavy vehicles. The Table 3.1 shows the materials
used in this project.

2. Literature review

The old model has no accuracy and all vehicles have been
detected. But s ome improvements have been made to find only
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the heavy vehicles alone. This is mostly beneficial in the hair
threshold of mountain streets. It is made by applying two sensor,
which is done when two sensors detect at the same time and glow
on the opposite side of the light [1]. It is therefore desirable for the
present invention to design and develop a rain Sensor of the type
described above with the purpose of effectively reducing interfer-
ence from the rain Sensor with radio broadcasts, if possible even
preventing interference completely. The receiving elements can
also receive only the optical rays reflected from the humidity drops
and register an increase in the intensity of the optical rays received
when humidity drops appear. The adhesive layer has firstly a
mounting function, attaching the rain Sensor Securely to the win-
dow and, Secondly, a compensating function, offsetting broadcasts
particularly when the rain Sensor is located in the proximity of a
receiving antenna which is being used for the radio broadcast, So
that the disruptive electromagnetic waves from the rain sensor
affect the antenna directly [2]. The design of a sensor for measuring
the volume of fuel level based on infra-red light emitter-receiver is
illustrated. The dynamics volume on fuel in cars tank, can be rep-
resented with the variation of the height level in the tank and the
surface, of due to the design with mechanical tanks asymmetry of
the tanks. In [3] it is mentioned a new methodology by using a
non-invasive ultrasonic instrumentation for monitoring liquid pet-
roleum gas for safety reasons. Due to the physical characteristics of
the container (not symmetric) there are non linear parameters on
the model, for this reason different experiments were made to
achieve an accurate model. The fuzzy logic modelling provides an
interesting technique to approach non-linear systems. Hall Effect
Sensors usually detect the magnetic field variation. For a liquid
detection application, a magnet is installed so that its movement
is parallel to the movement of the float. By using the Hall Effect,
the distance between the sensor and the magnet produces a varia-
tion of electric potential levels, then a mathematical characteriza-
tion is developed to estimate the distance between the liquid and
the Hall sensor. To apply this technique, the sensor must be
installed very close to the magnetic field, having in this way an
invasive method that can cause chemical reactions by contacting
the electronic elements with combustible gases [4]. The presence
of a dielectric substance between two electric terminals generate
a capacitance that can be measured. When the area covered by
the dielectric change, then the capacitance can reflect the liquid
level. There are some methods to measure the capacitance as the
frequency modulation, resonance or pulse width modulation to
obtain the impedance that depends on the capacitance [5,6]. Theo-
stat sensors are based on electrical resistance and are used more
frequently in the automotive industry for fuel measurement [6].
The fuzzy logic appears in 1965 with the publication of ”Fuzzy
Sets” by Lotfi Zadeh [7]. Fuzzy logic contrasts with conventional
logic because it defines concepts with different membership
degrees that emulate patterns of reasoning similar to those of
human thought, contrary to conventional logic that uses absolute
concepts to refer to reality. A static or dynamic system that uses
fuzzy sets or fuzzy logic and its corresponding mathematical
framework is called a fuzzy system [8]. Mostly and then conven-
tional fuzzy modeling approaches are expressed in the form of

mathematical models and fuzzy rules, they can represent the
behaviors and physical variables of real systems [9].

2.1. Construction

The miniature model of the road system with hair pin bend is
made from metal cutting and metal merging process welding with
the help of square tubes and channels. The infrared sensor is placed
at the initial end of a sharp turn at a certain distance from the
ground. This condition is suitable for plugging vehicles such as
trucks and trucks, this sensor is connected to a microcontroller
installed with this system, and on the other hand the sharp turn-
over of the LED road system connected to the output line of the
microcontroller. This computer is operated by DC source.

When the heavy vehicle passes through the sensor, the infrared
waves will get disturbed. This tragedy changes the input signal to
the controller that implements this signal and implements its out-
put point. The output pin is illuminated because it is a symbol for
the LED. As a result, the driver is aware of the vehicle coming from
the other side. So the speed of the vehicle is manually restricted to
avoid a serious accident and it is represented in Fig. 2.1a and
Fig. 2.1b. Road safety roads will be built with the help of this
system.

2.2. Experimental setup

P ARTS

a. Transformer

Table 3.1
Material Used.

S. No Descirption Qty Material

1 Frame 1 Mild steel
2 LED light 4 Electrical
3 Sheet metal 1 Galvanized iron sheet
4 Circuit: 4 Electrical
5 IR Sensor 2 Electrical
6 Relay 2 Electrical
7 Transformer 1 Electrical

Fig 2.1 a. Working of Experiment Model.

Fig 2.1 b. Working process of IR sensor.
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b. IR Sensor
c. Sheet Metal
d. Relay
e. Metal Frame

a) Transformer
A device used to convert the magnetic wire without any move-

ment to the voltage. Transformers are used to change the speed
and speed. Gradually and gradually varies from current level in
Fig. 2.2. If the speed and torque are stable, the current and voltage
remain unchanged.

b) IR Sensor
Infrared sensor is an electronic device that is used to under-

stand some movement or movements in the environment by emit-
ting radiation. Indent sensors can measure the expression of the
object and the movement detection in Fig. 2.3.

An inactive infrared sensor (PIR sensor) is an electronic sensor
that is exposed to light (IR) light from objects in the view. They
are generally used in PIR-based motion detection.

c) Sheet Metal
Sheet metal is a thin, flat piece of metal produced by an indus-

trial process. This is one of the basic forms used in metalworking,
and it is cut in various forms and bends. A number of daily items
are made from sheet metal. The thickness may vary significantly;
The most thin thickness is thought to be a file or leaf, thicker slices
than 6 mm (0.25 in.) in Fig. 2.4.The sheet metal is available in flat
pieces or shortened strips. The coils are formed by a roll sheet that
runs a continuous sheet metal.

Aluminum, brass, copper, steel, tin, nickel and titanium are
many metals that can be made of sheet metal. For decorative appli-
cations, important sheet metals are silver, gold and platinum (plat-
inum sheet metal used as a catalyst.)

Sheet metal is used for automobile and truck (truck) bodies, air-
craft fuselages and wings, medical tables, roofs for buildings and
many other applications.

Sheet metal is used to make the table.
Material - Mild steel.
Size � 40*15 cm.
Thickness � 1 mm.
d) Relay

Relay is a power switch. The current flow make an magnetic
field and switches continuously. The current is run or extinguished
and has two position switch also called double switches. Circuit

Fig 2.2. Transformer.

Fig 2.3. IR sensor.

Fig 2.4. Sheet metal.

Fig 2.5. Relay.

Fig 2.5.1. Pin diagram.

Fig 2.6. Metal frame.
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makes the second circle separated from first circle. Relay passes a
current of above 30 mA for 12 V ray and this relay is in Fig. 2.5.
Most of the relays are designed for low voltage.

Relays are usually SPDT or DPDT but they can have many sets of
switch contacts, for example relays with 4 sets of changeover con-
tacts are readily available. The parts of pin diagram is in Fig. 2.5.1.

Relay’s switch links are generally COM, NC and NO:

� COM = Generic, which is always connected, this is the moving
area of the switch.

� NC = Generally Closed, COM is connected when the relay coil is
turned off.

� NO = normally opened, COM is connected when the relay coil is
present.

Pin Diagram:
e) Metal Frame
Metal frames are made of soft metal sheet. The weight was very

less. In this any type of bolts and nuts can be used. They are avail-
able in all shapes like round and square. This is the metal frame in
Fig. 2.6.

3. Manufacturing process

Production processes are step-by-step processes for raw mate-
rials. Production process begins with the creation of designs made
of design. These products are replaced by manufacturing processes
to make the necessary products. Production processes can be trea-
ted (such as heat treatment or coating), drilling or substance.

a) sawing
Cold skins use a blade that dissolves many types of metals,

including circular metal. The process that takes place during the
cutting process manages to make the metal and knife very hot. A
cool view is powered by electricity and is usually a type of rubber
engine rather than a small type of view.

b) welding
Welding is a process for joining similar metals. Welding metals

are melt, melt 1, combining basic metals, 2, fill metal. Welding
strike, local heat thermal input. Most welding includes steel-
based metals such as steel and stainless steel. Wet joints are stron-
ger or stronger in conjunction with grid metals.

Many welding processes are based on the heat of an electric arc,
only some are considered here, starting with the oldest, simple
bowl wielding, also known as metal arc welding (SMAW) or stick
welding. This process may have an electric machine (DC or AC,
but now usually AC) provides the current for electrolysis.

c) drilling
Punching is a cutting process, which uses a drill bit to cut or

increase a hole cut into solid materials. Drill bit is a tool for a

rotation, often for many. Bit works pressure against a piece of work
and circulation rates of hundreds of revolutions per minute. This
stimulates the cutting edge against the work piece, cuts the chips
(swamp) from the bore pump.

4. Working principle

When the heavy vehicle passes through the sensor, the infrared
waves will get disturbed. This tragedy changes the input signal to
the controller that implements this signal and implements its out-
put point. The output pin is illuminated because it is a symbol for
the LED. As a result, the driver is aware of the vehicle coming from
the other side. So the speed of the vehicle is manually restricted to
avoid a serious accident. Road safety roads will be built with the
help of this system. The IR sensor is programmed to be work in
the OR gate condition, that when 2 IR sensor is in contact at the
same time the light will blink at the indicator. Only the heavy vehi-
cle vehicle can be at point of two sensors at the same time, because
it is placed at the minimum distance of 18 feet between the sensors
i.e., the heavy vehicle is minimum 18 feet distance.

In the above Fig. 4.1 it shows the working of IR sensor in detail.
The power supply comes from the power supply is 230 V Alternate
Current. To control and decrease the power Step down transformer
is used. The Step-down transformer is used. It decreases the power
supply to 12 V Alternate Current. Then after that it reaches the
power supply board. This board only supplies the power supply
to the comparator board. The power supply board has regulator
(7805) which converts the 12 V Alternate Current to 5 V Direct
Current. The comparator board is connected to the 2 IR sensors.
The comparator board has LM 358 Integrated Circuit on it. The
transistor is also connected with the comparator board to receive
the input from the 2 IR sensors and give the output at the light
indicator which is kept at the middle of the corner. The transistor
is programmed with the logical OR GATE. When the 2 IR Sensor is
in contact at the same time the transistor receives signal and give
output to the indicator light. Only the vehicles can come in contact
with the 2 IR Sensors at the same time because it is placed in a dis-
tance of 18 feet distance between the sensors.

5. Conclusion

1. This project is done through pre-planning, which provides flex-
ibility in the process. The collision and the traffic jam is con-
trolled in hair-pin bends of hill roads.

2. The infinite bonds to avoid smooth and noisy surgical warnings
by the middle of the HP Volume Intelligence System.

3. The simulated comparative advantage is also used in roller bar.
This discovery is very desirable.

Power

Supply

Step-down

Transformer

Regulator

Board (7805)

IC LM358

(IR SENSOR)

IC LM358

(IR SENSOR)

Transistor

(OR GATE)

Fig 4.1. Working of IR sensor.
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4. The project is designed to help the HP Vehicle Intrusion System
away from risk, making cuts much more economical and help-
ing many industries and workshops.
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a b s t r a c t

This paper studies and attempts to present the challenge of allocation of resources in the n jobs – m
machines flow shop scheduling background. In this arrangement, lot streaming is a technique used to
segregate several sublots to permit tasks to connection transversely many manufacturing systems. The
intention of this effort is to diminish the instance and saving the built-up cost. In current time, investi-
gators have used intelligent heuristics to explicate flow shop difficulty on a lot streaming dilemma. In this
effort, Simulated Annealing algorithm is used to resolve the lot streaming idea in the flow shop setting up
with the goal of reducing the makespan time. The outcome obtained by this algorithm is evaluated with
the standard benchmark instances. This planned algorithm is proficient and institute to be a better-
quality problem solving technique for this flow shop scheduling with lot streaming. The algorithms are
evaluated by means of Baker’s algorithm for 2 m/c cases and the makes pan criterion, which shows the
capability of it.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Newer Trends and Innovation in Mechanical Engineering: Materials Science.

1. Introduction

Scheduling deals with the allocation of resources over time to
perform a collection of tasks. Scheduling is a function to determine
an actual (optimal and feasible) implementation plan as to the
time schedule for all jobs to be executed [1]. This is done after
the product items and the quantities to be measured in specified
time periods have been decided by production planning and the
production processes for those product items have been deter-
mined by production process planning. An effective schedule pro-
vides the basis for utilizing the plant effectively, attaining the
strategies objective of the firm as reflected in the production plan
and resolving trade-offs between manufacturing and marketing.
Scheduling problems arise in domains as diverse as manufacturing,
computer processing, transportation, health care, space explo-
ration, education, etc. Scheduling is an important tool for manufac-
turing and engineering, as it can have a major impact on the
productivity of a process. In manufacturing, the purpose of
scheduling is to minimize the production time and costs, by telling
a production facility what to make, when, with which staff, and on

which equipment [2]. Production scheduling aims to maximize the
efficiency of the operation. Modern computerised scheduling tools
greatly outperform older manual scheduling methods. The produc-
tion scheduler with powerful graphical interfaces can be used to
visually optimize real-time work loads in various stages of the pro-
duction, and pattern recognition allows the software to automati-
cally create scheduling opportunities which might not be apparent
without this view into the data. Companies use backward and for-
ward scheduling to plan their human and material resources. Back-
ward scheduling is planning the tasks from the due date to
determine the start date and/or any changes in capacity required,
whereas forward scheduling is planning the tasks from the start
date to determine the shipping date or the due date. The benefits
of production scheduling include: Process change-over reduction,
Inventory reduction, leveling, Reduced scheduling effort, Increased
production efficiency, Labor load leveling, Accurate delivery date
quotes, Real time information, A basic problem in scheduling is
to determine the order of jobs waiting to be processed on a
machine. This function is job sequencing. Optimal job sequencing
can be selected from among a set of ‘permutation schedules’ such
that a certain measure of performance is optimized. The allocation
of jobs to be processed on the corresponding machines, in a given
time span, for a workshop consisting of several machine or produc-
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tion facilities including operative workers is known as operation
scheduling.

Scheduling determines the most appropriate moment to exe-
cute each operation for the launched production orders, taking into
account the due date of these orders, a minimum workshop inven-
tory, a maximum resource utilization, etc., in order to obtain high
productivity in the workshop. In fact, each workshop has limited
capacity but is expected to produce according to the orders, in time
and with minimal costs [3]. The scheduling department has the
responsibility of organizing such a production. The schedule dis-
patched to the workshop should reflect the real capabilities of
the workshop, it should be robust so that a small disruption on
the shop floor does not disrupt the whole schedule, and above all
it should aim at total production cost minimization.

Timely and reliable delivery is becoming a more important fac-
tor for manufacturing companies since customer satisfaction
becomes the paradigm of world class manufacturers. In some com-
panies keeping the due date is bottom-line for survival. An effec-
tive schedule provides the basis for making customer delivery
promises. The schedule can be evaluated by various performance
measures. There are several performance measures. First, flow time
is the amount of time the job spends in the job floor for completion
of operation including idle time. This is closely related to the work
in process inventory. Second, makespan time is the total time for
all jobs to finish processing. Third, lateness or earliness are the
measure of deviation from due date. Forth, machine and labor uti-
lization are primary performance of shop utilization. The choice
scheduling rule may be based on an objective of minimizing the
makespan, minimizing the average flow time, minimizing the max-
imum or average tardiness and so on.

This paper addresses the problem of producing ordering and
scheduling a conclusion for n jobs im-machine flow shops with a
lot sizing constraint. Lot streaming (lot sizing) is the process of
innovative sublots to move the completed portion of a manufactur-
ing sublot to downstream machines. Scheduling problems are pre-
sent in references. Truscott mentions maximum potential
advantages of lot streaming.

Potts and Van Wassenhove [4] have noted out two main bene-
fits of separating jobs into sublots. First, separating jobs may
improve customer service; all sublot can be delivered to the cus-
tomer suddenly upon completion. Other motivation for separating
jobs in number of stage manufacturing systems is to enable many
operations of the equal job to be overlapped. Many researchers
read the scheduling problems with lot streaming. Potts and Van
Wassenhove taken as a survey on this problem. Potts and Baker
[5] read the single-items lot streaming problem in a flow shop.
Baker [6] used scheduling designs with time lags and set-up times
to analysis the lot streaming of number of products in a two-
machine flow shop with set-up times. He also talks about exten-
sions to different cases with multi machines. Glass et al. [7] given
a network design to analysis three-machine flow shop problems
with lot streaming and then enlarged their results to three-
machine open shop problems and two-machine job shop problems.
Vixen [8] given a linear programming design for the lot streaming
and scheduling of multiple items in a two-machine flow shop with
lesser buffers. There is a scope for efficient algorithms for schedul-
ing problems in m-machine flow shop with lot streaming. In recent
years, much attention is given to heuristics and search techniques.
Evolutionary algorithms that belong to search heuristics find more
applications in recent research. Genetic algorithm (GA) and meme-
tic algorithm, which is also known as hybrid evolutionary algo-
rithm (HEA), fall under evolutionary heuristics. Scheduling
decisions are more complicated when a lot of streaming is allowed
[9]. The following two algorithms have been developed that are
used to evaluate the performance of the proposed (GA) and
(HEA): (i) simulated annealing algorithm (SA) for m-machine flow

shop problem with lot streaming and makespan and total flow
time criteria and (ii) Baker’s algorithm (BA), an two-machine flow
shop problem optimal solution procedure for with lot streaming
and makespan objective criterion [10].

2. Problem statement

The array of jobs measured in this article is n job – m machine
flow shop scheduling problem with irregular lot streaming. Every
job j will be in order progression on mmachines and it is analogous
on all the machines. Let Pij be the time taken to practice each sublot
j in machine i, and the setup time is considered as Sij for each sub-
lot j in machine i [11]. The moment taken to full job j on machine i
is considered as Cij. The intention of this effort is to minimize the
makespan time and let it be considered as Z. The mathematical
model can be written as

Minimize,

Z P Cij; 8i; j ð1Þ
Subjected to

Aij þ Sij þ Pij > Z; 8i; j ð2Þ

Aij þ Sij þ Pij P Aj iþ1ð Þ; 8i; j ð3Þ

Sij P 0; 8i; j ð4Þ

Pij P 0; 8i; j ð5Þ

Cij P 0; 8i; j ð6Þ
In this mathematical model, the Eq. (1) represents the make-

span time, Eq. (2) represents a computation of schedule that
reduces the makespan, Eq. (3) represents the computation of arri-
val time of current job sequence to be processed is greater than the
completion time of previous job sequence, Eq. (4) represents the
arrangement time of all jobs j on all machine i is greater than or
equal to zero, Eq. (5) represents the handing out time of all job j
on all machine i is greater than or equal to zero and Eq. (6) repre-
sents the finishing point time of job j on machine i is greater than
or equal to zero.

3. Simulated annealing algorithm

Simulated annealing is a generalization of a Monte Carlo
method for examining the equations of state and frozen states of
n-body systems. The concept is based on the manner in which liq-
uids freeze or metals recrystalize in the process of annealing. In an
annealing process a melt, initially at high temperature and disor-
dered, is slowly cooled so that the system at any time is approxi-
mately in thermodynamic equilibrium. As cooling proceeds, the
system becomes more ordered and approaches a ‘‘frozen” ground
state at T = 0. Hence the process can be thought of as an adiabatic
approach to the lowest energy state. If the initial temperature of
the system is too low or cooling is done insufficiently slowly the
system may become quenched, forming defects or freezing out in
meta stable states (i.e. trapped in a local minimum energy state).
The original Metropolis scheme was that an initial state of a ther-
modynamic system was chosen at energy E and temperature T,
holding T constant the initial configuration is perturbed and the
change in energy dE is computed. If the change in energy is nega-
tive the new configuration is accepted. If the change in energy is
positive it is accepted with a probability given by the Boltzmann
factor exp � (dE/T). This processes is then repeated sufficient times
to give good sampling statistics for the current temperature, and
then the temperature is decremented and the entire process
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repeated until a frozen state is achieved at T = 0. By analogy the
generalization of this Monte Carlo approach to combinatorial prob-
lems is straight forward. The current state of the thermodynamic
system is analogous to the current solution to the combinatorial
problem, the energy equation for the thermodynamic system is
analogous to at the objective function, and ground state is analo-
gous to the global minimum. The major difficulty (art) in imple-
mentation of the algorithm is that there is no obvious analogy
for the temperature T with respect to a free parameter in the com-
binatorial problem. Furthermore, avoidance of entrainment in local
minima (quenching) is dependent on the ‘‘annealing schedule”, the
choice of initial temperature, how many iterations are performed
at each temperature, and how much the temperature is decre-
mented at each step as cooling proceeds.

4. Universal system of simulated annealing

Initiate
Initialize the result, Max-It, Variable IT, a, ending criteria
� Take one result (so),
� keep the temperature (say T = 1000),
do again:-
# Variable IT = 0

do again:-
# perform a shift by neighbour function(s) [insertion (or) rips

(or) pairwise]
#if (s-so) < 0
then replace sowith s

# else
� create a arbitrary number (x)
� if exp(-(s-so)T) > x
then substitute so with s
� endif

# endif
# # Variable IT = # Variable IT + 1

# Variable IT < Max-IT
# T = T*a
until T < 0.01
� print the best solution
End.

Fig. 1 Pseudo-code of the Simulated Annealing Algorithm.

4.1. Input module to simulated annealing

4.1.1. SA operators
The excellent result acquired in SA find out by the operators

such as the initial temperature, ending temperature, the reduction
factor, and the number of neighborhoods to be effort at a exacting
temperature. The initial temperature and temperature reduction
factor are set such that a practical number of iterations can be took
before the algorithm ends. An initial temperature of 1000 is taken.
Using sensitivity examination, the temperature reduction factor is
0.90. The stating sequence is the job numbers in random order. The
three neighborhood functions considered in this work are pairwise
algorithm, random insertion perturbation scheme and insertion

5. Numerical illustration

In this work the systems for an illustration problematic process
(5 jobs – 2 machineries) is specified in this segment (Table 1).

Step (i) Creation of first Solution: First sequence S is the job
index [12] in the increasing order as 1 2 3 4 5. The makespan time
for that sequence is found as Z = 47 for the illustrated problem. The
method of calculating makespan is calculated using the mathemat-
ical model.

Steip (ii) Generation of neighbors: The generated initial
sequence will further generated to several sequence using the pair-
wise technique, random insertion technique and insertion tech-
nique [13].

Step (iii) Recognition of fresh sequence: If the new sequence
value is lesser than the old sequence then the new sequence value
will be updated in the old sequence [14], otherwise the value will
be accepted with some probablity.

Step (iv) Retune Temperature: keep t = t*0.9, so the new tem-
perature will become t = 1000*0.9 = 900.

6. Results and discussions

The recommended simulated annealing algorithm has been
tested with the benchmark problems from the literature, which
includes Bakers algorithm and Genetic Algorithm [15]. The results
show that the proposed methodology is doing well for the small
size, medium size problems and showing the same performance
for the large size problems. This simulated annealing algorithm is
coded in MATLAB 12.0 and executed in a Intel i5 processor, 4 GB
RAM system. Since the algorithm considered for testing are the
standard algorithms which already proved as a good algorithm

Table 1
2 Machines 5 Jobs Data.

PROBLEM DATA Jobs

1 2 3 4 5

No of lots 2 2 3 2 2
Machine 1setup time 2 3 4 2 3
Machine 1 process time 2 3 3 2 2
Machine 2 setup time 2 3 2 3 4
Machine 2 process time 3 2 3 1 2

Fig. 1. Universal system of Simulated Annealing.
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for the makespan objective in two machine cases. The solution is
attained with the particular number of iterations. Simulated
annealing algorithm estimate fixed number of optimum solutions
as antibodies in each iteration. The number of generations per-
formed by simulated annealing is deals with the number of jobs.

7. Conclusion

Simulated Annealing Algorithm is proposed for reducing the
makespan for n jobs m machines flow shop scheduling with lot
streaming. This work assesses the performance of simulated
annealing algorithm in solving the flow shop scheduling problem
with lot streaming. Evaluation with Baker and Genetic Algorithm
shows that simulated annealing algorithm is capable of giving
good solutions. With reference to the computational time, simu-
lated annealing algorithm done well with other algorithms. The
parameters of simulated annealing algorithm are tested with sev-
eral number of problem sets. They can be still fine tuned and com-
pared with the different problem size with high rigorous analysis
(Table 2).
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Table 2
Comparision of BA, GA and SA in two machine case for makespan.

Job size Problem in sequence BA Genetic algorithm Simulated Annealing Algorithm

Makespan Makespan Makespan %Difference with BA* %Difference with GA*

15 1 429 429 429 0 0
2 363 363 363 0 0
3 249 249 249 0 0
4 291 291 291 0 0
5 305 305 305 0 0

25 Time 0.04 2.25 1.12 – –
1 648 648 648 0 0
2 581 581 581 0 0
3 436 436 436 0 0
4 489 489 489 0 0
5 671 671 671 0 0

35 Time 0.05 9.28 4.34 – –
1 914 914 914 0 0
2 772 772 772 0 0
3 709 709 709 0 0
4 720 720 720 0 0
5 892 892 892 0 0

50 Time 0.05 24.55 12.37 – –
1 1258 1258 1258 0 0
2 1153 1153 1153 0 0
3 1013 1013 1013 0 0
4 1035 1035 1035 0 0
5 1250 1250 1250 0 0
Time 0.05 82.47 40.23 – –

% Difference. = % Variance through both GA vs BA system with SA.

4 C. Ramesh et al. /Materials Today: Proceedings xxx (xxxx) xxx

Please cite this article as: C. Ramesh, R. Kamalakannan, R. Karthik et al., A lot streaming based flow shop scheduling problem using simulated annealing
algorithm, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.2020.05.108Page 1777 of 3066Page 1777 of 3066

http://refhub.elsevier.com/S2214-7853(20)33664-6/h0005
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0005
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0010
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0010
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0010
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0015
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0015
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0020
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0020
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0020
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0025
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0025
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0030
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0030
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0035
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0035
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0040
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0040
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0045
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0045
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0050
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0050
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0050
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0060
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0060
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0060
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0065
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0065
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0065
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0070
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0070
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0070
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0075
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0075
http://refhub.elsevier.com/S2214-7853(20)33664-6/h0075
https://doi.org/10.1016/j.matpr.2020.05.108


A modern emerge for Automatic Car Cover 

R.Kamalakannan1*, G.R.Kishore Kumar2,  S.Gnanasurya2,  R.Manoj2, M.Hariharan2 
1Professor, Department of Mechanical Engineering, M.Kumarasamy College of Engineering, 

Karur, Tamilnadu 
2UG Student, Department of Mechanical Engineering,  M.Kumarasamy College of Engineering, 

Karur, Tamilnadu 

 

 

Abstract: 
 An automatic car covers system, driven by DC servo motor which is automatic opening and 

closing car cover .The automatic car cover system according to current application is comprised of one 

cover runner, DC power supply, one holster casing, hydraulic cylinder, one cover sheet, and one cover 

sheet un-folder. The cover runner is a small electric motor driven vehicle equipped .which is 180degree 

covered. The holster pushes out /rewinds the cover runner, the guide, and the cover sheet with un-folder. 

The holster comes out of and goes into the car with aid of a line connected to a reverse power motor 

installed in the holster. 

 

Introduction: 
 We came up with the idea of an automated or self-dispensing car cover. The car cover would be 

simple, dependable, strong and affordable. Keeping this product cost effective is important because it 

must be able to compete in market when introduced. And, there should not be much difference between 

the cost of traditional covers and this one. Efforts are being made to even make it multipurpose, since it 

could act as a bumper protector also, attached to the rear of the car. The basic objective behind creation of 

such a product is to simplify and automate the process of covering a car. This makes the process easy to 

do. Motor is used to convert the electrical energy from the battery or eliminator into the mechanical 

energy to drive the conveyor.  

     

         Fig.1  DC Motor 

 The DC motor which we have used in our project is 12 volt is shown in fig.1. The motor is used 

to drive the conveyor belt on which the plant is mounted. The speed of the conveyor is depend upon the 

speed of the motor. The plant hits the rod according to the speed of the conveyor belt. The seed falls from 

the plant after hitting the rod. The seed also contains some of the dust particles of the dried plants. The 

capacity of the motor can be chosen according to the size of the conveyor. The speed of the motor 

determines the efficiency of the machine. The motor is connected to the conveyor belt. The motor is of 

direct current thus it should be either connected to the eliminator or the battery otherwise the transformer 
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should be used to convert the alternating current into the direct current. Because the power supply is 

always alternating when it connected directly to the supply. 

 

Fig.2  Battery 

 The battery is basically used in order convert the AC current into DC current because motor is of 

DC type. It is usually to store the energy. The capacity of the battery is about 12volt which is shown in 

fig.2. And can be rechargeable. And since the motor is of DC type hence it is very useful for the farmer to 

use the solar energy. The battery is basically used in order convert the AC current into DC current 

because motor is of DC type. It is usually to store the energy. The capacity of the battery is about 12volt. 

And can be rechargeable. And since the motor is of DC type hence it is very useful for the farmer to use 

the solar energy. Where as in case of the primary battery it is impossible to recharge according to our 

needs. And it is disposed or discarded out after the single usage that is it can be charged only once. Thus 

if we use the rechargeable or secondary cell batteries then it will be cost effective for the farmers. It is 

basically made of electrochemical cells. It is called as accumulator because it can accumulate and store 

energy. 

 

Fig.3  Hydraulic Cylinder 

 A hydraulic cylinder (also called a linear hydraulic motor) is a mechanical actuator that is used to give a 

unidirectional force through a unidirectional stroke is shown in the Fig.3. It has many applications, 

notably in construction equipment (engineering vehicles), manufacturing machinery, and civil 

engineering. The PISTON is inside the cylinder, the diameter of which is known as the BORE. OK, 

Technically, the the bore is the inside diameter of the tubing but this difference is of minor significance. 

The piston needs a piston seal to keep the pressure from bypassing to the other side, which allows it to 

build the required pressure (If a cylinder isn’t lifting the force it should, the piston seal is probably worn). 

The PISTON is inside the cylinder, the diameter of which is known as the BORE. OK, Technically, the 

the bore is the inside diameter of the tubing but this difference is of minor significance. The piston needs 

a piston seal to keep the pressure from bypassing to the other side, which allows it to build the required 
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pressure (If a cylinder isn’t lifting the force it should, the piston seal is probably worn). correctly calculate 

the pulling force of a cylinder, the surface area of the rod must be subtracted from the formula. The rod is 

probably the hardest worked component in the whole system. The rod is the largest single chunk of steel 

in the cylinder, unpainted and exposed to all the elements. It has to be extremely strong (to resist 

bending), exceptionally hard (to resist corrosion and pitting), and smooth as silk (to keep the rod seals 

intact to prevent leakage of fluid and pressure). The STROKE of the cylinder is the total travel possible 

from the fully retracted length and the fully extended length of the rod. 

 

Fig.4  Metal Frame 

  The metal frame is generally made of mild steel bars for machining, suitable for lightly stressed 

components including studs, bolts, gears and shafts. It can be case-hardened to improve wear resistance. 

They are available in bright rounds, squares and flats, and hot rolled rounds. Suitable machining 

allowances should therefore be added when ordering. It does not contain any additions for enhancing 

mechanical or machining properties. Bright drawn mild steel is an improved quality material, free of 

scale, and has been cold worked (drawn or rolled) to size. It is produced to close dimensional tolerances. 

Straightness and flatness are better than black steel. It is more suitable for repetition precision machining. 

Bright drawn steel has more consistent hardness, and increased tensile strength. Bright steel can also be 

obtained in precision turned or ground form if desired as shown in fig.4. 

  

Fig.5  Shaft 

  Shaft is a common and important machine element. It is a rotating member, in general, has a 

circular cross-section and is used to transmit power as shown in fig.5. The shaft may be hollow or solid. 

The shaft is supported on bearings and it rotates a set of gears or pulleys for the purpose of power 

transmission. The shaft is generally acted upon by bending moment, torsion and axial force. Design of 

shaft primarily involves in determining stresses at critical point in the shaft that is arising due to 

aforementioned loading. Other two similar forms of a shaft are axle and spindle. Axle is a non-rotating 

member used for supporting rotating wheels etc. and do not transmit any torque. Spindle is simply 
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defined as a short shaft. However, design method remains the same for axle and spindle as that for a shaft. 

8.1.2 Standard sizes of Shafts Typical sizes of solid shaft that are available in the market are, Up to 25 

mm 0.5 mm increments 25 to 50 mm 1.0 mm increments 50 to 100 mm 2.0 mm increments 100 to 200 

mm 5.0 mm increments 8.1.3 Material for Shafts. The ferrous, non-ferrous materials and non metals are 

used as shaft material depending on the application. Some of the common ferrous materials used for shaft 

are discussed below. Hot-rolled plain carbon steel. These materials are least expensive. Since it is hot 

rolled, scaling is always present on the surface and machining is required to make the surface smooth. 

Since it is cold drawn it has got its inherent characteristics of smooth bright finish. Amount of machining 

therefore is minimal. Better yield strength is also obtained. This is widely used for general purpose 

transmission shaft.  

   

Fig.6  Metal Strip 

 

  

  Metal strip is narrow, thin stock that is usually 3/16 in. (4.76 mm) or less in thickness and 

under 24 in. (609.6 mm) in width as shown in fig.6. Metal strips are formed to precise thicknesses and/or 

width requirements. Metal strip can be designed and manipulated through a large number of processes 

which are grouped into categories. They are joining and assembly processes, deformation processes, 

material removal processes, heat treating processes, and finishing processes. Joining and assembly 

processes include welding, soldering, brazing, fastening, and other processes that connect parts 

permanently or semipermanently to form a new entity. Deformation processes include bending, curling, 

punching, rolling, deep drawing, and ironing. They use plastic deformation, where deformation is induced 

by external compressive forces exceeding the yield stress of the material. Hot rolling and cold rolling are 

the most common processes for preparing metal strips. Material removal processes remove extra material 

from the work piece in order to achieve the desired shape. They include machining operations, abrasive 

machining, and nontraditional processes utilizing lasers and electron beams. Heat treating processes 

include annealing, quenching, tempering, aging, homogenizing, solution treating, and precipitation 

hardening. Heat treating modifies the strength, ductility, hardness, machinability, and formability of the 

metal stock Finishing processes engineer the structure of the surface to produce the desired surface finish, 

texture, corrosion resistance, and fatigue resistance of metal shapes. Polishing, burnishing, peening, 

galvanizing, painting, oiling, waxing, lubricating, plating, and coating are types of finishing processes. 

Selection Criteria Selection of metal strip is usually based first on a design’s required size and 

dimensions, and then on either material types or grades as certain design specifications or application 
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constraints require. Substitute materials can be selected and qualified based on the required material 

properties. Laboratory, performance, or field testing is used to verify performance in some cases. 

 Fig.7  Sheet Metal 

 

  Sheet metal is metal formed by an industrial process into thin, flat pieces. Sheet metal is one of 

the fundamental forms used in metalworking and it can be cut and bent into a variety of shapes. Countless 

everyday objects are fabricated from sheet metal as in fig.7. Thicknesses can vary significantly; extremely 

thin sheets are considered foill or leaf, and pieces thicker than 6 mm (0.25 in) are considered plate steel or 

"structural steel." Sheet metal is available in flat pieces or coiled strips. The coils are formed by running a 

continuous sheet of metal through a roll slitter. Sheet metal is used in automobile and truck (lorry) bodies, 

airplane fuselages and wings, medical tables, roofs for buildings (architecture) and many other 

applications. Commonly used steel sheet metal ranges from 30 gauge to about 7 gauge. Gauge differs 

between ferrous (iron based) metals and nonferrous metals such as aluminum or copper. Copper 

thickness, for example, is measured in ounces; representing the weight of copper contained in an area of 

one square foot. 

  An electronic circuit is composed of individual electronic components, such as resistors, 

transistors, capacitors, inductors and diodes, connected by conductive wires or traces through which 

electric current can flow. To be referred to as electronic, rather than electrical, generally at least one 

active component must be present. Circuits can be constructed of discrete components connected by 

individual pieces of wire, but today it is much more common to create interconnections by 

photolithographic techniques on a laminated substrate (a printed circuit board or PCB) and solder the 

components to these interconnections to create a finished circuit as shown in fig.8. In an integrated circuit 

or IC, the components and interconnections are formed on the same substrate, typically a semiconductor 

such as silicon or (less commonly) gallium arsenide The combination of components and wires allows 

various simple and complex operations to be performed: signals can be amplified, computations can be 

performed, and data can be moved from one place to another Breadboards, per boards, and strip boards 

are common for testing new designs. They allow the designer to make quick changes to the circuit during  
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Fig.8  Electronic Circuit 

development. An electronic circuit can usually be categorized as an analog circuit, a digital circuit, or a 

mixed-signal circuit (a combination of analog circuits and digital circuits).  

 A relay is an electrically operated switch. Current flowing through the coil of the relay creates a 

magnetic field which attracts a lever and changes the switch contacts. The coil current can be on or off so 

relays have two switch positions and they are double throw (changeover) switches. Relays allow one 

circuit to switch a second circuit which can be completely separate from the first. For example a low 

voltage battery circuit can use a relay to switch a 230V AC mains circuit. There is no electrical 

connection inside the relay between the two circuits; the link is magnetic and mechanical. The coil of a 

relay passes a relatively large current, typically 30mA for a 12V relay, but it can be as much as 100mA 

for relays designed to operate from lower voltages. Most ICs (chips) cannot provide this current and a 

transistor is usually used to amplify the small IC current to the larger value required for the relay coil. The 

maximum output current for the popular 555 timer IC is 200mA so these devices can supply relay coils 

directly without amplification. Relays are usually SPDT or DPDT but they can have many more sets of 

switch contacts, for example relays with 4 sets of changeover contacts are readily available. Most relays 

are designed for PCB mounting but you can solder wires directly to the pins providing you take care to 

avoid melting the plastic case of the relay. 

 

 

 

 

 

 Fig.9  Relay 
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 The animated picture shows a working relay with its coil and switch contacts. You can see a lever on the 

left being attracted by magnetism when the coil is switched on. This lever moves the switch contacts. 

There is one set of contacts (SPDT) in the foreground and another behind them, making the relay as in 

fig.9. A car cover is a product that can be used to cover a car, possibly protecting it against the elements. 

It is often used when a vehicle isn’t used for a certain amount of time and needs to look dust- and dirtless. 

A car cover is a very large sheet of a certain type of fabric that has a very rough shape of a car. Tailor 

made car covers will be made to fit the vehicle it is designed for, but car covers for general use have a 

very generic car shape that should fit most cars. There are also covers for motorcycles, bicycles and many 

other vehicles. The car cover is often used when a vehicle is stored away for a certain amount of time, or 

when being left unused for a while. It can also be used to protect a vehicle against snow, tree juice, dirt, 

paint and other contaminants. There are several different types of car covers to suit different needs. When 

a vehicle isn’t used for a long time, it can become dirty from external sources such as rain, wind or 

possibly leaves falling on it. Car parked indoors can get dusty, or run the risk of getting unwanted 

particles getting on the surface. 

Working Methodology: 

 The design of this automatic car cover system, at one end of the car backside the 

rod is fixed continuously get connected to the rod in servo motor simultaneously the car cover is 

connected to one end of the rod parallel servo motor is connected to it. Hydraulic cylinder is fixed in 

centre of the car which is used to push the car cover forward in 180 degree. Working principle: when the 

switch is on the hydraulic which is connected to the rod will start push forward the car cover at angle of 

180 degree this is called wiper mechanism. when the switch is off the servo motor is step to forward back 

and hydraulic cylinder push up the car cover back to the previous position. 

 

Fig. 10 - Layout of Automatic car cover function system 
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Conclusion: 

 The automatic open and close window system fabricated and tested. The result 

was what we expected that is, the motor and circuit was compatible with each other with the open and 

close window. The motor was able to move the window from one end to the other and smoothly with the 

push of a button. We learned many skills such as welding, wiring the circuit and other tools that we use 

for this project. In other words, we found more good than bad from this system because it is safer and 

more secure and it is able to keep the people who live in the house safely 
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ABSTRACT 

This paper aims to in script newfangled challenges like agglomeration and non-uniform dispersion in 

stir casting by attempting two step stir casting method. This research cares much on defect and porous free 

composites which further investigates about Microstructural characterization and Thermal behaviour of 

Aluminium Matrix Composites (AMCs) prepared using Al6061 alloy (AA 6061) as a base metal (matrix), 

Aluminium Oxide (Al2O3) and Graphite (C) as reinforcement particles. Uniform dispersion of particles was 

observed through Scanning Electron (SEM) photomicrographs. The prepared composites were measured using 

Pin-Fin apparatus and Xe-Flash Laser Apparatus for thermal characterization. The thermal properties were 

increased by adding ceramic fillers with varying composition (Al2O3, C & Hybrid (Al2O3+C)) in standard 

weight percentage (5 wt. %). This comparative study of composites with Al6061 shows efficient thermal 

conductivity of the 5 wt. % hybrid aluminium matrix composite (HAMC) was better than that of the base alloy.  

 

Keywords: AA 6061; Stir Casting; Two Step Stir Mixing; Thermal Properties Scanning Electron Microscope.  

 

1. Introduction 

In Metal Matrix Composites (MMCs), when Aluminium is taken as matrix material and ceramics are 

used as reinforcement and they combine to form Aluminium Matrix Composites (AMCs). The properties of 

AMCs can be customized to the necessary requirements based on various applications of industry through 

allowable integrations of base metal (matrix), ceramics (reinforcement) and also processing route. [1] 

Aluminium Matrix Composites (AMCs) support superior combination of properties in a excellent way, at 

present there is no monolithic material can rival.[2] Stir casting is a most common, low cost and simplest liquid 

metallurgical technique to produce AMCs of near net shapes. Hence, applications such as automobile, 

aerospace, electronic components which are keen on high volume production focused very much on to it. [3,4] 

Stir casting set up consists of furnace, reinforcement feeder and mechanical stirrer. [5] The bottom pouring 

arrangement is the most essential set-up in stir casting as the composite stirred slurry should be shifted 

immediately into pre-heated mould to control deposition at bottom end of the crucible. The whole assembly of 

stirrer is in connection with motor of varying speed for speed control & stirrer rotation controlled by motor 

through a regulator. Stirring rod and single stage impeller blade are the parts of Mechanical Stirrer. [5] Single 

stage impeller is very often used for producing AMCs. Two or multi stage impellers in AMCs fabrication are 

avoided mainly to control excessive vortex flow [6].  In this present elementary work, two step stir casting 

method was used to develop hybrid composite with uniform particle dispersion. [7,8]   

Ezatpour Hamid et al fabricated Al 6061-nancomposites by incorporating Al2O3 particles and observed 

reasonable distribution of reinforcement particles and also agglomeration. These results dealt about fabricated 

Nanocomposites high porosity nature and accounted strength & ductility decreased due to agglomeration and 
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porosity of fabricated composites.[9] Senthil et al studied the mechanical properties of Al 6061 hybrid 

(SiC+Al2O3) AMCs fabricated through stir casting. This experimental finding confirms the high yield, tensile, 

compressive and impact strength at AA 6061 – 20% of SiC – 7% of Al2O3 hybrid composite.[10]  

Gopalakrishnan et al fabricated Al 6061- TiCp reinforced composites and concluded appreciable specific 

strength increase with TiCp addition.[11] Manivannan et al fabricated Al 6061/c-BN composites with 

encapsulate feeding by adding Mg as wetting Agent[12] Sambathkumar et al developed Al7075 composites 

using two step stir casting and found uniform distribution of reinforcement particles as well as high quality 

composites exhibited higher hardness and tensile strength. [7]  

Based on the vast literature study & above discussion, there is no enough research findings available on 

the thermal properties of particulate (Al2O3+C) reinforced Al 6061 composites. The aim of this work is to 

fabricate Al 6061 composites varying composition (Al2O3, C, Al2O3+C) and to analyze thermal behaviour of the 

composites. 

 

2. Experimental Details 

 The base matrix and the reinforcement particles for the present studies are AA 6061 T-6 (Coimbatore 

Metals, Coimbatore) and particles of Al2O3 and Graphite (Otto Chemie Pvt Ltd., Mumbai). The chemical 

composition of the matrix and properties of matrix and reinforcing material are tabulated in Table.1 & Table.2.  

Mg Si Fe Cu Mn Cr Zn Ti Al 

0.95 0.54 0.22 0.17 0.13 0.09 0.08 0.01 Rest 

Table. 1: Chemical Composition of Al6061 alloy (AA 6061) T-6 by Weight Percentage 

Thermal 

Properties 

AA 

6061 

T- 6 

Aluminium 

Oxide 

(Al2O3) 

Graphite  

(C) 

Thermal 

Conductivity 

(Wm-1K-1) 

167 26 25-470 

Coefficient of 

Thermal 

Expansion            

(K-1) 

25.2 8.3 1.2-8.2 

Specific Heat 

(JK-1kg-1) 
896 850 710-830 

Table. 2: Thermal Properties of Matrix and Reinforcement Material 

In stir casting method, main issues are agglomeration and non-uniform dispersion of particles due to this 

composites produced are porous and low quality in strength and stiffness which cause composite materials to 

break during secondary operations like machining, drilling. To overcome this, used a two step mixing or two 

step stir casting method of fabrication in stir casting. The composite ingots were prepared by varying 

composition by weight percentages. 5% Al2O3, 5% C and 2.5% Al2O3+ 2.5%C (Hybrid) were added to prepare 
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composites. Al 6061 T-6 loaded into nano-graphite coated crucible. The melting was done at crucible and the 

fire resistant stirring assembly (Stirring Motor and Speed Regulator) completed the process of mechanical 

stirring. The set up and sequential process is as shown in the figure.1. The reinforcement particles were 

preheated in the separate chamber before incorporating into aluminium melt. The Al 6061 alloy was initially 

heated above liquidus temperature to melt fully. It was then gradually cooled below the liquidus temperature to 

maintain the slurry in semi-solid state. The preheated reinforcements were added into the molten matrix and 

agitated manually by mechanical stirrer. Now. 2% of Mg added as wetting agent to ensure proper binding 

between matrix and reinforcement particles. Again the composite slurry was reheated to liquid state and 

mechanical mixing through stirrer was carried out for 10 min at an average speed of 150 to 200 rpm. The final 

temperature was controlled within 800˚C. Finally the melted composite material transferred to a preheated MS 

die with the dimension of 300X30 mm (Length X Diameter) through bottom tapping arrangement with the help 

of stainless steel funnel.  

 

Figure.1 – Schematic Representation of Sequential process in two step stir casting 

 In this paper, AHC0 contains Pure Al6061; AMC1 contains 95 % Al6061 + 5% Al2O3; AMC2 contains 

95 % Al6061 + 5% C; and HAMC1 contains 95 % Al6061 + (2.5% Al2O3+ 2.5%C). 

3. Testing & Analysis 

The tested composite samples are cut into a 10 x 10 mm using abrasive cutter and these samples are 

characterized for elemental analysis by using Energy Dispersive Spectra Analysis (Bruker Make) and scanning 

electron micrograph examination (Zeiss Make) with the facilities available at Karunya University, Coimbatore.  

The prepared composite specimens machined & drilled for testing. Specimen is fitted across a long 

rectangular duct. With the help of pin-fin apparatus testing was conducted, one end of the fin projected outside 

the duct and it is heated by a heater. Varied range of temperatures at five points across the length of the fin was 

measured using k-type thermo couples. The arrangement ensures the temperature distribution across the fin. [13] 

The above cycle of experiments was repeated for all composite specimens and AA 6061 to make comparison 

analysis.  
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4. Results & Discussion 

Scanning Electron Microscope  

The below Figure.2 shows the comparative SEM micrograph image of the fabricated composite 

(HAMC1) through conventional stir casting method (Figure.2.a) and the same hybrid (HAMC1) composite 

using two step stir casting method (Figure.2.b) supported by bottom tapping arrangement  

 

Figure.2 – SEM comparison Micrograph 

In conventional stir casting the composites produced are of low quality with blow holes and breaks 

many a times due to agglomeration and reinforcement clusters during secondary operations such as drilling, 

machining  while sample preparation whereas the two step stir casting casted composites supports as user 

friendly during secondary operations. In regular feeding powder wastage is more and also cluster formation 

gives inadequate strength to the composite. The SEM images denotes Al2O3 clusters in figure.2a, which also 

shows porous holes in casted samples manufactured through conventional feeding method. From the figure.2b, 

it can be seen that reinforcements were uniformly distributed in the matrix base material and also clearly depicts 

enhanced reinforcement content (Al2O3+ Graphite) in the composite sample made out of two step stir casting 

process. The presence of hard reinforcement particles (Al2O3+ Graphite) enhances thermal load conveying 

capacity of the composite material and that limits matrix deformation by confining movement of dislocation. 

Elemental Dispersion Spectroscope 

The EDS analysis is one of the important analysis method performed in AMCs to identify the reaction between 

base metal and ceramics. This elemental distribution analysis result corresponds to the prepared hybrid 

(HAMC1) composite of 5% (2.5% Al2O3+ 2.5% Graphite) composition. The below Figure.3 proves the 

presence of carbon, oxygen, magnesium, aluminium particles in the composite specimen.  

 

Figure.3 – EDS of fabricated Hybrid Composite (HAMC1) of 5% Composition 
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Pin-Fin Experiment 

     The below graph plot Figure 4.a & 4.b shows the enhancement of thermal conductivity in AA 6061 by 

adding various composition of ceramic fillers. This interface filler reduces the thermal contact resistance in the 

matrix. From the graph, it evidently shows that by varying composition of ceramics contents in Al matrix, there 

is a decrement in thermal contact resistance i.e. it reduces coefficient of thermal expansion. So that thermal 

conductivity enhances gradually by adding (AMC1) Al2O3, (AMC2) Graphite and also (HAMC1) Hybrid 

(Al2O3+ Graphite) whereas in AMC1 & AMC2 denotes peak point even though enhancement continues further 

upto hybrid ceramic (HAMC1) fillers. The main reason for standard composition is Increase in fillers also leads 

to clusters and waste remains non-dispersed in the furnace.  

 

Figure.4 – Comparative Thermal Properties of AMCs & HAMC with pure AA 6061through Pin-Fin 

This preliminary result shows that HAMC1 composite fabricated out of two step stir casting having an excellent 

enhancement in thermal characteristics than the base metal (Al6061 alloy). It is clear that the dispersion of 

Graphite & Alumina particles in Al matrix augmented the heat transfer of Al alloys because the particle-matrix 

interphase lowered the thermal resistance and allowed more heat.  

5. Conclusion 

 Two step mixing or Two step stir casting process is the best & efficient way to produce good quality AMCs 

& HAMCs in stir casting method.  

 Uniform Dispersion of ceramic reinforcements observed through SEM using two step stir casting method of 

fabricating AMCs/HAMCs. 

 Presence of ceramic reinforcements acknowledged in HAMC1 through EDS. 

 In pin fin apparatus, when thermal diffusivity increases heat transfer coefficient (Figure.4.a.) and thermal 

conductivity (Figure.4a. & 4.b.) Of the fabricated AMCs & HAMC enhances irrespective of constant 

specific heat values under natural convection without insulation. 

 The fabricated AMCs of varied composition exhibits high thermal conductivity properties compared with 

same sort of presently used heat transfer aluminum alloys for various applications, and this constitute the 

exceptional expectation for enhancement of heat transfer.  

 The probable advantage of the fabricated AMCs & HAMC composites such as further characterization and 

analyzing of mechanical properties will be estimated in future as extension work of this research. 
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ABSTRACT 

In this project, we identified the problem from the daily exhaust fan where the unwanted air is not 

properly disposed outside in our place which circulates inside and outside and we noticed in the present 

exhaust fan the exhaust air outlet rate is less and also the outside wind enters through it when the exhaust 

fan is under rest. Here we rectified by using exhaust fan with a new assembled part called honeycomb 

structured material which helps to increase velocity hence automatically the output increases. In the 

honeycomb structure, low pressure will be occupied by the exhaust air and it sends out in a good ratio. 

Hence finally made a good cost efficient and high unwanted waste removal capacity. 

KEY WORDS : Honey comb structure, Low pressure, cost-efficient. 

 

INTRODUCTION 

 Due to the reason that at the time of smoke removal of the exhaust system or exhaust fan used 

in the present days will emit the smoke to a good extent but smoke is circulated inside and outside the 

room due to the reason that the air directly hits the fan and which causes to limited outflow. Another 

issue is that the outside wind flow will be coming inside if we place the exhaust alone due to opening, 

if a heavy wind flow occurs the outside wind flows inside and it disturbs the process of ventilation 

hence a new honeycomb structure has been introduced in the exhaust fan and it helps to create the low 

pressure and also increased the velocity. In this new method of the exhaust fan assembly, a honeycomb 

structure has been introduced to improve the efficiency of the mass flow rate. We used Solid works 

software to design the model and analysed it with the help of flow simulation in the Solid works. In the 

present exhaust fan, the smoke removal capacity is increased and cost-efficient method. 

EXHAUST FAN IN PRESENT DAYS 

In these present days the exhaust fan runs and expels out only hot air efficiently but will struggle to trap 

the air in a larger room and struggles to expel out the smoke due to backflow that occurred due to 

outside environment. Hence in the present exhaust fan the smoke removal efficiency and the air removal 

efficiency is being less. We have analysed a normal exhaust fan and identified the velocity inlet and 

outlet for that particular model which shows a set of value which we compared with the new assembly 

of exhaust fan which has a honeycomb structure to improve the efficiency. 

 

Figure 1 Normal fan 
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EXHAUST FAN ANALYSIS: 

 

Figure 2 Normal fan analysis 

Based on the idea to improve the present exhaust fan, here we analysed the exhaust fan and we 

noted the velocity and pressure. Based on the Bernoulli’s principle the velocity increases with 

decrease in the pressure. Hence when we prove that the velocity of the new exhaust fan is higher 

than the present exhaust Fan there will be enhancement of the fan’s performance. 

PROBLEM IDENTIFIEED: 

• In temples where the opening will be less and the normal exhaust fan struggles to 

remove the smoke which is caused by fire smokes etc..,, 

•  In places where we are not ready to afford a costly ventilation. 

• As the fan and air hits directly due to outside atmosphere the inside air circulates 

inside and outside. 

APPLYING BERNOULLI’S THEOREM: 

According to fluid dynamics, In Bernoulli’s principle there will be an increasing speed 

of the fluid with an decreasing pressure with an constant potential energy decrease. 

 

 

Fig  3  Bernoulli’s principle
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EXHAUST FAN WITH HONEYCOMB STRUCTURE: 

By identifying the problem relying on the present exhaust fan, it has been improved in the new 

exhaust fan assembly by introducing a new honeycomb structure in the back. We at first 

introduced a new honeycomb structure with fully same developed holes at the same diameter. 

But we got a lesser output compared to the present new method because the maximum mass 

flows over the first four layers hence we reduced the layers and put a big hole at the centre which 

gives us a good result. As the number of holes are high in our first assumption where the fans 

property fails to satisfy with the fan so created a big hole at the centre. The fan works with the 

help of Bernoulli's principle. Where when the fan runs at the faster rate when the pressure is low 

in that region based on the fluid dynamics law. 

 

 

 

 

Figure 4  back view 

 

 

 

 

Figure 5 front view
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ANALYSIS OF EXHAUST FAN NEW ASSEMBLY: 

From the figure 4 we can see the flow is fully developed flow and it shows that the 

velocity increases in the centre and the and in every individual pipes also so with low 

pressure zone in that area. The pressure details are shown in the figure 5 where the 

pressure will be equal in all thee places in the region between the tube. 

 

 

Figure 6 Analysis of exhaust fan with newer assembly 

 

TABULATION 1: 

 

S.NO VELOCIT
Y 

(m/

s) 

PRESSUR
E 

(pasca

l) 

1 7.15
9 

101233.48 

2 7.38
4 

101313.17 

3 5.37
1 

101220.30 

4 8.30
0 

101315.95 
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PRESSURE ANALYSIS OF NEW EXHAUST FAN ASSEMBLY: 

 

 

 

Figure 7 Pressure analysis of new exhaust 

fan assembly 

 

ASSUMPTION 1: 

 

 

Figure 8 assumption 1 
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When trying to implement a exhaust fan with honeycomb structure we got the result as shown 

in the image and in the exhaust fan with fully developed pipe holes the result shows that the 

velocity increases in the outer most four layers and the inner developed pipe holes of three layers 

has very less velocity so a new design of honey comb structure has been created to facilitate a 

good disposal air and we achieved a very less pressure but velocity wise this type of design 

fails to work and give output. 

PRACTICAL APPLICATION: 

 

Figure 9 Flow trajectories of improved model 

By trying to apply new type of exhaust fan in the house we got the results as shown in the table 

1 and table 2. Solidworks flow simulation is used to analyse the exhaust fan. A house is taken as 

sample to demonstrate the flow of the air in the new exhaust fan 

SOLUTION: 

We have taken a four random common places between the normal exhaust fan and the new 

exhaust fan assembly where we have proved that at all the   four velocities the velocity of the 

new exhaust fan assembly is higher and the normal exhaust fan has a lesser velocity and also 

proved that the pressure of the honeycomb pipes are also less in that area. 

CONCLUSION: 

The mass flow rate of the exhaust fan has been improved and Hence the back flow of the air at any 

circumstance can be restricted and a steady state flow will be enabled. This is constant air suction 

process so the Smoke removal rate is improved it Helps to facilitate the increased mass flow rate 

of the exhaust fan Velocity of smoke removal. It can be improved by reducing the area with the 

help of Bernoulli’s principle. The whirling process of air removal is converted into suction process 

which is distributed air removal so the Air fluctuation can be restricted. Restricts the outside air to 

enter into the room or industry to The pressure inside the honeycomb structure is reduced hence 

velocity gets increased. (Velocity of exhaust fan) < (velocity of exhaust fan with honey comb 

assembly in all the random four common areas taken). (Pressure behind the exhaust fan) > 

(pressure in the honey comb holes in all the random four common areas taken). Hence efficiency 

of the exhaust fan will increase. 
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Abstract 

Most of the Ergonomics related research works are done in large scale industry, consumer 

products and services, but in India medium scale industries are progressively functioning. 

There is insignificant automation systems are available in such industries. These types of 

industry are depending on the man power to complete the critical and repetitive tasks with 

semi automated machines. Due to these tasks, workers are doing the heavy and critical tasks 

repetitively. They are experiencing elevated levels of physical pain, stress. The objective of 

this paper is to reduce the musculoskeletal disorders and the stress of workers for the better 

productivity and quality of the products. This research work was carried out directly in a 

pressing work station. This paper will provide solutions to the problems of those workers 

with the help of Ergonomic analysis. And with such solutions, the productivity of the factory 

and the quality of the product will rise. RULA tool is applied in the pressing work station and 

the results were compared with the existed system. 

Keywords:- Ergonomics, Pressing workstation, RULA, CATIA V5 

I.INTRODUCTION 
Ergonomics is the study of relation between the man and the elements in a system. The goal 

of ergonomic study is to simultaneously improve the welfare of the human being and the 

efficiency of an organization. The primary purpose of Ergonomics is to create a secure work 

environment for workers, thereby increasing productivity and improving the quality of 

product. But managers in manufacturing industries view the ergonomic system as a health-

oriented tool as a replacement for price reduction and waste-prevention solution (Brito et al 

2019). Workers feedback and their direct involvement in a factory plays significant role to 

reduce the stress of the employees. Ergonomic-related problems were found by reporting the 

misunderstandings and increasing the cooperation between manager and workers (Cirjaliu et 

al 2016). Generally, in rising countries, small range factory use a large percentage of 

manpower instead of automation. In such factory, workers' safety and health is generally less 

concerned (Reverente 1992). Most of the time the local industries didn’t design the work 

stations comply with ergonomic rules. This poor work station design causes musculoskeletal 

disorders (WMSDs) to the employees. This type of musculoskeletal disorders and pains of 

employees affect the productivity and the capital of an industry (Colambini et al 2006).The 

typical production process consists of a repetitive task. Such a procedure can lead to bad 

posture and pain in the extremities. Also, improper working layout can lead to 

musculoskeletal disorders of employees (Ayub et al 2018). Workers' body posture must be 

recorded and then examined for the correction of musculoskeletal disorders. Some ergonomic 

tools are frequently used for the record of human posture.This research was carried out in a 
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small scale industry which is located in Tamilnadu, India. This industry produced the 

products like pipe clamps, peg fins, peg plates, and other clamping devices which are used in 

boiler mountings. The movements and working styles of the workers were recorded in all the 

workstations. In first stage, the plates are cut to required sizes by the shearing machine. In the 

second stage, the sheared plates are moves to press work station. In the pressing work station 

plates are pressed by using pressing machines with capacity of 100 tons to get the product 

with required degree bends. After press workstation the job is moved to painting section. 

After completion of finishing processes the job is moved to dispatch section. From the above 

mentioned workstations, we selected the pressing workstation for the RULA assessment. A 

press worker posture is shown in figure 4 which was created in CATIA V5. 

1.1. Selection of Tools 

In this paper we used the tool called RULA (Rapid Upper Limb Assessment) which was 

helped to assess the posture, force and muscle on human. RULA was first generated in 1993 

by McAtamney and Corelet. This tool doesn’t require any type of special equipments to 

analyze the posture of the human. It can be done in a confined work place without disturbing 

the workers and the processes (McAtamney et al 1993). CATIA V5 is a software tool which 

is used to analyze the worker posture. This software allows the user to improve human 

comfort, security and efficiency through a broad spectrum of sophisticated Ergonomic 

analysis instruments that fully assess all aspects of a human product relationship and 

primarily analyze how a human interacts with elements in its virtual environment. Human 

Builder (HBR) tools include manikin generation, gender and percentile condition, manikin 

handling methods, animation making and sophisticated simulation of vision. 

II.Research Methodology 
Press shop workers are involved in various activities like shearing, pressing, punching, tool 

setting. A simple process to examine the activities is proposed in this study demonstrated 

with a press shop example. The procedure involves observing of present work postures and 

examining the posture in the Rapid Upper Limb Assessment (RULA). Postural analysis 

depends on biomechanical criteria is conducted on the human model using the inbuilt features 

of the module. The procedure adopted in this project is presented in figure 1, 

2.2. RULA (Rapid Upper Limb Assessment) 

This observation method is used in areas where upper limb muscle disorders are most 

prevalent. The final score is 1 to 7. Here, the upper the score, the larger the risk of hazard. 

The RULA method includes three stages 1.Record of work posture 2.Scoring system 

3.Action levels. RULA method analysis two parts of the upper limb, Part A (figure 2) 

includes the arm and wrist, Part B (figure 3) includes the neck, trunk and legs. Based on the 

total score four different action levels are suggested,  

 Action Level 1: Posture is acceptable (score 1 or 2) 

 Action Level 2: Investigation and changes maybe need (score 3 or 4) 

 Action Level 3: Investigation and changes are need soon (score 5 or 6) 

 Action Level 4: Investigation and changes are required immediately (score 7) 
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Fig. 1. Research Methodology 

 
Fig. 2. Group A – Upper and Lower Arms, Wrist 
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Fig. 3. Group B – Neck, Trunk and Legs 

Scores of the Group A and Group B is driven from Table 1and Table 2 respectively. Model of 

RULA score sheet is shown in Table 4. Final score for the overall upper limb was driven 

from Table 3. 
Table. 1. Score of Group A 

Upper Arm Lower Arm 

Wrist Posture Score 

1 2 3 4 

Wrist Twist Wrist Twist Wrist Twist Wrist Twist 

1 2 1 2 1 2 1 2 

1 

1 1 2 2 2 2 3 3 3 

2 2 2 2 2 3 3 3 3 

3 2 3 3 3 3 3 4 4 

2 

1 2 3 3 3 3 4 4 4 

2 3 3 3 3 3 4 4 4 

3 3 4 4 4 4 4 5 5 

3 

1 3 3 4 4 4 4 5 5 

2 3 4 4 4 4 4 5 5 

3 4 4 4 4 4 5 5 5 

4 

1 4 4 4 4 4 5 5 5 

2 4 4 4 4 4 5 5 5 

3 4 4 4 5 5 5 6 6 

5 

1 5 5 5 5 5 6 6 7 

2 5 6 6 6 6 7 7 7 

3 6 6 6 7 7 7 7 8 

6 

1 7 7 7 7 7 8 8 9 

2 8 8 8 8 8 9 9 9 

3 9 9 9 9 9 9 9 9 
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Table. 2. Score of Group B 

Neck 

Posture 

Score 

Trunk Posture Score 

1 2 3 4 5 6 

Legs Legs Legs Legs Legs Legs 

1 2 1 2 1 2 1 2 1 2 1 2 

1 1 3 2 3 3 4 5 5 6 6 7 7 

2 2 3 2 3 4 5 5 5 6 7 7 7 

3 3 3 3 4 4 5 5 6 6 7 7 7 

4 5 5 5 6 6 7 7 7 7 7 8 8 

5 7 7 7 7 7 8 8 8 8 8 8 8 

6 8 8 8 8 8 8 8 9 9 9 9 9 

Table. 3. Final score with combination of Group A, Group B, Muscle score and Load score 

 
Score of Group BB 

1 2 3 4 5 6 7+ 

Score 

of 

Group 

AA 

1 1 2 3 3 4 5 5 

2 2 2 3 4 4 5 5 

3 3 3 3 4 4 5 6 

4 3 3 3 4 5 6 6 

5 4 4 4 5 6 7 7 

6 4 4 5 6 6 7 7 

7 5 5 6 6 7 7 7 

8 5 5 6 7 7 7 7 

III. RULA Analysis of Existed Workstation 
The position of worker and the machine is built in CATIA V5. A line diagram is developed 

from the photograph.  

 

Fig. 4. Existed Work posture and machine position in Pressing workstation 
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To analyze the activity, a model of the manikin and working environment were created, 

assembled in the software and shown in figure 4. 

Step 1: Total height of the machine was 2534 mm. From the Figure 4, scores were 

allotted as per the RULA tool. The scores of part A were given in the basis of Figure 2.The 

upper arm had 22° (score 2), lower arm had 95° (score 1), wrist had >15° (score 3) and wrist 

twist had scored 1 due to mid range of twist. The scores of part B were given in the basis of 

Figure 3.The neck had 25° (score 3), trunk had 23° (score 3) and legs had scored 2 because 

poor balancing caused by over bending of trunk.  

Step 2: Find the score of Group A and Group B from the tables 1 and 2 respectively. As 

per the scores from Step 1, following are the step 2 scores. For Group A = 3, Group B = 5. 

Step 3: For Muscle gave a score of 1, if the posture is repeated more than 4 times or 

mainly static. 

Step 4: For Load or Force score,  

     0 - No struggle or less than 2 kg discontinuous load or force 

     1 - 2-10 kg discontinuous load or force 

     2 - 2-10 kg stationary load, 2-10 kg repetitive loads or force 

     3 - 10 kg or more static load, 10 kg or more repeated loads or forces, Shock or 

forces with a rapid build-up 

Step 5: Score sheet Preparation 

Scores from every step were plotted in the score sheet and Score of AA and BB was driven 

including the Muscle score and Load score. This AA and BB score helps to find out the 

overall final score from Table 3. Score sheet of the old posture model is shown in Table 4. 

 
Table. 4.Final Score sheet of AA and BB (Existed posture) 

Upper arm 
2 

 Using 
Table 1 

       

Lower arm 
1 Score A 

3 
+ 

Muscle 
1 

+ 
Force 

0 
= 

Score AA 
4 

 

Wrist 
3 

Wrist twist 
1 

        

        
Using 

Table 3 

Grand 
Score 

6 

Neck 
3 

 Using 
Table 2 

      
 

Trunk 
3 

Score B 
5 

+ 
Muscle 

1 
+ 

Force 
0 

= 
Score BB 

6 
 

Legs 
2 

        

 

Table 4 shows that the total score of the existed work station was 6. It denotes the Action 

Level 3 (Investigation and changes are required soon). This score of 6 indicates the insecurity 

of the workforce. This body postures can cause musculoskeletal disorders in workers. To 

create a safe working station this total score should be reduced by 6 and brought down to 4. 

The solution can be found and implemented through the follow-up process. 
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IV. RESULT 
According to Table 4, the curvature of the trunk area and neck area had a higher score. So by 

reducing the curvature of the trunk you can reduce the total score. The pressing area in the 

machine is inferior from the operator's eyes and hands. The workman's trunk can be 

straightened by raising the height of the machine. Relaxation of the trunk will also reduce the 

scores on the neck, upper arm and lower arm. The base height of the existed machine was 

increased through concrete base. The height of the concrete base is 170mm and the overall 

machine height was increased from 2534mm to 2684mm as shown in Figure 5. After the 

redesigned workplace the RULA score is reduced to the safe level. Redesigned machine 

position was done by CATIA V5.  

After the redesign of workstation, the RULA scores were calculated. And the scores are,  

Step 1: Total height of the machine was 2684 mm. From the Figure 5, scores were 

allotted as per the RULA tool. The scores of part A were given in the basis of Figure 2.The 

upper arm had 20° (score 1), lower arm had 95° (score 1), wrist had 0° (score 1) and wrist 

twist had scored 1 due to mid range of twist. The scores of part B were given in the basis of 

Figure 3.The neck had 9° (score 1), trunk had 0° (score 1) and legs had scored 1 because 

balancing caused by straightened of trunk.  

Step 2: Find the score of Group A and Group B from the tables 1 and 2 respectively. As 

per the scores from Step 1, following are the step 2 scores. For Group A = 1, Group B = 1. 

Step 3: For Muscle gave a score of 1, if the posture is repeated more than 4 times or 

mainly static. 

Step 4: For Load or Force score,  

     0 - No struggle or less than 2 kg discontinuous load or force 

     1 - 2-10 kg discontinuous load or force 

     2 - 2-10 kg stationary load, 2-10 kg repetitive loads or force 

     3 - 10 kg or more stationary load, 10 kg or more repetitive loads or forces, Shock or 

forces with a rapid build-up 

 
Table. 5.Final Score sheet of AA and BB (Proposed new posture) 

Upper arm 
1 

 Using 
Table 1 

       

Lower arm 
1 Score A 

1 
+ 

Muscle 
1 

+ 
Force 

0 
= 

Score AA 
2 

 

Wrist 
1 

Wrist twist 
1 

        

        
Using 

Table 3 

Grand 
Score 

2 

Neck 
1 

 Using 
Table 2 

      
 

Trunk 
1 

Score B 
1 

+ 
Muscle 

1 
+ 

Force 
0 

= 
Score BB 

2 
 

Legs 
1 
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Fig. 5. Proposed new design of workstation 
 

Table 5 shows that the total score of the new work station is 2. It denotes the Action Level 1 

(Posture is safe and acceptable). The proposed design of workstation was implemented and 

the workers were satisfied with the current posture. In addition the number of products 

pressed in the workstation is also increased. 

V. CONCLUSION 
In view of the high prevalence of musculoskeletal disorders among press workstation 

workers, we observed that most employees do not have adequate ergonomic work places and 

those places of work reforms are essential. This research shows that, the continuous trunk 

bending posture is a bad posture for the human body. Workers perform their tasks during 

work activities in specific, awkward positions for prolonged periods of work. There are 

crucial posture that contribute to the score 6 of RULA, that are really hazardous and require 

immediate improvements. Therefore this study concludes that fatigue is influenced by 

awkward posture and poor design of workstations. Also, RULA is a simplest tool to measure 

the stress of workers. 
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Abstract 

Aluminium alloy 6061 is widely used because of its high strength and high corrosion 

resistance characteristics. In this work the wire electrical discharge machining operation is 

performed on aluminium 6061 alloy reinforced with zircon sand to investigate the material 

removal rate and surface roughness characteristics. Taguchi based design of experiment 

methodology is adopted for this study. Widely used L9 orthogonal array is used for parameter 

design and optimizing the quality and performance of the manufacturing processes. Pulse on 

time, pulse off time, wire feed and current are the input factors selected to optimize the output 

parameter material removal rate and surface roughness. ANOVA based regression equation 

was used for confirmation of the identified optimal process parameters suitable for machining 

the alloy. It is found out that lower values of pulses increases material removal rate and 

decreases surface roughness. Increasing wire feed rate increases surface finish decreasing 

material removal rate. 

Keywords:- Material Removal Rate, Surface Roughness, Taguchi, Pulse on time, pulse off 

time, voltage, and current. 

I.INTRODUCTION 

The surface finish of finished goods should be as high as possible. Improper selection of 

process parameter will result in lower Material Removal Rate (MRR), lower surface finish, 

increased tool wear, reduced tool life, high energy utilization etc., So, it is essential to pick 

the suitable process parameters to improve the productivity and also to produce sound quality  

products. This condition can be achieved by continuous improvement in the manufacturing 

process. Roy et al. [1] investigated influencing parameters of Al2O3/Al matrix composite in 

wire electro discharge machining [WEDM] process. Studies reveals that pulse on time and 

current exert more influence on MRR and surface roughness [SR]. Higher the current and 

pulse on time higher the MRR at expense of SR. Rao and Gopala Krishna [2] studies the 

performance characteristics in WEDM of Al7075 reinforced with silicon carbide. Empirical 

models was developed using Response surface methodology [RSM] for the selected 

responses. Conclusions revealed that high roughness was achieved for higher content of 

reinforcement at higher pulse-on time and wire tension. It was found to have enlarged craters 

and cavities during machining.Srivastava et al.[3] examined Wire EDM Process Parameters 

of Aluminium Metal Matrix Composite reinforced with silicon carbide. From the study it was 

concluded that increase in current, pulse on time and reinforcement increases surface 

roughness. Similarly increase in current, pulse on time increases MRR, whereas increase in 

reinforcement decreases MRR. Sharma et al.[4] studied the effect of WEDM input 

parameters such as pulse on time (Ton), pulse off time(Toff), peak current(IP) and servo 
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voltage(SV) for cutting rate(CR) in machining Aluminium 6063 reinforced with 5% 

ZrSiO4(p). Based on the study cutting rate is increased by increasing pulse on time and peak 

current. Increasing pulse off time and servo voltage decreases cutting rate. Meena et al. [5] 

conducted the study on input process parameters of CNC WEDM in machining silicon 

carbide reinforced aluminium metal matrix composite with different volume fraction from 5 

to 20% with an increment of 5%. Test results concluded that, increase in mesh size increases 

MRR and cutting speed. Increase in Wt. % of Sic Particles decreases MRR. SR is decreased 

for increased mesh size and low Wt. % of reinforcement Particles. Sanjeev et al.[6] 

investigated the effect of WEDM process parameters in machining aluminium composite 

reinforced with ZrO2 particles. Results showed that cutting velocity is increased with 

increased pulse time, No significant effect is found with wire feed on cutting velocity. 

Maximum machining was identified at  1.14 s pulse time, 50 V voltage,  11.1 m/min wire 

feed and 0.43daN wire tension. Uday et al.[7] experimented surface integrity using Grey 

Relational Analysis [GRA] on machined surface of silicon carbide reinforced aluminium 

matrix composite. The study was done to identify the better input parameters for good surface 

integrity. From the GRA it was seen that surface integrity is based on volume and size of 

reinforcement in the composite. Azhiri et al. [8] studied the machining characteristics of 

aluminium silicon carbide matrix composite by dry WEDM process. Various input parameter 

effect on cutting velocity and surface roughness was determined using Taguchi’s orthogonal 

array. wire tension plays the major role for higher cutting velocity and good surface finish. 

Shandilya et al.[9] optimized machining parameters of SiCp/ Al 6061 using WEDM. The 

output parameter was taken as MRR and kerf  for the input parameter such as Ton, Toff, IP, 

Voltage. MRR and kerf  was based on the variation of voltage which was considered as 

significant parameter. Wire feed and Toff has less significant over MRR and kerf. Increased 

MRR and kerf was found for low voltage and low Ton. Satishkumar et al.[10] studied the 

input parameter effect of aluminium 6063 alloy with silicon carbide reinforcement using 

WEDM. The responses selected for this study was MRR and SR. Reinforcement with 5, 10 

and 15% was added and it was found that increase in reinforcement volume and gap voltage 

has influenced the MRR and surface finish. Ahmad et al.[11] studied the behavior of WEDM 

machinability of aluminium reinforced with 5% alumina composite. Full factorial design two 

level approaches were considered for the study. From the result, Voltage was considered to 

have high influence on MRR that pulse-off time and wire tension. MRR was found to 

increase with low voltage. Patil et al. [12] examined the electrical and non electrical 

parameter performance of Al/Al2O3p in machining with WEDM. Result showed that the 

presence of ceramic particle affects the composite surface finish. Liu et al. [13] analyzed wire 

electro chemical discharge machining of aluminium alloy reinforced with aluminium oxide 

particle. From the result it was seen that higher concentration of electrolyte and current 

increases the material removal rate. current was considered as significant factor for the 

selected input parameters. 

II. Experiment and Result 
2.1. Manufacturing of Composite 

Stir casting is currently the most popular and commercial method of producing 

aluminium based composites. In a stir casting process, the reinforcing phases are distributed 

into molten matrix by mechanical stirrer. Pre heated reinforcement, Zirconium particles are 

added into aluminium melt and mixed thoroughly by stirring action. The stirring action is 

carried out continuously for ten minutes bu a motor rotating at 300 rpm. The mixed  

aluminium melt is then carefully poured into the die and machined for required dimensions to 

carry out the testing. 
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2.2. Design of experiments (DOE) 
Taguchi based design of experiments was identified for this study.  L9 orthogonal array was 

considered on nine different runs. These orthogonal arrays have the advantage of providing 

minimum number of runs and each run has a different level of parameter. The experiment 

was carried on BAOMA DK-7731wire cut machine. Taguchi based design of experiments 

was identified for this study. This method is used to reduce the experiment quantity in 

different field of engineering works to optimize process parameters. The input factors for this 

study were Pulse-on, Pulse-off, wire feed and Current. The response selected was MRR and 

surface roughness. Three levels of factors for nine experimental run was used to conduct 

machining and optimized level parameters was selected. Table 1 shows the levels of input 

parameter 

Table 1. Levels of input parameter 

S.No Parameters Level 1 Level 2 Level 3 

1 Pulse ON  110 115 120 

2 Pulse OFF 54 56 58 

3 Wire feed 1 2 3 

4 Current 30 40 50 

 

Taguchi based design of experiment is given in table 2 for different level of input parameters 

for experimentation. 

Table 2. L9 orthogonal array for experimentation 

Run 

No 
Pulse ON Pulse OFF Wire feed Current 

1 110 54 1 30 

2 110 56 2 40 

3 110 58 3 50 

4 115 54 2 50 

5 115 56 3 30 

6 115 58 1 40 

7 120 54 3 40 

8 120 56 1 50 

9 120 58 2 30 

 

 

The results obtained by experiments are listed in the Table 3 along with the input process 

parameters such as Pulse on time, pulse off time, wire feed and current for the output 

parameter MRR and SR. From the   experimental   trials,   the   values   obtained   were 

analyzed and the results are interpreted. 

 

Table 3 Observations based on experimentation 

Run 

No 
Pulse ON Pulse OFF Wire feed Current MRR SR 

1 110 54 1 30 0.108 2.824 

2 110 56 2 40 0.119 2.820 

3 110 58 3 50 0.123 2.815 

4 115 54 2 50 0.090 2.822 

5 115 56 3 30 0.112 2.815 

6 115 58 1 40 0.100 2.813 
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7 120 54 3 40 0.120 2.822 

8 120 56 1 50 0.089 2.810 

9 120 58 2 30 0.108 2.809 
 

The rank of the parameters was obtained by signal to noise response table and means 

response table. The table 4 shows that the most significance parameters for MRR and SR. For 

MRR, current is the most dominating parameter and pulse OFF time for SR. The other 

parameters ranks are seen from table 4. 

 

Table 4 Delta rank based on observation 

Response Pulse ON Pulse OFF Wire feed Current 

MRR 3 4 2 1 

SR 2 1 4 3 

 
 

3.1. Material Removal Rate: 
 

The relationship between mean of the S/N ratios to the input factors with larger the better 

method is shown in the Figure 1. For MRR, larger the better method is used, because MRR 

should be high in any machining process. Higher MRR is obtained for 110 micro seconds 

pulse ON time, 54 micro seconds pulse OFF time, wire feed rate of 1m/min and current of 50 

amphere. Similarly lower MRR is obtained for 120 micro seconds pulse ON time, 56 micro 

seconds pulse OFF time, wire feed rate of 3 m/min and 30 amphere current. 

 
Figure 1. Mean effect plot for MRR 
 

Table 5 shows ANOVA obtained for MRR in which current and wire feed are the key 

influencing factors dominating Material Removal Rate. The significance of impact of each 

factor on the reaction is assessed using F test at 95 % certainty levels. Current is the most 

dominating factor influencing material removal rate than other factors. 

Table 5 Analysis of variance for MRR 

Source DF Adj SS Adj MS F-Value P-Value 

Regression 4 0.001292 0.000323 94.14 0.000 

  Pulse ON 1 0.000054 0.000054 15.74 0.017 

  Pulse 

OFF 
1 0.000002 0.000002 0.44 0.545 

  Wire 

feed 
1 0.000088 0.000088 25.70 0.007 
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  Current 1 0.001148 0.001148 334.69 0.000 

Error 4 0.000014 0.000003   

Total 8 0.001306    

 
3.2. Surface Roughness: 
  

Figure 2 displays the relation between mean of the S/N ratios of the input parameters. Smaller 

the better method was used here since surface roughness should be as low as possible for any 

machining process. Lower SR is obtained for 110 micro seconds pulse ON time, 54 micro 

seconds pulse OFF time, wire feed rate of 3 m/min and current of 40 amphere. Similarly 

higher SR is obtained for 120 micro seconds pulse ON time, 58 micro seconds pulse OFF 

time, wire feed rate of 1 m/min and 50 amphere current. 
 

 
Figure 2. Mean effect plot for SR 
 

The contribution in percentage of each factor for the surface roughness is shown in Table 6. 

The surface roughness decreases with increase in pulse OFF time. Hence the most 

influencing parameter is considered as pulse OFF time.  

 

Table 6 Analysis of variance for SR 

Source DF Adj SS Adj MS F-Value P-Value 

Regression 4 0.000218 0.000055 8.57 0.030 

  Pulse ON 1 0.000054 0.000054 8.47 0.044 

  Pulse OFF 1 0.000160 0.000160 25.12 0.007 

  Wire feed 1 0.000004 0.000004 0.65 0.464 

  Current 1 0.000000 0.000000 0.03 0.879 

Error 4 0.000026 0.000006   

Total 8 0.000244    

 

The regression equation obtained for the prediction of MRR and SR is given in table 7. This 

equation can be mathematically solved to predict the result with the obtained result. 

 

Table 7 Regression equation for MRR and SR 

MRR 0.1421 – 0.000600 Pulse ON – 0.000250 Pulse OFF – 0.003833 Wire feed 

+ 0.001383 Current 

SR 3.0293 – 0.000600 Pulse ON – 0.002583 Pulse OFF + 0.00083 Wire feed –
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 0.000017 Current 
 

The optimum results for MRR and SR are indicated in table 8. Lower values of pulse ON 

time and pulse OFF time are the levels for higher material removal rate and lower surface 

roughness. 

 

Table 8. Optimum condition for MRR and SR 

 

Response Pulse ON Pulse OFF Wire feed Current 

MRR 110 54 1 50 

SR 110 54 3 40 

 

IV. CONCLUSION 
The above experimental study clearly indicates the optimum condition of material removal 

rate and surface roughness in machining of the aluminium 6061 composite. The following 

important conclusions are derived from the above experimental work. 

 Higher material removal rate is obtained for 110 micro seconds pulse ON time, 54 

micro seconds pulse OFF time, wire feed rate of 1m/min and current of 50 amphere. 

 Lower surface roughness is identified at 110 micro seconds pulse ON time, 54 micro 

seconds pulse OFF time, wire feed rate of 3 m/min and current of 40 amphere. 

 Higher material removal rate and surface finish is noted at lower levels of pulse ON 

time and pulse OFF time. 

Increase in wire feed rate increases surface finish with decreased material removal rate. 
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 Abstract— The big challenge while developing a new machining industry are mainly focused on the best quality and a time saving 

operation for increasing the production rate, less removal of materials of cutting tools, hence rising the performance of an instruments. 

The rate of productivity can be decreased by reducing the machining time and combining the machining operations etc. Thus, better 

way to increase the production rate along with a quality and quantity is attained only by through a special type of modified machine. 

Therefore, During the drilling process many problems are occurred in the previous idea. Thus, due to the small workspace between the 

work piece and the drill bit. In this project we can do both multiple and single drilling operations along with 360◦ flexible rotation in an 

(single machine). By using new idea, it can also eliminate the drill bit damage while changing the drill bit when doing different 

operations. The machine cost is comparatively low compared to CNC drilling machine, through this new machine it can able to do all 

the drilling operations performing by CNC machine. This can be able to do a multiple and single drilling operation in a single machine 

at low cost, so it is benefit to domestic workers, lathe workshops. The main aim of this project is to improve the productivity with 

reduced in time and cost of machine.  

 

Keywords— Drill bit, Lead screw, Radial drill, Dc motors   

 

I. INTRODUCTION 

Drilling is a machining process for producing a hole in a metallic or non-metallic material. This process is called as drilling. The 

tool used here is called as drill bit. The multi spindle drilling machine are commonly used for a mass production process, it is a 

huge time saver were many pieces of jobs having a multiple   number of holes to be drilled. Thus, multi spindle drilling machine 

are mostly used at a mechanical industry in order to increase the productivity rate. It can be used to drill several holes for a fixed 

pitch circle diameter. At today’s market a customer demands the product with a right quality, quantity, better cost, and perfect 

time. Therefore, it’s a necessary to improve production rate and the better quality. Only way of achieving this can be through by 

using of multi spindle drilling head. Making of SPM are decided based upon the various principles such as minimization of cost 

and improved productivity and improving safety. 

 

II. LITERATURE REVIEW 

S. R. Gawande (2015): Is said that the productivity of a machine is be increased by reducing the overall machining time, 

reducing total cost of machining, integrating the operations, reducing manpower etc. The main problem defined is non uniform 

drilling and other major thing is poor surface finish. Number of components finished per month is 4050 and 24300. Number of 

operators required are 5 and 1. Aesthetic look and finishing poor and good. And thus, the problem is reduced from the above 

results with considerable quantity.   

S. R. Gawande (2016): Is said that special multi spindle drilling machine. The Mass production are many varieties of jobs is 

less and quantity to be produced is large, it is very essential to produce the job at a faster rate. This is not possible if we carry 

out the production by using general purpose machines. To make improve the increase of productivity in addition with quality 

is by making special purpose machine. The main problem defined is non uniform drilling and other major thing is poor surface 

finish. And thus, the problem is reduced from the above results with considerable quantity.  

 

K. I. Nargatti (2016): We have studied that journal they are majorly focused on good quality and also in terms of an higher 

production rate, considering cost saving in terms of economy machining, increase the performance and less wear of cutting 

tools of the product produced in an industry. Productivity of a product in a manufacturing can be improved by decreasing the 

total machining time, combining the operations etc. The very best way to improve the rate of production (productivity) and the 

quality is by use of special purpose machine. This paper deals with improvement in Design & Fabrication Process of Multiple 

Spindle Drilling Head for cycle time optimization of the component. 

 

Geethanjali R (2016): We have studied this journal the work of the author’s project relates to increasing in the process of 

manufacturing of thrust   block and ½ U assembly. The thrust block is get assembled to assembly which ½ U (1800 apart 2 

no’s). The thrust block that is manufactured with the 15CDV6 hardened (38-40HRC) and ½ U Iso grid panels are 

manufactured from AA7075 alloy. These thrust blocks can carry the solid propellant booster of the rocket on either side. The 

current realization is the use of the method of master and sleeve jig concept (A new concept extracted at HAL ASD). Now to 

improve productivity of a machine a Special Purpose Machine is used to drill and ream the material when thrust block and Iso 

grid are assembled together to form a special component. The material 15CDV6 is used for thrusting block steel for the dia. 

16596 RPM, dia. 20-477 RPM, dia. 24-394 RPM.  

 

R.Anandhan (2016): Is said that present machines are mostly controlled by embedded system by computer or microcontroller. To 

achieve the necessary of exploding population of the world economic and the major concern of effective control of machines is 

the need. This journal even is rotated to make drill at all direction. So that job setting, and arrangement operation is not tough and 

complicated as well as decreases the job setting time for the machining operation. In manual method the most effective controlling 

of the drilling machine is possible. The workpiece is a moveable one because it is fixed in the table. Here the workpiece is rotated, 
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and drill bit is fixed but in drilling machine the drill bit is a rotating one and workpiece is fixed. This angular drilling is processed 

for Different Angle Drilling in the machining or workpiece job. 
 

III. WORKING PRINCIPLE OF MULTI SPINDLE DRILLING MACHINE 

The drilling machine is commonly for producing variety of holes with extracting of chips. Drilling machines are used for drilling, 

boring, countersinking, reaming, and tapping. There are several types are used for metal working: vertical drilling machines, 

horizontal drilling machines, centre drilling machines, gang drilling machine, and multi spindle drilling machine. basically, the 

multi spindle drilling machine has several drill spindles driven by a single motor. All the spindles are holding the drills are fed 

into the work piece at same time. For the purpose a drill heads can be lower and to work piece up and down motions. The multi  

spindle drilling machine is one which can be used to drill several holes at various large and even unsymmetrical layouts according 

to our requirements, where the conventional multi spindle drilling machine cannot be used. This is an improvement over geared 

drill heads adopted with universal joints. The drill head is mounted on drilling machine table. The drill head spindle is inserted 

into the machine spindle.it used to drill several holes in different layout according deals with a proper idea of usage of eccentrics 

in the field of drilling. The multi spindle drilling machine helps to achieve accurate and identical drilled layouts in mass 

productions. Thus, the basic principle for and multi spindle driller machine is to make an several number of holes in a work piece 

at minimum time period and main aim of using multi spindle driller machine is increase productivity by decrease in time taken for 

the machine to make a hole in a given work piece. 

 

IV. EXPERIMENTAL SETUP  

In this one DC motors are used for controlling the power supply of the up and down movement operation. And 4 motors are used 

for drilling operation (1a, 2a, 3a,4a). The motor used for drilling operation contains high RPM and torque and the lifting motor 

contains low RPM only but has high torque for controlling the movement of operations for the motor. The Lead screw connected 

to the sub gear is used for lifting the drilling motor with the help of the thread present in the lead screw. The Lead screw used in 

this project is in 15 cm of length. The drilling motor set up will move in whole the length of the Lead screw. There are four lead 

screws are used for the lifting operation. We can fix the four drill pits of different size to all the four drilling motors with the help 

of the screw. different switches are connected to all the motors for the purpose of on and off the motors. Here we used the two 

different switches one is normal on/off switch and the other is called the two ways switch. The normal switch is get connected 

with the drilling motor. And the two ways switch is get connected with the main motor, in this we use the two ways switch for the 

up and down motion of the lifting motor. The wires are get connected with between the motors and the switches as well they 

connected the switches with the battery. Here the battery is used to supply a power to entire machine setup and the project set up 

to reduce the risk due to the high voltage passes in the main circuit.  the required voltage (12 V). This whole set up is get fixed in 

the single base. The ball bearing is placed under this set up to rotate freely using the hands. And this set up is get placed over the 

worktable, where the work piece is get placed for drilling operation. lock system is used with base to make a stable hole with an 

accurate manner. The main motor is directly engaged with main gear and the main gear are directly engaged with sub gears and 

thereby a transmission of power supply and sub gear are connected with lead screws along with the drilling motors. Sliding 

mechanisms are used with sub gears to control the transmission of power supply by engaging and dis engaging of the main and 

sub gears. Hence thereby achieving the both conventional and multi drilling operations using the technique of sliding mechanism 

of engage and dis engage of gears.  

V. METHODOLOGY 

In this machine it is constructed with a metal base and the base consist of bearing, metal frames and columns for a base support 

for the entire machine. The locking technique are also adopted with a base setup to make a stable and accurate hole on work 

pieces during the drilling operations is occurred. The base is raised with a several number of columns of metal frame and contains 

several components of the drilling machine. Normally the machine consists of four drilling motors, four lead screws, four sub 

gears and one gear, and one main motor. Basically, the drilling motors are used to make a hole the required dimensions on work 

piece which holds on worktable. The four drilling motors are directly connected with the leadscrews separately and screws relate 

to the sub gears. The main motor is placed at the top head of the machine and the power supply is continuously given and the main 

motor is directly connected with the main gear and transmits the power to the sub gear. During the power transmission from the 

main gear to the sub gear managed with help of a technique called the sliding mechanism. And thereby engage and disengage of 

gears and transmits the power supply based on engage and dis engagement of gears. Due to this technique it can able to attend a 

drilling such as in a conventional drill as well the multi drill operations. Thus, the power supply is mainly concern with the main 

motor constantly. The gear used in this machine are of sizes such as 125mm dia and the dc motors consist a normally of 12v and 

7amps and sped ranges from 600 to 700 rpm and lead screw size as 24 mm dia and 1 feet length the power supply to the main 

motor and drilling motors are controlled by different switches. Thus, when the power supply is initiated the main motor starts to 

rotate and automatically the main gear also starts to rotate through transmission of power from main motor and the main gear are 

engaged with the sub gear based on the required numbers of holes. The engage and dis engagement of gear are used to transmit 

the power based on requirement of number of holes. and the during the drilling motors start to make a hole on work piece with 

help of up and down movement of lead screws which are directly connected with sub gear and the drilling motor. The lead screws 

help to make a hole in downward pull direction and as well it also takes an upward direction to is original state, after the removal 

of material from the work piece. The leadscrews up and down direction are controlled by a two ways switch relate to the power 

supply and the main motor. Thus, due to proper engagement and dis engagement of gear leads to attain required kind of drilling 

operations such as conventional drilling and as well as the multi drilling operations. The drill bits are set to be at various sizes 

based on the needs of hole sizes on the work piece. The four different kinds of drilling motors are used based on type of material 

as work piece. The main outcome of the project is to make a conventional drill as well as the multi drill in a single machine, and 

thereby using of leadscrews for lifting a technique are also reduced in total cost of drilling machine. Besides this cost compared to 
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the CNC machine, this project works very efficient on doing multiple drilling with 360 degree with reduced cycle time and 

increase variety of the product is achieved.   

 

 

 

 

 

 

 

 

 

 

          
       Fig.1 Engagement of gears              Fig.2 

Disengagement of gears 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIG.3 ENTIRE DESIGN MODEL OF MULTI SPINDLE DRILLING MACHINE 

 

VI. MATERIAL SPECIFICATIONS 

1) Frame: (mild steel) - ¾ square pipe. 

2) Bearing: (stainless steel) - Inner Dia. 19mm and Outer Dia. 47 mm.  

3) Motors: Main Gear motor: 12 v dc motor, 45 rpm, 14watts. 

Drilling motors: 12v dc motor, 1000rpm (unloading condition) and 700rpm (loading condition).  

4) Brill bit - 4 different sizes 14mm Dia, 8mm Dia, 10mm Dia, and 12mm Dia. 

5) Chuck:(steel) - 1.5mm-13mm Dia, Material used is chrome vanadium steel, Mount is ½ - 20 UNF.   

6) Lead screw:(mild steel) - Dia.24mm and 1feet length  

7) Battery (rechargeable) - 12V, 7amps lead acid battery.  

8) Spur gear: (cast iron) - Outer Dia. 125 mm, Thickness 1inch. 

 

VII. CALCULATIONS 

 

Lead screw: 24mm 

Lead screw material: mild steel 

Allowable shear stress for mild steel: 300Mpa 

 

1) calculation of induced torque: 

P=2ΠNT/60 

14=2π*45*T/60 

thus, T=2.97 N-m 

 

2) calculation of induced shear stress on lead screw: 

T=π/16 *d^3*shear stress (lead screw) 
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Shear stress on lead screw= T*16/π*(0.0024)^3 

Thus, Shear stress on lead screw = 109.41*10^6 N/m^2 

300*10^6 N/m^2 (allowable shear stress for mild steel) 

Thus, design is safe for selecting drill material. 

 
Table.1 Calculation of feed rate, spindle speed and diameter of drill and material (MS) 

 
Diameter 

of drill 

Material  

(workpiece) 

Feed in 

mm\rev 

Speed in 

rpm 

        8 Mild steel 0.127 1350 

       10   Mild steel 0.1778 920 

       12 Mild steel 0.2032 790 

       14 Mild steel 0.2057 750 

 

Calculations of feed rate: (F=f*rev) 

 

1) 08mm drill:  171.45mm/min 

2) 10mm drill: 163,54mm/min 

3) 12mm drill: 160.54mm/min 

4) 14 mm drill: 152.44mm/min 

 

Calculations of machining time: (T=L/F) i.e., 10mm  

 

1) 08mm drill: T=0.058 min or 3.48sec 

2) 10mm drill: T=0.0611 min or 3.66sec 

3) 12mm drill: T=0.06230min or 3.738sec 

4) 14 mm drill: T=0.06561 min or 3.936sec 

 
Table.2 Calculation of feed rate, spindle speed and diameter of drill and material (SS) 

 
Diameter 

of drill 

Material  

(workpiece) 

Feed in     

mm\rev 

Speed in 

rpm 

8 Stainless steel 0.127 610 

10 Stainless steel 0.1778 430 

12 Stainless steel 0.2002 380 

14 Stainless steel 0.2032 340 

 

Calculations of feed rate: (F=f*rev) 

 

1.  8mm drill: 77.47mm/min 

2. 10mm drill: 76.45mm/min 

3. 12mm drill: 76.038mm/min 

4. 14 mm drill: 69.088mm/min 

 

Calculations of machining time: (T=L/F) i.e10mm 
  

5.  8mm drill: T=0.1290 min or7.74sec 

6. 10mm drill: T=0.1308 min or 7.848sec 

7. 12mm drill: T=0.1315min or 7.89sec 

8. 14 mm drill: T=0.1447 min or 8.682sec 
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VIII. CONCLUSION  

Using of this multi spindle drilling head the rate of productivity can be increased. The cost per piece is 

reduced. This idea makes more benefit to the small-scale industries because this innovation is more 

economical.  From this project it concludes that it can able to attain mass drilling as well as conventional 

drilling in a single machine and thus results to reduce the machining time and the machine cost by through 

the usage of a lead screw technique and also by combining conventional drill as well as multi drill in an 

single machine it results reduced in space of placing different machines for different drilling operations. we 

can able to drill 4 different dimensions of hole simultaneously. We can modify the machine to drill 4 holes 

or 3 holes or 1 hole depending upon the need. This can be achieved by engage and disengage the gear 

systems. By comparing with a normal drilling machine cost our machine net cost is comparatively lower. It 

is mainly designed with the hope that it will be most useful and economical for a lathe, workshops, and as 

well as every small-scale industry. 
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ABSTRACT 
 
Machine Learning is one of the latest evolving technologies. 
During the boiler design stage, the selection of a suitable 
cyclone separator for CFBC boiler is very crucial. In this 
study, an attempt is made to apply machine learning 
algorithms to predict cyclone separator output used for CFBC 
boilers. Dynamic analysis of computational fluid is carried 
out for cyclone separators by varying velocity of inlet. For 
selected machine learning algorithms such as K-Nearest 
Neighbours, Neural Network, Linear Regression, Support 
Vector Machine, Support Vector Machine Evolutionary, 
Deep Learning, Polynomial Regression, and Gaussian 
Method, the data set generated in CFD analysis is used as a 
training dataset. These models are compared statistically with 
predicting the pressure drop and the efficiency of separation. 
Neural Network is proven statistically best and applied to all 
models of cyclone separators, both pressure drop and 
separation efficiency are expected and compared with CFD 
analysis. The consequence of this comparison is that Neural 
Network predicts perfectly a decrease in pressure for cyclone 
separator with a ratio of vortex finder diameter to cyclone 
separator diameter greater than 0.5. Likewise, Neural 
Network predicts cyclone separator separation efficiency with 
a ratio of cylinder height to cyclone separator diameter less 
than 2. 
 
Key words: Machine Learning, Artificial Intelligence, 
Cyclone Separator, Pressure Drop, Separation Efficiency 
 
1. INTRODUCTION 
 

Circulating Fluidized Bed Combustion (CFBC) boilers 
have been used since the last two decades in many of India's 
thermal power plants. CFBC boilers are preferred to 
conventional boilers because of their reduced emissions of 
toxic substances such as Sox, Nox etc. This reduction in 
emissions results from reduced bed temperatures as low as 
800-900 C [1]. CFBC boilers have two distinct multiphase 
flows, one draught down and other is draught up. Cyclone 
separator, located at the intersection of both down and up 
draught, serves as one of CFBC boiler’s critical integral 

component [2]. Cyclone separator separates two distinct 
phases on the basic concept of centrifugal force supported by 
density difference between those two phases. When in action 
two issues are faced by cyclone separator, one is wearing 
refractory materials in the walls of separator and another 
reduction of pressure across the separator [3]. Refractory 
materials may be patched, but at the design level itself, 
pressure drop needs to be dramatically reduced [4]. Similarly, 
performance of cyclone separator is estimated by a parameter 
termed as separation efficiency [5]. This separation efficiency 
is to be calculated and can be increased during the design 
stage. Separation efficiency plays a vital role in selection of 
cyclone separator for CFBC boiler. Thus, prediction of these 
two parameters will aid the design engineer to select the 
proper cyclone separator for CFBC boiler. 
 
Machine Learning (ML) is the one of the emerging 
technologies in Artificial Intelligence (AI). Many number of 
machine learning algorithms (MLAs) are available, these 
algorithms are just an iterative method of applying 
mathematical formulae’s [6]. MLAs are classified into four 
different types as: unsupervised learning, supervised 
learning, semi-supervised learning and reinforced learning 
[7]. Unsupervised learning technique is applied to MLAs 
when training dataset is not available for the study to identify 
the hidden pattern of data [8]. Supervised learning technique 
is utilized in MLAs when there is specific training dataset is 
available to predict the data patterns [9]. Semi-supervised 
learning is similar to supervised learning except some data 
are missing in training dataset [10, 11]. Rein-forced learning 
technique is employed to MLAs whenever an external 
feedback given to analyze the data pattern [12, 13]. 
 
Until now cyclone separator performance parameters are 
estimated with the help of CFD analysis [14]. If the 
turbulence model is not properly selected then the results may 
vary and by selecting correct model it may take even 4 to 5 
hours to complete a single CFD analysis [15]. Thus, CFD 
analysis for every variation of performance is a 
time-consuming process. MLAs are time effective for 
prediction of performance parameters. Hence, this work is to 
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supervised learning technique is implemented to various 
traditional MLAs to predict performance parameters of 
cyclone separator and compare be-tween these algorithms to 
provide a single algorithm for perfect prediction.  
2. DESIGN & ANALYSIS OF CYCLONE SEPARATOR 

2.1 Design Approach 
Six different separators are availed in the past for CFBC 
boilers. These six separators are designed with the aid of 
Table 1 and with following procedure 
 Fix the volume flow rate (Q) that must be handled by 

cyclone separator, in this study volume flow rate is taken as 
500 m3/hr [16] 

 Cyclone separator inlet duct area is to be estimated with 
equation (1) by considering the operating velocity. In 
general, CFBC boilers operates with velocity ranging from 
15m/s to 30 m/s[17]. For this study operating velocity of 
cyclone separator is considered as 15m/s 

Q = Ain x vin        – (1) 
Ain = D x B      – (2) 

Table 1: Relationship between the dimensions of various cyclone 
separators with their respective diameters[18] 

S.No Types of Cyclone 
Separator        

1. Stairmand High 
Throughput (HT) 

0.7
5 

0.37
5 

0.7
5 

0.87
5 

1.5 4.0 0.375 

2. Swift High 
Throughput (HT) 

0.8 0.35 0.7
5 

0.85 1.7 3.7 0.4 

3. Swift General 
Purpose (GP) 

0.5 0.25 0.5 0.6 1.7
5 

3.7
5 

0.4 

4. Lapple General 
Purpose (GP) 

0.5 0.25 0.5 0.62
5 

2.0 4.0 0.25 

5. Swift High 
Efficiency (HE) 

0.4
4 

0.21 0.4 0.5 1.4 3.9 0.4 

6. Stairmand High 
Efficiency (HE) 

0.5 0.22 0.5 0.5 1.5 4.0 0.375 

 
Figure 1:  Cyclone Separator Design Parameters[18] 

 Convert inlet area into diameter of cyclone separator 
(Dcy)using equation (2) and table 1 [18]. 

 Using diameter of cyclone separator (Dcy) calculate other 
parameters of cyclone separator as shown in Figure 1 using 
Table 1. 

 Virtual model of all six-cyclone separator is developed with 
a design software SOLIDWORKS 2016 [3] as shown in    
Figure 2 

 
Figure 2: Virtual Model of Swift HT cyclone separator developed 

in SOLIDWORKS 2016 

2.2 Analysis Approach 
Two main Performance parameters of cyclone separator are 
separation efficiency and pressure drop. These parameters are 
estimated by eqn (3) & (4) after performing CFD analysis in a 
simulation software Ansys fluent 18.1. To perform analysis 
virtual model created in SOLIDWORKS 2016 is exported to 
Ansys fluent. Imported model is broke into tiny areas of study 
is termed as mesh grid. Three types of mesh grid are available 
in fluent as: coarse, intermediate and fine. 

PinoutPP        – (3) 

                         – (4) 
 

 
Figure 3: Coarse square mesh grid of Swift HT model cyclone 

separator 
 
Many researchers employ fine grid because of the uncertainty 
of simulation study[19]. But according to Lewis Fry 
Richardson if refinement ratio is higher than 1.3 then that 
type of grid is acceptable for performing CFD study[20]. In 
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our study coarse mesh is having a refinement ratio as 1.357, 
hence coarse grid is applied to all six models of cyclone 
separator and a sample is shown in Figure 3. Type of flow 
should be selected for CFD study, since cyclone separator 
handles two distinct phases multiphase flow to be selected 
[21]and further some of the assumptions to be considered as, 
incompressible unsteady turbulent flow with no heat loss to 
the surroundings[22]. Reynolds-average continuity and 
Navier-Stokes (RANS) equation is employed in fluent for 
incompressible turbulent flow [23]and Euler-Lagrangian 
approach is utilized for multiphase flow[24].  

 
 

Figure 4:. Process Flowchart for Designing and CFD Analysis of 
Cyclone Separator  

 
 

Figure 5: Pressure contour of Swift HT model cyclone separator 
Since the flow in cyclone separator is turbulent a turbulent 
model to be selected for performing CFD analysis. Previous 
studies depicts that Reynolds Stress Model (RSM) is most 
suited for swirl flow occurring in cyclone separator[25, 26]. 
Thus, RSM turbulent model is preferred for this simulation 
study. CFD study is performed for all six models of cyclone 
separator by varying the inlet velocity from15 m/s to 30 m/s 

with a step increase of 5 m/s as shown in Figure 4. Pressure 
contour and Turbulence Intensity contour are extracted from 
the study to estimate pressure drop and separation efficiency, 
sample contours are shown in Figure 5 &Figure 6. 

 

 
Figure 6: Turbulence Intensity contour of Swift HT model cyclone 

separator 
Since the flow in cyclone separator is turbulent a turbulent 
model to be selected for performing CFD analysis. Previous 
studies depicts that Reynolds Stress Model (RSM) is most 
suited for swirl flow occurring in cyclone separator[25, 26]. 
Thus, RSM turbulent model is preferred for this simulation 
study. CFD study is performed for all six models of cyclone 
separator by varying the inlet velocity from15 m/s to 30 m/s 
with a step increase of 5 m/s as shown in Figure 4. Pressure 
contour and Turbulence Intensity contour are extracted from 
the study to estimate pressure drop and separation efficiency, 
sample contours are shown in Figure 5 &Figure 6. 
 
3. MACHINE LEARNING ALGORITHM 
Supervised learning is applied in number of research areas 
where numerous datasets are available for classify compare 
and predict[7, 27-29]. Supervised Learning is to be performed 
for the existing dataset for all six cyclone separator models to 
predict the intermediate dataset by using conventional MLAs. 
Some of the traditional MLAs available are as: K-Nearest 
Neighbour(KNN), Neural Net (NN)or Artificial Neural 
Network(ANN), Deep Learning(DL), Linear 
Regression(LR), Polynomial Regression(PR), Support Vector 
Machine(SVM), Support Vector Machine Evolutionary(SVM 
EVO), Gaussian Process (GP)[30]. Each of the MLAs has its 
own advantages and disadvantages in prediction all depends 
upon the type of dataset is employed for training MLAs. 
 
K-nearest neighbours (KNN) are used as classifier algorithm 
for classifying unstructured dataset and considered as one of 
the laziest algorithm[31]. Further it can be used for obtaining 
missing values and regression analysis[32]. Hence in this case 
interpolation is performed for predicting missing values KNN 
is considered for the study. 
 
Neural Net (NN) can perform both regression and 
classification in same network and obtain single output[33, 
34]. This output depends on three basic aspects, first one is 
input to NN and activation functions, second is the network 
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architecture and the last is weight of each connection. In these 
three aspects, only third aspect is a variable. NN will train the 
network to the accuracy by changing the weights[35]. If the 
relation between independent and dependent are nonlinear in 
nature then Neural Network is an effective method of 
prediction[36]. Hence this MLA is selected for prediction 
analysis of cyclone separator performance. Deep Learning 
(DL)algorithms is a subset of machine learning, mainly used 
for dealing large amount of unstructured data for 
processing[37]. It works similar to human brain and have 
high accuracy in prediction data when compared to other 
MLAs such as logistic regression and support vector machine 
(SVM)[38]. Hence DL can be employed for this study. 
 
Linear Regression (LR) algorithms are one of the oldest 
methods of fitting the dataset into a line linear in nature. LR 
utilises method of least square to form a linear relation 
between independent and dependent variables[39]. If the 
number of population in a sample size is less than 20 then 
linear regression is an effective method of prediction[40]. 
When the relation between independent and dependent 
variables are not linear then polynomial regression (PR) 
algorithms can be employed. Since in this case the 
relationship between the variables is unknown hence both 
MLAs are selected for the study. 

 
Figure 7: Process Flowchart for Applying Machine Learning 

Algorithm to Predict Data 

Support Vector Machine (SVM) evolved during the early 90’s 
similar to NN, SVM can be applied for both classification and 
regression[41]. SVM classifies the data by employing the 
hyper plane and regression analysis is performed with 
maximum margin of hyper plane[42]. Support Vector 
Machine Evolutionary (SVM EVO) algorithm is generic than 
the standard SVM and utilizes negative semi-definite kernel 
functions for prediction. SVM EVO is an algorithm 
combination of evolutionary algorithm and particle swam 
optimization algorithm[43]. Since SVM is similar to NN and 
SVM EVO is a one step ahead of SVM both MLAs are 
employed for this predictive analysis. 
 
Gaussian Process (GP) algorithm is an iterative method 
employed for both classification and regression process. 
Gaussian process regression model algorithm predictions are 
having better effective than other MLAs like SVM, Neural 
Networks[44], multiple regression and random 
forest[45].Hence GP algorithm is considered for this study. 
 
A predictive analytics software Rapid miner studio v9.7.0 is 
used in this study to carry out the traditional MLAs' predictive 
analysis. Rapid miner studio's workflow is depicted in Figure 
7, the data generated from Ansys Fluent's CFD analysis is 
given to the software as the input data. This database is 
randomly divided into 80 % and 20%. Those 80 percent data 
serve as a database for preparation and 20 percent data serve 
as a database for research. Throughout the training process, 
10-fold cross validation is applied to draw the best prediction 
out of each MLAs. When the training process is completed, 
there is a testing phase in which the remaining 20 percent 
data is added to the produced predictive model. MLAs 
performance is validated with CORR and MAE, if both are 
within the limitations then model is applied to new dataset to 
predict pressure drop and efficiency of separation. When not 
within the limits, instead a separate MLA is implemented to 
construct predictive models. 
 
4. STATISTICAL VALIDATION 
Prediction performance model created by MLAs is to be 
statistically validated. Different statistical criteria exist for 
validating the prediction. Three statistical parameters Mean 
Average Error (MAE), Correlation Coefficient (CORR) and 
Root Mean Square Error (RMSE) are important statistical 
parameters to validate the model according to previous 
prediction studies. [46-48]. MAE and CORR will assess the 
reliability of the prediction of MLAs rather than the other 
statistical parameters and these two parameters are inversely 
proportional to the need for MAE to be as minimal as possible 
and CORR to be as close to one [49]. For all 8 traditional 
MLAs, therefore, MAE and CORR are evaluated for both 
pressure drop and separation efficiency of all six models of 
cyclone separators using the equations (5)-(8).  
  

)(1
predPobsP

nPMAE       – (5) 
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5. RESULT AND DISCUSSION 
Predictive analysis is performed in the data analytics software 
Rapid miner studio v9.7.0 using eight traditional MLAs to 
predict performance of all six cyclone separator models. 
Training dataset is prepared from CFD analysis performed in 
Ansys fluent 18.1 for this predictive analysis. Three inputs are 
provided to MLAs that are used to design the cyclone 
separator since both the pressure drop parameter performance 
and the efficiency of separation depend on the design, they 
are: designed Cyclone Separator inlet velocity, separator 
volume flow rate that can be handled and the CFBC boiler 
chosen cyclone separator model.  

5.1 Validation of Machine Learning 
MLAs was statistically checked by two parameters CORR and 
MAE. For prediction models generated by eight typical 
MLAs, these two parameters are calculated for both the 
efficiency of separation of output parameters and the pressure 
drop. Statistical analysis of eight MLAs for the estimation of 
separation efficiency is shown in Figure 8.It shows that the 
MAE value is minimum, and when compared with other 
MLAs, CORR is maximum for Neural Network 
(NN).Similarly, for Gaussian Process (GP), statistical 
comparison for pressure drop in shown in Figure 9 where 
MAE is minimum for Neural Network ( NN) and CORR is 
maximum. However, the validating conditions in the previous 
study state that only CORR accepts the pattern, and MAE has 
a lower value [49]. From Figure 9 it clearly shows that this 
pattern is observed only by Neural Network (NN). Hence, the 
Neural Network (NN) created an effective model of prediction 
compared to other MLAs. 

 

Figure 8: Statistical Comparison of Efficiency Prediction Model 
from various Machine Learning Algorithm 

 
Figure 9: Statistical Comparison of Pressure Drop Prediction Model 

from various Machine Learning Algorithm 
 

Neural network (NN) design of the MLA working network is 
shown in Figure 10. Network consists of a single, hidden layer 
for prediction model processing. The network is solved with 
forward propagation method for estimating output 
parameters[50, 51]. Neural Network threshold functions are 
used in single hidden layer forward propagation to improve 
the robustness and accuracy of parameter prediction[52]. 
Threshold node and input are generated in this network 
automatically[53,54]. 

 

 
Figure 10:  Neural Network Model for Prediction of Cyclone 

Separator Performance 

5.2 Swift HT 

 
Figure 11: Comparison of Neural Network Prediction and CFD 

analysis of Pressure Drop in Pa with respect to inlet velocity in m/s of 
Swift HT model cyclone separator 

The prediction model of the neural network is compared with 
the data collection of the Swift HT model for CFD analysis 
shown in Figures 11 & 12. In Figure 11, the pressure drop is 
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directly proportional to the velocity of the inlet, both 
approaches obey the same pattern and converge for the whole 
range of velocities. Separation efficiency in Figure 12 
decreases linearly with respect to inlet velocity, in both cases 
they follow similar trends and intersects for specific velocity 
ranges from 22 m/s to 25 m/s for other velocity deviation is 
very minimal.  
 

 
Figure 12: Comparison of Neural Network Prediction and CFD 

analysis of Efficiency in % with respect to inlet velocity in m/s of 
Swift HT model cyclone separator 

5.3 Stairmand HT 

 
Figure 13: Comparison of Neural Network Prediction and CFD 

analysis of Pressure Drop in Pa with respect to inlet velocity in m/s of 
Stairmand HT model cyclone separator 

 
Figure 14: Comparison of Neural Network Prediction and CFD 

analysis of Efficiency in % with respect to inlet velocity in m/s of 
Stairmand HT model cyclone separator 

Figures 13 & 14 show comparison of the predictive model and 
CFD analysis for the Stairmand HT cyclone separator. In 
Figure 13 the pressure drop for both models increases linearly 
with the inlet velocity and overlaps for considered velocity 
range. In Figure 14, separation efficiency decreases linearly 
with velocity up to 20 m/s, then the separation efficiency 

drops suddenly until 30 m/s. The two curves converge after 
inlet velocity is 20 m/s. 

5.4 Swift HE 

 
Figure 15: Comparison of Neural Network Prediction and CFD 

analysis of Pressure Drop in Pa with respect to inlet velocity in m/s of 
Swift HE model cyclone separator 

 
The pressure drop and separation efficiency of the prediction 
for the swift HE cyclone separator is compared to the results 
of the CFD analysis shown in Figures 15 & 16. In Figure 15, 
both prediction and CFD models form a Sigmoid curve that 
overlaps one another for inlet speeds from 20 m/s to 25 m/s. In 
Figure 16 both models form a sigmoid curve for inlet speeds 
from 15 m/s to 25 m/s, and then decrease linearly to 30 m/s. 
Prediction model curve merely traces the curve of the CFD 
analysis.  

 
Figure 16: Comparison of Neural Network Prediction and CFD 

analysis of Efficiency in % with respect to inlet velocity in m/s of 
Swift HE model cyclone separator 

5.5 Stairmand HE 

 
Figure 17. Comparison of Neural Network Prediction and CFD 

analysis of Pressure Drop in Pa with respect to inlet velocity in m/s of 
Stairmand HE model cyclone separator 
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With Neural Network MLA, the efficiency of the Stairmand 
HE model cyclone separator is expected, compared with the 
CFD analysis as shown in Figures 17 & 18. In Figure 17, the 
pressure drop of Stairmand HE in CFD analysis is linear in 
nature and almost constant, but prediction model shows an 
increase in pressure drop relative to inlet speed. In Figure 18 
both methods follow similar trend and overlap between them 
for ranges from 20 m / s to 25 m / s for the velocity.  

 
Figure 18: Comparison of Neural Network Prediction and CFD 

analysis of Efficiency in % with respect to inlet velocity in m/s of 
Stairmand HE model cyclone separator 

5.6 Swift GP 

 
Figure 19: Comparison of Neural Network Prediction and CFD 

analysis of Pressure Drop in Pa with respect to inlet velocity in m/s of 
Swift GP model cyclone separator 

 
Figure 20: Comparison of Neural Network Prediction and CFD 

analysis of Efficiency in % with respect to inlet velocity in m/s of 
Swift GP model cyclone separator 

The variation in pressure drop and separation efficiency with 
respect to inlet velocity is shown in Figures 19 and 20 for the 
CFD analysis and Neural Network prediction model for swift 
GP cyclone separator models. In Figure 19 both models have 
increased pressure drop pattern with respect to inlet velocity 
with two separate paths and converge at 20 m / s and 26 m / s 

respectively. In Figure 20 both models have declining pattern 
of velocity-related separation efficiency and Neural Network 
prediction model mimics the CFD study and forms a parallel 
line with more variance to each other.  

5.7 Lapple GP 

 
Figure 21: Comparison of Neural Network Prediction and CFD 

analysis of Pressure Drop in Pa with respect to inlet velocity in m/s of 
Lapple GP model cyclone separator 

Comparison of Lapple GP's predictive model of the Neural 
Network and CFD analysis for both pressure drop and 
separation efficiency is shown in Figures 21 and 22, 
respectively. In Figure 21 the pressure drop increases as the 
velocity of the inlet increases for both the CFD model and the 
prediction model, but it follows the different paths and 
predicts correct values only at 18 m / s and 29 m / s which is 
not reliable. Likewise, the efficiency of the separation in 
Figure 22 decreases as the inlet velocity increases. Both 
models follow the same trend with different models and 
predict the exact value from 28 m / s to 29 m / s which cannot 
be reliable  

 
Figure 22: Comparison of Neural Network Prediction and CFD 

analysis of Efficiency in % with respect to inlet velocity in m/s of 
Lapple GP model cyclone separator 

 
6. CONCLUSIONS 
This research work is an attempt to construct a predictive 
model using MLAs for predicting performance of cyclone 
separators. To narrow down a single model of Machine 
Learning Algorithm for all six types of cyclone separator used 
in CFBC boilers. All six models are designed in 
SOLIDWORKS 2016 and Ansys fluent 18.1 conducts CFD 
analysis by varying inlet velocity from 15m/s to 30 m/s with a 
5 m/s interval. A predictive analytics software Rapid miner 
studio v9.7.0 is utilized to predict separation efficiency and 
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pressure drop of cyclone separator by using MLAs for the 
dataset generated in CFD analysis. 
 
1. Two parameters Correlation coefficient (CORR) and Mean 

Average Error (MAE) are used for Statistical validation 
of traditional MLAs. By validation conditions Neural 
Network (NN) is better than other MLAs for predicting 
both the efficiency of separation and the cyclone 
separator pressure drop. Neural Network has CORR 
values as 0.788 & 0.798 for separation efficiency and 
pressure drop respectively. Similarly, the MAE values as 
0.716 & 0.624 respectively. Neural Network alone is 
following the pattern as CORR is larger than MAE. 
 

2. When applying NN MLA for the Swift HT model cyclone 
separator, it predicts pressure drop exactly as CFD 
analysis and separation efficiency predicts only about 20 
m/s to 25 m/s inlet velocity. In other velocities percentage 
error in prediction ranges from 0.55% to 0.87% which is 
very negligible. 
 

3. When applying NN MLA for the Stairmand HT model 
cyclone separator, it predicts the pressure drop across 
cyclone separator for all considered velocities close to 
CFD analysis. Similarly, separation efficiency prediction 
matches the CFD study for velocities ranging from 20 
m/s to 30m/s. For other velocities percentage of error in 
prediction is approximately 0.1% to 0.38% which is very 
insignificant. 
 

4. When applying NN MLA for Swift HE model cyclone 
separator pressure drop prediction matches CFD analysis 
for velocity ranges from 20 m/s to 25 m/s in other ranges 
percentage of predicted error is 0.9% to 4.3%. For 
separation efficiency prediction follows the same pattern 
as CFD analysis with percentage of error varying from 
0.22% to 1.5%. 
 

5. When using NN MLA for Stairmand HE model cyclone 
separator pressure drop predictions are not acceptable 
with CFD analysis dataset and when comparing for 
separation efficiency prediction model follows the 
similar trend of CFD analysis matches exactly in velocity 
ranges 20 m/s to 25 m/s in other ranges percentage of 
error is estimated as 0.23% to 0.64%. 
 

6. When applying NN MLA for the Swift GP model cyclone 
separator pressure drop predictions do not display similar 
pattern and total contrast to the dataset of CFD analysis. 
When comparing for separation efficiency prediction 
similar patterns occur with CFD analysis dataset with a 
percentage of error varying from 1% to 2.6%. 
 

7. While applying NN MLA to the cyclone separator model 
Lapple GP, both pressure drop and separation efficiency 
do not suit the dataset of CFD analysis. 
 

8. For High Throughput (HT) models the cyclone separator 
pressure drop is predicted exactly by NN MLA. Only HT 
model cyclone separators have Dv/Dcy ratio greater than 
0.5. Thus, Neural Network (NN) can predict the drop in 
pressure for any cyclone separator conFigureuration with 
Dv/Dcy ratio greater than 0.5. 
 

9. Except for Lapple GP model, Neural Network (NN) 
predicts all other models separation efficiency with 
minimal deviation. In cyclone separator design S/Dcy 
ratio is less than 2 except for Lapple GP. Neural Network 
(NN) can therefore predict separation efficiency for any 
cyclone separator design with S/Dcy is less than 2. 

7. NOMEMCLATURE 
CFBC Circulating Fluidized Bed Combustor 
CFD Computational Fluid Dynamics 
HE High Efficiency 
HT High Throughput 
GP General Purpose 
MLA Machine Learning Algorithm 
MLAs Machine Learning Algorithms 
ML Machine Learning 
AI Artificial Intelligence 
MAE Mean Average Error 
MAE∆P Mean Average Error of Pressure Drop 
MAEࣁ Mean Average Error of Separation Efficiency 
CORR Correlation Co-efficient 
CORR∆P Correlation Co-efficient of Pressure Drop 
CORRࣁ Correlation Co-efficient of Separation Efficiency 
RSME Root Mean Square Error 
ANN Artificial Neural Network 
NN Neural Network 
LR Linear Regression 
PR Polynomial Regression 
GP Gaussian Process 
SVM Support Vector Machine 
SVM EVO Support Vector Machine Evolutionary 
KNN K- Nearest Neighbour 
DL Deep Learning 
RSM Reynolds Stress Model 
RANS Reynolds-Average continuity and Navier-Stokes 
Q Volume flow rate  
vin Velocity inlet of cyclone separator 
Ain Inlet duct area  
D Depth of inlet duct 
B Breath of inlet duct 
Dcy Diameter of cyclone separator 
Dv Diameter of vortex finder 
Hv Height of vortex finder 
S Height of cyclone separator cylinder 
H Overall Height of Cyclone separator 
E Diameter of solid outlet pipe 
Pin Pressure at the inlet of cyclone separator 
Pout Pressure at the outlet of cyclone separator 
∆P Pressure difference across cyclone separator 
∆Pobs Pressure difference across cyclone separator 
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estimated in CFD analysis 
∆Ppred Pressure difference across cyclone separator 

predicted by MLAs 
 Mean value of Pressure difference across cyclone 

separator estimated in CFD analysis 
 Mean value of Pressure difference across cyclone 

separator predicted by MLAs 
 sep Separation Efficiency of Cyclone Separatorࣁ
n Number of terms 
nip Number of particle incomplete 
ntp Number of particles trapped 
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ABSTRACT 

The present work shows that the analysis of performance 
using an Integrated development environment framework. 
The recent world moves towards digitalization for every 
activity in daily life as well as research. This work shows 
digitalize internal combustion engine performance and 
emission analysis by using the visual basic tools. The 
experimental work carried out using lemongrass biodiesel 
and diesel with 1-propanol fumigation. The engine operated 
at six different loads and three different fumigation fuel 
injection timings. The results were noted and mathematical 
model generated based on the experimental results, from the 
mathematical model the simulation tool can generated by 
using the visual basic tools. In tool consists of two 
performance parameters and six exhaust gas ranges can 
predict by using this simulation tool. Finally, the tool value 
compared with the experimental data the deviation of 1.8% 
to -0.8% were found. 
 
Key words : internal combustion engine, Mathematical 
model, fumigation, polynomial equation, visual basic 

1. INTRODUCTION 

Internal combustion (IC) engine is a one of the most essential 
devices in road transport. The development of IC engine 
performance and emission is more important to the nation 
and environment[1-3]. Internal combustion engine research 
consists of three two important categories are performance 
and emission[4,5]. Normally, brake thermal efficiency, and 
specific fuel consumption are considered for engine 
performance and unburned hydrocarbon, carbon monoxide, 
carbon dioxide, nitrous oxide, and smoke are noticeable 
exhaust gas pollution[6-8]. Most of the engine research 
concentrates only on these two performance parameters and 
six emissions. Two parameters such as Load and amount of 
fuel supply act as a major role for engine performance and 
emission. Therefore engine research consider for the 
different load and different fuel supply system, it causes to 
increase the human effort, cost, time, reduce the accuracy 
[9]. The mathematical model is one of the smart ways to 
predict the optimum combination of parameters which is 
produced a higher performance and lower emission and sets 
the optimum parameter combination for result comparison 
[10, 11]. During the mathematical model, preparation is 

challenging and the prediction of optimum values also 
complicates [12,13]. Complicate numerical model values 
execute through the Visual Basic software is one of the 
easiest ways to predict the optimum solution [14]. Moanes 
and sameer reported that the solar power system by using 
visual basic. The software offers a user-pleasant Graphic 
Interface to magnitude the scheme system according to the 
load necessities and site-specification. The outcome of the 
design for the case reading is quite in agreement with the 
analytical method, thus authorized the accuracy and 
precision of the tool [15]. Ashokumar et al mentioned that 
the tractor power and energy mapping. The software usage is 
user friendly and more efficient in predicting. This might 
help the researchers and engineers for the power and energy 
calculation of new tractor and implement models [16-18]. 
NaveenKumar and Pandey narrated that the calculated most 
favorable gear and throttle point for the most excellent fuel 
economy for 32 kW tractor [19]. 

2. EXPERIMENTAL STUDY 

Single-cylinder single-acting water-cooled diesel engine 
used as test engine. The internal combustion engine can 
evaluate two categories such as performance and emission. 
During the engine test, so many parameters consider but all 
the performance parameter used to calculate brake thermal 
efficiency and nitrous oxide is a major pollutant in the diesel 
engine. Therefore, brake thermal efficiency figure.1 and 
nitrous oxide figure.2 only consider in an experimental 
study.  

 

Figure 1: Brake Thermal Efficiency 
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In this engine, the research consists of six different loads, 
and five different fuel combinations were considered. Each 
fuel combination can investigate each and every load 
condition. As per the experimental results, the fumigation 
fuel can increase the engine performance (figure1) at the 
same time it reduces the NO formation (figure 2). These 
values consider as a base value to compare the numerical 
simulation values. 

3. MATHEMATICAL MODEL 

Today the engineers may have numerous reasons to 
calculate the numerical equation but the most important 
reason is (i) To afford the system simulation, (ii) To develop 
the optimization model and (iii) minimize the time and cost. 
In general, sensible optimization and simulation have been 
done with the assistance of a computer. In this study, the 
numerical model was derived to simulate engine 
performance and emission characteristics. 

 

Figure 2: Engine Exhaust Nitrous Oxide 

3.1. Polynomial Representations 

Polynomial representation is the majority noticeable and 
more influential tool in a numerical simulation model.  If Y 
is a representation of the function x, the basic polynomial 
form is, 

nxnaxaxaaY  ......2
210  

  (3.1)

 
where, a0, a1, a2 and an are the constant values, The degree of 
the equation is the peak exponent of x is n. Equation (3.1) is 
appropriate for only one variable in terms of another.  If 
more than one variable unknowns like a0, a1 and a2 solved by 
liner Equation (3.2).  

 
2

210 xaxaaY        (3.2) 

The matrix form of Equation (3.2) is shown in Equation 

(3.3) 

 

































2

1

0

2

1

0

2
22

2
11

2
00

1
1
1

Y
Y
Y

a
a
a

xx
xx
xx

         (3.3) 

3.2. Second Order Polynomial Equation 

In the Second degree used three data points, it considers xy 
variable for the three known points able be substituted into 
the general form for the quadratic equation which is shown 
in figure 3 Stoecker (2011) [9]. In this work (Simulation) the 
brake thermal efficiency depends on two autonomous 
variables, such as load and mass of fuel injection in the 
fumigation system. If a polynomial expression for the brake 
thermal efficiency is required in terms of a second-order 
degree equation in L (load) and f (mass of injection in 
fumigation). The subsequent polynomial equation may be 
formed for BTE of 1-propanol electronic mode fumigation 
(three different injection quantity) at different load 
conditions. Three different points on 1ms fumigation would 
provide the constants in the Equation (3.4). 

 

Figure 3: Quadratic equations Stoecker (2011) [9]                                                  

 2
1111 fcfbaBTE 

 
  (3.4) 

Similarly the Equations 6.5and 6.6 for the 3ms and 5ms 

fumigation quantities are 

 
2
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For that reason, the constants can be expressed as a second-
degree equation in terms of Load L, using the three data 
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points (a1, 1ms), (a2, 3ms), (a3, 5ms). Such an equation 
would have the form (Equations 5.7, 5.8 & 5.9) 

 
2

321 LALAAa     (3.7) 

 
2

321 LBLBBb     (3.8) 

 
2

321 LCLCCc 
  

 (3.9) 

Finally, the constants value of Equations 7, 8 and 9 were 

substituted put into the primary Equation 3.10. 
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(3.10) 

where, A1, A2, A3, B1, B2, B3, C1, C2, and C3 are 
constant values for 1-propanol. Similar way the equation 
formed for SFC, HC, NO, CO, CO2, Smoke and O2. The 
derived equation of BTE, BSFC, HC, NO, CO, CO2, smoke 
and O2 are Equations 3.11, 3.12, 3.13, 3.14, 3.15, 3.16, 3.17 
and 3.18 respectively. 
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4. IDE FRAME WORK 
 
The numerical model produced many basic formulas and a 
lot of constant values. Therefore, manual execution is not 
possible to predict the exact values. The generated the 
numerical formulas and execute them through the IDE 
framework. Equations 3.11 to 3.18 are the basic equations 
which were derived from the second-order polynomial 
equation and utilized for numerical simulation. These 
equations were executed through the visual basic 6.0 
computer software. The visual basic form created for 
individual fuel and respective equations makes coding in the 
particular form. The sample coding of visual basic 6.0 shows 
in Equation (3.19). Text1 and text2 is an input of text 3 
output. Text 1 is a load and text 2 is a fumigation mass flow 
rate. The visual basic computer tool created with the 
respective equation to simulate the engine performance and 
emission parameters. The visual basic execution page for the 
different load (20, 60, and 100% load) with 0.3kg/s mass 
flow is shown in figures 4, 5, and 6 for the execution of 1-
propanol. 
 

 

      (3.19) 
This IDE frame work execute to produce two performance 
parameters and six exhaust emission parameters in single 
time input. The autonomous variable were consider as input 
for the execution system. 
 

 
Figure 4:Visual Basic Simulation page for 20% load and 

0.3kg/s mass 
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Figure 5: Visual Basic Simulation page for 60% load and 

0.3kg/s mass 
 

 
Figure 6: Visual Basic Simulation page for 100% load and 

0.3kg/s mass 
. 

5. RESULTS  
 
Important performance parameter brake thermal efficiency 
and nitrous oxide and smokes are major pollutants diesel 
engines consider for results and discussion. Figures 7 depict 
the comparative analysis of experimental results with the 
mathematical results with respect to the load. It is evidently 
seen from figure 7 that the experimental results and the 
mathematical results hold a close agreement with the 
divergence in the range of -1% to 2.2%. This divergence 
might be due to the investigational error including equipment 
error and the environmental impact during testing.  
 
Figure 8 depicts the comparative analysis of experimental 
results with that of the theoretical results of 1-propanol 
nitrous oxide with respect to load. It is clearly seen from 
figures 8 that the experimental results and the theoretical 
results hold a very close agreement with the deviation in the 
range of 0.5% to -1.1%. This deviation might be due to the 

experimental error including instrument error and the 
environmental impact during testing. 
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Figure 7: Comparison of mathematical results with the 
experimental results of 1-Propanol smoke. 
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Figure 8: Comparison of mathematical results with the 
experimental results of 1-Propanol smoke. 

  
Figure 8 depicts the comparative analysis of experimental 
results with that of the theoretical results of 1-propanol 
smoke with respect to load. It is clearly seen from figure 9 
that the experimental results and the theoretical results hold 
a very close agreement with the deviation in the range of 
1.8% to -0.8%. This deviation might be due to the 
experimental error including instrument error and the 
environmental impact during testing. 
. 
6. CONCLUSION 
 
In this present work, analysis of performance using IDE 
framework more effective to predict the performance and 
emission values. The following conclusions can be drawn 
from the present work, 
 Easy to predict the engine performance for different load 

and different fuel injection 
 Easy to find out the optimum value of the engine and 

easy to compare with other values 
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 Single page display entire engine exhaust emission with 
respect load and mass of the fuel, it is very easy to 
identify the which point initiate the maximum emission. 
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Figure 9: Comparison of mathematical results with the 
experimental results of 1-Propanol smoke. 

  
 This tool easy to find out the manual error and 

instruments error because of the actual values deviation 
rightly pointed out the errors 

 Finally this software save the human time and money 
 

In this work provide evidence that IDE works more 
efficient to produce the performance and emission values 
with load and different fuel injection condition. This results 
shows that further research required on combustion 
parameters to predict with a square equation or some other 
methods. 
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Abstract— Magnetostriction is the adjustment fit as a fiddle of materials affected by an outer attractive field. The reason for 

magnetostriction change long is the consequence of the turn of little attractive spaces. The internal strains in the material structure 

caused by that turn and re-course. The stretching out lead by the strain in the structure (by goodness of positive magnetostriction) 

of the toward material and the appealing field. As late of, actuators driven by dyanamic material  have been generally inquired 

about for applications in the fields of aviation, car, and structural designing. While the vast majority of the dynamic material, for 

example, electrostrictive, magnetostrictive, and piezoelectric materials, have extreme power and data transfer capacity abilities, 

they are all restricted in stroke. In water with blend powered frameworks, in field-subordinate movement of these material be 

intensified to deliver extreme power, actuators with high stroke. In a half breed water powered siphon, the movement of a 

functioning material is utilized with pressurize a water powered liquid. Since the properties in dynamic material fluctuate 

enormously as far as free in strain and square power, there is some need to distinguish in the ideal dynamic material for some 

specific applications. This investigation looks at four dynamic material,  Galfenol and Terfenol-D, as the driver of a potentiometer 

incitation framework and transformer framework. The exhibition of every one of these dynamic materials has been assessed in the 

potentiometer and transformer framework through precise testing of the actuator while keeping up a similar the length and volume 

of every dynamic materials. For each situation, the dynamic material has a length of around 54 mm and a cross-sectional zone of 

25 mm2. 

 

Keywords--  Magnetostriction , Electrostrictive, piezoelectric materials. 

 

1.INTRODUCTION 

Magnetostriction (cf. electrostriction) is a resources of attractive material these makes them change their position or measurements 

during the procedure of polarization. The variety of materials' charge because of the applied attractive field changes the 

magnetostrictive strain until arriving at its immersion esteem, λ. The impact was first distinguished in 1842 by James Joule while 

watching an example of iron. This impact causes vitality misfortune because of frictional warming in powerless ferromagnetic 

centers. The impact is additionally answerable for the low-pitched murmuring sound that can be heard originating from 

transformers, where wavering AC flows produce a changing attractive field.  

 

2.LITERATURE REVIEW 

 
  E.clark et al, 2002, Galfenol is a innovative materials on account important attractive then mechanical properties. Galfenol mass 

has appeared with magnetostriction constants in 400 ppm, a lot bigger than other most magnetostriction material, thus greatest 

magnetostriction 130 ppm. Likewise, it has strong properties and low immersion charge,than another goliath magnetostriction 

materials.  

  J.J Park et al, 2010, Electrodeposition of galfenol offers numerous points of interest over different strategies for testimony, 

including minimal effort and high affidavit rate. It can likewise store material over enormous zones as well as bended surfaces 

for gadgets, for example, incorporated torque sensors. Electrodeposition isn't a view strategy as vacuum testimony forms, 

dynamic layer should be developed, instance, to create an assortment gadgets. Truth be told, with late accomplishments with 
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electro-deposition of galfenol, might main material developed. The mammoth magnetostriction materials for the most part 

include uncommon earth combinations and piezoelectric materials are normally earthenware production. 

D Islet et al, 2010, However, there are a few challenges associated with terminal situation in galfenol. Then first is the standard 

decrease capability in gallium is enormous and 0.56 V negative.   

  D.O Flamini et al., 2007, likewise, hydrolysis can happen during anode position making hydrogen air pockets and oxygen rich 

movies.  

Claeyssen F. et al., 1997, Terfenol-D is an uncommon earth compound, silver in shading, fragile at room temperature (25℃) and 

in light of the fact that the crude materials are exceptionally receptive and contain pollutions, difficult to create. At any rate four 

distinct strategies have been created to deliver Terfenol-D and are used on a close creation premise. The strategies are Free Stand 

Zone Melting (FSZM), Modified Bridgmann (MB), Sintered Powder Compact and Polymer Matrix Composites of Terfenol-D 

Powder Techniques [Claeyssen F. et al., 1997]. The most utilized techniques are MB and FSZM. In the FSZM-strategy material in 

the liquefying zone was held in suspension by surface pressure. This  technique is also called directional solidification Method. In 

the MB-technique, the material is completely fluidized and precious stones are created beginningwith a seed gem. Since the form 

is the side nucleus dividers will in general overpower the essential, hub dendrite precious stone development, the base Terpene-D 

pole breadth is around 10 mm. In the two procedures the material cementing is explicitly constrained by lessening the warmth 

stream in a manner which empowers a crystallographically adjusted structure. Both techniques use terpene-D poles with high 

magnetism and high bio-thickness. 

 

3.WORKING PRINCIPLE 

 

Machine based on the curious substance terpenol-D. The focal element of this straightforward engine is the bar of terpenol-D, 

which includes an electric coil. Makes the bar prolong. The actuator is mounted between two cinches. By working the actuator 

and the clips in a suitable arrangement, the polar advances or reversals of the intensive material. The actuator is mounted between 

two cinches. By working the actuator and the clips in a fitting arrangement the pole of keen material moves advances or in 

reverse. Figure 17 shows the guideline. At the initial stage the power is off and the two ends are intertwined. At that point one of 

the clamps is ejected by the trigger  after which the front coating of the pole is advanced due to the extension of the terpenol-d by 

the induction of the actuator curl . In this durability, the forward clip is closed to hold the pole . 

The rear cinch is stimulated to allow growth during that time (position 5).Next to the arrangement the actuator curl is turned off 

and the bar moves to the back of the bar .In the last grouping the back cinch is shut again to give the full hold power ability. The 

game executed precise control of position within a few microns over an all out stroke length of 20 mm. The holding power 

capacity was up to 3000 N. 

 

4.EXPERIMENTAL SETUP  

 
The potentiometers move with an resistance component, a sliding contact (Viper), reaching a portion of it, electrical terminals at 

each end of the component, a tool that moves the wiper from one end to the next, and an enclosure component and a wiper.See the 

drawing. Many moderate potentiometers are designed to be the curve of a circle with the shape of a resistance component (B), 

usually a little less than a full turn, and slip and reach on these components when a wiper (C) is highlighted. The resistance 

component can be positioned or calculated. Each coating of the resistance component is associated with one terminal (E, G).Viper 

is related to the third terminal (F), as a rule between the other two. In board potentiometers, the viper is usually the inner terminal 

of the third. For single-turn potentiometers, this Viper is usually shy of a surge around contact. The main purpose of the gateway 

to abuse is the confined space between the pole and its enclosure. 

Another type of live slider potentiometer is a wiper that slides with straight components rather than turning. With the ability to 

move the slider can enter any space that is tainted, successful adjustment can be progressively troublesome and bargaining long-

range reliability. The preferred position of the slider potentiometer is that the slider position gives the visual identity of its layout. 
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The setting of the rotating potentiometer can be seen in the handle-checking scenario, with a variety of sliders providing a visual 

impression, for example, the impact of multi-band equilibrium (then the expression of "realistic equilibrium"). 

The resistance component of fair potentiometers is followed by graphite. Different materials used include bracket wire, carbon 

particles in plastic, and earthenware / metal alloy known as cermet.Conductive track potentiometers utilize conductive polymer 

resistor glues that contain hard-wearing pitches and polymers, solvents, and oil, notwithstanding the carbon that gives the 

conductive properties.  

 

Multidiren potentiometers additionally work by highlighting a pole, some twist instead of a full turn. Some multidimensional 

potentiometers have a direct resistance to the sliding contact that is moved by a leading screw; Others have a helical resistive 

component and a wiper with 10, 20, or more complete uppers, moving the helix to the center.Multidimensional potentiometers, 

both open and preset, allow for better conversion; Turning to a similar point makes the system generally one tenth as large as a 

basic rotating potentiometer. 

4.1 Comparison of Galfenol (FeGe) and Terfenol-D 

 

 

4.2ANALYSIS OF ELECTRO MAGNETOSTRICTION EFFECT FOR GALFENOL 

(FEGE) AND TERFENOL-D MATERIAL 

 

4.2.1 DESIGN VALIDATION 

 Design of potentiometer and stranded source conductor 

AREA DESIGN: 

 

CATIA sketcher devices first create an unpleasant sketch following the profile's position. The articles that are made are 

transformed into a formal painting by applying geometric imperatives and dimensional limitations. These imperatives enrich the 
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painting as indicated by a standard.Including parametric measurements further control the shape and size of the element. Cushion, 

groove, space and so on., are utilized as one of the element creation instruments.It further controls the shape and size of the 

element, including parameter measurements. Cushion, groove, space, etc., are used as one of the element making tools to convert 

the sketcher element into a section.  
 

 

 

 

 

        

                     

 4.3 Potentiometer: 
         Total Magnetic Flux Density 

 

     
 Galfenol 

              
              

          

  4.4 source conductor:                

 4.4.1  Total Magnetic Flux Density 
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 Terfenol-D 
             

 4.4.2 Total Force 
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 4.4.3Directional Force 

                                  A sound enhancer is a power intensifier us 

This gradually created a volatile attractive field and reflected the semi-steady state. Layer length was estimated using a laser 

sensor and contrasting and comparing strain gauge information. 
              
              
              
    

  
              
              
              
              
              
              
              
              
              

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IX, September-2020

ISSN NO: 1781-7838

Page No:61
Page 1841 of 3066Page 1841 of 3066



              

     5.RESULTS & DISCUSSION 
So as to check the connection between the attractive transition thickness and current are fixed 5000A, the material changes from 

terfenol-D, Galfenol separately. In the ANSYS investigation, rehashed steps to make the physical condition, displaying, lattice, 

stacking and arrangement, the connection among current and the potentiometer and abandoned source director focal point of 

attractive enlistment power is appeared in this section. It very well may be seen that when the present increments in some range, 

the attractive acceptance force of the curl mounted pole is additionally expanded and progressively will in general immerse. This 

shows the galfenol arrived at the immersion Magnetostriction, and afterward can through further examinations to confirm the 

impact of the GMA attractive enlistment power on the yield dislodging and yield                              
5.1POTENTIOMETER          

 Effect of Material on Total Magnetic Flux Intensity 
                                        

                                        

                                        

                                        

                                        

                                        

                                        

                                        

                                        

                                        

                                        

                                               

                                                                          
  
  
 

 Effect of Material on Total Directional Force      
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     VI. Conclusion 
 
Through the finite element analysis to establish the Two different model, with the aid of finite element software ANSYS to obtain 

the magnetic field distribution of GMA and carry on the simulation analysis by changing the material of the current, it is found 

that the potentiometer and conductor rod magnetic induction intensity increases with the galfenol material, and when the current 

reaches a certain value, the magnetic induction intensity gradually becomes saturated. In addition, by changing the material of the 

permanent magnet, it is found that the material of the permanent magnet has a certain influence on magnetic induction intensity of 

rods. Therefore, it is appropriate to optimize the structure of the designed in order to facilitate the galfenol Work well. 
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Abstract: Life cycle assessment of plastics provides detailed environmental impacts.  Major 

electronic component housings are made by polystyrene plastic. The degradation span of 

polystyrene plastic is about 1000 years. Instead of polystyrene plastic the PLA polymer can be 

used because of ease of degradation. PLA polymer is made by natural resources and degradation 

span is 4-5 years.  The sustainability tool called open LCA is used to assess the environmental 

impact of both PLA and polystyrene and mechanical tests are conducted to compare the 

mechanical properties of PLA and polystyrene. 

 

INTRODUCTION 
 

 Sustainability analysis of PLA polymers and polystyrene Polymers can be done by open 

LCA software. The selection of polymers on the basis of bio degradable plastic say PLA polymer 

and non-bio degradable plastic say polystyrene polymers. The environmental impact analysis of 

each polymers can be checked using OPENLCA software. Environmental impact assessment 

details assist manufacturers to replace polystyrenenon-biodegradable plastics by PLA bio 

degradable plastics. Almost 21% of non-biodegradable plastic say 52 million tonnes of e-plastic 

wastes were produced in each year. The use of non-biodegradable plasticscreates environmental 

hazards. Majority of plastic applications including household utensils, electronic products can be 

replaced with environmental friendly plastics without affecting its functional requirements. 

OpenLCA tool would provide the environmental impacts of polymers that taken into study.  

 

METHODOLOGY 
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SELECTION OF PLASTICS 

POLYSTYRENE 

Polystyrene is non-biodegradable plastic which is not decomposable. It has a transition 

temperature of 105
o
 C. Every polystyrene plastic are not soluble in water. 

POLYLACTIC ACID 

Polylactic acid is biodegradable plastic which is decomposable. It has a transition 

temperature of 150
o
 C. Every PLA plastic are soluble in water under surface tempering. 

POLYBUTYLENE SUCCINATE 

Polybutylene succinateis biodegradable plastic but it takes more than 450 year to 

decompose. It has a transition temperature of 81
o
 C. Every PBS plastic are insoluble in water. 

POLYBUTYRATE. 

Polybutyrate is non-biodegradable plastic which is not decomposable. It has a transition 

temperature of 143
o
 C. this kind of plastics are not soluble in water but have a very less 

absorption of water. 
 

MECHANICAL PROPERTY EVALUATION 

PROCESS OF MAKING TEST COMPONENT        

 The wear rate of polystyrene and PLA polymers conducted with the test pieces made by 

additive manufacturing technique. The wear test conducted in pin on disc tester to compare the 

wear properties of both the plastics.  

STRENGTH COMPARISION 

Wear test provide the wear performance which would be necessary for performance study 

of each plastics.  Frictional Force, Wear and Coefficient of friction are the outputs of wear test 

and used to find out the capabilities of each plastics on applications. 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig 1. Wear test apparatus 

 

 The following results were taken from the pin on disk apparatus. The test were 

conducted each type of plastics that taken into study for sustainability analysis. The wear 

properties are plotted in y-axis where time is plotted in x axis. The result can be viewed 

graphically for the two types of plastic. 
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Fig 2. Frictional force for PLA and Polystyrene plastics 

 
 

              
 

Fig 3. Wear for PLA & Polystyrene plastics 

 

                  
 

Fig4. Coefficient of friction for PLA & Polystyrene plastics 
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SUSTAINABILITY ANALYSIS 

Sustainability analysis focuses on environmental impact test, life-cycle assessment, 

climate, and other impacts of renewable energy technologies. Sustainability have four major 

aspects such as environmental effects, externalities, and economics and financing. It is a 

solution-oriented analysis and helps to improves performance of a system and object. 

 

LIFE CYCLE ASSESMENT 

LCA helps to finds out the environmental impacts of a product or process. LCA involves 

study of a product or process from its manufacturing stage to the decomposition stage. It helps to 

assess the environmental impact test and also helps to analyse sustainability of two different 

products. To perform Life Cycle Assessment tools like open LCA, GaBi and Simapro are 

supposed to be having all the manufacturing details of such plastics and the compositions are 

already preloaded in it. 

ENVIRONMENTAL IMPACT ASSESSMENT 

 

Air Acidification 

Lakes and soil get acidified due to Sulphur dioxide and other gases. Certain acids 

damages both natural and manmade products. It can be measured by kg sulfur dioxide 

equivalent (SO2). 

 

Carbon Footprint 

Burning of fossil fuels which are burnt forms carbon dioxide which in turn gets 

accumulated in the atmosphere. This leads to the increase in the earth’s atmosphere. Global 

Warming Potential gets increased by carbon footprint.  

 

Water Eutrophication 

Eutrophication occurs when excess nutrients gets added to the water ecosystem. Nitrogen 

and phosphorous which increases the growth of algae which in turn reduces the growth of other 

plants and animals. It can be measured in kg phosphate equivalent (PO4) or kg nitrogen (N) 

equivalent. 

 

Total Energy Consumed 

The evaluation of non-renewable energy sources with respect to the products lifecycle 

which is measured in units of Megajoules (MJ). Embodied energy of a product when burnt and 

the upstream energy are considered as Total Energy Consumption. The Total calorific value of 

energy required from non-renewable resources is the Total Energy Consumed   

 

Material Financial Impact 

Material is taken into account while measuring Material Financial Impact. 
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Fig 5. Carbon footprint & Air acidification of PLA, Polystyrene, pbs and ps plastics. 

 

 

Fig 6. Total energy consumption & water eutrophication of PLA, Polystyrene, pbs and ps plastics. 

 
Table 1: Comparison of environmental impact test 

Graphical values are extracted and tabulated in Table 1. The four major environmental 

impacts for each type of plastics were taken into study and the inputs like method of 

manufacturing, transportation and mode of energy were given identically for each plastics. 

ENVIRONMENTAL  

IMPACT  
PLA PS PBS PS 

CARBON  

FOOTPRINT  

(Kg Co2e) 

1.MATERIAL 3.2 4.2 4.8 5 

2.MANUFACTURING  3.3 3.7 4.5 4.9 

3.TRANSPORTATION  0.02 0.026 0.028 0.032 

4.END OF LIFE 0.733 0.812 0.941 1.000 

TOTAL ENERGY  

CONSUMPTION  

(MJ) 

1.MATERIAL 110 240 300 330 

2.MANUFACTURING  39 44 56 60 

3.TRANSPORTATION  0.24 0.321 0.334 0.372 

4.END OF LIFE 0.432 0.525 0.675 0.732 

AIR ACIDIFICATION 

 (Kg So2e) 

1.MATERIAL 0.0072 0.0888 0.0094 0.0095 

2.MANUFACTURING  0.042 0.055 0.057 0.062 

3.TRANSPORTATION  0.0063 0.0067 0.0072 0.0077 

4.END OF LIFE 0.00029 0.00033 0.00041 0.00047 

WATER 

EUTHROPHICATION 

 (KG Po4e) 

1.MATERIAL 0.0017 0.00033 0.0084 0.0094 

2.MANUFACTURING  0.0019 0.0022 0.0026 0.0028 

3.TRANSPORTATION  0.00004 0.000059 0.000076 0.000083 

4.END OF LIFE 0.009 0.0012 0.0017 0.0016 
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CONCLUSION 

 The mechanical wear properties and life cycle assessment of both non-biodegradable and 

bio degradable plastics provides both the plastics has mechanical properties similarity but the 

environmental impacts of bio degradable plastics are lesser when compared it with the non-

biodegradable plastics. The manufacturing industries can replace their non-biodegradable 

plastics with the degradable one with other mechanical properties consideration according the 

applications. 
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ABSTRACT

The pool boiling offers better answer for electronic hardware cooling. The prime 

necessity for better heat transfer in pool boiling is to improve critical heat flux and heat transfer 

coefficient. The surface alteration is one of the significant methods to upgrade energy transfer in 

multiphase heat transfer. The DC sputtering is one of the common surface modifications 

technique in which we can deposit a thin film of nano material over the entire surface. The 

wettability is one among all components to be considered in energy improvement. In this current 

work the copper surface is changed with three different thicknesses of Titania thin film coating 

with the help of DC sputtering machine. The wettability nature of the surface is estimated by 

water contact angle. The water contact angle shows the surfaces are in the nature of hydrophilic 

and superhydrophillic. The examination report shows the heat transfer coefficient and critical 

heat flux are improved for TiO2 surfaces. 

1. Introduction

Chi Young Lee et. al [1] anodizing technique for creating nano surface on metal substrate 

. In this experiment nano porous surfaces fabricated by low cost and anodizing technique and 

investigated with water. The wall superheat of nano porous surface was established lower when 

compared to ordinary surface in 500 hours of operation. They also reported that the transfer 

coefficient of pool boiling with water on nanoporous surface achieved in this investigation was 

very high.  Sang M. Kwark et. al [2] conducted the parametric test then he has observed the roll 

of the nano particle size, heater size. Due to pool boiling of water using Al2O3 nanoparticle is 

coated in flat heater while comparing the normal and nano coated heater, the critical heat flux 

and growth of bubbles rate will be high. Chin chi-Hsu et.al   [3] investigated through the surface 

wettability on the pool boiling heat transfer. The copper surface is coated by the nano-silica 

particles than the surface is modified to super hydrophilic and super hydrophobic by modifying 
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the surface topography. They found that critical heat flux is higher in the hydrophilic while 

comparing the hydrophobic. Then that surface wettability and bubble growth is higher in the 

hydrophilic. ZahraShahmoradi  et.al [4] investigated the experiment is done on the flat plate 

heater on aqueous Nano fluid based on AL2O3 of nucleate pool boiling. The critical heat flux 

increases when the nano fluid boiling of heat transfer coefficient reduces. Critical heat flux 

increased with the volume fraction of nanoparticles. The image of atomic force microscope from 

boiling surface shows that after boiling of nano fluid surface increases or decreases depending on 

heater surface initial condition. MukulRay et.al [5] In the hearing, the pool boiling experiment 

will be conducted based upon the modification of parameters like operating pressure, 

temperature, surface roughness, surface orientation etc to enhance the heat transfer coefficients 

and created by eco-friendly So he will use the environmental friendly refrigerant R134a liquid at 

pool temperature of 25C on the flat copper surface. The surface is modified through the TiO2 thin 

film coating with the thickness of 100nm and 200nm by EBE method. The surface will be 

characterized by roughness, thickness, SEM and AFM. While comparing the plain, 100nm, 

200nm. The heat transfer coefficient and critical heat flux will be enhanced in the nano-coated 

surface. PeterVassallo [6] Et al reviewed that the experiment will be conducted in the 

atmospheric pressure in water and silica nano solution. The 0.4mm of NiCr nanowire will be 

used. The nano solution and micro solution ware been compared he observed the CHF will be 

higher in the nanofluid. Z.Yao et.al[7] If he used a (CuNW) copper nanowire is developed Over 

the si substrate by electrochemical deposition the height of the nanowire will be controlled to 

obtain the hydrophilic surface, the height of the nanowire will be varied to obtain the different 

output. He observed that the nano wire size of (35um-tall sinw) will give the heat flux of 

134W/cm² at 23k wall superheat. The coated surface will give 300% higher than the plain 

surface. LanMao et.al [8] conducted the experiment of graphene oxide (GO) is coated on the 

copper surface. He will conduct the subcooled and saturated pool boiling on nucleate pool 

boiling set up. He will conduct the experiment on distilled water at atmospheric pressure. When 

compared to the plain surface the enhancement of critical heat flux is 78% and the heat transfer 

coefficient is 41% in the coated surface. The surface roughness and wettability will be increased 

in the coated surface. The micro bubble also appears in the moderate heat flux.  Hiroto sakashita 

et.al [9] used the titanium oxide coated surface to identify the critical heat flux under saturated 

pool boiling of water on 12mm horizontal heating surface. The TiO2 coated surface formed 
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during nucleate boiling of TiO2 on the plain heating surface. The CHF in coated surface would 

increase 1.8 times than the uncoated surface. The liquid vapor structure differs from the uncoated 

surface. The monolayer would form on the Titanium oxide   but it would not dry out heat flux 

higher than uncoated surface. Chin Chi Hsu, et.al [10] Using the nano-silica particle coating is to 

identify surface wettability and CHF on pool boiling heat transfer. By modifying surface 

topography and chemistry the wettability can vary on the copper surface from super hydrophilic 

to super hydrophobic. The CHF value is high in hydrophilic region and lower in hydrophobic 

region. The study shows the connection between surface wettability and growth of bubble on 

heating surface. Albin joseph et.al [11] Investigate the experiment considering the impact of 

nano-copper oxide covering on the pool bubbling warmth move upgrade of SS 316 LN tempered 

steel. The covering was created utilizing the sol-gel plunge covering system. The Scanning 

Electron Microscopic and X-Ray Diffraction mechanical assembly were utilized to investigate 

morphological and basic qualities of the covering. The outcomes uncover as much as 30% 

expansion in the bubbling warmth move coefficient for the sol-gel inferred copper oxide covered 

bubbling surface contrasted with its plain partner. The covering was found to tailor the porosity, 

harshness and wet of the surface. The warmth move coefficient expanded with an expansion in 

porosity, unpleasantness and reduction in wettability of the bubbling surface. Investigation of 

change results uncovered that the molar centralization of the copper oxide sol was the most 

noteworthy parameter impacting the warmth move coefficient while contamination temperature 

was the least huge parameter. Nithyanandam et. al [12, 13, 14] conducted investigations in 

boiling heat transfer and reported that the wettability played a crucial factor for the enhancement 

of critical heat flux and heat transfer coefficient. The reported that the critical heat flux 

enhancements ranges from 48% to 90% for the nano roughness surfaces because of thin film. 

The present study reveals that the 

2. Experimental Setup

The work could be done on the three coated and one un-coated copper piece and test 

could be taken on the piece to check the wettability. The copper piece is of 12mm diameter and 

3mm thickness and the work piece is coated with TiO2 to identify the CHF and the HTC. The 

surface is rubbed on the emery sheet to tackle the roughness. The polished piece is under gone to 

testing. The polished copper piece is coated by the DC sputtering method the coating had done 
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on three different thicknesses of 250 nm, 500 nm, and 750 nm and takes to test the contact angle 

with the help of the telescopic goniometer. The liquid droplet of 3μl is filling through the needle 

on the copper surface to check the contact angle. The contact angle of the surface is based upon 

the scattering of water through the surface. 

Figure 1 Schematic representation of Pool boiling setup.

1.Presuregauge, 2.Condensing coil, 3.Waterheater, 4.Water heater, 5.Teflon plate, 6.Drain valve, 7.Outer 
frame, 8.Glass wool, 9.Heater block, 10.Heater, 11.Nozzle (to fill the water), 12.Glass,13.Thermocouple, 14. 

Thermocouple, 15. Display, 16. Regulator 

The contact angle of plane copper surface is 85o. The contact angle of 250nm coated surface is 

60o. The contact angle of 500nm coated surface is 35o. The contact angle of 750nm coated 

surface is 29o. It shows clearly that the TiO2 coating can helps to get low contact angle while 

compared through the plain surface. This surface modification can help us to enhance energy on 

the surface it can improve wettability. Due to this coating the surface can be converted to 

hydrophilic nature it can enhance the heat transfer. The experimental setup is the basic formation 

of boiling. The whole experiment setup shown in Fig.1 consist of Teflon plate to maintain the 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IX, September-2020

ISSN NO: 1781-7838

Page No:4
Page 1855 of 3066Page 1855 of 3066



temperature, heater to boil the water, copper rod to transfer heat on the work piece, condenser is 

setup for maintain at temperature at constant rate by inserting cold water. The reading setup is 

fixed with the pool boiling to calculate the CHF and the heat transfer rate. The coated piece is 

fixed at the center of the Teflon plate. The bottom surface of the piece is filled with thermal 

paste. The bottom of the Teflon plate consist of copper rod which heat the work piece and the 

heater is connect with the voltage regulator in order to change the load of the cooper rod. The 

reading gauge having the separate measurements of pool boiling T1, T2, T3, T4, and T5. The 

distilled water is pour to the glass chamber. The chamber is of 30 cm height in which water is 

filled at constant level. The heater and the condenser get inserted to the chamber and close with 

the plate and the gasket at top and bottom of the chamber to avoid leakage.  At top of the plate 

consist if pressure gauge and the pressure regulator. The water get filled on to the chamber and 

the gets heated at 100oC. The boiled water gets heated and the reading setup is noted. To avoid 

over heating the water at above the saturation level the pipe which connect to the cold water arise 

to the condenser to keep the water at saturation temperature.  

3. Results and Discussion

3.1 Surface study

The wettability of the surface identified with the contact angle. The three copper surfaces 

will be modified with three different parameters of 250 nm, 500 nm, and 750 nm. This process 

will be done by the help of dc sputtering machine. The nucleation sites were increasing for the 

TiO2 coated surface while compared to plain surface. The table 1 shows the wettability varies 

with contact angle.

contact angle Degree of wetting 

        Interaction strength

Solid–liquid Liquid–liquid

θ = 0 perfect wettability Strong Weak

0 < θ < 90° High Wettability Strong Strong

Weak Weak

90° ≤ θ < 180° Low Wettability Weak Strong
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The plain and uncoated copper surface has a contact angle of 85 degree, The 250nm 

coated surface has a contact angle of 50 degree, The 500nm coated surface has a contact angle of 

25 degree, The 750nm coated surface has a contact angle of 19 degree. The surface energy of the 

copper will be increased through the TiO2 coating over the surface. The hydrophilic nature of the 

surface will improve the critical heat flux of boiling heat transfer. 

3.2 Critical heat flux analysis

In higher the critical heat flux was observed and higher wettability will be obtained due 

to the coating. Due to the higher wettability we can obtain more nucleation sites and we can 

obtain more contact between water and surface and due to the higher contact we can obtain the 

higher heat transfer. The critical heat flux value was obtained by Fourier law of heat conduction 

and Taylor series equation.

The heat flux, q, is calculated from the following equation.

   q = -k. 

 Where   = Temperature gradient

Temperature gradient is determined from the Taylors series approximation as given below            

             = 

The surface temperature, Tw, is evaluated from the Fourier’s law of heat conduction equation

          Tw = T1 – q ()

Finally the boiling heat transfer coefficient, h, was determined from Newton’s law of cooling

    h = 

Where the Tw is surface temperature of the test specimen and Tsat is the temperature of the 

saturated fluid. Thus the increase in nucleation sites will clearly show that the critical heat flux is 

increased in orderly by 35%, 49% and 72% for different thickness of 250nm, 500 nm, and 

750nm, respectively. The Fig. 2 demonstrates the variation of heat flux with wall superheat. 
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Figure 2 Heat flux versus wall superheat for Titania coated surfaces

3.3 Study on boiling heat transfer coefficient

Figure 3 Heat transfer coefficient versus wall superheat for Titania nanocoated surfaces

In hear the boiling heat transfer co efficient will be increased during nucleate pool boiling 

method at all TiO2 coated surfaces. The boiling heat transfer coefficient was increased for TiO2 

coated surface at the same time it will be very minimum in the uncoated surface. The HTC 
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increased continuously by 45%, 89%, 122% for the coated surface at the thickness of 250 nm, 

500 nm, and 750nm, respectively. The variation of heat transfer coefficient with wall superheat 

was shown in Fig. 3

4. Conclusion

Due to the TiO2 coating we can get the higher wettability on the copper surface as of 

decreasing contact angle. Then we can get more number of active nucleation sites ware formed 

on higher thickness of coated surface. The copper surface delivered the hydrophilic nature and it 

was the due reason transfer of energy in multiple phase transfer of heat. The Critical Heat Flux 

was increased by 38%, 58% and 80% for different thickness of 250 nm, 500 nm, and 750 nm, 

respectively. The major reason for critical heat flux enhancement was high surface wettability at 

higher thickness of the coating. Also, the more nucleation sites have been participated to enhance 

the critical heat flux and heat transfer coefficient. At higher thickness of the coating, more area is 

exposed for heat transfer. So, higher heat transfer coefficient has been achieved in titania nano 

coated surfaces. The capillary effect and wetting and rewetting property of the nanocoated 

surface influenced the enhancement of heat transfer coefficient in pool boiling process. The 

desirable safety characteristics and performance characteristics of the surface may be employed 

for electronics cooling and nuclear reactor cooling applications.
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ABSTRACT

Tribological performance of Al2O3/WC-C multilayers proceeding covering inserts through machining 

process.A considerable amount of mechanical equipment affects the specialization. The lifetime of a tool is a tool 

for lifelong life. The skill of the creators is very high. The base of this pole investigation effort facts through 

development of wear conflict an instrument completed of tungsten carbide (WC) over and done with solitary then 

many coverings. The WC-C/Al2O3 multifilms remained useful to the exterior of the instrument insert through 

resources of the cathodic arc vaporization development smeared. Aimed at assessment existed likewise solitary 

Al2O3 then dual Al2O3/WC-C films created. Micro strength, the exterior unevenness, the attire performance then 

the amount of resistance stood strong-minded consuming a knop rigidity sample, an exterior unevenness sample in 

addition to a CNC lathe mechanism apparel sample investigated. The manifold films since Al2O3/WC-C displayed 

in assessment of the further high layer models then the complicated substance (WC) a lower number of resistance, 

fewer apparel harm then developed rigidity (24.47 GPa) which designates the confident inspiration of the tough 

multifilm stays owed. The Al2O3/WC-C multifilm displays a lesser amount of resistance on a greater capacity 

(15N) then beyond extended detachment (1900 m).

INTRODUCTION

Coating on wounding tool is an efficient way to improving tool performance while fabricate hard to 

machine substances. The must for excessive productivity then accuracy in alloyfabricate has leads to the 

development of hard coatings on the wounding tools. Hard coatings have a more range ofscientificusespayable to 

their developed mechanical, biologicaltribological,then physical belongings. In now a days wear 

resilienthighhardcoverings in solitaryfilmthen multifilmmethod implement that got aninordinate crack through in 

alloywounding industry [1]. The hard/easycovering include a less inner stress TiAlN (rigidfilm) of medium micro 

hardness then less coefficient of friction [2].Conducted experimental working desiccatedrevolving of austenitic 

stainless steels cemented carbide material coveredthrough TiCN/TiC/Al2O3 then TiC/TiCN/TiN 

multifilmcoverings, theninitiate that tribological the machined apparentsmoothnessstandards are pretentiousthrough 

the coating quickness [3]. The wear performancethen life of a tool deliveredthrough a surface film/carbide tool 

through the excessivebestmixture of the covering/substratebelongings [4].The mechanical tribological belongings of 

nanostructured TiN/TiBN multifilm coating as a purpose of bifilm thickness equipped by at room temperature 

throughresponsiveunstable magnetron sputtering in an N2-Ar gas combinationconsumeconsidered [5]. The 

dualreversioncalculationsattainedaimed at surface smoothnessthen MRR throughesteem to fabricatethrough an 
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uncovered tools then also through coated tools are enhanced in everythroughsince them such asvariouspurposes, it 

may be attributed to the detail that the topskill-off resolution are excessively delicatetowards the standards practiced 

[6]. This process containingvariousrecords of the COF, then visualizations of wear materials then the uses of PVD-

TiAlN coated inserts [7].The studied a cutting performance of TiAlSiN coated tool and noticed that hard coatings 

increase the performance of cutting tools in high-speed machining applications used [8]. The outcome of the 

woundingquicknessproceeding a devicelifetimethen the wear machinery, the surface excellence of the machined 

work pieces were calculatedthrough a sequences of turningexperiments [9]. The increment of feed amount increase 

the energy, surface roughness then tool wear rate are improved as wounding velocity increased then declined for 

energy [10].Carried out a study on cutting performance while machining AISI D2 hardened steel with advanced 

many layers TiAlN/ AlCrN coated tools. It was complete that the many layers TiAlN/AlCrN coated carbide tooling 

can better used in heavily machining for AISI D2 hardened steel [11]. Increased extra range offilms in multifilm 

coatings increased the surface quality then as a good surface finish (0.219 µm) was attained.Through increased in 

load, the coefficient of friction of multifilm coating declined (0.43) then the wear loss was raised when sliding for 

long distances (1900 m) [12]. The paste wear, rust wear thendispersion wear are the central wear machineries of the 

covereddevice. The TiO2 is made on the tatteredsurface that mayincrease the rigidity of the wounding zone 

thenshow the part of thermal protectionthendecrease the roughnessquantity, can improve tool life [13]. The 

definitemethodsthenlogicalapproachesgoing onshortposition cross section of coveredexperimentsurfacethen best 

study of revetest abrasionanalysisways to find the operationalthen mechanicalbelongingsby the 

conversionsectionamong WC-C then TiAlNfilm [14]. The study distribute that TiN layerfixedthrough Si may be 

useful in refining the wounding inserts used for cast iron. Proof of a decline in hollow wear was detectedused for the 

layer placed areas thenmovementfractiondecreases the abrasion at the bit insert edgethen the consequentprofligate 

wear [15]. TiAlN/CrSiN multifilmed high films through bifilmstagesseriessince 6 towards 40 nm were 

organizedthrough the oscillating unbalancedsensitivebeat Direct Current magnetron 

splutteringmethodeffectivelythenflexibledistortionconflictthen tribological results has been attained in this process 

[16]. The descendingabrasionpathfinished the starting periodthensteady wear periodthrough the descendinginterval, 

at the greater realisticweightthen the lesseroscillation of the abrasionquantity was offered finally the titanium oxide 

was designedthen can increase the wounding performance [17].TiN ceramic films have long been preferred, 

especially because of their superior mechanical properties in cutting applications in the industry. However, these 

coatings lost their hardness during the cutting process and caused antioxidant problems. To solve this problem, Al 

was added to the coating and the TiAlN oxidation problem of the Al203 layer [18].They coe cient of friction is 

influenced by the viscous flowofthe film.Andthecoating wear ismainlyduetotheelimination wear and tribo-oxidation. 

For dual coating materials, the inter- layer thickness is an important factor to decide the tribological properties [19]. 

They are TiN/TiAlN multilayer coating shows much less friction coe cient and less wear rate than single layer 

coatings, and it also has superior corrosion resistance properties [20]. Nowadays high-strength less weight titanium 

alloy structural materials have been widely used with the development of aerospace industry. However, titanium is 

hard to machine due to its very less thermal conductivity, and low elastic module,high chemical affinity [21].
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EXPERIMENTAL SETUP

Solitary film through multifilm covering be arranged in extensive curve departure through in an 

engineering testimony method (OerlikonBalzers). The device be qualified through eight extensive curve sources. 

The eight sources be used to put a thin film of Al2O3/WC-C of nearly 0.5 µm thickness on the cutting tool insert. 

The depositing solitary films, (Al2O3/WC-C) customized produced in targets be employed as a curve source. The 

round plate produced adapted provided in target be fixed. Within the cubicle through the covering procedure in all 

things. The list of procedure parameter be listed Table 1. Before to testimony, all the stratum be clean using an 

ultrasonic pre cleaner through using an ultrasonic remove device through few tank together through a boiling sky 

drier used for 1.5 h. A drawing of the testimony method is represented in Figure 1. Titanium, Aluminum or 

carbonitride through hard carbon materials of WC-C be positioned as target on the inside of the cubicle surface to 

put down multifilm through solitary film covering independently on the tool substratum (tungsten carbide insert) 

through a substratum present of 18.5 A be complete to the cubicle. The substance composition of the 

tungsten carbine is delivered Table 2. The tungsten carbine has a hardness of 19 GPa. The insert include the 

numbers having ISO description CNMG 120408 (80º equilateral) through harmful collect viewpoint through edge 

radius of 0.8 mm. The response of the claret immediate gas nitrogen (N2) be included through the departure 

procedure. The action of exciting through ionization preserve happen through the contact through the ionized metal 

irons, which hard shape slim film on the outside of substratum. The argon gas be produced inside the cubicle to 

protect the physical vapor testimony (PVD) process & maintain an inert atmosphere inside the cubicle. The argon 

gas force range begin 750 to 850 sccm, through the nitrogen gas force ranges begin 1000 to 1200 sccm based on the 

cubicle force in maintain because 3.2 × 10^-4 mbar. The heat of testimony is maintain through controlled on 450 ºC 

using temperature transducers. The initial pressure during testimony is set to 4.5× 10^-4 mbar. A bias voltage for the 

substratum period of testimony of coating is given as 200 V. The micro hardness of coated cutting tool be tested in 

using Waldport Wilson instrument of knap rigidity test 400 sequence model through a load of 1 kg through reside 

instance of 10 s in shape pink .diffusion deepness range starts through 0.85 to 1.2 mm. Four measurements be in use 

to every model through the normal charge be noted. outside bumpiness of coated inserts be calculated in mitutoyo 

surface test SJ-411 outside bumpiness test through 1 is X-axis move series through a rate of 0.5 mm × s^-1. Four 

measurements be in use of every model surface through normal rate be report. The Al2O3 Nano stabilizer deionized 

stream base lubricant be arranged follow the run plan exposed in Fig. 2. Al2O3 Nano particles be varied into the 

deionized stream in mechanical rousing. After that surfactant be regularly additional keen on the resolution, which 

acts as a surfactant of Al2O3 in arrange to pick up the dispersive land of the Nano particle. The substance 

composition of arranged lubricant are delivered in Table 3. The dissimilar lubrication situation  be useful for 

tribological tests. The arid through water lubrication conditions be used as a standard in link on the lubrication effect 

of as arranged deionized stream based Nano additive lubricants. The deionized stream based lubricant be collected 

of diverse throng fraction of Al2O3 Nano particle through surfactant mass fractions. Tribological tests be conducted 

using a CNC lathe device test result will be show in table 4 and 5.
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Table 1: Coating deposition parameters

Table 2: The Biological composition of tungsten carbide insert 

Table 3: The biological compositions of prepared lubricants 
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 Figure 1: Cathodic arc evaporation process diagram

StirringExcessive speed centrifuge at 20000

 

                                                                 Rpm For 30 minutes

Figure 2: the movement diagram of research of Al2O3 Nano deionized centered lubricant

Results then discussion

Types of mechanical belongings be delivered within Table 4. Stiffness of different covering be measured at 

room temperature through the values be noted as shown in Figure 4. It be experimental the multifilm (Al2O3/WC-

C) covered inserts own high stiffness of 22.108 GPa. The higher stiffness of multifilm covered include compared 

toward solitary film through bifidly introduce be probably due to the existence of aluminum nitride through hard 

carbon (WC-C) film. The normal stiffness of solitary film TiAlN through uncovered tool (tungsten carbide) place in 

be about 20.8 through 19.1 GPa, respectively.

 

Deionized 

Al2O3 
nanopartic

les

Mixture 
solution

Lubricant 
solution
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Table 4: Surface roughness of coated and uncoated tool

Figure 3: Exterior seediness outcomes

Figure displays the frictional conduct of uncovered and covered apparatuses. At chamber heat, down 

resistance among uncoated and coated apparatuses shows a fast increase and then continues at a reasonably fixed 

cost of about 0.68, 0.58 for Al2O3, Al2O3/WC-C covered apparatuses and 0.8 for the uncovered apparatus. This 

strident rise in fight amount of conflict accords with apparel of the solid and expressions equal conduct as the 

apparel level. After the apparel outcomes, multilayer covering tips to a rise in stiffness and as an outcome to a 

reduction of an apparel level and resistance number of resistance. The external irregularity of multilayer coverings 

was connected to the resistance number of resistance, as exposed by extra detectives. As shown in Figure 4, the 

irregularity of Al2O3/WC-C multilayer coverings was almost 0.139 µm already and 0.146 µm once apparel check, 

correspondingly. These properties appearance the well contest to number of resistance coverings. In adding, 

collective the number of films and familiarizing solid carbon in multilayer coverings led to an advanced external 

similarity and compact the friction number of resistance. As a number of films was improved since 1 to 2, the 

similarity of multilayer covering was better due to the rise in time of argon attack. Figure 6 shows the differences of 
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number of resistance and wear rate of multilayer Al2O3/WC-C covered instrument with lots at a continuous down 

speed 1.5 m × s-1. When the weight is lesser than 5 N, the number of resistance is about 0.57 and the apparel loss is 

lowest. By rise of load the number of resistance drops who’s lowest is 0.43 and the apparel cost of multilayer 

covering increases. Figure also depicts the rise in volumetric apparel rate with rise the usual weight inside the 

experimental series. Improved exterior irregularity later apparel check then huge amount of apparel fragments 

remain thought to be answerable for the reduction in resistance amount of conflict through the rise in natural weight. 

The period of chafing caused in broad scrubbing of apparent films, which produces great resistance strength owed to 

the plowing outcome stuck between the exteriors that information to harm of material. The rise popular volumetric 

apparel then apparel amount, in addition to the irregularity exterior, is owed to the growing weight during the 

experiments.

HARDNESS:

Table 5: Hardness result

Figure 4: Hardness of coated tools

Microstructure

Optical microscopic images of multilayer coating
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Figure 5: optical microscopic image of multilayer coated and worn out surface

After pin-on-disc test the worn surfaces are analysed by using microscopic images. The magnification of 50x are 

used. Microscopic images shows the worn surfaces of tungsten carbide coating

CONCLUSIONS

Al2O3/WC-C multifilm coverings be situated positively dumped through Cathodic sweep vaporization 

method proceeding tungsten carbide wounding device insertion. Greater rigidity (24.47 GPA) stood detected 

designed for the Al2O3/WC-C multifilm covering and single film (Al2O3) coverings. That one stood similarly 

observed that Al2O3/WC-C covering exposed well development in apparel amount (52%) associated towards the 

uncovered device. Improved amount of films in multifilm covering improved the exterior similarity then as per an 

outcome worthy exterior quality (0.219 µm) stood attained. 
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 Abstract: In Today’s world, Paper Industry is one of the most important industry due to its continuous demand on end product of 

Paper. Paper industry is classified under the flow production industries. Due to this nature of production time of operation and quality 

should be maintained along with Environment. There is more continuous of moving stationary machines in Paper industry. The 

manufacturing of paper involves several steps. They mainly used wood and Baggase. This kind of industry required more water usage, 

but we have water available is less. The waste water store Backwater plant. So, we have mainly followed the 3R (Recycle, Reuse, Reduce). 

In this project we choose the Reuse Baggase washing need a greater number of waters, after they cleaning the water send to next plant 

for Recycle process. In this project we are done the sending of Recycle water, Reuse in same plant. We are creating 3 pipe routes in 

same Backwater plant. Finally, we select the best and cost- e f f e c t iv e  pipe route. In this Reuse of water used to wet the Baggase 90 

days. 

Keywords: Paper Industry, Waste water, Reduce, Reuse, Recycle, Backwater Plant. 

I. INTRODUCTION 

A. Paper Industry 

        The pulp and paper industry comprise companies that use wood as raw material and produce pulp, paper, paperboard and 

other cellulose-based products. The pulp is fed to a paper machine where it is formed as a paper web and the water is removed 

from it by pressing and drying. Pressing the sheet removes the water by force. Once the water is forced from the sheet, a special 

kind of felt, which is not to be confused with the traditional one, is used to collect the water. Whereas, when making paper by 

hand, a blotter sheet is used instead. Drying involves using air or heat to remove water from the paper sheets. In the earliest days 

of paper making, this was done by hanging the sheets like laundry. In more modern times, various forms of heated drying 

mechanisms are used. On the paper machine, the most common is the steam heated can dryer. Paper is a thin material produced 

by pressing together moist fibers of cellulose pulp derived from wood, rags or grasses, and drying them into flexible sheets. It is 

a versatile material with many uses, including writing, printing, packaging, cleaning, decorating, and a number of industrial and 

construction processes. 

B. Introduction to TNPL 

        Tamil Nadu Newsprint and Papers Limited (TNPL), an enterprise promoted by Government of Tamil Nadu, has precisely 

followed this adage. The Unit- I of TNPL at Kagithapuram, Karur district was commissioned in October 1985 with an installed 

capacity of 90,000 TPA of Newsprint/Fine Paper, in a single machine. Over a period of time, TNPL has added two more paper 

machines, besides upgrading the existing Paper machine. The increased production capacity of 400,000 TPA of writing and 

printing papers has made TNPL as one of the largest baggase- a residue of sugar cane, as primary raw material, in the world. With 

an increased demand, the company has expanded the pulping capacity by way of installing new chemical hardwood line, 

upgrading the chemical baggase pulp line and setting up a new deinked pulp line besides adopting ECF bleaching in all the 

chemical pulp lines. Simultaneously, the company has also increased the power plant capacity to meet the steam and energy 

requirement of the expanded mill. All the three modern high-speed paper machines are capable of producing variety of Writing 

and Printing papers and are equipped with state-of-the art automation to ensure consistent quality.  

C.TNPL Paper Board 

        In its quest for expansion and adding additional capacity towards leadership in pulp and paper industry, TNPL has examined 
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various options. As the existing site is saturated in terms of land area, TNPL thought of a green field project in a new location. 

As the Paper Board is recognized as a growing segment, TNPL thought it prudent to foray into this market segment. Accordingly, 

a Paper Board project was conceived, and thus TNPL Unit- II emerged. A total of 874 acres of land was acquired in Mondi Patti 

and nearby area in Manapparai Taluk, Trichy District to set up a Board Plant. TNPL Unit- II was designed to produce 200,000 

MT per annum high grade Paper Board for usage in pharmaceutical, health care, food, cosmetics and other consumer product 

industries, in various GSM ranging from 170 to 450. Civil construction for the project was started in April 2014. Machinery 

erection was completed in December 2015 and the Board was reeled on January 21, 2016, in a record time of 22 months. The 

commercial production has commenced from 1.05.2016. With the completion of Board Project in January 2016, the total 

production capacity of TNPL has increased to 600,000 MT per annum. 

D. Pulp Mill  

 

Fig. 1 Flow diagram of Pulp Mill 

E. TNPL Process 

         They two process involved in TNPL. There are Hard wood Process and Baggase Process. 

Hard Wood: The raw material of wood bought from outside source. The wood is then transferred to chipper house and then stored 

in Silo tank [2]. The Black liquor inside of tank wood will be soaking. After that screening process starts at 3 to 7 mm size of wood 

piece only accepted remaining removed by automatic process. Then, after washing [4] and Bleaching. Finally, selected wood stored 

in final tower. The stored wood material transfer to heating process that time adding of White liquor (NaoH, Na2S). The wood 

compress to 6 bar pressure, compress process completed  we get white Pulp. 

BAGGASE: The raw material of Baggase bought from outside source. Baggase has stored in 90 days at open area, while 90 days 

water sprays on baggase to wet the raw material of baggase. That baggase is then transferred to chipper house and then stored to 

Silo tank [2]. The Black liquor inside of tank wood will be soaking. After that Screening process started 3 to 12 mm size of baggase 

piece only accepted remaining removed by automatic process. Here, after washing [4] and Bleaching process involved. Finally, 

selected baggase stored in final tower. The stored wood material transfer to heating process that time adding of White liquor 

(NaoH, Na2S). The wood compress to 6 bar pressure, compress process completed we get white Pulp.    
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II. BACKWATER PROCESS 

   In a pulp mill, Baggase is also used for pulping. There Baggase are pre washed before cooking. For washing Baggase, water 

is used for making it a consistency of 1 to 2%. Water used in washing Baggase is retrieved back and clarified and again used for 

wash the raw Baggase which is in the production line and sequence. To retrieved washed water from wet washing, Aqua separator 

is used. Water retrieved from aqua separator is called “BACK WATER”. To process this Back water, TNPL has an individual set 

up in the name of “BACK WATER CLARIFICATION SYSTEM” (BWCS). Retrieved Back water contain sand, suspended solid 

and pith. These contaminates are recovered in BWCS and clarified water is stored and sent back to wet washing Baggase. 

 

 

 

 

     

        Pith 

 

 

    Filtrate Water 

 

 

 

 

 

 

Fig. 2 Backwater Flow diagram 

 

III. DATA COLLECTION 

        In TNPL to make Paper they required 60% of Baggase and 40 % of Hard wood to make pulp along with essential recipe for 

achieving the desired quality of finished product. Total paper production of TNPL is around 4 lakh T per Annum. Thus, they 

produce 1095 T paper is produced per day. For every 5 T of baggase 1 t of baggase pulp is produce. So, to achieve 657 T per day 

3285 T of baggase is required. These raw baggase is not directly used for pulp making. It undergoes several stages. which make 

it suitable for cooking to convert it into pulp. Initially baggase is washed with planet of water to remove stone, sand particle along 

with the foreign material such as plastic, tarpaulins, wood logs and so on. Washing of baggase to remove the said particle is called 

wet washing of baggase. 

Wet washing is carried out in 1 % consistency 

1% consistence = 1 gm of solid in given 100 ml of liquid 

1 liter of given fluid                                                  = 10 Gram of solids 

10 liters of given fluid             = 100 gm 

100 liters of given fluid = 1000 gm or 1kg  

1000 liters or 1m3 of given fluid = 10kg 

10 m3 of given fluid                                                  =100 kg 

100 M3 of given fluid                                                = 1000 kg or 1 T of solid 

For 3285 T of Baggase washing at 1% consistency  =3285*100 m3 

                                                                                   =328500 m3 

                                                                                   = 328.5 m3 

         

Rotary screen head box 

 

Pith to Boiler Setting Tank 

Clarified Water 

Back to 

CBP#2 and 

CBP#3 for 

wet washing 
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To recycle this huge amount of water used in washing has plant or system called Backwater clarification system. Backwater 

clarification system shortly abbreviated as BWCS. Washed water contains Sand, Pith which will be removed in BWCS & recycled 

water sent back to wet washing. By product of BWCS (Back Water Clarification System) are sand and pith. Pith is sent to boiler 

for firing purpose. Sand is sent out for further processing it into Fertilizer by plantation department and its faculty. 

IV.SHOWER 

        A pipe with Nozzle’s which spray water particles at a particular angle for wide area is called Shower. Shower used in paper 

industry mainly for cleaning purpose. It is also used for coating, moisturizing, lubricating, bleaching, edge trimming and other 

function in paper machine. While cleaning belt or wire, water sprayed over belt/wire will be sprayed and a most environment is 

observed. To overcome this recently equipment one installed with cover shower. 

A. Cover Shower 

        Water is collected in a Tray. An Oscillating A shower covered with a box type of arrangement where sprayed Cover shower 

provides continuous movement of the shower to assure complete & uniform coverage with minimal wastage. It consists of a gear 

motor assembly which is connected to an eccentric disc. This disc converts the rotational motion to lateral motion of the shower, 

thereby ensuring proper spray on the wire/belt. Precision nozzles ensure that the water is sprayed uniformly over the wire. The 

shower system is also fitted with a brush assembly which helps in proper cleaning of the shower. The brush assembly consists of 

set of nylon brushes or Stainless-Steel wire brush and a hand wheel. They are designed in such a manner that their interference 

does not restrict the flow of water through the nozzles. Cover showers are used in all types of applications where high- pressure 

water jets are required to clean paper machine fabrics or cylinders. 

B. Features 

1. Shower piping is made of 316 Stainless Steel 

2. Nozzle type, orifice size and spacing are carefully matched to the shower’s application 

3. Nozzle basses are welded to the pipe 

4. Brush assembly is provided to perform cleaning operation which choke the nozzle tip so as to remove any foreign. 

5. +/- 100 mm stroke length to propagate the removed foreign material from the nozzle to drain. 

C. Advantages 

1. Rugged in construction 

2. Simple in Operation 

3. Operates at High Pressures 

4. Ideal for many papermaking machine and pith press machine application. 

Shower or cover shower are in operation only with fresh water or treated water. Backwater are not suitable for its cleaning as it 

already contains sand and pith which will frequently get choked that will lead to ineffective cleaning of wire mesh result in 

affecting dewatering ability of the dewatering equipment. So, in order to achieve desired dewatering level of the given sludge to 

make it into cake shower must be effective in operation to get the desired result. 

 

V. PROCESS INVOLVED IN BACKWATER CLARIFICATION PLANT 

Sludge from sludge tank converted to pith cake by several dewatering pith press in several stage which then sent to screw 

press for achieving desired moisture level suitable for firing in boiler. The several stages involved are as follows 

1. Dewatering 

2. Pressure loading 

3. Moisture removing 

For the above said process different machine of different make are installed in BWCS for effecting dewatering and moisture 

removing. 

A. Dewatering & pressure loading 

• Andritz pith press (Hydraulic and pneumatic) 

• Winkle press 

• Twin roll Press 
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B. Moisture Removing 

        Neyrtec Screw Press 

• All the above said pith press has special arrangement for dewatering and moisture removing. 

• Dewatering is achieved in this equipment by means of wire meshes and perforated sheets. 

• Wire mesh and sheet got choked due to continuous operation of equipment throughout the day. 

• So, it has self-cleaning device called Shower / Cover shower which is fixed in Equipment in a specific location which 

ease and effective in cleaning the wire mesh. 

VI. PROBLEM FACED OR IDENTIFIED IN BACK WATER 

• Removal of sand and suspended particle 

• Pith recovery with low moisture 

• ETP overload due to Backwater over flow which lead to water pollution in Environment. 

• Handling of backwater from CBP#2 & CBP#3. 

• Fresh or Treated water used in cover shower mix with the Filtrate of Dewatering presses which affect Freshwater 

parameter such as TSS, sand content or consistency of %. 

A. Water Requirement for Cover Shower in Backwater 

        Cover shower/shower operate effectively only at 6 bar pressure. The Nozzle size 2mm diameter which is fixed in 50mm 

diameter pipe. Over the width of the wire mesh or belt. 

 

Table I. Cover Shower Requirements 

 

   NAME 

 

TYPE 

 

WIDTH 
NUMBER 

OF 

SHOWER 

NUMBER OF 

NOZZLE AT 

SHOWER 

 

TOTAL 

NOZZLE 

Andxitz Hydraulic 

Pith Press 
2200 3 21 63 

Andxitz Pneumatic 

Pith Press 
2200 3 21 63 

Bellmer 1 2600 2 39 78 

Bellmer 2 2600 2 39 78 

TRP 1 1600 2 16 32 

TRP 2 1600 2 16 32 

 

VII. SOLUTION SUGGESTED 

        In the current water scenario making Fresh water into a unusable by using it for cleaning the mesh in Dewatering Press and 

make it something more valuable into waste water is not recommended, so Recycling of this water make something usable for 

some other requirement inside the plant. In addition to this we are minimum of around 13 lakh per annum just by diverting the 

cover shower water and making the used water much more usable. 

• Diversion of Cover Shower Water to ETP 

• Diversion of Cover Shower Water to Clarified Water Chest 

• Diversion of Cover Shower Water to Settling Tank 

A. Diversion of Pith Presses Cover Shower Water to Settling Tank 

Before Modification: Cover shower water 50 m3 / hr sent to 1000 m3 pit along filtrate water. This increases in the hydraulic load 

to 1000 m3 pit. 
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After Modification: 1. Cover shower water diverted to settling tank 

         2. Reduction of make-up water in water chest from ETP 

         3. Reduction in hydraulic load to 1000 m3 

 

Fig. 3 Flowchart for diversion of cover shower water comparison 

Erection & Trail details of the project: 1. Erection of 8 m3 FRP tank (Redundant) 

      2. Pipe line for Collection of waters from showers 

      3. Erection of pumps 

          4. Erection of pipe lines from tank to desired spot 

 

VIII. RESULT  

A. Invested amount 

• Pipes and fittings  = Rs. 2,50,000 

• Pipeline Fabrication = Rs. 60,000 

• Valves and valve erection = Rs. 50,300 

• Civil works  = Rs. 40,000 

• Total amount  = Rs. 4,00,300 

Table II. MOC 

 

NAME 

 

TYPE 

 

METRE 

 

AMOUNT 

 

TANK TO ETP 

 

150(SS) 

 

84 m 

 

15900 

 

TANK TO 

SETTLING 

 

150(SS) 

 

78m 

 

14800 

 

TANK TO 

CHEST 

 

100(SS) 

 

102m 

 

19300 

 

PRESS TO 

TANK 

 

150(SS) 

 

36m 

 

10200 

 

PRESS TO 

TANK 

 

100(SS) 

 

24m 

 

19500 

 

VALVE 

 

_ 

 

_ 

 

1300 
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Table III. Observation for incoming flow 

Trail no Time (Sec) Raise in tank 

level (%) 

Volume 

(m3) 

Incoming flow 

(m3/sec) 

Incoming 

flow (m3) 

1 295 60 4.8 0.01627 58.572 

2 300 60 4.8 0.01600 57.600 

3 305 60 4.8 0.01574 56.664 

4 290 60 4.8 0.01655 59.58 

 

 

Table III. Observation to find No. of cycles / hr 

Trail no Pump 

running time 

(Sec) 

Pump 

standoff 

time 

(Sec) 

Time taken 

for one 

cycle (Sec) 

No. of 

cycle/hr 

1 70 295 365 9.863 

2 72 300 372 9.677 

3 70 305 375 9.600 

4 68 290 358 10.05 

 

 

B. Power consumption detail: 

• Power consumption  = 44.278 kwh 

• No. of units consumed  = 44.278 / hr 

• No. of units consumed/min = 0.737 

• No. of units consumed/sec = 0.01228 

 

Table III. Power consumption units/hr 

Trial 

No 

Pump running 

time (sec) 

Power 

consumption 

(unit/cycle) 

Power 

consumption 

(unit/cycle) 

No. of cycles/hr Total power 

consumption 

(unit/hr) 

    1 70 0.0128 0.896 9.863 8.837248 

2 72 0.0128 0.9216 9.677 8.918323 

3 68 0.0128 0.8704 9.6 8.35584 

4 70 0.0128 0.896 10.05 9.0048 

 

 

Table III. Power consumption cost/hr 

Trial No No. of 

cycles/hr 

Total power 

consumption 

(unit/hr) 

Cost/unit Power 

consumption 

(cost/hr) 

1 9.863 8.837248 3.2 28.27 

2 9.677 8.918323 3.2 28.53 

3 9.6 8.35584 3.2 26.73 

4 10.05 9.0048 3.2 28.81 
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C. Savings 

• Minimum quantity of water saved  = 50 m3/hr  

• Average Power consumption cost/hr  = 28.09 INR  

• Treated water cost   = 4 INR/m3  

• Total amount /hr    = 175 INR  

• Amount saved /hr    = 146.91 INR  

• Amount saved / year   = 12.86 Lakh 

D. Benefits 

• Better utilization of available water resources  

• Recycle within the plant 

• Make up water from ETP is reduced 

• Reduction in ETP load 

• Quality of water increased for wet washing 

 

X. CONCLUSION 

       In the TNPL 1905 tonnes of paper is produced per year and for the manufacturing process bagasse and hard wood is used as 

a raw material. Before the utilization these raw materials cleaning process should be done. Hard wood is simply washed well and 

bagasse is kept in an open place and water is sprayed over bagasse for maintaining wet condition for around 90 days. For this 

process approximately 1lakh litre of water is consumed and after this processed water contains pith and sand and then water 

becomes brownish colour and becomes impure. Then this water is transferred to ETP (Effluent Treatment Plant) for the 

purification purpose and the cost of purification process is 5Rs for 100 litres. But in our project that waste water is directed and 

stored in settling storage tank for 30 days to let the impurities to be  settling down at the bottom of the tank so that after 30 days 

we can reuse the water for spraying process over bagasse for wet purpose so that the water can be recycled and reused again so 

that we can reduce the utilization of pure water. 

 

 

IX. REFERENCES 

 
[1] Mandeep Dixit, Guddu Kumar Gupta, Hao Liu, Pratyoosh Shukla ‘Pulp and paper industry based pollutants, their health hazards and environmental 

risks’ Current Opinion in Environmental Science & Health (September 2019).  

[2] P.S. Bryant, E.W. Malcolm, and C.P. Woitkovich ‘Pulp and Paper Mill Water Use in North America’ IPST Technical Paper Series Number 601 (1995).  

[3] Pratima Bajpai ‘Application of Enzymes in the Pulp and Paper Industry’ Biotechnol. Prog., pp. 147−157 (1999).  

[4] Weiming Lina, Jianling Chenb, Yi Zhengc and Yongwu Daic ‘Effects of the EU Emission Trading Scheme on the international competitiveness of 

pulp-and-paper industry’ ScienceDirect (April 2019).  

[5] Wipawadee Nuengwang, Thongchai R. Srinophakun and Matthew J. Realf ‘Real-Time Optimization of Pulp Mill Operations with Wood Moisture 

Content Variation’ Creative Commons Attribution (2020).  

[6] Yi Man, Jigeng Li, Mengna Hong, Yulin Han ‘Energy transition for the low-carbon pulp and paper industry in China’ ScienceDirect (November 2019). 

[7] Yoshitatsu Mori ‘The Effect of the Countercurrent Washing Process for KP Brown Pulp Stock Line’ TAPPI Pulping Conference (May 2018). 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IX, September-2020

ISSN NO: 1781-7838

Page No:34
Page 1878 of 3066Page 1878 of 3066



INFLUENCE OF FRICTION STIR WELDING PARAMETER ON METALLURGICAL AND 
MECHANICAL PROPERTIES OF DISSIMILIAR 

Al2024-Al7075 ALUMINIUM ALLOYS
Mr.S.Vijay1 Dr.M.Balakrishnan2 Mr.R.Karthick3

Assistant Professor, Department of mechanical Engineering,M.Kumarasamy college of engineering1

Associate Professor, Department of mechanical Engineering,M.Kumarasamy college ofengineering2

Assistant Professor, Department of mechanical Engineering,M.Kumarasamy college of engineering3

ABSTRACT - Aluminium alloys are plays important role in engineering and metallurgy field. 
Aluminium 2024 is known for the use in aircraft industry, it is an alloy that offers excellent 
strength. Aluminium 7075 alloys are largely implemented in transport industries because of their 
high specific strength, for example civil and military vehicles, ship structures and high-speed 
trains. The Aluminium 2024 and 7075 alloys are normally used in the upper and lower surfaces 
of airplane wings respectively. Then we have to use friction stir welding (FSW) process to weld 
dissimilar Aluminium alloys. The main aim of our project to analysis the weld strength or weld 
ability (AA2024 & AA 7075). Then we have analysis the mechanical properties like tensile 
smoothed and notched surface and micro hardness test. To prepare the suitable specimen for 
analyzing the mechanical and metrological properties and then the specimen dimensions are 
marked to cut the proper shape and size. The material dimensions are 200*75*6 mm (l*b*h).The 
main aim of this work is to analyze how the welding parameters like rotational speed and axial 
force affect the welding strength by taking various mechanical test.

KEYWORDS: Aluminium alloys are (Aluminium 2024&Aluminimum 7075), Friction stir 
welding (FSW), Micro hardness, tensile smooth and notched.     

1. INTRODUCTION

Our modern technologies needs materials with surprising and extra-normal mix of properties that 
can't be delivered by the ordinary metal alloys, ceramics and polymeric materials. Particularly 
materials required for aviation, submerged and transportation applications need exceptional kind 
of materials with phenomenal properties. Friction stir welding is a solid-state joining process (the 
metal is not melted) that uses a third body tool to join two facing surfaces. Heat is generated 
between the tool and material which leads to a very soft region near the FSW tool. It is primarily 
used on aluminium, and most often on extruded aluminium (non-heat treatable alloys), and on 
structures which need superior weld strength without a post weld heat treatment.

2.  FRICTION STIR WELDING

Friction stir welding (FSW) is a solid-state joining process having capability of joining materials 
which differ in chemical composition, properties, etc., and where fusion can lead to harmful 
reactions. Nowadays, the arena of aerospace, railway, ship building industries, etc., are moving 
towards the use of this technique as compared to fusion welding process for the fabrication of 
structural parts. It is energy-efficient, eco-friendly and versatile process of joining. In the current 
study, an attempt has been made to study the effect of process parameters, i.e. rotational speed, 
welding speed, tool tilt angle, dwell time, etc., on the weld characteristics of dissimilar 
aluminium alloys.
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3. EXPERIMENTAL PROCEDURE

     The aim of the project research work is to evaluate the performance of AA2024-AA7075 
joints on tensile, hardness. In order to accomplish the main objectives following sequence of 
experimental work has been planned.

Weld the aluminium alloys (AA2024-AA7075) material using friction stir welding with 
different welding parameters such as rotational speed, welding speed and axial force.

                                              Table 1: Welding Parameters

Welded specimen Rotational speed in rpm Axial force in KN

1 1000 4

2 1200 5

                         

3.1 EXPERIMENTAL SETUP:

                 Before performing the test, specimen of standard size and shape must be produced 
from the material to test for result to be comparable. We are using the square shape bar and the 
square shaped bar are used for sheet/plate with thickness. Rolled plates of AL- aluminium alloy 
and commercially pure copper plates were used for the friction stir welding. Joint configuration 
of 100 x 100 x 6 mm was used. The cutting faces of the plates are to be joined were milled and 
polished to make them flat. The area undergone friction with the shoulder surface was polished 
by using emery paper and cleaned using acetone to remove the oxide layer. The plates were 
rigidly clamped to ensure that the plates should not abut during welding.
                       

                                                 Fig 1: Friction stir welding set up
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            The rotating tool was slowly plunged into the interface of two materials at a rate of 1 
mm/sec until the shoulder surface touched the work piece surface. A dwell period of 30 s was 
maintained for all the joints in order to preheat and soften the welded zone. The rotating tool was 
traversed along the weld line at a constant welding speed and finally the tool was pulled out. 
              Welding process parameters, pin profile and tool offset exert significant effect on the 
material flow pattern and temperature distribution, thereby influencing the microstructural 
evolution of material. In this investigation, process parameters like tool rotation speed ranges 
from 800 -1200 rpm, tool traverse speed of 50-90 mm/min and axial force of 8-12 kN were used 
to fabricate the Al-Cu dissimilar FSW joints. In addition, the placement of dissimilar materials 
was varied and different pin profiles like plain taper tool, taper cylindrical tool and whorl pin 
tool were used to fabricate the AA2024-AA7075 dissimilar FSW joints. For all the joints, the 
tool is offset to the Al side by 2 mm during welding.

           Fig 2: Welded specimen 1 Fig 3: Welded specimen 2

4. MECHANICAL PROPERTIES ANALYZE TEST

4.1 MICRO HARDNESS:

        The process of micro hardness process to taking the various load will be acting the onside 
and to calculate material strength. We have to take reading to design a graph in AA2024 and 
AA7075. To analysis the hardness of AA7075 and AA2024 in welded of FSW processes. In 
weld condition 1, to be welded in spindle speed at 1000rpm, so, to performed across the SZ, 
TMAZ, HAZ, and BM on the cross section of the welded joints.The micro hardness profiles of 
the AA7075 and AA2024 to analysis of the hardness of material. In first BM of AA7075 above 
100HV and AA2024 above 140 HV.
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So, to weld at FSW, due to effect of the HAZ below 100HV both of an AA7075 and AA2024. 
Then the TMAZ effect of below 100HV in the welded zone. It is a result analysis of weld 
condition 1 the stirred zone is expected to have the lowest hardness due to the speed at 1000rpm, 
which proves the occurrence of re-precipitation of hardening phase.

                                    
Fig 4: 

Micro hardness 
graph for weld 

specimen 1 

                

                                    Fig 5: Micro hardness graph for weld specimen 2 

The profile of the micro hardness of the AA7075 and AA2024 welded joints at 1200 rpm. So, In 
BM to be analysis of AA7075 above 100HV of the hardness. Then, in middle of the AA7075 to 
be decrease little 100HV. In BM to be analysis of AA2024 above 130 HV, Then HAZ to be same 
in the AA7075 but AA2024 to be increasing the hardness of material due to the heat treatment 
because heat condition of AA2024 is less than of the AA7075. 
In merge of welded zone is a TMAZ to be above 100HV of a hardness. So it is a high strength to 
be withstand in light weight. This is result of hardness in weld condition 2
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             In the graph, to show hardness level in the welded zone is equal to the AA7075, then 
AA2024 to be increase of the hardness because the reason is to changing the speed of spindle at 
1200rpm. So, to differ of welded zone in the specimen 1 and 2, to compare of specimen is better 
than specimen 2 in the FSW process

4.2 TENSILE TEST

           The dissimilar material of an aluminium alloy AA7075 and AA2024 to be welded joint at 
different speed for analysis of tensile to be identify of the strength of the welded joint are shown 
in table III.1. Then, to prepare of welded of specimen to be cutting in I shape. Then, to be 
attached of the top and bottom of the tensile instrument.
           To welded joint of material to be elongated at a certain range of weight. Then to be noted 
in the table III.1. The maximum tensile strength of the first specimen is 310MPA and maximum 
strength of the second specimen is 346MPA. Then compare of the two specimen is the second 
specimen for a good strength. Because the welded zone, to be merge in tightly so to be increased 
strength in the HAZ.

          

                                                  Fig 5: Tensile test specimen

When the AA7075 and AA2024 is light weight material but it is a high strength material. Then, 
two series of metal to be welded at FSW process at 1200rpm to be increased a strength of metal 
in welded zone. It is used to application of the aircraft body manufacturing, gas tank 
manufacturing because due to no leakage in welded zone. This is a Result analysis of the 
AA7075 and AA2024 in the FSW processes.
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m

1. 
A

50 4.9 6 13 78 5.8 13 75 8 296
WELD 
CENTER

1.B 50 4.8 6 13 78 6 12.8 76 4 310
WELD 
CENTER

2. 
A

50 4.7 6 13 78 5.5 13 71 6 346
WELD 
CENTER

2.B 50 4.6 6 13 78 5.4 13 76 8 324
WELD 
CENTER

4.2.1 TENSILE TEST RESULTS

5. RESULT AND DISCUSSION

The joints of dissimilar aluminium alloy (AA2024-AA7075) materials are widely used in 
industrial applications due to their technical and beneficial advantages. Aluminium alloy 
(AA2024-AA7075) is commonly used in aluminium bars, rod and pipes. In aluminium alloy 
AA2024 is a high cyclic fatigue resistance, so it is mainly used in aircraft structure like wings 
and fuselages. In aluminium alloy AA7075 is a high stress or strain resistance and high strength. 
It is widely used in thermal stock, tanks and gear.

         So aluminium series of AA2024 and AA7075 to be welded in the FSW process to change a 
physical and chemical properties. To increase a strength and high corrosion resistance .So it 
widely used in army aircraft and many of aluminium product to be become a high stress and high 
fatigue resistance.

6. CONCLUSION

            In this project work fully made to weld the pure aluminium alloy AA7075 and AA2024. 
It was concluded that FSW is capable of joining the AA7075 and AA2024. From the 
investigation following conclusions were derived. Placement of harder material in the advancing 
side has significant effect on flow of material and the result and mechanical properties. 
           The AA7075 and AA2024 joint yields higher tensile strength of 346MPa and higher 
hardness of 100HV.The harder of AA7075 and AA2024 material to be welded at various spindle 
speed are 1000rpm and 1200rpm. In welded zone was very high strength, so it is very useful to 
make aircraft body, gas tank, sub marine and small things to be manufactured in highly efficient. 
Because this was high hardness and tensile strength and it was light weight material so easy to 
use in any area. In our project was proved the AA7075 and AA2024 material has very high 
corrosion resistance and high strength.
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Abstract
Experimental work was carried out to evaluate the ultimate tensile strength and impact toughness of friction-welded 
Al 2024 + Li + Si3N4 metal matrix composite (MMC). The experimental investigation comprised: (i) fabrication of Al 
2024 + Li + Si3N4 MMC, (ii) welding of the fabricated MMC by a friction welding (FW) process, and (iii) investigating the 
mechanical and metallurgical characteristics of the welded joint. The mechanical properties of the as-produced MMC and 
FW–MMC were correlated with metallurgical attributes such as the macrostructure, optical microstructure, and scanning 
electron microscopic fractographs of tensile- and impact-tested specimens. The results reveal that FW was effective to suc-
cessfully join the MMC rods. A spindle speed of 2500 rpm, a friction pressure of 30 MPa, and a weld time of 25 s was found 
to be the optimum FW parametric combination to form a sound solid-state MMC joint. The results are adequately discussed 
to connect them with the underlying scientific phenomenon.

Keywords Metal matrix composite (MMC) · Hardness · Microstructural analysis · Friction welding (FW) · Fractography

Introduction

In the automobile industry, MMCs are significantly being 
used to replace components made from steels to reduce the 
overall weight of vehicles [1]. MMCs have an advantage 
over other types of composite because of their enhanced 
mechanical properties, better thermal and electrical conduc-
tivities, and ability to resist high temperatures and moisture 
[2, 3]. MMCs offer additional advantages such as higher 
specific strength, specific stiffness, tribological resistance, 
corrosion resistance, and elastic modulus [4]. Particle-
reinforced Al-based MMCs are utilized in the aerospace 
and automotive fields, rail transportation systems, marine 
transport, offshore, building and construction, electronic 
substrates, packaging machines, sports and recreation, and 
a variety of other applications [5, 6].

Advanced and specialized industries, for example, 
electronic, vehicle, aeronautical industry, and marine, are 

searching for materials with low density, low specific grav-
ity, and high specific strength at ambient and high tempera-
ture [7]. However, the effective use of MMCs in transport 
structures is frequently hindered by their poor weldability 
characteristics. The physiochemical heterogeneity in MMCs 
always makes them difficult to weld by fusion welding due 
to the unavailability of reinforced filler metals that retain 
their composition, volume fraction, and distribution in the 
weld zone. Among the few fusion welding processes that 
have been used to join MMCs, the rapidly developing solid-
state welding processes have been found to be quite well 
suited [8–11]. Among solid-state welding techniques, fric-
tion welding (FW) offers benefits such as low phase trans-
formation in the parent metal (PM) during joining, reduced 
particle–matrix interaction, maximum joint strength, and 
applicability for joining dissimilar metals [8, 10].

The temperature distribution in continuous-drive FW of 
dissimilar Al–Mg–Si alloys and Al–SiC MMCs has been esti-
mated. The heat evolution during the FW process was found 
to progress through three stages, namely (i) a heating stage, 
(ii) a steady-state period, and (iii) a cooling stage [11]. An 
AA8009/SiC/11p composite was joined by FW, and the results 
revealed a uniform distribution of SiC particles at the inter-
face with no indication of chemical interaction between the 
matrix and reinforcement [12]. Kato and Tokisue [13] reported 
that friction-welded dissimilar joints between AA 5052 and 
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6061 + 20.5% alumina showed a higher hardness level at the 
interface than both PMs. Uzun [14] reported that increasing 
the forging pressure reduced the weld zone width. Continu-
ous-drive FW was used to weld-cast AlSi/SiC(p) dissimilar 
MMCs. The microstructure results revealed the existence of 
three different zones in the weld metal and an even redistri-
bution of reinforcement in the metal matrix [7]. Sreenivasan 
et al. [15] reported that the friction pressure and forging pres-
sure showed a directly proportional relationship with the joint 
efficiency for FW of AZ31B Mg matrix composites. However, 
the friction time showed an inversely proportional relation-
ship with the joint efficiency. Friction stir welding (FSW) and 
linear friction welding (LFW) were compared [16] for weld-
ing of Al–Mg–Si alloy matrix reinforced with 20 vol.%  Al2O3 
particles and an Al–Cu–Mg alloy matrix reinforced with 25 
vol.% SiC particles, respectively. The results revealed a reduc-
tion in hardness and higher joint efficiency in the FW joint as 
compared with the FSW joint, whereas higher ductility was 
observed in the FSW joint. Hot isostatically pressed Al/B4C 
MMC was joined by the FW technique, and it was reported 
that the strength and microstructure primarily depended on the 
friction time and rotational speed, respectively [17]. Friction 
stud welding of a hybrid AA6063-6SiCp-3Grp composite with 
AISI 1030 steel revealed that the rotational speed and the addi-
tion of an AA1100 interlayer contributed positively to improve 
the impact performance of the welded joint [18]. Kimura et al. 
[19] described the effects of the post-weld heat treatment con-
ditions on the mechanical properties of dissimilar 6061 Al 
alloy (AA6061) and Al–Si12CuNi (AC8A) FW joints. The 
results confirmed the possibility of fabricating engine pistons 
using the FW process, and when followed by natural aging 
improved the hardness on both sides of the dissimilar com-
posites. Renjith Nimal et al. [20] reported that FW of LM25 
with added 20% SiC MMC offered high hardness and higher 
strength at speed of 2000 rpm. Similarly, Abdul Ghani Khan 
et al. [21] reported that increasing the friction pressure in a 
rotary FW process enhanced the mechanical properties of the 
joint for LM25 with added 10% SiC MMC. The available lit-
erature reveals that investigations on the solid-state weldability 
of Al 2024 + Si3N4 + Li MMC are scant.

It is also seen that most reported works have focused on 
the evaluation of the mechanical and metallurgical character-
istics of MMCs having SiC,  B4C, and  Al2O3 additions, and 
assessment of their weldability using FSW, FW, and LFW 
processes. Meanwhile, the evaluations have emphasized the 
tensile properties, impact properties, and microstructures. 
Hence, it is now necessary to address the FW characteristics 
of Al 2024 + Si3N4 + Li MMCs. The objectives of the present 

investigation is to cast Al 2024 + Li + Si3N4 MMCs, weld them 
using the FW process, and evaluate their mechanical prop-
erties, namely yield strength (YS), ultimate tensile strength 
(UTS), % elongation, and impact toughness, and compare 
them between as-cast and FW MMCs.

Experimental Procedures

The main objective of the present investigation is to fabri-
cate Al 2024 + Li + Si3N4 MMC by the stir casting process 
and evaluate the weldability of the MMCs fabricated using 
the FW technique. To achieve this objective, experimental 
work was carried out in the following sequence: The read-
ily available 2024 aluminum alloy was strengthened with 
10 wt.% silicon nitride and fixed 2 wt.% lithium. Tables 1 
and 2 present the chemical composition of the matrix alloy 
and the composition of the fabricated MMC, respectively. 
The MMC was amalgamated through fluid metallurgy by a 
mixing and agitating strategy because of its straightforward 
activity, adaptability, appropriateness for large-scale manu-
facturing, and simple practical procedure for manufacture 
of MMC, resulting in a uniform spread of particles [22]. 
Lithium (Li) and silicon nitride  (Si3N4) reinforcements with 
different sizes between 50 and 75 µm were applied in this 
work.  Si3N4 was selected as a reinforcement with the aim of 
improving the hardness, quality, and strength of the com-
posite, whereas lithium was selected to decrease the bulk 
weight of the composite.

The strong reactivity of lithium with atmospheric gases 
and its equilibrium conditions make it difficult for various 
casting processes. In this investigation, two crucible pots 
were utilized; one was of the open sort, while the other was 
surrounded by flowing argon gas to prevent contact with 
the air. The pot was surrounded by a cooling water system 
to decrease the compositing time and hold the composites. 
Unadulterated aluminum was placed in the open pot, heated 
to 780 °C, and kept at that temperature. The reinforce-
ment was preheated at 500 °C for 2 h and then softened 
and blended for 10 min at 300 rpm. The molten liquid was 

Table 1  Chemical composition 
of AA 2024 matrix alloy 
(specimen I)

Element Al Cu Mg Mn Si Fe Cr Zn Ti

Weight % 92 4.4 1.5 0.6 0.5 0.5 0.1 0.25 0.15

Table 2  Percentage composition of aluminum with different levels of 
silicon nitride and lithium

Specimen Aluminum 2024, 
wt.%

Lithium (Li), wt.% Silicon nitride 
 (Si3N4), wt.%

IV 88 2 10
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treated with hexachloroethane tablets for degassing. Lith-
ium was measured and kept in another pot under argon gas. 
The liquid containing the aluminum and silicon nitrite was 
added to the pot under argon gas containing lithium and 
then mixed well. The liquid mixture was then poured into 
a cylindrical mold to obtain the desired shape. Tensile test-
ing specimens were produced as per ASTM E8M-16ae1 for 
additional examination. Smooth tensile specimens were pro-
duced from the manufactured composite rod with a diameter 
of 25 mm to assess the transverse elastic properties such 
as the yield quality, elasticity, and extension in the cross-
sectional region.

The as-cast Al 2024 + Li + Si3N4 MMC was used as a par-
ent metal (PM) to analyze its solid-state weldability when 
applying the FW process. The contact surfaces were pre-
cisely machined to obtain a smooth surface and thus a good 
weld by avoiding bending under the application of axial 
pressure. Trial welds were fabricated for different levels of 
process parameters, and the best levels were selected to join 
the MMCs considered in this study. One of the components 
was rotated at a given speed (rpm) while the other end was 
fixed. Heat is produced due to the friction between the mate-
rials when applying the friction force. The two components 
are brought together under axial pressure for a certain fric-
tion time. The clutch is then separated from the drive, and 
the rotary component is brought to a stop within the brak-
ing time while the axial pressure on the stationary part is 
increased to a high upset pressure for a predetermined upset 
time. Table 3 presents the parameter values used to friction-
weld the synthesized MMC.

Test specimens were prepared by using a lathe to apply 
specific operations such as cutting, turning, and facing. Ten-
sile and impact samples were prepared as per ASTM E8M-
16ae1 and ASTM E23-18 standards, respectively. Figure 1 
shows the dimensions of the prepared tensile and impact 
specimens. Tensile testing was carried out using a 200-kN-
capacity mechanically controlled universal testing machine 
(TU-CN-200; Fine Spavy Associates, Pune). The sample 
was loaded close to the valve, and the load and elongation 
were recorded at regular load intervals up to the yield point.

Leading was continued until the sample broke, paying 
close attention to the load indicated and recorded at failure. 
Impact testing was carried out using a 300-J-capacity impact 
testing machine (1E-IT-30 (ASTM); FIE-Blue Star, India). 
For both tensile and impact testing, three samples were used 
and the average considered in the discussion below. Photo-
graphs of the tensile and impact testing specimen are shown 
in Figs. 2 and 3, respectively. Metallurgical specimens were 
sectioned to the required shapes from the joint welded metal, 
heat-affected zone (HAZ), and PM regions and polished 
using different grades of emery paper. Optical microscopy 
(OM) observation (Carl Zeiss) was used for microstructural 
analysis. A Wilson Wolpert microhardness tester was used 
for hardness testing of the samples. The sample was tested 
at three locations with the test specimen being subjected to 
a load of 0.2 kg for a dwell time of 15 s at each location. The 
fracture surfaces of the impact and tensile specimens were 
investigated by scanning electron microscopy (SEM, JSM-
6610LV; JEOL India Pvt. Ltd).

Results and Discussion

An Al 2024 + Li + Si3N4 MMC was synthesized by the stir 
casting technique. Synthesized MMC rods were joined by 
applying a FW process. Both as-cast MMC and FW–MMC 
joints were evaluated for their mechanical and metallurgical 
properties. The experimental results are presented in the fol-
lowing order: metallography, microhardness survey, tensile 
and impact toughness properties, and fractography.

Microstructure

The macrostructure of the FW–MMC joint was used to 
observe the quality of the FW joint. Figure 4 shows the mac-
rostructure of the FW Al 2024 + Li + Si3N4 MMC. From the 
macrostructure, it is understood that  Si3N4 and Li particles 
were distributed uniformly and a porosity-free joint was 
obtained by FW. In this macrograph, the weld interface is 
visible at the center of the joint.

Figure 5 represents the optical microstructure of the 
FW joint. The FW joint’s weld metal (WM) comprised a 
fully deformed zone (FDZ) and a partially deformed zone 
(PDZ). Figure 5(a) shows that good bonding was obtained 
between the two sides of the joint with no cracking between 
the weld joints. It is difficult to identify all the features at 
the weld center in this low-magnification microstructure, so 
a high-magnification image of the weld joint is presented in 
Fig. 5(b). From this high-magnification microstructure, it is 
easy to identify the interfaces, FDZ, PDZ, and heat-affected 
zone (HAZ) of the friction-welded joint, marked in this 
image. From this high-magnification micrograph also, it is 
difficult to identify the specific features of the FDZ and PDZ.

Table 3  Friction welding parameters used to fabricate MMC joints

Number of 
trials

Friction pres-
sure, MPa

Friction 
time, s

Forging 
time, s

Spindle 
speed, 
rpm

1 30 25 25 2500
2 30 15 15 2500
3 30 35 35 2500
4 30 30 30 2500
5 30 30 30 2500
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Figure 6 represents the microstructures at the FDZ and 
PDZ of the FW joint. In the FDZ, the microstructure consists 
of fine equiaxed structures. In this zone, the reinforcement 

particles are very fine as compared with the PM. This can 
be attributed to the fact that, when two Al 2024 + Li + Si3N4 
MMCs are brought together, the initial contact points are 

Fig. 1  Geometry and speci-
men dimensions of tensile and 
impact specimens

Fig. 2  Photograph of tensile 
specimen
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joined by the application of heat and pressure. Because of 
this, the reinforcement particles in the PM are fractured, 
becoming visibly smaller than the particles in the PM [23]. 
This effect is also due to plastic deformation caused by the 
upsetting pressure during the FW process. Nevertheless, a 
slightly coarser equiaxed microstructure was observed in the 
PDZ (Fig. 6b) as compared with the FDZ (Fig. 6a).

Higher-magnification images of the FDZ and PDZ are 
presented in Fig. 7(a) and (b), revealing the presence of 
coarser grains in the PDZ than the FDZ. No defects were 
found in the friction-welded MMC joints. The grains were 
highly refined, which contributes to the high strength of the 
FDZ. Recrystallization occurred in the FDZ, and there was 
a greater reduction in the size of the recrystallization grains. 
Figure 7(a) of the FDZ area shows that  Si3N4 particles were 
observed (arrowed) with ultrafine grain size. This can be 
attributed to the crushing of the  Si3N4 particles due to the 

application of pressure by friction and upset during the FW 
process. Similar observations were reported previously [21].

In addition to the discussion above, at the FDZ, due 
to dynamic recrystallization, fully deformed and highly 
reduced ultrafine grain size occurred. However, in the PDZ, 
the strain rate depends on the rate of axial upsetting, so the 
microstructure resulting in this PDZ is due to overaging. 
Therefore, the grains observed in this PDZ (Fig. 7b) are 
slightly coarser than in the FDZ (Fig. 7a) [21]. This cor-
relation is also supported by the following discussion: at 
the FDZ, the simultaneous influence of frictional heating 
and large strains due to both shear and compression resulted 
from a reduced amount of reinforcement as compared with 
the PM together with ultrafine grain size. Similar observa-
tions were reported elsewhere [24–27]. Furthermore, in 
this 2024 alloy, plastic deformation could reduce the size of 
the  Si3N4 reinforcement particles distributed in the FDZ as 
reported experimentally by Rotundo et al. [23].

In the inner zone of the friction weld joint shown in 
Fig.  8(a), the microstructure of the left-side interface 
reveals that the bonding was very good without any crack-
ing or porosity. Similarly, the right-side interface also 
shows very good anchoring of the friction weld interface 
and the MMC-PM. This provides confidence regarding the 
parameter values selected for this investigation. As the 
friction time increases, the width of the interface increases 
while the grain size becomes finer in the Al 2024, as 
shown in Fig. 8(b). The structure consists of small equal 
grains. In the partially deformed zone, recrystallization 
has taken place and reductions in grain size are observed 
in Fig. 8. In this microstructure, the FDZ and PDZ region 
are marked. The resultant microstructure in this noncon-
tact region (PDZ) is due to the high strain rate at this inter-
face because of the high rotational velocity [11]. Also, 
the mechanism of heat distribution from the FDZ to PM 
combined with the effect of torque generated in this FW 

Fig. 3  Photograph of impact specimen

Fig. 4  Macrostructure of the FW joint
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Fig. 5  Optical microstructure of FW joint

Fig. 6  Optical microstructure of FDZ and PDZ

Fig. 7  High-magnification optical microstructure of FDZ and PDZ
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process plays a major role in determining the grain size at 
this PDZ and HAZ [23].

The microstructure of the PM is shown in Fig. 9(a), 
which shows that the dendritic cells are coarser and the 
stirring of the lithium and silicon nitride particle grains 
was smooth in the Al 2024 + Li + Si3N4 MMC-PM. This 
indicates that the matrix and reinforcement materials 
are appropriately stirring. The HZA microstructure in 
Fig. 9(b) indicates a coarser dendritic structure and wider 
dendrite arm spacing than in the MMC-PM. On this sur-
face, there is no porosity, so in this area the stirring during 
composite manufacturing was good. The dendritic cells 
also showed precipitates formed during homogenization.

Hardness Test

Weldability and thermal deformation are caused by the 
reduced hardness of the material, making it important to 

identify the sample with greater hardness. In this investiga-
tion, the hardness was measured at three different locations 
covering the FDZ, PDZ, HAZ, and PM at the axis of rota-
tion, and at 3 mm above and 3 mm below it. The hardness 
measurement map is illustrated by dotted lines of different 
colors in the macrograph in Fig. 10. The highest hardness 
values were found on the weld centerline (WCL), while 
lower hardness was observed at the HAZ on both sides of 
the interface. The hardness in the welded zone was found to 
be high compared with other zones.

An increased hardness profile was observed at the WCL 
as compared with the HAZ to WM. This is because of the 
higher temperature and slow cooling rate compared with 
the FDZ and PDZ in the weldment. Local alteration in the 
grain size between above and below the left and right side 
of the WCL is the reason for the observed hardness dif-
ferences. By increasing the tool rotation speed, the grain 
size becomes reduced at the microstructural level. Thus, 

Fig. 8  Interface microstructure of FW joint

Fig. 9  Microstructures of PM and HAZ
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the increase in the speed increases the microhardness of the 
welded zone. The higher hardness at the WCL is the result of 
the ultrafine grain microstructure observed in this FDZ due 
to severe plastic deformation and localized strain hardening, 
as reported previously [23]. Instead of the dynamic recrys-
tallization that occurred in the FDZ, recovery and recrystal-
lization occurred in the PDZ and HAZ [17]. Therefore, at 
the PDZ and HAZ region, the hardness level was reduced.

Tensile and Impact Test

Table 4 presents the tensile and impact test results. From 
the tensile test results, it was observed that invariably all the 
welded specimen broke between the PDZ and HAZ regions 
of the friction-welded joints.

From the tensile and impact test results, it was observed 
that there was a reduction in the yield strength, tensile 
strength, and impact toughness values after FW for this Al 
2024 + Li + Si3N4 MMC. The reduction in the yield strength 
was about 18%, while the reduction in the tensile strength 
was about 41%. A 31% reduction in the tensile ductility 
of the FW joint was observed as compared with the Al 
2024 + Li + Si3N4 MMC PM. Similarly, a 31% reduction in 
the impact toughness value of the FW joint was seen. The 
joint efficiency was observed to be close to 60%, indicating 
a reasonable weldability for this MMC by FW. Since the 
tensile specimens broke between the PDZ and HAZ, the 
reasons for this reduction in tensile strength could be related 
to the lowest hardness profile in this region. The lowest hard-
ness at this PDZ and HAZ could be related to the coarser 

microstructure resulting from the lower combination of axial 
pressure, centrifugal force, and temperature available in this 
PDZ than FDZ [7]. Therefore, the reduced strain and strain 
rate plus the annealing effect caused the coarser microstruc-
ture in this zone [28]. The highest hardness profile at the 
FDZ relative to the PDZ and HAZ due to the very fine  Si3N4 
particles and matrix as a result of frictional heating, large 
strains, and dynamic recrystallization prevents fracture at 
this FDZ, since the very fine grain size effectively restricts 
dislocation movement.

Fractography

Figure 11 shows the fracture surface morphology of the 
tensile-tested joints. The PM fracture surface (Fig. 11a) 
reveals a dimpled structure, indicating good ductility 
and strength. In the dimples, fine reinforcement particles 
(arrowed) are visible. The size, morphology, and volume 
of the particles in the center of the dimples were consist-
ent throughout the fractograph. Fracture surface analy-
sis of the tensile-tested samples revealed good bonding 
between the Al 2024 matrix and Li + Si3N4 reinforce-
ment. Meanwhile, the FW joint fractograph (Fig. 11b) 
revealed the existence of a torn surface (arrowed), indi-
cating brittle fracture with poor ductility and lower 
strength. The location of the FW joint fracture between 
the FDZ and PDZ, a zone consisting of coarse annealed 
grains, reinforcement particles, and the maximum vol-
ume of matrix alloy, could be related to this torn fracture 
morphology. One important feature observed by fractog-
raphy is that full fracture occurred mainly through the 
matrix material. A similar observation was also reported 
previously [12].

The SEM analysis of the fracture surface for the 
impact-tested samples is shown in Fig. 12. Both the PM 
and FW joint of the impact-tested specimen showed a 
dimpled surface with reinforcement particles pulled out, 
as encircled in these images. The PM sample (Fig. 12a) 
showed that the fracture occurred at the coarse parti-
cle–matrix interface. Meanwhile, the microscopic view 
of the fracture surface of the FW joint clearly shows 
fine particle pullout, as encircled in the fractographs. 
The major difference between the PM and weld metal 
impact-tested fractography is the size of the dimples; in 
the composite PM, the dimple size is greater than in the Fig. 10  Hardness profile of friction-welded joint

Table 4  Tensile and impact 
properties of FW joints

Specimens Load, kN YS in MPa UTS in MPa % elongation Impact 
toughness, 
kJ

Joint efficiency

PM 15.76 201 312 15 6
WM 14.5 164 184 10.3 4.1 58.97
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FW weld metal. The similarity between these two images 
is that no particle clustering was observed, although small 
particles were observed in the microstructure, as shown 
in Figs. 6 and 7.

The fracture surface analysis of the impact test speci-
men suggests that particle pullout could start from the 
matrix near to the reinforcement particles and extend 
to the matrix. This leads to the final fracture of the 
specimen. Such particle removal was not noticed in 
the tensile fractography, revealing the good bonding 
of the reinforcement and matrix with reasonable joint 
efficiency.

Conclusions

The main objective of the present investigation is to fabri-
cate Al 2024 + Li + Si3N4 MMC by a stir-casting technique 
and evaluate its mechanical properties and metallurgical 
characteristics after friction welding. From the experimen-
tal results, the following conclusions can be drawn:

1. Al 2024 + Li + Si3N4 MMC was successfully welded 
by FW. The optimum joining parameters with a spindle 
speed of 2500 rpm, friction pressure of 30 MPa, and 
welding time of 25 s, could produce a very good weld.

Fig. 11  Fractograph of fracture interface after tensile testing

Fig. 12  Fractograph of fracture interface after impact testing

Page 1894 of 3066Page 1894 of 3066



 Metallography, Microstructure, and Analysis

1 3

2. The tensile test results showed a 40% reduction in ten-
sile strength and a 31% reduction in ductility for the 
friction-welded joint. The reason for these reduced ten-
sile properties could be related to the lowest hardness 
observed at the fracture location (between the PDZ and 
HAZ) due to the coarser grain structure because of the 
lower strain rate and annealing effect in this zone. The 
reduction in the impact properties could be attributed 
to particle removal from the matrix due to the impact 
energy.

3. Microstructural observations revealed ultrafine-sized 
grains at the FDZ due to the collective effect of shear, 
axial upset, and the rotational velocity in the FW pro-
cess. The comparatively coarser grains observed at the 
PDZ and HAZ could be due to the lower annealing tem-
perature and absence of a large stain rate in this zone.

4. Tensile fractography results indicated that the good 
bonding of the matrix and reinforcement contributed to 
the observed joint efficiency.
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This article is focused to analyze the effects in engine operations when different alternative fuels jointly used. Normally 
biogas from pure sago sludge composed with Hydrogen sulfide (H2S) which lead severe corrosion in engine parts. To reduce 
this effect, poultry manure (70 wt %) was mixed with sago sludge (30 wt %) for production of biogas. At maximum load, 
the brake thermal efficiency was found reduced up to 12 % with DTPO30 + biogas and 17 % with diesel + biogas compared 
to normal diesel operations. The brake specific fuel consumption was higher up to 10 % with distilled tire pyrolysis oil 
(DTPO30) with biogas operations than diesel with biogas. Reduced NOx about 27 % with DTPO30+ biogas and 21 % with 
diesel+ biogas than diesel operations. Correspondingly, increased CO was reported with dual fuel mode due to CO2 presence 
with biogas. Also, increased hydrocarbon and reduced smoke opacity with biogas operations were reported. The H2S effect 
on engine operation was reduced hence it can increase the engine reliability.  

[Keywords: Biogas, Diesel engine, Poultry manure, Sago sludge, Tire oil]  

Introduction 
Automotive industries face lots of challenges with 

two major problems in which one was inflation in 
fossil fuels and adverse effects due to emissions from 
the automotive engine. Also, demand for hydro 
carbon fuel increases on a daily basis due to 
sophistication in life and industrialization. For these 
reasons, various alternative fuels were found and 
tested with an automotive engine to sustain the 
demand and inflation.  Biogas is fuel gas produced 
from anaerobic digestion of any organic material such 
as animal waste, bird waste, human waste etc. 
Statistics reveal around 3000 metric tons (MT) of 
poultry manure per day is being produced by of hens 
at Namakkal, Tamil Nadu, India1. Also, lots of sago 
industries are located around the same region. Sago 
sludge wastewater and poultry manure were used to 
produce the biogas through an anaerobic digester. 
Among various alternative gaseous fuels, both 
mentioned biogases are preferred for clustered power 
production in rural regions. Some studies show sago 
wastewater was processed with civil construction for 
making concrete which has the same strength as 
normal concrete. This can reduce the water usages in 
construction2. Sago waste was processed with 
HUASB (hybrid up flow anaerobic sludge blanket) 

with a microorganism, and gas production rate was 
increased about 2.8 L/d compared to normal 
production 2.0 L/d3.  Normally, biogas from sago 
sludge has more sulphur content, which results in 
severe impact on direct injection (DI) engine 
operations. The biogas from mixed sago waste sludge 
and poultry manure was used on DI engine as a 
primary fuel. This clustering or mixing of these 
sources reduces the impact of sulphur in sago sludge 
biogas during combustion. Biogas utilization on 
compression ignition (CI) engine has been the subject 
of extensive research work in the last decade. The 
mixture of biogas and air is ignited with the use of a 
minimum quantity of liquid fuel in CI engine and is 
referred to as dual fuel mode4. Also, liquid fuel is 
called pilot fuel and biogas as the primary fuel. 
Normally, biogas is composed of a maximum of 
methane and carbon dioxide. Sometimes less than 5 
vol % of nitrogen, hydrogen and H2S are also present 
in biogas; this mainly depends on raw materials used 
for digestion5. Biogas was produced using pure sago 
waste through anaerobic thermophilic digestion, and 
the composition of biogas was found 23 % of CO2 and 
74 % of methane with traces of H2S

(ref. 6).  The sago 
starch was modified into OSA (octenyl succinic 
anhydride) to have better properties (both 
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physicochemical and thermal) than its native state7.  
The biogas burns faster than liquid fuel and has lower 
emission which means eco-friendly and transportation 
through pipelines is possible when the corrosive 
components are removed8. The production cost of 
biogas is lower than other alternative fuel like 
producer gas, pyrolytic oil and biodiesel. As far as 
emission is concerned, comparatively biogas 
combustion emits higher CO2 which can be 
neutralized by plants9.  Use of biogas in diesel engine 
with diesel at dual fuel mode results in brake thermal 
efficiency (BTE) and brake specific fuel consumption 
(BSFC) being lower at medium loads, nitrous oxide  
(NOx) and particle matter in emission being reduced, 
ignition delay being longer and cylinder peak pressure 
being higher than the normal diesel operations10.  
Methane presence in biogas provides better resistance 
to knock effect due to high octane number and higher 
ignition temperature. Because of higher ignition 
temperature, it can be adopted with higher 
compression ratio operations with dual fuel mode in 
diesel engine11.  Long term operation test has been 
carried out up to 2000 hours with biogas and diesel 
with dual fuel mode. This operation could achieve 90 
% of biogas substitution and energy output has 
increased by 7 % with dual fuel compared with 
normal diesel operations. A thin layer of carbon 
deposition has been found after long-duration test 
with dual fuel. Other than carbon deposition, no other 
adverse effect has been found including wear12.    

Another possible source chosen for alternative fuel 
was tire scraps which are largely available from 
automotive workshops in our region. On a daily basis, 
there were 5 MT of tire scraps thrown in an 
environment which cannot be recycled in Namakkal 
municipality corporation, Tamil Nadu, India. 
Currently, several methods are being used for 
disposing the tire such as recycling, reusing, waste to 
energy etc. The used tires are utilized in many ways 
like the stabilizer, sound barrier, vibration damper, 
extraction of carbon products, surface mats for 
playgrounds etc. Maximum volume of tire scraps 
have undergone recycling process, with the rest of 
them being directly dumped into an environment 
which causes many adverse effects such as various 
types of pollution, diseases related with generation of 
mosquitoes etc. Beyond those approaches, another 
possibility is extraction of fuel from tire through 
pyrolysis process13. Normally pure TPO (tire 
pyrolysis oil) has a higher viscosity, sulphur, carbon 

blocks and acid value which affect the engine 
performance and life28. Because of these adverse 
effects, TPO has undergone desulphurization and 
distillation to remove the carbon blocks, also decrease 
the sulphur and acid values. The desulphurized and 
distilled TPO with diesel blends were tested in DI 
engine without modification. The results have shown 
that the increased cylinder pressure read up to 1.6 bar 
with TPO80 from normal diesel operations. Also, 
brake thermal efficiency increased with the increase 
of TPO blends. Ignition delay has been longer with 
TPO blends operations. Lowered NOx and increased 
HC, CO and smoke have been noticed compared with 
diesel10. Another study has been done with dual fuel 
mode using producer gas and used vegetable oil 
methyl ester. The result has shown slighter decrease 
in thermal efficiency, longer ignition delay and 
reduced smoke opacity with producer gas and 
vegetable oil methyl ester blends than diesel14. This is 
a modest try to combine two different phase of 
alternate fuel together and applied on DI engine 
utilization.  

This work mainly focused on the evaluation 
operational parameters of DI engine when it runs at 
multi- fuel mode using two different alternate fuels. 
Biogas was a primary fuel which was produced from 
mixed poultry manure and sago sludge, then distilled 
tire oil blends as pilot fuel. Normally biogas from 
Tapioca sago has more hydrogen sulfide than poultry 
and other biogases, which leads to severe corrosion in 
engine parts. To reduce this effect, tapoica sago 
sludge was mixed with poultry manure before 
digestion. Initially proximate and ultimate analysis 
were carried out for raw poultry manure and mixed 
sago sludge with poultry manure. After gas obtaining, 
the CH4 and CO2 composition were monitored for all 
the samples. The fuel properties were recorded and 
compared with pure diesel fuel. The engine 
performance, combustion and emissions were 
obtained with different samples and results were 
compared with each of the other samples.     
 
Materials and Methods   
 

Biogas preparation 
The biogas was obtained using continued stirring 

tank reactor (CSTR) separately and collected in the 
bladder through a compressor. Table 1 and Table 2 
give the results of the proximate and ultimate analysis 
of poultry manure, sago sludge treated poultry 
manure. The volatile content and gross calorific 
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values dropped down slightly while the addition of 
sago sludge with poultry manure.  The sago sludge 
mixed poultry manure consists of 70 wt % of poultry 
manure and 30 wt % of sago sludge. Instead of pure 
sago sludge digestion which causes high H2S 
production, the mixing of poultry manure with sago 
sludge can reduce the composition of H2S in biogas. 
Further, it helps to utilize the sago sludge effectively 
without major adverse effects in engine parts. In case 
of increasing the poultry manure by more than 70 wt 
% in this mixing result in the reduction in utilization 
of sago sludge, and increasing the sago sludge about 
more than 30 wt % produces more H2S in biogas. The 

gas obtained from mixed sago sludge and poultry 
manure was tested with DI engine at dual-fuel mode. 
 

Tire oil preparation  
The waste tire scraps were collected from 

automotive workshops and cut into small chips. The 
150 mm diameter and 300 mm height of fixed bed 
pyrolysis reactor was utilized for obtaining the oil. 
The 2 kW copper coil was wound around the reactor 
and it was connected with PID controller. Along with 
this a K type thermocouple was fixed to measure the 
reaction temperature. The counter flow condenser was 
attached with the reactor which was used to condense 
the tire vapour coming out from the pyrolysis reactor. 
The maximum conversion rate was noted to be about 
62 % to 71 %. After the extraction of the oil, it was 
distilled through a fractional distillation column. The 
temperature was set between 145 °C and 280 °C. The 
entire set of extraction and distillation unit is shown in 
Figure 1. The optimized blending was found to be 
DTPO30 (30 % blends of Distilled tire pyrolysis oil 
with diesel) through various experimentations with 
similar operating conditions15.  

The properties of virgin DTPO, DTPO30 and 
diesel are given in Table 3.  
 

Engine set-up 
The whole engine testing set-up is shown in  

Figure 2. The single-cylinder, constant speed and 
water- cooled engine was utilized for conducting 
experiments. The compressed biogas was filled in the 
bladder and connected with air intake line. The 
different flow sensors were attached for both air and 

 

 
 

Fig. 1 — Schematic diagram for tire oil extraction and distillation set-up 

 

Table 1 — Proximate analysis of different samples 

 Moisture  
% 

Volatile  
matter % 

Fixed 
Carbon % 

Gross calorific 
value kJ/kg 

Poultry 
manure (hens) 

27.40 52.8 5.2 9321.952 

Sago sludge 
treated poultry 
manure 

38.87 49.34 4.3 8257.136 

 

Table 2 — Ultimate analysis of different samples 

 Carbon 
% 

Hydrogen 
% 

Oxygen 
% 

Nitrogen 
% 

Sulphur 
% 

Ash 
content 

% 
Poultry 
manure 
(hens) 

38.8 9.3 8.7 6.5 1.4 25.5 

Sago 
sludge 
treated 
poultry 
manure 

31.05 7.4 6.9 4.3 1.8 18.16 
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biogas with regulator value. The specification of 
engine set-up is given in Table 4. The optimized 
blend for distilled tire oil with diesel is 30 vol % 
(DTPO30) and the optimized biogas flow rate was 
fixed at 0.9 kg/h. Also, the values of uncertainties 
with various equipments are given in Table 5. The 
maximum percentage of uncertainty of the experiment 
was obtained by equation 1. Using the values from 
Table 5 in equation 1, the sum of uncertainties was 
obtained as ± 1.99. 
 

                                     … (1)  

 

Result and Discussions 
 

Methane and Carbon dioxide  
Figure 3 indicates the presence of CH4 and CO2 in 

biogas obtained from raw poultry manure, raw sago 
sludge and mixed sago sludge water with poultry 

 

 
 

Fig. 2 — Experimental set-up 
 

Table 3 — Properties of various fuel samples 
 

 Density kg/m3 Kinematic 
viscosity CST 

Gross calorific 
value  in kJ/kg 

Flash Point  
°C 

Fire Point  
°C 

Acid Value Sulphur  
Content in % 

Cetane  
number 

Testing 
Methods 

IS 1448 P 32 IS1448P25 Bomb 
colorimeter 

IS 1448 P 69 IS 1448 P 69 IS 1448 P2 IS 1448 P 33 IS 15607 : 2005 

Diesel 832 3.05 46346.12 50 56 0.5 0.045 55 
TPO 976 2.9 41789 43 48 4.3 0.87 49 
DTPO 864 1.01 44091.09 34 43 3.56 0.34 41 
DTPO30 858 2.02 45276.6 43 49 3.01 0.12 50 
  

Table 4 — Engine Specifications 
 

Specifications Kirloskar, single cylinder, 4 stroke, 
air cooled and CI engine with 661 cc 

Cylinder bore in mm 87.5 
Stroke length in mm 110 
Rated power output in kW 5.2 with 1500 rpm 
Compression ratio  17.5:1 
Injection pressure in bar 200  
Injection timing °CA 23 
Fuel H.S. diesel 
Dynamometer arm length  
in mm 

185 mm arm length, eddy current, 
water cooled. 

Piezo sensor Range 5000 PSI, with low noise cable 
Crank angle sensor Resolution 1 Deg, Speed 5500 RPM 

with TDC pulse. 
Data acquisition device NI USB-6210, 16‐bit, 250kS/s. 
Temperature sensor Type RTD, PT100 and 

Thermocouple, Type K 
Load sensor Load cell, type strain gauge, range  

0-50 Kg 
Fuel flow transmitter DP transmitter, Range 0-500 mm WC 
Air flow transmitter Pressure transmitter, Range (-) 250 

mm WC 
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manure. The maximum methane obtained with raw 
poultry manure gas (RPMG) was about 23.8 % 
compared with both raw sago sludge gas (RSBG) 
about 22 % and mixed sago poultry manure gas 
(MSPMG) about 23 %. Likely the CO2 with RSBG 
was higher by about 9.9 % than both RPMG (8 %) 
and MSPMG (8.2 %). For this investigation, mixed 
sago poultry manure gas was utilized.  

The higher CH4 with poultry manure gas is due to 
more carbon and hydrogen contents than sago sludge, 
which is shown in Table 2. The CH4 positively 
influenced the gross calorific value of biogas. The 
biogas with better calorific value can reduce the pilot 
liquid fuel usages. Normally, RSBG has lower 
calorific value and higher H2S content which are the 
causes of higher liquid fuel consumption and severe 
corrosion respectively. But MSPMG has good caloric 
value with reduced H2S content which is adaptable for 
DI engine operations referred to in Table 3.  
 
Performance studies  

The performance parameters have been observed 
with dual fuel mode (diesel with biogas and DTPO30 
with biogas), diesel and tire only mode. The results 
have been compared and discussed below.   
 
Brake thermal efficiency (BTE) 

The variations of BTE are shown in Figure 4(a). 
The BTE is higher with diesel as compared to 
DTPO30 due to lower calorific value and lower 
cetane number of tire oil. Furthermore, diesel with 
biogas is higher than DTPO30 with biogas at dual-
fuel mode.  

The BTEs with diesel and DTPO30 are about 21.53 
% and 19.77 % at low load, 37.38 and 35.87 % at 

 

Table 5 — Equipment with uncertainties 
 

Instrument  Uncertainty in % 
Pressure transducer (Cylinder pressure)  ±1 

Crank angle encoder  ±0.2 
Load cell (Strain gauge) ±0.2 

Speed sensor  ±0.1 
Thermocouple K type ±0.15 

Fuel flow sensor  ±0.5 
Air flow sensor  ±0.5 

AVL digas analyzer  CO2 ±1 
CO ±0.3 
HC ±0.1 
O2 ±0.15 

NOx ±0.5 
AVL smoke meter-Smoke opacity   ±1 

 

 
 

Fig. 3 — Gas Chromatogram of raw sago sludge bio gas (RSBG), 
raw poultry manure gas (RPMG) and mixed sago sludge, poultry 
manure gas (MSPMG) 

 

 
 

Fig. 4 — Variations of: (a) BTE with loads, and (b) BSFC with
loads  
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high load, respectively. At dual fuel mode, the BTE 
has been observed to be about 16.55 % with 
(DTPO30+biogas) and 18.01 % with (diesel+biogas) 
at lower load. During maximum load, it has been 
observed to be 34.76 % with (diesel + biogas) and 
32.78 % with (DTPO30+biogas). Presence of biogas 
with air has led to reduction in the BTE due to its 
residual presence, lower burning temperature, low 
velocity of flame propagation and lower calorific 
values16. In addition to these factors, deficiency of 
oxygen causes lower conversion efficiency of input 
fuel into energy, especially with lower loads. 
Moreover, lower conversion efficiency leads to 
increase in the fuel flow rate during combustion17.   
 

Brake specific fuel consumption  
The variation of BSFC is shown in Figure 4(b). 

Obviously, the BSFC with dual fuel mode is higher 
than single fuel mode (diesel and DTPO30). This is 
due to lower density, decreased cylinder temperature 
and maximum CO2 presence with biogas18.  

The BSFC with diesel has been noted to be about 
0.39 and 0.21 kg/kWhr at lower and maximum loads, 
whereas the values obtained for diesel with biogas are 
0.43 and 0.22 kg/kWhr. BSFC with DTPO30 has been 
recorded to be about 0.44 and 0.215 kg/kWhr at low 
and high loads. DTPO30 with biogas has been 
reported to be about 0.47 and 0.225 kg/kWhr at low 
and high loads, respectively. From these 
investigations, it becomes clear that the differences of 
BSFC between various samples at lower loads are 
higher than high loads because of increased cylinder 
temperature at higher loads19.  
 
Combustion parameters 
 

Cylinder pressure  
The cylinder pressure was found maximum at 

higher loads for all the samples. At lower loads, the 
engine runs with lean mixture which affects the pre-
ignition reactions. The pressure inside the cylinder 
with dual fuel (diesel with biogas) found higher than 
diesel only operation due to earlier combustion caused 
by biogas addition.  

Figure 5(a) shows the peak pressure occurred later 
with dual fuel (diesel with biogas) in comparison with 
diesel due to ignition delay. The ignition delay has 
been caused by increased CO2 presence and higher 
specific heat of biogas. The peak pressure with diesel 
is about 68.212 bar at 10° CA, whereas it is 69.345 
bar at 12° CA for dual fuel (diesel with biogas). 
Similarly, DTPO30 has recorded about 69.567 bar at 

12° CA, whereas at 13° CA for dual fuel (DTPO30 
with biogas). Larger fluctuations in maximum have 
been found with TPO blends between 0° CA and 20° 
CA. This is mainly because of non-homogeneity in 
fuel mixture. Also, peak pressure has been found to be 
higher with TPO blends than diesel fuels. The ignition 
delay has been noted to be about 2, 3, and 4° CA for 
diesel with biogas, DTPO30, and DTPO30 with 
biogas, respectively. 
 
Net heat release rate  

The heat release rate mainly influenced ignition 
delay, combustion rate and mixture preparation during 
initial stage of combustion20. The maximum heat 
release rate was lower with single fuel mode (both 
diesel and DTPO30) than dual fuel mode; this was 
because of higher fuel accumulation caused by 
ignition delay and combustion effect of combined 
liquid and gases fuel21.  

Also the maximum heat release rate was found at 
delayed time with dual fuel mode rather than at single 
fuel mode; this was because of CO2 presence and high 
specific heat of biogas. Figure 5(b) shows the 
maximum heat release rate with diesel to be about 
73.51 J/° CA at -1° CA, whereas 83.61 J/° CA at 1° 
CA with diesel with biogas. In addition, DTPO30 

 

 
 

Fig. 5 — (a) Cylinder pressure variations with crank angle at full
load, and (b) Net heat release rate with crank angle at full load  
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recorded about 110.08 J/° CA at 1° CA whereas 
115.43 J/° CA at 2° CA with DTPO30 with biogas. 
 
Emission analysis  
 
Oxides of Nitrogen (NOx) 

The NOx formation in emission highly depended 
on cylinder temperature and stoichiometry of 
mixture22. The lean mixture led to decreasing the 
cylinder temperature which causes the lower NOx 
formation. The concentration of NOx with single fuel 
mode was higher than dual fuel mode for all the 
loads; this was because of CO2 presence with biogas 
which has higher specific heat.  

The higher specific heat can reduce the cylinder 
temperature, thereby lowering NOx. In addition to 

that, lower cylinder temperature occurred due to 
lesser concentration of oxygen with biogas23. In 
Figure 6(a), the NOx was noted with diesel to be about 
81 ppm at lower load and 2480 ppm at full load, 
whereas 51 ppm at lower load and 2048 ppm at full 
load for diesel with biogas operations. DTPO30 
reported about 76 ppm at low load and 2735 ppm at 
full load while DTPO30 with biogas recorded about 
42 ppm at low load and 1945 ppm at full load.  
 
Carbon monoxide (CO) 

The CO presence in emissions may indicate the 
incomplete combustion. Figure 6(b) shows the CO 
emission being higher with biogas operations than 
single fuel operations for all the conditions; this is due 
to CO2 presence and short of oxygen which help to 

 

 
 

Fig. 6 — Variation of: (a) NOx formation with loads, (b) CO formation with loads, (c) UBHC formation with loads, (d) CO2 formation 
with loads, and (e) Smoke Opacity with loads  
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convert CO into CO2 during combustion. Biogas with 
more CO2 led to suppress the flame around pilot 
fuel24.  

The CO with diesel varied from 0.072 vol % at low 
load to 0.136 vol % at high load, whereas 0.097 vol % 
at low load to 0.168 vol % at high load for diesel with 
biogas. DTPO30 varied between lower and maximum 
load as 0.079 vol % and 0.142 vol %, while DTPO30 
with biogas reported between 0.101 and 0.172 vol % 
for low and high loads, respectively. From these 
investigations, it was clear that DTPO30 had higher 
CO concentration with emission than diesel due to 
lean mixture found nearer to walls where flame could 
not propagate. Due to this, combustion was not 
carried out completely25.   
 
Unburnt hydrocarbon (UBHC) 

In addition to CO, the UBHC presence in emission 
also indicated incomplete combustion. Figure 6(c) 
shows DTPO30 having higher than diesel values. The 
UBHC with DTPO30 has been noted to be about 20 
ppm at low load and 61 ppm at high load while the 
diesel produced about 16 ppm at low load and 59 ppm 
at high load. This is due to DTPO30 blends not 
having propagated deeper into the combustion zone 
and some of the hydrocarbon having stayed nearer to 
the cylinder wall and crevice volume being left 
unburned26. 

Moreover, an engine with biogas produced higher 
UBHC than single fuel mode. This was because of 
biogas flow at inlet that led to reduce the oxygen and 
increase the CO2 which was the cause of UBHC. In 
addition to that, air-biogas mixture was urged into 
crevice volume during the compression stroke and 
then remained unburned21. The UBHC with (Diesel + 
Biogas) recorded about 23 ppm at low load and 64 
ppm at high load, whereas using DTPO30 with biogas 
produced about 28 ppm at load and 68 ppm at high 
load.   
 
Carbon dioxide (CO2)  

Figure 6(d) shows the variations of CO2 contents 
with emission for different operations. Emission with 
higher CO2 indicates complete and better combustion. 
The diesel had higher CO2 emissions than DTPO30; 
this was because of lesser combustion duration. Also, 
lower volume of CO2 with emission was found with 
biogas operations than single fuel mode because of 
short of oxygen and so CO could not be converted 
into CO2. The CO2 emission with DTPO30 was 
recorded to be about 1.45 vol % at low load and 9.086 

vol % at high load. The DTPO30 with biogas emitted 
about 1.24 vol % at low load and 8.52 vol % at high 
load.  
 

Smoke opacity  
Figure 6(e) shows the smoke opacity with DTPO30 

being higher than diesel fuel at single fuel mode. The 
reasons behind this were higher aromatic content with 
tire oil, longer ignition delay and higher UBHC. At 
dual fuel mode, the opacity was lower than single fuel 
mode; it was due to biogas flow which replaced some 
quantity of diesel that eventually resulted in lower 
smoke emission. In addition to that, the formation of 
smoke influenced cylinder temperature which 
strongly depended on aromatic content and the 
quantity of oxygen inside the cylinder.  

The smoke opacity with diesel was noted to be 
about 5.5 % at low load and 62 % at high load, 
whereas it was about 4.3 % at low load and 55.78 at 
high load with the use of diesel with biogas. In respect 
of this, DTPO30 was recorded to be about 9.3 % at 
low load and 69.2 % at high load while DTPO30 with 
biogas produced about 7.8 % at low load and 64.38 % 
at high load. 
 
Conclusions  

From these experimental investigations, it is 
evident that the engine can run with DTPO and 
biogas. The optimized flow rate of biogas was fixed 
as 0.9 kg/hr because of larger CO2 and Sulphur 
present in the biogas that led to higher corrosion 
respectively. Beyond 30 vol % of DTPO, more engine 
vibrations, incomplete combustion which turns to get 
engine off at higher engine loads. This is due to non-
homogeneity of fuels leads improper mixing during 
combustion which causes of combustion instability 
especially with higher loads.   The production of H2S 
with mixed sago sludge and poultry manure was 
reduced up to 56 % than raw sago sludge which 
results in lower corrosion effect on DI engine.  
Compared with diesel operations, BTE was lowered 
up to 12 % and 20 % for diesel + biogas and DTPO30 
+ biogas, respectively, the lower BTE with tire oil 
operations is because of low energy content and lower 
calorific value of the tire oil. BSFC was found higher 
with DTPO30+biogas up to 10 % than diesel+biogas. 
Cylinder pressure and peak pressure were little higher 
for DTPO30 with biogas about 69.567 bar than for 
diesel with biogas about 68.345; this was due to 
ignition delay caused by non-homogeneity of fuel and 
lower cetane number which led to improper mixing. 
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Longer ignition delay was observed for DTPO30 with 
biogas. At higher maximum loads, NOx in emission 
was found lower up to 7 % for DTPO30 with biogas 
than for diesel with biogas. This was due to aromatic 
contents presence with tire oil and delayed 
combustion. UBHC and CO were higher up to 8 % 
and 7 % for DTPO30 with biogas than for diesel; this 
was due to later combustion, lean mixture, lower 
cylinder temperature and unsaturated hydrocarbon. 
Smoke intensity got better reduced up to 11 % with 
diesel+biogas operations than diesel operations; this 
was because of delayed combustion, insufficient 
oxygen and replacement of liquid fuel by biogas. But 
smoke intensity with DTPO30+biogas was found 
higher up to 12 % than diesel operations.  On the 
whole, utilization of biogas with DTPO on DI engine 
operations provide desirable results, saving petroleum 
diesel and to utilize biomass, tire scraps together. It is 
also promising technique for electricity generation by 
clustering of sago industries and poultry form with 
reduced H2S effect.     
 
Abbreviations 
DI – Direct injection 
TPO – Tire pyrolysis oil 
DTPO – Distilled tire pyrolysis oil 
CSTR – Continuous stir tank reactor  
RPMG – Raw poultry manure gas 
RSBG – Raw sago sludge biogas  
MSMG – Mixed sago poultry manure gas 
DTPO30 – Distilled tire pyrolysis oil (30 vol % of 
distilled tire oil with 70 vol % diesel) 
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Abstract
This article is focused on numerical analysis of the combustion and emission parameters on the single-cylinder direct-
injection (DI) engine operated in both diesel and distilled waste plastic oil blends. Analyzes of the first stage distilled waste 
plastic oil blends (D1WPO30) was carried out with 70:30 proportions. Simulated results are compared with experimental 
values in terms of cylinder pressure, heat release rate, oxides of nitrogen (NOx) and soot particles. The deviation between 
experimental and simulation values of cylinder pressure is found to be 1.8% with diesel whereas 6.5% with D1WPO30. 
The apparent heat release rate with D1WPO30 was found to be higher about 13% than diesel in simulation. The simu-
lated NOx with D1WPO30 was found 7% higher than with diesel fuel simulation but found 16% lesser than D1WPO30 
experimentation. Similarly, the soot was found higher about 16% with D1WPO30 than diesel simulation and 17% lesser 
than experimental values. The CFD analysis connected with experimental studies is proven that an effective approach 
to predict the parameters of the in-cylinder process.

Keywords Distilled waste plastic oil · Diesel · DI engine · CFD

1 Introduction

The rapid growth in the automotive sector leads the deple-
tion the crude oil availability which causes frequent fuel 
price raises especially in India. In this concern, numerous 
investigations were carried out for the development of 
alternative fuel for both compression ignition (CI) and 
spark ignition (SI) engines. During the development of 
any alternate fuel, the emission is an important parameter 
which should be considered strongly because of dreads 
in global warming influenced cut down of greenhouse 
gases. In this way, the fuel was extracted using waste 
plastics (Polypropylene and Polyethylene) by pyrolysis 
process, after extraction it was distilled into two differ-
ent grade fuels. The experimental analysis can be done 
with extracted fuel and blends on direction injection (DI) 
engine in-terms of performance and emission and com-
bustion parameters. Beyond doing experimental research 

using extracted fuel and its blends on direction injection 
engine, the application of computational fluid dynamic 
(CFD) simulation on alternate fuels research can predict 
various engine combustion and emission parameters 
with low cost and time. The fluid flow inside the cylinder 
is strongly influenced by the combustion process and 
emission parameters. The suitability of WPO on the die-
sel engine is mostly based on the physical and chemical 
structure of WPO oil. Except for acid and sulphur content, 
mostly all the properties such as density, viscosity, calorific 
value and cetane number are similar to diesel values. This 
indicates that the diesel engine can run with waste plastic 
oil blends without any physical modifications [1]. The die-
sel engine can run with 30% waste plastic oil and produced 
better brake thermal efficiency about 40% compared with 
diesel operation. Also, it was evidenced with higher cylin-
der pressure and high heat release rate. The NOx, carbon 
monoxide (CO) and hydrocarbon (HC) were found higher 

 * Mohanraj Chandran, mohan.aero@gmail.com; Senthilkumar Tamilkolundu, kmtsenthil@gmail.com; Chandrasekar Murugesan, 
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about 5%, 8% and 6% than diesel operations [2]. Due to 
higher pollutant formation and un-stable combustion 
in waste plastic oil (WPO) operations, few modifications 
are carried out on the injection timing, injection pressure 
and exhaust gas re-circulation. Retarded injection timing 
is more suitable with WPO blends than advanced injec-
tions and better atomization was attained with 220 bar of 
injection pressure. The 10% of exhaust gas recirculation 
(EGR) is with WPO blends have provided with 5% of reduc-
tion in NOx [3]. Over the last two decades, considerable 
progress has been made in the field of numerical studies; 
also it reached a mature stage in various fields like fluid 
flows, heat transfer, phase change problems., etc. In spite 
of the detailed nature of even the most comprehensive 
computational fluid dynamic codes, they cannot entirely 
predict the complete details due to complex in-cylinder 
mechanics in internal combustion (IC) engines.

The numerical study was carried out for diesel engine 
fueled by hydrogen assisted biodiesel. In addition to the 
reaction mechanism, the NOx, CO and soot formation 
mechanism was embedded. The cylinder pressure and 
heat release rate were increased with the increase of 
hydrogen addition at medium and higher loads [4]. The 
numerical simulation for diesel engine carried out with 
turbo charging and common rail direct injection. The com-
bustion simulation carried out with pure diesel  (C10H22), 
k − ε viscous model and auto-ignition options. And results 
indicated that combustion started earlier compared to 
experimental results. The cylinder pressure and tempera-
ture were found higher than the experimental results. Pol-
lutant formation and combustion efficiency were strongly 
influenced by fuel–air mixing and spray evaluation [5]. The 
CFD modelling and simulation of the combustion chamber 
was done using the homogeneous equation model based 
on the barometric equation in OpenFOAM CFD framework, 
also RANS k − ε SST models were used for turbulence. The 
results from simulation have good agreement with experi-
mental values in terms of mass and momentum flux [6]. 
The CFD analysis of lister 8.1 diesel engine was using AVL 
FIRE CFD codes was analyzed and the code includes spray 
atomization, mixture formation and distribution in the 
combustion chamber. Also, combustion simulation car-
ried out by interaction between spray wall and spray swirl 
along with flow configuration. Simulated pressure, heat 
release rate and emissions were compared with experi-
mental results, also it shows good agreement [7].

Using biofuels in diesel engine, the detailed combus-
tion mechanism was created as a surrogate with sim-
ple structure by [8]. The chemical mechanism of methyl 
butanoate contains 264 species and 1219 reactions, later 
it was reduced 41 species and 150 reactions during simula-
tion stated by [9]. The interaction between NOx and soot 
particles was analyzed and resulted in that effect of soot 

on NOx was depends not only with radiation from thermal 
effect but also reaction due to chemical species [10]. The 
Waste polyethene oil was tested on the diesel engine, and 
those results were compared with computer-simulated 
results. The numerical studies indicated that lower peak 
pressure and lower exhaust temperature are because of 
lower ignition delay, and the advanced heat release rate 
in premixed combustion phase with polyethene oil, also 
study suggest that the advanced injection timing for diesel 
engine operation with WPO fuels [11].

In this way, many numerical investigations of diesel 
engine were carried out using various alternate fuels to 
analyze the combustions efficiency and emission forma-
tions. But, no study was found with diesel engine simula-
tion with waste plastic oil blends. This research is focused 
on CFD simulation of DI (Specification given in Table 1) 
engine combustion and emissions formations using diesel 
and first stage distilled waste plastic oil blend (D1WPO30). 
The heat release rate, cylinder pressure and temperature 
distribution are found. Also, the NOx and soot particles 
from combustion are identified and compared with experi-
mental values. In this article, initially the methodology of 
computational domain preparation, discretization and 
boundary conditions are explained sequentially. Later, 
defining of computational equations along with combus-
tion reactions is explained. The results from simulation 
such as cylinder pressure, heat release rate are explained 
and compared between diesel and D1WPO30 blends, also 
emissions of soot and NOx are discussed and compared 
with diesel values. Each computational results are vali-
dated with experimental results.

2  Methodology

The single-cylinder, constant speed and water-cooled 
engine were utilized for conducting the experiments. For 
CFD simulation, the geometry was created using the same 
dimensions (refer Table 1), initial and boundary conditions 
were set according to experimentations.

Table 1  Specification of DI engine set-up

Specifications Kirloskar, single cylinder, 4 stroke, 
air cooled and CI engine with 
661 cc

Cylinder bore in mm 87.5
Stroke length in mm 110
Rated Power output in kW 5.2 with 1500 rpm
Compression ratio 17.5:1
Injection pressure in bar 200
Injection timing ° CA 23
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CFD simulation was performed using ANSYS FLUENT 
software to estimate the in-cylinder pressure, heat release 
rate, the temperature distribution for distilled waste plastic 
oil blend and diesel. First, the combustion chamber was 
modelled by GAMBIT software using piston geometry and 
engine manufacturer data. Then, meshing was developed 
with size and inflation layer of 1.395 and 3 respectively. Fig-
ure 1 shows the axisymmetric model of the single-cylinder 
DI engine combustion chamber after meshing. The mesh 
independence study was carried out using the increase 
of pressure in cylinder which was provided in Table 2. 
Grid independence study done to prove the mesh inde-
pendency of the calculations, the mesh was developed by 
210,254, 323,454, 458,754, 536,796 and 624,565 elements. 
The lower levels of elements are highly influenced by the 
results variations. But, there was no further improvement 
in results after 458,754, it only increases the time and cost 
of simulation. The little difference found between 458,754 
and 536,796 in results and no major differences is found 
beyond 536,796. Consequently, all the other simulations 
were carried out with 536,796 elements.

After meshing and boundary conditions selection, 
the mesh file was imported in ANSYS FLUENT solver. The 
solver was run behind C codes which followed the finite 
volume approach. In this case, moving mesh or dynamic 
mesh option was used for moving boundaries. The prob-
lem was solved by using the governing equations such as 
continuity for species (Eq. 1) and momentum (Eq. 2) and 
energy (Eq. 3) for internal energy. Also, the various species 
were considered among these governing equations such 

as H, O, OH, NO,  N2,  O2, CO,  CO2,  H2 and diesel fuel. These 
equations were approximated through algebraic forms on 
every cell, and the solutions of algebraic equations were 
obtained by numerical methods. The solutions might be 
gas motions, spray patterns, evaporation rate, mixing rate 
and combustion. The turbulence effects were considered 
by choosing k − ε model with wall functions by [12].
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Fig. 1  Diesel engine and 
axisymmetric mesh model

Table 2  Comparison of mesh analysis

No of cells at TDC Maximum 
pressure in 
bar

210,254 40.08
323,454 41.34
458,754 42.99
536,796 43.14
624,565 43.25
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In the equations, term D and source terms due to �.c
m
, �.s

, Q.c
, and Q.s are illustrated in [13].

The apparent heat release rate was calculated using 
Eq. 4 by [13]

The following common reaction for diesel combustion 
is used [15]

The chemical equilibrium between reactants and prod-
ucts in diesel combustion with air is found using the above 
model. There were ten combustion species are assumed 
to form the general combustion equation. In the cylinder, 
the mass of fuel burned and mass of air- entrained the 
combustion species concentration at any instant is given 
temperature is determined using conservation of mass on 
C–H–O–N.

The widely accepted [16] NO formation in diesel com-
bustion is presented by above chemical equations. The 
basic theories of kinetics in the form of the differential 
equation are used to determine the concentration of NOx 
during the combustion process.

For the formation of soot particles, the following equa-
tions are formed by [17] to predict the soot particles 
between soot formed at early stages of combustion and 
soot particles oxidized later stages of combustion.

where sf and so are soot formed and soot oxidized respec-
tively. Mfb is mass of fuel burned in kg/s and P is a partial 
pressure of oxygen in MPa. Esf and Esc are the activation 
energies during forming and oxidation.

The engine valve timing, engine pressure and its 
profile and other related data were obtained from the 

(4)
dQn
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�

�−1
p
dV

dt
+
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V
dp

dt

(5)mcCaHbOc +

(

b +
a

4
+

c

2

)

�
(O2 + 3.7N2) → x1H2O + x2H2 + x3OH + x4H + x5N2

+ x6NO + x7CO2 + x8CO + x9O2 + x10O

(6)NO + N ⇔ O + N2;

(7)N2 + O ⇔ NO + O

(8)N + OH ⇔ NO + H

(9)
dmsf

dt
= Asfm

0.8
fb
P0.5 exp(−Esf∕RmolT )

dmso

dt
= Aso(PO2

∕P)P1.8 exp(−Esc∕RmolT )

manufacturer’s documents refer to Table  2 [14]. For 
evaluation of combustion chemistry, species transport 
model was used. Combustion simulation was initiated 
at intake valve closing (IVC) with an initial pressure of 
3.45 bar, Temperature at 404 K, species mass fraction of 
 O2 = 0.2369,  N2 = 0.7473,  CO2 = 0.0789,  H2O = 0.0369. Fuel 
 (C12H23) was used as a surrogate for diesel fuel and was 
injected 23 degrees before compression (Top Dead Cen-
tre). Engine rpm was kept constant at about 1500 rpm 

and its effect on unburnt fuel was examined. For pure 
diesel and distilled waste plastic oil with diesel blends 
(30% DWPO + 70% diesel)-the chemical formula,  C13.18 
 H23.56 is used for simulations.

2.1  Spray modeling

Combining the above mentioned Renolds Navier stokes 
(RANS) equations with turbulence model, the gas flow 
inside the IC engine has been formulated. For spray mod-
elling, discrete droplet phase was used. It is denoted as 
the discrete phase model in Ansys Fluent conventional 
code. This model is considered as a continuum which is 
formulated by solving averaged Navier stokes equation. 
Similarly, the dispersed phase is calculated by the num-
ber of particles, droplets while mass, momentum and 
energy exchange. For this model, statistical problem pre-
diction is needed for representation of the finite number 
of particles. Each considered particle should represent 
the group which has exact no of particles and identical 
characteristics such as position, velocity, temperature, 
size and density. One particle consideration in a group 
may reduce the computational effects in CFD modelling.

Initial conditions of the particles such as position, 
velocity, size etc. are assumed to be known. Initial break 
up or injector option was not considered in the case of 
liquid spray, and the whole mass was given in the liq-
uid form. Due to time and surroundings, the mass and 
energy exchange occurs in fluid phase and particle. 
Therefore, two sets of equations were considered, one 
for fluid phase and another for the particle phase. The 
coupling of these two equations was done in by two dif-
ferent ways, one was gas displacement by the volume 
occupied by the particles and the other was momentum 
exchange between particles and gases.
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2.2  Transport of droplets

The particle trajectory was given in Lagrangian plane and 
it was obtained by integrating the force balance, on the 
particle. This equation is given in x direction, using the 
cartesian coordinate system

where Fx is force per unit mass, Fd is drag force, U is fluid 
velocity, Up is particle velocity, ρ is fluid density and ρp is 
particle density.

In Ansys Fluent, the drag force is given as

where Dp is particle diameter Cd is co-efficient of drag and 
 ReP is relative Reynolds number for particles

It was considered as important to analyze the computa-
tional analysis of in-cylinder during later part of compres-
sion and the initial part of expansion stroke in the diesel 
engine. During this period, operations including fuel injec-
tion, fuel–air mixing, combustion and emission formation 
took place. Hence current analysis was considered from 
40°CA before top dead centre (TDC) (320°CA) during com-
pression to 60°CA after TDC (420°CA) during expansion. 
The inlet and outlet were considered as constant pressure 
boundaries. Normally, the top and bottom most point of 
the cylinder where the end of piston motion is denoted by 
the top dead centre and bottom dead centre.

Combustion simulation was started at IVC (intake valve 
Closing) with initial conditions as 3.4 bar and 405 K, spe-
cies mass fraction of  O2 = 0.1369,  N2 = 0.7473,  CO2 = 0.0789, 
 H2O = 0.0369. Diesel  (C12 H 23) fuel and blended waste 
plastic oil  (C13.18  H23.56) were used as fuel and simulated 
separately. Also, fuel was injected at 23 degrees before 
compression (Top Dead Centre). Engine rpm was constant 
about 1500 RPM. Turbulence intensity was about 5% and 
the mixing length scale was 1 mm. Friction between flow 
and wall was not considered, also smooth wall option was 
enabled during turbulence flow at the wall. The bound-
ary conditions for side and bottom walls are mentioned 
as a stationary wall. And the top wall is mentioned as a 
moving wall by dynamic mesh. Two different cases such 
as pure diesel and distilled waste plastic oil with diesel 
blends (30% D1WPO + 70% diesel) considered for simu-
lation. IC engine in-cylinder model was adopted for the 
simulation and velocity, pressure and temperature con-
tours were simulated for different crank angles. Also, static 
pressure and apparent heat release rate were drawn for all 
the crank angles after simulation gets over. The assumed 

dup

dt
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18�
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2
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wall temperatures at the engine speed of 1500 rpm, was 
482 K under 50% load.

3  Results and discussion

The potential of the axisymmetric models for defining 
flow and combustion process in their full detail is highly 
promising. However, the results of these models have to be 
validated against experimental results conducted by [2].

3.1  Cylinder pressure variations

Pressures obtained from the experimental work and CFD 
simulations using diesel fuel were compared and are 
shown in Fig. 2. Using this plot, both experimental and 
predicted pressure was compared for validation. The small 
difference between experimental and predicated pressure 
was observed. The cylinder peak pressure in experimental 
and simulated values was found to be 68.8 bar at 367°CA 
and 73.45 bar at 373°CA. Also from Fig. 2, it is clear that 
pressure with simulated values is a little higher than that 
obtained from the experimental work. This higher pressure 
with simulation was because of assuming the friction free 
simulation.

Figure 3 presents the comparative view of experimen-
tal and predicted values using D1WPO30 as fuel. Similar 
to diesel fuel results, predicted cylinder pressure using 
D1WPO30 was found higher than experimental values.

The reasons for this observed increased pressure in 
simulations could be:

(a) The difference in ignition delay( In case of experimen-
tal work, ignition delay may cause the combustion to 
continue even after the piston crosses TDC towards 
expansion stroke which results in the lower peak cyl-
inder pressure)

(b) Absence of inlet and exhaust port
(c) Blow by and crevice flows were not considered.
(d) Due to computational limitations, the complete 

chemical composition of D1WPO30 was not consid-
ered for simulation.

3.2  Temperature distribution

Figure 4 shows that simulated values of temperature distri-
bution against crank angle for both diesel and D1WPO30. 
The maximum temperature found was 1032 K at 378°CA 
with diesel, 1058 K at 383°CA with D1WPO30.

Also Fig. 5 presents the comparison of the apparent 
heat release rate of both diesel and D1WPO30. The maxi-
mum heat release rate was found to be about 336.3 J/
Deg at 362°CA with diesel and 387.2 J/Deg at 363°CA 
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Fig. 2  Comparison of simu-
lated value with experimental 
values of cylinder pressure 
(diesel fuel)

Fig. 3  Comparison of simu-
lated value with experimental 
values of cylinder pressure 
(D1WPO30)
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with D1WPO30. This higher heat release rate and higher 
temperature with D1WPO30 were due to higher incor-
porated hydrocarbon values in ANSYS FLUENT.

3.3  Temperature and velocity contours 
for D1WPO30

The Fig. 6 shows that temperature distribution contours 
for diesel fuel and D1WPO30 simulations. No major dif-
ference was found while comparing both diesel and 
D1WPO30 temperature contour patterns. But the 

Fig. 4  Temperature distribu-
tion versus crank angle

Fig. 5  Apparent heat release 
rate versus crank angle
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maximum temperature throughout the process was found 
with D1WPO30 and not with diesel; this was due to higher 
hydrocarbon values of D1WPO30. At crank angle 320°CA, 
the temperature increased up to 920 K. Mostly uniform 
temperature distributions were found throughout the 
combustion at all crank angle; this indicated that better 
combustion was attained using D1WPO30 like diesel fuel. 
The maximum temperature attained by this combustion 
was noted to be about 1060 K.

The Fig. 7 presents the velocity distribution contours 
during combustion using D1WPO30. It indicates that lower 
velocity was found at the centre portion of working vol-
ume than near the walls. This was mainly because of lower 
swirl value during compression and combustion. Normally, 
swirl value is higher during intake stroke due to sucking 
operation, and then it gets reduced during compression 
and combustion processes. But during fuel injection, swirl 
gets enhanced by fuel molecules. The velocity patterns for 
both diesel and D1WPO30 were similar, but the velocity 
magnitude was higher with diesel than with D1WPO30; 
this was mainly due to lower cylinder pressure with diesel 
fuel combustion.

3.4  Emission parameters

In this section, NOx and soot particles in emission from the 
combustion chamber are discussed. Exhaust NOx and soot 
particle values are compared and validated with experi-
mental values for both cases. The comparative analysis 
shows that simulated values are in better agreement with 
experiment values for 50% loading condition.

3.5  Nitrous oxide

In Fig. 8, the simulation result shows that NOx elements 
in emission were found maximum with D1WPO30 than 
diesel values. This is due to increasing temperature rate 
in the D1WPO30 fuel than diesel. Comparing simulated 
values and experimental values, the little deviation was 
identified, also a simulated value was found lower than 
experimental values. The maximum NOx values in simu-
lation with diesel and D1WPO30 were 2.13 g/kW h and 
2.30 g/kW h respectively.

Fig. 6  Temperature dis-
tributions with diesel and 
D1WPO30 at different crank 
angle
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Fig. 7  Velocity distribution 
with diesel and D1WPO30 at 
different crank angle

Fig. 8  NOx formations with 
diesel and D1WPO30
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3.6  Soot particles

The soot particles production during combustion has 
presented in Fig. 9. The soot formation with D1WPO30 
found higher than diesel fuel. Due to little uncertainties 
with soot measuring equipment and difficult to predict 
the complete combustion phenomena, the small devia-
tion found between experimental and simulated values 
of soot particles. The maximum soot values with diesel 
and D1WPO30 recorded as 2.4 g kW h and 2.7 g/kW h 
respectively.

4  Conclusion

An axisymmetrical computational fluid dynamic analysis 
was carried out for diesel and D1WPO30. The deviation 
between the experimental and simulation was very small, 
which might have been caused by both experimental uncer-
tainties and limitations of computational fluid dynamics. 
The predicted cylinder pressure was found to be higher 
than the experimental values for both diesel and D1WPO30 
operations. The maximum and better temperature distribu-
tion was found with D1WPO30 than diesel fuel. The higher 
apparent heat release rate was found with D1WPO30 than 
diesel; this was due to higher hydrocarbon values incorpo-
rations with D1WPO30. The both NOx and soot formations 
were found higher with D1WPO30 than diesel as like experi-
mentations. The NOx increased up to 8% and soot particles 
increased up to 12% with D1WPO30 than diesel. From this 

investigation, the CFD approach on DI engine operation is a 
proven technique to analyze the combustion and emission 
parameters before conducting experiments. Also, adding 
the influence in changes of injection timing and an injection 
pressure of fuel to combustion performance and emission 
will provide a better way to predict the optimal usage of 
D1WPO30 in diesel engines.
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ABSTRACT
This article focused to analyze the effect of cerium oxide (CeO2) as an additive 
to distilled tire oil blends (DTO30) in diesel engine operation. The nano 
cerium oxide (morphology: spherical with a size of 20 nm) was added with 
proportions of 50 mg/L and 100 mg/L to the distilled tire oil blend. Addition 
of this CeO2 to tire oil blends tend to reduce emission, soot suspension time 
along with improved engine performance. The extraction of tire oil was 
carried out by thermal pyrolysis and distilled with a fractional distillation 
column apparatus. The diesel engine was tested and the results were ana-
lyzed based on performance, combustion and emission with soot morphol-
ogy analysis using transmittance electron microscope (TEM). The results with 
CeO2 operations show that the brake thermal efficiency was increased up to 
14% with 100 mg/L and brake specific fuel consumption was reduced 
significantly compared with DTO30 without CeO2. The cylinder pressure 
and heat release rate were reduced by shortening the ignition delay. Also 
the NOx, CO, and UHC were reduced between 15% and 22% with CeO2 
additives compared to normal operations. Also, the reduction of soot particle 
has found up to 20% while using additives. In TEM morphology, the size of 
soot particulates was increased because its intensity to bind around the 
cerium oxide, the size was increased up to 200 nm to 300 nm than normal 
size.
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Introduction

Liquid hydrocarbon is a main source of energy around the world for many applications; although their 
combustion is a major source of environmental pollutions. Carbon monoxide (CO), carbon dioxide 
(CO2), nitrous oxides (NOx), unburned hydrocarbon (UHC), particulate matter (PM), black smoke, 
and sulfur oxide (SOx) are the hazardous exhausts from combustion engines and power boilers hence 
must be controlled through modifying the machinery (Appavu et al. 2019). On the other way, making 
a few modifications in fuel structure seems to be an easy and cheap way to meet desired emission 
control (Gantt et al. 2015). Based on this, various methods were analyzed and adapted to enhance the 
fuel quality by the researchers. The previous researches say that the emulsification is an efficient 
technique especially with metallic nano-particles to control the emission (SenthilKumar and Rajan 
2019) fuel consumption and cost reduction (Harper 2018). Also, increasing the demand for fossil fuels, 
the alternative fuels for a diesel engine are becoming more important. But, there are few demerits 
regarding alternative fuel usage such as NOx emission, combustion instability and poor spray 
structure (Bazooyar et al. 2018). Due to this, adding various nanoparticles is an effective technique 
to improve the combustion of alternative fuels.
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Due to rapid development in nanotechnology, it has been used in many fields to improve the 
system. Due to the reduction of ignition delay and controlling the emissions, the various nanoparticles 
are used in internal combustion engines (Abdalla, AL-Wafi, and Pizzi 2017; Hossain, Mahlia, and 
Saidur 2019). Normally, solid propellants have a better burning rate as compared to solid fuels. This 
indicates that mass consumption of solid propellant more than that of solid fuels toward acceleration. 
It was found that nano aluminum metal particles increase the burning rate of solid fuel (Hydroxy 
Terminated Poly Butadiene) in rocket motor (Risha et al. 2003). Also, few research works have found 
in utilizing the nanoparticles in internal combustion engine operations. Adding aluminum particles in 
ethanol elevates the better ignition property with shorter ignition delay (Venua and Appavub 2020). 
Also, similar kind of investigation was carried among diesel and other alternative fuel blends using 
metallic additives, in which better heat transfer and increased ignition quality were noticed (Khond 
and Kriplani 2019). Also, it improves the cetane number of fuel and reduces the CO in emissions 
(Appavu, Venkata Ramanan, and Venu 2019). The better fuel penetration was noted into the 
combustion chamber that led to complete combustion (Solero 2012) and improving the fuel char-
acteristics that also led to an increase the brake thermal efficiency and reduce the emission. The cerium 
oxide was mixed with Mahua Methyl Ester blends (20 vol% of biodiesel and 80 vol% diesel) in the 
proportions of 50 ppm and 100 ppm. The results reported that brake thermal efficiency and specific 
fuel consumption are increased by about 2% and 1% with 100 ppm than normal operations. In 
emissions, the CO and UHC were reduced up to 8 and 9% with 100 ppm than normal operations 
(Chiranjeeva Rao et al. 2019). The fuel characteristics study and emission analysis of Jatropha biodiesel 
carried out along with nano cerium oxide (10–80 ppm), the results indicated that the viscosity of fuel 
was increased when increasing cerium oxide, but there were no significant differences found in cloud 
and pour point. The engine brake thermal efficiency was improved by about 1.5% than normal 
operations. In emission analysis, the UHC, NOx and CO were reduced up to 40%, 30%, and 25% 
respectively (Sajith, Sobhan, and Peterson 2010). Addition of nano-CeO2 with neat diesel (50 mg/L 
and 100 mg/L) induces the higher cylinder pressure and also ignition occurred earlier (before 1.2°CA 
and 1.8°CA) than neat diesel and the brake thermal efficiency was increased up to 1.7 and 2.3% 
respectively (Dale et al. 2017). The biodiesel from Prosopisjuliflora oil was blended with nano CeO2 
(50 ppm and 100 ppm) and tested with the diesel engine. The harmful gases such as CO, HC, NOx, and 
soot were reduced up to 15%, 25%, 8%, and 13% compared to normal B20 (20 vol% of biodiesel and 80 
vol% of diesel) operations (Karthikeyan and Prathima 2016). CalophyllumInophyllum Methyl Ester 
with nano CeO2 was tested on single-cylinder diesel engine with modified nozzle geometries to attain 
better atomization. The analysis indicated that appreciable reduction in engine exhaust and specific 
fuel consumption, increment in brake thermal efficiency when nano CeO2 added to the punnai 
biodiesel (Vairamuthu et al. 2015).

This work is focused on the analysis of the effect of nano CeO2 in distilled tire oil blends for diesel 
engine operations. The tire oil was obtained from waste tire scraps by pyrolysis method (Unapumnuk 
et al. 2006). The extracted oil was subjected to distillation to remove the carbon and other impurities. 
The distilled tire oil blend was prepared with an optimal proportion of 20 vol% tire oil with 80 vol% 
diesel (Chandran, Tamilkolundu, and Murugesan 2018). The novelty of this work is adding the nano 
CeO2 particles with the proportions of 50 mg/L and 100 mg/L by high-speed mechanical agitation 
followed by an ultrasonication process for improving the performance and reducing the emission. 
These fuels with nano additive were tested on a single-cylinder diesel engine to analyze the feasibility 
study of combustion and emission characteristics.

Materials and methods

During exhaust, the nanoparticles agglomerate the soots and form large that causes of deposition in 
the environment instead of suspension in air. The uniform dispersion of nano CeO2 is difficult in tire 
oil blends. However, the physical assistance was provided such as sonication and agitation to attain the 
maximum dispersion and stable suspension. Also, the surfactant has mixed along with CeO2 for 
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extending their suspension ability. The Nano CeO2 was synthesized by chemical precipitation tech-
nique, the morphology and structure were visualized through TEM (Transmittance electron micro-
scope) shown in Figure 1. Other basic information about nano-CeO2 is given in Table 1. The complete 
mechanism of nano CeO2 particle dispersion with tire oil blend is given Figure 2. The manufacturer of 
TEM is FEI from the Netherland, model is Tecnai 20 G2, and resolution is line- 1.8A°, and Point-2.40 
A° with magnification range is 200x to 700kx.

The tire oil is extracted using waste tire scraps by pyrolysis technique. The 2 kW reactor is used to 
extract the oil, then it was distilled by 5 liter distillation column. The distillation is carried out between 
140ᴼC and 220ᴼC (Chandran, Rajamamundi, and Kit 2017). The experiments were conducted on 
diesel engine; the basic specifications of engine equipment are given in Table 2. In addition, the 
schematic layout of the experimental work has shown in Figure 3. The tests were performed in two 
different modes and the results were compared with pure diesel and tire oil blend without CeO2 
operation. Each test measures the performance, combustion and emission parameters. Also, the 
morphology of soot particles from test with 100 mg/L CeO2 was analyzed by a transmittance electron 
microscope (TEM). The AVL di gas analyzer was used to measure the CO, CO2, NOx, O2, and UHC. 
The intensity particulate matter was measured by the AVL smoke meter. The performance parameters 
such as brake thermal efficiency and fuel consumption were measured automatically for each cycle by 
the thermocouples and fuel flow sensor. The combustion attributes are measured by the pressure 
transducer and crank angle encoder. The heat release rate was calculated using cylinder pressure data 
by following the first law of thermodynamics.

The diesel engine was tested using the nano CeO2 mixed tire oil blends by following the regular 
testing procedure. After every run with nano mixed tire oil blend, the engine was run with pure diesel 
to flush out the previous fuel mixture. This can avoid the dominance of previous fuel on the current 
running. The engine loads were varied from ideal conditions to maximum load for every sample of 
fuel.

The uncertainties of the different equipments are provided in Table 3. The uncertainty values are 
given in the percentage which indicates the variation in observed readings. The NOx in the exhaust 
was measured using the chemiluminescent analyzer. Actually, the nitrogen oxide from engine exhaust 
contains both nitric acid (NO) and nitrous oxide (NO2). The presence of NO2 is converted into NO by 
thermocatalytic converter and it is measured by the chemiluminescent analyzer based on the principle 
that NO reacts with ozone (O2) to produce some NO in an electronically excited state. These excited 
molecules on decaying to ground state will emit red light in the wavelength band of 0.6 to 3 microns. 
By measuring the intensity of red light emitted, the NO2 can be found. Also, the quantities of CO and 
CO2 in the exhaust gas were measured using Non dispersive infrared analyzer kept inside the exhaust 
gas analyzer. This analyzer works based on the principle that the infrared energy absorbed by CO and 

Figure 1. TEM image of nano CeO2.
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CO2 in the wavelength band of 4.5–5 microns and 4–4.5 microns respectively. The total percentage 
uncertainty is calculated by equation 1 (Chandran, Tamilkolundu, and Murugesan 2018) 

U ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1
X2

i

s

(1) 

Where U is total maximum uncertainty and x is individual uncertainty of various factors (given in 
Table 3). The total uncertainty percentage was obtained about ±1.99.

Results and discussions

The emission, combustion along with performance parameters of diesel engine were analyzed using 
nano CeO2 mixed tire oil blends (DTO30 + CeO2 (50 mg/L), DTO30 + CeO2 (100 mg/L)). The results 

Table 1. Technical specification nano-CeO2 particles.

Specification Value

Molecular weight 172.1148 g/mol
Purity 99.90%
Average particle size 20–30 nm
SSA 40–50 m2/g
True density 6.5 g/cm3

Bulk density 1.3 g/cm3

Morphology Spherical

Figure 2. Explosion and automation for CeO2 and tire oil blend.

Table 2. Diesel engine specification.

Details Kirloskar, single cylinder, 4 stroke, air cooled with 661 cc

Cylinder bore in mm 87.5
Stroke length in mm 110
Rated power output in kW 5.2 with 1500 rpm
Compression ratio 17.5:1
Injection pressure in bar 200
Injection timing ° CA 23
Fuel H.S. diesel
Dynamometer arm length in mm 185 mm arm length, eddy current, water cooled.
Crank angle sensor Resolution 1 Deg, Speed 5500 RPM with TDC pulse.
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of all the parameters were compared with pure diesel and tire oil blends. The performance parameters 
such as brake thermal efficiency and brake specific fuel consumption were plotted against engine loads. 
The combustion characteristics such as engine pressure and heat release rate were plotted against 
crank angle. All the emission parameters also are analyzed with their operating loads.

Analysis of engine performance and combustion characteristics

The brake thermal efficiency is a parameter to the caliber of how effectively the chemical energy in fuel 
gets converted into mechanical shaft work. The variation in brake thermal efficiency is shown in 
Figure 4 for various distilled tire oil blends with CeO2 nanoparticles. According to the results, the 
brake thermal efficiency with tire oil blends was lower compared to diesel operations. This is due to the 
lower calorific value of tire oil than the diesel (Saraee, Taghavifar, and Jafarmadar 2017). But, it was 
found that the brake thermal efficiency has improved by increasing the quantity of CeO2 nanoparticles 

Table 3. Equipment with uncertainties.

Instruments Uncertainties in %

Pressure transducer (cylinder pressure) ±1
Crank angle encoder ±0.2
Load cell (strain gauge) ±0.2
Speed sensor ±0.1
Thermocouple K type ±0.15
Fuel flow sensor ±0.5
Air flow sensor ±0.5
AVL digas analyzer CO2 ±1
CO ±0.3
HC ±0.1
O2 ±0.15
NOx ±0.5
AVL smoke meter-smoke opacity ±1

Figure 3. Schematic layout for experiential set-up.

ENERGY SOURCES, PART A: RECOVERY, UTILIZATION, AND ENVIRONMENTAL EFFECTS 5

Page 1922 of 3066Page 1922 of 3066



in tire oil blends because of the nano CeO2 enhances the more complete combustion by act as oxygen 
buffer. Here, CeO2 have ability to store and release the oxygen based on the partial pressure of oxygen. 
At full load condition, the brake thermal efficiency was varied as 35.07%, 31.1%, 31.22%, and 32.01% 
for diesel, DTO30, DTO30 + CeO2 (50 mg/L), and DTO30 + CeO2 (100 mg/L) respectively. Also, the 
engine runs unstable when increasing the CeO2 beyond 100 mg/L due to increasing of viscosity and 
non-Newtonian flow behavior.

Figure 5 shows the variations of the brake specific fuel consumption for tire oil blends with CeO2 
nanoparticles. The brake specific fuel consumption was reduced with increasing the nanoparticles. 
This reduction was attributed to the enhancement of fuel properties by better activity to the surface 
area of nanoparticles in fuel blends (Bahmanyar et al. 2011). Besides, the nanoparticles in fuel mixture 
reduce the ignition delay, which increases the air-fuel mixing time and leads to better stoichiometric 
combustion (Pivkina et al. 2004). Also, there was a small enhancement found with cetane number and 
calorific values in fuels with the addition of CeO2 nanoparticles. This was also a reason to reduce the 
fuel consumption of the engine. Beyond 100 mg/L of nanoparticle in fuel, blend led to an increment in 
viscosity, which causes the poor atomization and unusual mixture inside the combustion chamber. 
The poor mixture induces the incomplete combustion, and engine consumes more fuel to balance the 
engine load.

The comparison of the cylinder pressure and net heat release rate are shown in figures 6 and 7 at 
maximum loading condition. For distilled tire blends, both cylinder pressure and heat release rate 
were observed higher than the diesel. This was mainly due to the initial stage of abnormal combustion, 
lower cetene number and ignition delay. Due to ignition delay during combustion, higher heat release 
rate was attributed at the end of combustion. By dispersing the CeO2 nanoparticles with distilled tire 
oils, stability of combustion parameters was attained as like diesel only operations. Based on this, the 
CeO2 nanoparticles with tire blends have reduced the ignition delay by improving the ignition 

Figure 4. Brake thermal efficiency vs engine load.
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properties (Tyagi et al. 2008). Generally, the ignition delay depends upon the type of fuel used and its 
properties such as cetane number, calorific value and viscosity. During combustion, it strongly 

Figure 5. Brake specific fuel consumption vs engine load.

Figure 6. Cylinder pressure vs crank angle.
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depends on temperature, pre energy release and heat loss to the surroundings. The peak engine 
pressure were observed as 68.28 bar, 71.27 bar, 70.01 bar and 68.93 bar for diesel, DTO30, 
DTO30 + 50 mg/L (CeO2), and DTO30 + 100 mg/L (CeO2) respectively. Similarly, the maximum 
net heat release rate noted as 71.51 J/°CA, 114.92 J/° CA, 110.30 J/°CA, and 106.08 J/°CA for diesel, 
DTO30, DTO30 + 50 mg/L (CeO2), and DTO 30 + 100 mg/L (CeO2) respectively.

Analysis of emission characteristics

In general, burning of fuel is improved by elevating the oxygen quantity; consequently, less emission 
could be attained. According to Figure 7, the significant reduction was found in NOx formation with 
tire oil blends after addition of CeO2. NOx formation was depending on the burning rate and 
temperature of the fuel (Bazooyar et al. 2014). Due to lower fuel consumption with CeO2 nanopar-
ticles, it was noticed that reduction in burning rate and temperature compared to normal distilled tire 
operations. Beyond temperature inside the cylinder, the oxygen concentration and residence time also 
influence more on NOx formation (Venu and Appavu 2019). Due to rise of both oxygen concentration 
and combustion duration by adding the CeO2 nanoparticles, the NOx formation was reduced from 
2529 ppm with distilled tire oil blends to 2472 ppm with 50 mg/L (CeO2), 2450 ppm with 100 mg/L 
(CeO2). The higher NOx formation was noticed with tire oil blends compared with diesel, this is due to 
both higher ignition delay and cylinder temperature.

The variation of CO formation is shown in Figure 11. Increase in CO formation in emission found 
with distilled tire oil blends than diesel, this is due incomplete conversion of chemical energy to heat 
energy. But, the increasing the quantity of CeO2 improves energy conversion and reduces the ignition 
delay by engaging the catalytic oxidization reaction. At maximum load, the CO observation varied as 
0.136 vol%, 0.172 vol%, 0.169 vol%, and 0.161 vol% for diesel, DTO30, DTO30 + 50 mg/L (CeO2), and 
DTO100 + 100 mg/L (CeO2) respectively. Similarly, UHC variation with different load in emission is 
shown in Figure 12. Increased quantity of UHC was noticed with tire oil blends than diesel; this is 

Figure 7. Net heat release rate vs crank angle.
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caused by the improper mixture and longer ignition delay. But, the CeO2 addition leads to better 
mixing and reduces the burning temperature by catalytic active oxidization, subsequently the UHC 

Figure 8. NOx formation vs load.

Figure 9. CO formation vs load.

ENERGY SOURCES, PART A: RECOVERY, UTILIZATION, AND ENVIRONMENTAL EFFECTS 9

Page 1926 of 3066Page 1926 of 3066



Figure 11. Smoke opacity vs load.

Figure 10. UHC vs load.
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was reduced in emission. The observed UHC in emission was varied as 59 ppm, 71, 65, and 61 ppm for 
diesel, DTO30, DTO30 + 50 mg/L (CeO2), and DTO100 + 100 mg/L (CeO2) respectively.

In Figure 11, the smoke opacity has plotted against engine loads. The DTO30 produced higher soot 
particles than the diesel, because of oxygen deficiency during thermal degradation of fuel particles at 
high temperature. Here the role of CeO2 in DTO30 was reducing the cylinder temperature and 
maintain the oxygen needs. After adding the CeO2 in DTO30, the smoke opacity was reduced up to 
7.5% and 10.5% for DTO30 + 50 mg/L (CeO2) and DTO30 + 100 mg/L. Along with the reduction of 
soot particles in emission with CeO2 nanoparticles, another potential advantage was the absorption of 
soot over the CeO2 particle surfaces. It was shown in Figure 12. Normally the size of the CeO2 
nanoparticle was 30–50 nm. After combustion, the particles from the exhaust was collected and 
analyzed by TEM (Transmittance electron microscope). The size of the particles was improved and 
varied between 200 nm and 300 nm than the normal size of soot particles. The CeO2 with high surface 
energy absorbs the soot and made like coating among the CeO2 particles. Due to this, the normal 
suspension distance of soot on air was reduced and deposited soon after exhausted. This effect could 
be reduced the suspension of soot on-air, besides, it reduces the inhaling of soot by human and other 
living animals.

Conclusion

The analysis is carried out on the effect of CeO2 nanoparticles with distilled tire oil blends on diesel 
engine operations. And it ensures that to utilize the CeO2 nanoparticles as a better additive to enhance 
the engine performance and combustion better and reduce the emission as well.

Significant improvement was noticed with brake thermal efficiency for CeO2 nanoparticle dis-
persed fuels than the normal DTO30 operations. It was increased up to 1.8% for DTO30 + 50 mg/L 
(CeO2) and 2.5% DTO30 + 100 mg/L (CeO2) at maximum load. The brake specific fuel consumption 
was reduced with CeO2 operations by improving the fuel properties and better combustion. The 
cylinder pressure and net heat release rate were decreased by 1 bar with 50 mg/L and 1.2 bar with 
100 mg/L, and 2.5 J/°CA for 50 mg/L, 4.4 J/°CA for 100 mg/L. This decrement was occurred due to 
reduction of in-cylinder temperature and shorting the ignition delay. In emission formations with 
CeO2 operations, NOx was decreased with improving the CeO2 concentration by lowering the burning 
temperature, improving the oxygen concentration and maintaining enough residence time for reac-
tion. Similarly, CO emission was decreased by enriching the combustion reaction through active 
catalytic oxidation. Enrichment of oxygen during combustion by CeO2 nanoparticles led to reducing 
the UHC in engine exhaust. To soot formations, CeO2 plays a major role in keeping the lower 
temperature and more oxygen toward the end of combustion. Due to better surface energy of CeO2, 
the soot was formed like coating around the CeO2. This would be helped to reduce the suspension time 
of soot on the atmosphere, and it could be deposited immediately after emission. In connection with 
this, the percentage of inhaling by human and animals would be reduced. In addition to this research, 

Figure 12. TEM morphology of soot-coated CeO2.
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it also would lead to a little clogging effect on the fuel injector when it operated in the long duration. 
The results from long durability study of a diesel engine fueled with nano CeO2 with DTO30 could 
confirm its utilization.
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a b s t r a c t

Machining is one of the ways to get a component of our idea into this real world. In spite the fact of its
cost it is widely used in industries. Milling is one of the maximum flexible conservative machine tools
with a wide variety of metal removing competence. Milling machine tool has the capability to run much
more complicated operations that involves indexing and much more for gear manufacturing. This work is
projected to give you a vision about the effect of the process parameters on the competence of machining.
Here we have carried out face milling operation on a super alloy and studied the influences of process
parameters on finish and productivity of the component. Orthogonal array is created for 3 levels 3 factors
design and using Taguchi Design, experiments are carried out to study performance of machining. The
machining data are then used to generate a mathematical model which on later proved to be efficient
with analysis of variance.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

The major operations of manufacturing industry are around tool
and die making works. Milling machines inevitably playing its part
in such manufacturing places. The ability of the milling tool to do
the variety of operations is making it inevitable. Plain milling, Gear
profile generation, indexing along with keyway slots are some spe-
cial process by the machine too. A rotating cutter tool is used to
remove the unnecessary portion from the workpiece by physical
contact as per the requirement. The rotating cutter is fed against
the stationary workpiece to make the removal process happen. In
this work table feed, cutting speed and depth of cut are considered
as significant input process parameters. Just like any machining
processes the rotary cutters which are relatively harder than the
workpiece starts to remove the metal from workpiece as per
required shape. The material is removed by elimination process
by relative movement. Face milling in a Vertical milling machine
does create a flat face so as to deliver a smooth surface as per func-
tional and dimensional requirements. The metal removal happens
in a single pass or multiple passes as per the requirement and

machine availability. Here we have chosen some input parameters
which significantly influence the production and the finishing of
the machined surface of the product. An attempt is made to gener-
ate a mathematical model which will depict the machine material
relationship during the operation.

2. Literature survey

The biggest challenge to any design or production engineer is to
produce high Quality components in an economical way to sustain
in the market competition. In this phase a detailed study is made to
understand the machine material combinational behavior along
with different cross sections. Also the significance of different
input parameters has been studied. The different optimization
tools used and their significance in generating a mathematical
model has also been studied. Various validation methods for the
generated model have also been studied.

[1] Pang J S et al., experimented end milling process on hybrid
composite of hallo site nanotubes and optimized the parameters
by using Taguchi method. Speed, feed and depth of cut were cho-
sen as input factors to understand the cutting force and surface fin-
ish of machining operation. Here the Taguchi method usage to
study the way to optimize the input parameters for better surface
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roughness and cutting force generated during milling. [2] João
Eduardo Ribeiro et al., similar approach is made on surface rough-
ness optimization where axial and radial depths are taken addi-
tionally in the input parameters list. Influences of parameters are
studied using orthogonal arrays and ANOVA. For improved finish
on milling, Radial and axial depth were proven to be significant
factors.

[3] Lin C L considered turning operations into optimisation
using Taguchi approach combined with grey relational analysis.
Tool life along with force and roughness were studied. Perfor-
mance index of the process was attained by optimizing the param-
eters using GRG. [4] Pandu R Vundavalli et al., studied considering
the regulator parameters and created a fuzzy logic system for an
abrasive water jet machining. Among the other methods Auto-
matic fuzzy logic systems found to be more precise. [6] Rajamani
D et al., developed a model based on fuzzy logic system to study
wear and its characteristics of Selective Inhibition Sintering (SIS)
on high density polyethylene (HDPE) material. Pin on disc experi-
ments are conducted to verify the model developed and is found to
be much accurate.

[6] Dinesh Kumar Kasdekar et al., implemented ANN for ECM of
AA6061 (T6). The efficiency of ANN to predict the MRR for varying
input factors is proven using ANOVA. [10] V.S. Kathavate and A.S.
Adkine applied Taguchi’s DOE based on OA to machine Al7075.

Table 1
Chemical constituents of workpiece.

S. No Elements % S.NO Elements %

1 Carbon 0.1 5 Nickel 58 – Balance
2 Manganese 0.5 6 Molybdenum 10
3 Silicon 0.5 7 Titanium 0.4
4 Chromium 23 8 Iron 5

Fig. 1. Super alloy workpiece.

Table 2
Input response – Levels based on availability.

S. NO Parameters Units 1 Level 2 Level 3 Level

1 Spindle speed rpm 357 520 727
2 Feed rate m/min 0.0848 0.1012 0.1111
3 Depth of cut mm 0.5 1 1.5

Table 3
Experimental Investigations by DOE.

S. No Input Process parameters Output Responses

Spindle speed Feed Doc MRR SR

rpm m/min mm g/min microns

1 357 0.0848 0.5 2.308 0.512
2 357 0.1012 1 7.223 0.836
3 357 0.1111 1.5 31.807 0.931
4 520 0.0848 1 5.929 0.867
5 520 0.1012 1.5 13.158 0.983
6 520 0.1111 0.5 8.621 0.774
7 727 0.0848 1.5 6.494 1.835
8 727 0.1012 0.5 3.189 1.193
9 727 0.1111 1 18.692 1.089

Table 4
Experimental result for MRR.

S. No Input Process parameters Output Responses

Spindle speed Feed Doc MRR S N Ratio

rpm m/min mm g/min

1 357 0.0848 0.5 2.308 7.2647
2 357 0.1012 1 7.223 17.1744
3 357 0.1111 1.5 31.807 30.0505
4 520 0.0848 1 5.929 15.4596
5 520 0.1012 1.5 13.158 22.6182
6 520 0.1111 0.5 8.621 18.7112
7 727 0.0848 1.5 6.494 16.2502
8 727 0.1012 0.5 3.189 10.0731
9 727 0.1111 1 18.692 25.4331

Table 5
S/N Ratio table for MRR.

Level Spindle speed Feed Rate Doc

1 18.16 12.99 12.02
2 18.93 16.62 19.36
3 17.25 24.73 22.97
Delta 1.68 11.74 10.96
Rank 3 1 2
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The usual machining input factors like feed, speed and doc were
considered and optimized using SN ratios.

From the literature review, among various metal removal pro-
cesses milling is an important process. Three input parameters,
spindle speed, feed rate and depth of cut of the machining are
found to be significant. The super alloys are found to be having
more applications in modern day industrial scenarios. Studying
the effect of process parameter on finish and productivity of a ver-
tical milling machine working on a super alloy is considered to be
the objective of the research work.

3. Experimental procedure

Experimental work is carried on super alloy with Tungsten car-
bide composite tool using Bhagwan Udyog vertical milling

machine. The objective is to take control of the productivity with-
out disturbing the functional ability of the product. Experimental
work is carried out using Taguchi’s Design of Experiments (DOE)
approach to learn about the influence of milling parameters on
the super alloy (Inconel) whose chemical constituents is given in
Table 1.

Work piece dimensions of 50 mm � 50 mm � 100 mm as
shown in Fig. 1 were clamped on machine vise. The 75 mm T-
Max cutter with ceramic tool insert was mounted on machine
spindle. The milling process was conducted by making automatic
feed. The surface roughness tester, the weighing machine and a
stop watch was used to carry out the experiments.

The weight difference in workpiece due to metal elimination or
removal with respect to tike taken provides the Metal Removal
Rate (MRR). Surface texture or surface finish of the materials is
quantified by using Surface roughness tester. Roughness tester

Fig. 2. Pareto Chart – Metal Removal Rate.

Fig. 3. Main effect plot using SN ratio – MRR.
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measured the roughness value in microns. The various input
parameters considered for the milling operation are cutting speed,
depth of cut and feed rate. For every parameter three levels of
operation were chosen based on machine specifications and avail-
ability as listed in Table 2.

The experimental machining data for the milling of super alloy
with ceramic tool by the Vertical Milling Machine is given in
Table 3. The output responses are the MRR, surface roughness.

4. Experimental study by Taguchi method

According to Taguchi’s design the experiments were conducted
and the required data were collected. Considering productivity
improvement the Metal Removal rate is set to be maximum and
the input parameters were considered and considering quality of
the product, Surface finish is set to be minimum and the input
parameters were analyzed.

Fig. 4. Main effect plot using SN ratio – SR.

Table 6
Anova Table for Metal Removal Rate.

Source DF AdjSS AdjMS F Value P-Value

Spindle speed 1 28.01 28.01 1.3 0.305
Feed Rate 1 328.4 328.4 15.28 0.011
DOC 1 236.89 236.89 11.02 0.021
Error 5 107.48 21.5
Total 8 700.78

Table 7
Experimental Result for SR.

S. No Input Process parameters Output Responses

Spindle speed Feed Doc MRR S N Ratio

rpm m/min mm microns

1 357 0.0848 0.5 0.512 5.8146
2 357 0.1012 1 0.836 1.55587
3 357 0.1111 1.5 0.931 0.62101
4 520 0.0848 1 0.867 1.23962
5 520 0.1012 1.5 0.983 0.14893
6 520 0.1111 0.5 0.774 2.22518
7 727 0.0848 1.5 1.835 �5.27272
8 727 0.1012 0.5 1.193 �1.53281
9 727 0.1111 1 1.089 �0.74056

Table 8
S/N Ratio table for SR.

Level Spindle speed Feed Rate DoC

1 2.66383 0.59383 2.16899
2 1.20458 0.05733 0.68498
3 �2.51536 0.70188 �1.50093
Delta 5.17919 0.64454 3.66992
Rank 1 3 2
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4.1. Metal removal rate

By using Minitab 17 software the material removal rate as an
objective keeping productivity in mind, the input parameters
were considered for dependent variables. Data are collected by
experimentally machining the super alloy with the ceramic tool
in the vertical milling machine shown. The SN ratio and the cor-
responding response table are given below in Table 4. A signal-
to-noise ratio ascertains the control factor settings for the better
understanding of significance of the input parameters. For each
combination of trial run SN ratio has been calculated
individually.

From Table 5, the ranking clearly indicates Feed rate plays the
crucial role with the Metal Removal Rate improvement and nearly
followed by Depth of cut in second place leaving spindle speed as
less significant factor having a very low delta value compared to
the other two parameters. The significance is further confirmed
with the Pareto’s chart (Fig. 2), that B and C correspondingly the
Feed rate and depth of cut contribute more than 80% (2.571) of
standardized effects.

From Fig. 3, the main effect plot shows the maximization of
Metal Removal Rate when the spindle speed is 520 rpm, feed rate
is 0.1111 m/min and depth of cut is 1.5 mm (Fig. 4).

The statistical method of confirmation is further carried out to
ensure the results that are listed as in the Table 6 as given below.
The influences of milling parameters on input variables are identi-
fied with the support of analysis of variance table in Table 6. Con-
fidence level of 95% was chosen to carry out the analysis. It was
observed that Feed Rate plays crucial role for affecting the metal
removal rate with p-value of 0.011 and F value of 15.28, further clo-
sely followed by Depth of cut.

In order to forecast and verify the improvements in the metal
removal rate for milling parameters, Regression equation for Metal
removal rate of Super alloy is developed. Functional relationship is
made among variables statistically by using Regression analysis.
The developed model is capable of predicting MRR from input
parameters. Here the validation is made against the experimental
results by using the regression model. The regression equation
for the material removal rate on Super alloy milling with a 85% R
square value model is given below.

Fig. 5. Pareto Chart – SR.

Table 9
Anova Table of Surface Roughness.

Source DF AdjSS AdjMS FValue PValue

Spindle speed 1 0.56304 0.56304 12.8 0.016
Feed Rate 1 0.0294 0.0294 0.67 0.451
DoC 1 0.26882 0.26882 6.11 0.056
Error 5 0.21995 0.04399
Total 8 1.08121

Table 10
Optimized results from Taguchi.

Output Response Condition Input Parameters

Speed (rpm) Feed Rate (m/min) Depth of cut (mm)

Metal Removal Rate Larger the better 520 0.1111 1.5
Surface Roughness Smaller the better 720 0.1012 1.5
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MRR ¼ �12:18� 2:16Spindle speedþ 7:40Feedþ 6:28DoC

4.2. Surface roughness

Similarly, As per Taguchi’s DOE, Minitab software was used to
improve Surface Roughness keeping the quality of the product in
mind and the results are given in Tables 7 and 8.

Since this process is dealing with the Surface Roughness ‘‘smal-
ler the better condition” is chosen.

From Table 8, the ranking clearly indicates Spindle speed plays
the crucial role with the improvement of quality of product and
nearly followed by Depth of cut in second place leaving Feed rate
as less significant factor having a very low delta value than the
two parameters.

For the better quality of product with best surface roughness for
this experimental work using Fig. 4 spindle speed at 720 rpm, feed
rate at 0.1012 m/min and depth of cut as 1.5 mm. The significance
is further confirmed with the Pareto’s chart (Fig. 5), that A corre-
spondingly the Spindle speed plays a crucial role as it contributes
more than 80% (2.571) of standardized effects, C – depth of cut
almost closer to 80% of it.

The influences of milling parameters on input variables are
identified with the support of analysis of variance table in Table 9.
With 95% of confidence level and research runs are carried out. It is
observed that spindle speed contributes a significant role for influ-
encing the SR with p-value of 0.016 and an f value of 12.8.

Minitab 17 software was used to generate the regression model
which is used to find the Surface roughness of milling the super
alloy. The regression for the surface roughness is given below.

SR ¼ 0:106þ 0:3063 Spindle speed� 0:0700 Feedþ 0:2117DoC

5. Conclusion

In this work, optimization and analysis were carried out suc-
cessfully in the milling process on super alloy to derive the follow-
ing conclusions. The optimized results for higher productivity and
better quality products are listed as given in Table 10.

The following conclusions are derived from the investigations,

� High metal removal rate is obtained in milling process with
greater feed rate and depth of cut like any other metals.

� For better surface finish to obtain higher quality of products the
depth of cut and spindle speed are recommended to be maxi-
mum unlike most of the metal machining scenarios.

� The quality of the milling process mainly depends on selection
of the input parameters.
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a b s t r a c t

The automobile industry plays a vital role in the Indian Economy because of huge investment,
Employment opportunity, People & Government interest in sophisticated and environment free travel
of people. Next to vehicle performance, Aesthetic aspect and Ergonomic design playing a vital role in
vehicle manufacturing. The vehicle bodybuilding sector can satisfy those needs in the automobile indus-
try. The study is done on the Karur bus body building industry. Karur is one of South India’s largest bus
body building hubs, providing a strong client base in the southern coast region. The Bus body building
industry has been an icon of karur district, which has worked to grant survival support to the people
and played a significant role in their financial sustain. The bus body manufacturing industry in the
Karur city has taken a stand to changing demographics since its rise in the 1980s, even though market
growth of fully-built buses (FBB) fabricated by Original Equipment Manufacturers (OEMs) has created
a cautious circumstance among the coach builders. The buses built by OEM are the significant threat
to the stability of Bus body coach builders. The intention of this paper is to evaluate the Karur bus body
building industry and to create research evidence in the parameters of Infrastructure facility, Productivity
& Quality practice, Quality certification & implementation.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

1.1. Importance of bus body building in automobile industry

One of the important activities in modeling an automobile is
building its body. Its chassis is supplied by automobile manufac-
turers and built by automobile body builders. Different state trans-
port, private bus operators undertakings are plying one of the
commonly use transport buses to help people travel from one place
to other. There are two basic types of products one is through on
road designed for highway and passed road, another is off-road
for unimproved roads. Same trucks are seed in mining, agriculture
and other trucks used for wreckers, delivery van etc. For example a
small capacity automobile body building workshop is used for
trucks and mini buses but big auto-body building can undertake

a range of chassis for constricting and mounting body, auto-body
building involves a lot of designs, wood and metal working process,
fastening techniques, production measurers and safety devices at
proper places. Such factories need fully equipped machines, tools,
quality oriented team and more facilities. It is labor oriented work
who is treated as assets. The current situation of Indian trucking
industry extremely unorganized and fragmented because of minor
issues like lack of drivers, fresh areas, return lots, on-time deliver-
ies and accessibility of transporters on the other hand, Indian truck
industry is growing with time and reason behind it is road trans-
port because it can carry over small quantities through rural and
hill areas in less time. Another reason is growth in e-commerce
companies. In China and Triad countries growth is slowing down
in truck industry, in contrary India, the Asian countries and Eastern
Europe it is growing.
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1.2. Karur bus body building industry

The tiny town Karur situated in Tamil Nadu along the National
Highway 67, the longest running highway connecting the North
and South extremes of the country. Being situated on the path of
NH has brought a lot of prosperity to the Karur district which
can be considered the central point of Tamil Nadu. Karur, repre-
senting the entrepreneurial spirit of the central region of Tamil
Nadu, is a major hub of Bus body fabrication, Home Tech textile
manufacturing and commercial agriculture as shown in Fig. 1.

Asiya Chaudhary shows in his article ‘‘about importance of
Karur Hometech Textiles” [8]. These activities kept the highway
even busier. One of the largest clusters of bus body building in
South India, Karur caters to a wide customer base in the peninsular
region extending up to Maharashtra and Orissa along with Anda-
man Islands. Ever since its emergence in the 1980’s the town bus
fabrication industry has stood up to changing times, although the
disruptive scenario in the last few years has hurt it so badly beyond
any imminent recovery.

1.3. Raw materials requirement

MS and SS steel sections, square and round tubes, sheets and
fasteners, welding electrodes and prefabricated seats, upholstery
foam, PU leather, Plastic components, Glass windows, fans, air con-
ditioning plant lighting fixtures etc., are used for the body building
of buses. In addition the specialized vehicles may require, blowers,
pumps, piping hydraulic lifting cylinders, springs etc., as per
design. The ambulances may require fitments of cardiac monitors,
oxygen and supply unit’s stretchers.

1.4. Manufacturing process

The main activity of the unit is fabrication as per the design and
fitments of selected optional fitments. Fabrication process includes
cutting and welding of main structure of vehicle with MS/SS tubes
and sections of sizes 25 � 25 � 2 mm, 40 � 40 � 3 mm,
100 � 50 � 4 angles and square tubes, 75 � 40 � 4 mm channels,
SS or MS sheets of various thicknesses etc. The main structure, roof
structure and side panels are prefabricated and treated for rust
prevention, before assembly on vehicle chassis. Srenath S, speaks
in his paper about ‘‘design and analysis of chassis” [12]. Once the
structure is in place, the fitment of interior starts with electrical
wiring, piping and air ducting, seat frames, etc. There after the
equipments as per the design are installed and tested, lastly the

upholstered seats and cushions, and trimming etc. are placed to
give finishing touch to the vehicle.

1.5. History of Karur bus body building industry

As shown in Fig. 2, the origin of the karur bus body building
industry, you will realize that all of this began with a firm named
LG Balakrishna & Bros. It was the first organization to construct
buses years ago. It was during the 1980s that many of LGB’s work-
ers went off and began their separate units, and gradually the units
began to increase in quantities and there are many>100 units now,
produce around 4000 buses with a combined Rs.400 crores rev-
enue. The tragic aspect of the story is that LGB has pulled out of
this business today, the parent company. But there is definitely a
feeling of appreciation among the bus body building group who
devote their success gratefully to the foundation built by LGB. It
has been limited to a segment that has increased demand and gen-
erated the ability to meet this demand. Karur has historically
established stage carriers to meet private and public transport
operators ’ demands in the southern States. Some Karur units late
carried out some substantial orders for semi-low floor Busses for
MTC in Chennai. Most units often meet the standards of companies
such as Parveen and SRS offering personnel transportation services.
Only few enterprises concentrated on exports. Although many of
the bus manufacturers have experiences constructing luxury coa-
ches and even air conditioning coaches, their expertise is better
known locally in basic semi luxury coaches or mofussil buses as
Fig. 3, it has been limited to a segment that has increased demand
and generated the ability to meet this demand.

1.6. Types of buses in body construction

Karur builders are fabricating a wide variety of buses

& City buses
& Stage carriers
& Tourist buses
& Staff buses
& School buses
& other based on a number of chassis available in market

Fig. 1. Karur work sectors. Fig. 2. History of Karur bus body building industry.
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Structure of Various Works,

1. Fabrication as per the design (cutting, welding)
(i) Main Structure
(ii) Roof Structure
(iii) Side Panels
2. Interior Work
(i) Electrical Wiring
(ii) Piping
(iii) Air ducting
(iv) Seat frames
3. Installation as per design
4. Testing
5. Upholstered seats, cushions
6. Trimming Work
7. Painting
8. Strip work and Programming

2. Literature review

Numerous researchers have investigated the productivity and
quality concepts in automobile sector; still bus body industry
investigation literature base is too weak in Karur industries. Few
of the coach builders investigated and reported the implementa-
tion of bus code practice and issues facing in the city [5,9,13]. Tamil
Nadu chapter of Indian Association of Bus Manufacturer (IABM),
Mruganantham identified the same issues in the city; also he
speaks about improvement of quality assurance accreditation and
periodic inspection carried out to ensure quality of workmanship,
administration, safe and quality coaches [7]. For the implementa-
tion of Bus codes, Mruganantham says ‘‘we have invested heavily
during the times in various infrastructures like paint booth, shower
test, min covered work area, to get the accreditation. Likewise in
today’s scenario it is not easy as the investment levels go to crores
of rupees for design development”, also ‘‘he confident of a solution
wherein if the manufacturers come up with basic structural
designs and share them along with chassis, say, giving them the
details in coach builders drawing, it will make them build an eco-
nomical viable body” [9]. Again Soundararajan expresses his words
in the perspective of inspection methodology, ‘‘currently speculat-
ing how the enforcement authorities will demonstrate their capa-
bilities to check the actual conformance of designs of bus during
registration. When there is no proper inspection methodology
available at the end-user-level, the entire purpose of providing safe
transportation and making so much investment is likely to be mis-
used. He wanted 100 percent compliance across all levels, from
certification authorities to implementation authorities, as this is
a giant leap for everyone, moving in a new direction.” [9]. He also
explained that they are planning to take forward the design
approval of bus bodies through their association with the help
from external agencies. Balaji further observes ‘‘The bus code

was being talked about for over 15 years since 2001, and the
implementation has brought uniformity in bus body building, with
no compromise on the required quality and safety levels. Cus-
tomers may now see our products on par with the OEM-built
buses, even helping us to compete as per international standards”
[13]. One more coach builder Muruganantham express the biggest
threat as of now is ‘‘the lack of skilled labour and quality work-
force, who have dispersed across multiple body building and repair
units that have come up in the region in the last decade” [13]. On
the other hand Dhiyanesh Ravichandran mentioned ‘‘The Karur bus
body industry is also vigorously trying to come out of the troubled
waters” [13]. The coach builders seem unsure of what impacts the
industry would have with the onset of the BS-VI emission norms
from April 2020 [13]. ‘‘There are no definite guidance centers for
Utensil plan or production technology. However the dies and Tools
improvement courses run by some centers of excellence viz Indo
German Tool Room at Ahmadabad, Rajkot, Chennai, and CTTC Bhu-
baneswar etc. shall be helpful”, Recorded in Automobile body
building (Bus-LCV-Car), NIC Code: 30111, Profile No.: 28 [1]. When
go through the paper, ‘‘the paper will conclude with a recap,
including a discussion of the primary contributes” [2]. Tom sug-
gested ‘‘as all research, it is significant to devise query that need
further analysis and identify flows in the study.” [10,16]. According
to Duriau ‘‘Content investigation, a set of methods at the interac-
tion of the qualitative and quantitative traditions, is promising
for the precise searching of many important but difficult –to-
study issues of attention to organization researches” [4]. ‘‘The
impact of Quality Management infrastructure practices” is
expressed by Qunxiang Zhang [11]. Bruce J. Weiers examines ‘‘sys-
tematic understanding of diversity of vehicle types and manufac-
turers and important economic trends,” [3]. The majority of the
coach builders discussed only about implementation of bus codes
and issues occurred for builders but the direction of productivity
improvement need to be study deeply. The Sivakumar annamalai
expresses, ‘‘lean manufacturing is systematic approach of identify-
ing and eliminating waste through continuous improvement, flow
the product at the pull of the customer in pursuit of perfection”
[14,15]. The fashion industry is now experiencing delays in output

3. Methodology

A descriptive analysis was used in this investigation, based on
an extensive holistic literature review, integrating identifying and
validating to establish critical parameters for the need of analyze
the vehicle body building industry in Karur. The parameters of
Infrastructure facility, Productivity & Quality practice and Quality
certification & initiatives has been investigated with the help of
10 questions each and by experts of 50 industries with hierarchy
structure followed to select experts, ‘‘AGA Institute has expressed
the method of quantitative methods,” [6].The Fig. 4 describes the
methodology of work.

3.1. Validation of data

Initially 77 Industries take in account to analyze landscape
described in Fig. 5, Starting Years described in Fig. 6 and ISO Certi-
fication described in Fig. 7 and mini tab 2017 used for all statistical
and validation computations. In the descriptive statistics, mean
and standard deviations are computed and analyzed. In the
demography analysis Infrastructure facility, Productivity & Quality
practice, Quality certification & implementation are clearly ana-
lyzed from respondents. Income, age, qualification and position
of respondents are also analyzed and results are wrapped up for
discussion.

Fig. 3. Expertise of Karur bus body sector.
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Fig. 4. Research Approach.

Fig. 5. Landscape of Karur industry.

Fig. 6. Karur industry year wise.
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3.2. Hypothesis selection

3.2.1. Infrastructure
H0: All means are equal
H1: At least one mean is different
Significance level a = 0.05 & 0.01
From Tables 1–3 and Figs. 8 and 9 the Means plot is a chart

demonstration of what we see in the Compare Means output.
The points on the graph are the average of each group. It’s easy
to see from this chart that the high level infrastructure had the
lower level infrastructure mean, while the low level infrastructure
had the fastest mean infrastructure. We deduce that the mean time
is significantly different for at least one of the group (F2, 30 = 3.52,
p < 0.05), (F2, 30 = 3.52, p > 0.01). Consider that the ANOVA alone
does not clearly tell us which means were different from one
another. To determine that, we would need to concentrate on
infrastructure facilities.

3.2.2. Productivity and quality policy
H0: All means are equal
H1: At least one mean is different, Significance level a = 0.05 &

0.01
From Tables 4 and 5 and Figs. 10 and 11 the plot of means is a

display of what we see in the performance of compare means. The
values on the graph are each group’s average. It’s much easier to
see from this graph that the high level Productivity and Quality
practices had the lower level Productivity and Quality practices
mean, while all means are equal. We conclude that the mean time
is no significant different of the groups unavoidable.

3.2.3. Quality certification and implementation
H0: All means are equal
H1: At least one mean is different
Significance level a = 0.05 & 0.01

From Tables 6 and 7 and Figs. 12 and 13 the plot of means is a
display of what we see in the performance of compare means. The
values on the graph are each group’s average. It’s much easier to
see from this graph that the high level Quality policy implementa-
tion had the lower level Quality policy implementation mean,
while all means are equal. We conclude that the mean time is no
significant different of the groups (F2, 30 = 3.52, p > 0.05), (F2,
30 = 3.52, p > 0.01).

4. Result and discussion

The research extensively shows that it needs a lot of attention in
Karur industries to transform into a well-designed industry.

� The research shows marvelous progress done by Karur coach
builders an implementation of bus code practice and getting
quality assurance certification, but some industries only suc-
ceeded due to the huge investment and lack of technical up
gradation.

� The research clearly shows that the coaches significantly
improved, but nowadays due to the threat occurs from different
kinds of designs by Original Equipment Manufacturer, the coa-
ches are facing downfall.

� In works, a huge number of manual workforces are available but
lagging in skills.

� In coaches the landscape availability is sufficient with covered
work area, painting booth and shower test but still workflow
should be improved to overcome their competitors.

� The wages of workers are significantly good.

Fig. 7. ISO Certified industry.

Table 1
Factor Information.

Factor Levels Values

Factor 3 Low, Medium, High

Table 2
Analysis Of Variance (A).

Source DF Adj SS Adj MS F-Value P-Value

Factor 2 4799 2389.3 3.52 0.042
Error 30 20,365 678.8
Total 32 25,143

Table 3
Means (A).

Factor N Mean StDev 95%CI

Low 11 17.91 22.21 (1.87, 33.95)
Medium 11 34.82 25.86 (18.77, 50.86)
High 11 47.27 29.57 (31.23, 63.32)
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� The Strong association shows the unity of coach builders in
Karur.

� Karur coach owners are willing to do the new search for
enhancement of the industries.

Fig. 8. Pooled St Dev (i) = 26.0543 (A).

Fig. 9. Pooled St Dev (ii) = 26.0543 (A).

Table 4
Analysis of Variance (B).

Source DF Adj SS Adj MS F-Value P-Value

Factor 2 8748 4373.8 8.98 0.002
Error 21 10,228 487.0
Total 23 18,975

Table 5
Means (B).

Factor Information Factor Information Factor Information Factor Information Factor Information

Low 8 56.38 27.37 (40.15, 72.60)
Medium 8 34.00 25.63 (17.77, 50.23)
High 8 9.63 7.42 (-6.60, 25.85)
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� The builders interested in quality assurance systems, but need
to improve the inspection system.

4.1. Suggestions to improve facilities

� Soundararajan explained that ‘‘they are planning to take
forward the design approval of bus bodies through their
association with the help from external agencies” [13].

� Muruganantham says ‘‘Government bodies can encourage
apprenticeship of ITI and diploma students in the Karur bus
body industry through relevant amendments to the Apprentice-
ship Act. This can create a new generation of skilled workforce
to sustain the industry in the future” [13].

� In Karur, coaches are doing body construction and repair
works. So complete database of Karur bus body sector is
necessary and a baseline survey should be conducted to get
the data on the number of units, types of units, investment,
turnover, etc.

� The government needs to improve specific training centers
through its association with the help of government agencies
or external agencies.

� The coach builders can collaborate with technical educational
institutions to enrich their design and analysis needs.

� The coach builders can utilize the chemical specialized persons
for investigating and analyzing the vigorous water trouble for
their work.

Fig. 10. Pooled St Dev (i) = 22.0689 (B).

Fig. 11. Pooled St Dev (ii) = 22.0689 (B).

Table 6
Analysis of Variance (C).

Source DF Adj SS Adj MS F-Value P-Value

Factor 2 320.7 160.3 0.35 0.712
Error 9 4082.0 453.6
Total 11 4402.7

Table 7
Means (C).

Factor N Mean StDev 95%CI

Low 4 26.5 22.6 (2.4, 50.6)
Medium 4 34.50 10.47 (10.41, 58.59)
High 4 27.2 27.2 (14.9, 63.1)
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� The coach builders can join their hands with technical experts
to conduct various research works for productivity analysis
and continuous improvement analysis.

� The government can promote a Center of Excellence in Karur to
enrich the skill development programs.

� The Common Facility Centre with advanced inspection facilities
can enrich productivity.

5. Conclusion

It can be concluded that the Bus Body Sector is one of the
emerging areas and Karur Industries have huge potential in that
field. In this research, a review of literature has been carved out
in the qualitative and quantitative methods. On the basis of the
review, the flaws can be traced; In addition, the study’s scope, goals
and researchmethodology and the overview of the various hypoth-
esis conducted were discussed at length. The statistical tools and
techniques, presentation instruments, samples, sources of the data
and suggestions for improvement of the study have been discussed
in detail. The study clearly shows that Karur bus bodybuilding sec-
tor is deteriorating and it should be rectified at the earliest to com-
pete successfully and ensures its long-term economic growth.
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a b s t r a c t

The research is focused on the garment industry in Tamilnadu to assess the efficacy of the lean model. The
garment export sector is the most significant and competitive contribution to the economy of Tamilnadu.
Distributors became increasingly competitive, with fast delivery times, to satisfy consumer demand.
Retailers tend to exhibit a small inventory and stock just in time to avoid the high taxes and increase
interest rates. Dynamic facility structure design decreases processing time, improves the volume and pro-
ductivity of the factory. There’s no trend in today’s world for more than a month. With the changeover of
style, an efficient configuration is set up to minimize the lack of productivity by reducing the changeover
period by cultivating multi-skilled workers and fast swapping of machines for the scale of the layout. The
results of this study suggest that there are two factors that need to be tackled in order for the lean model
to be successful. The factors are improved corporate efficiency and employee satisfaction. Organizational
efficiency was calculated by using quality, speed, versatility, reliability and price. Employee satisfaction
was assessed using protection and ergonomics, revenue generated, partnership and guidance earned
from managers, colleagues and support staff, skills development opportunities and job advancement.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanotechnology: Ideas, Innovation and Industries.

1. Introduction

The research is conducted in a textile industry which is located
in Erode, Tamilnadu. The company, which is one of the biggest gar-
ment manufacturers in South India, operates in 5 places with more
than 5000 workers. In its lean path, the organization has accom-
plished significant mile stones and made dramatic changes to the
system, one of which is the lean production style. Now, the indus-
try use 6 lean layouts and 14 other forms of layouts. The company
has not explicitly defined the true advantages of the lean produc-
tion layout. The industry performs this system on a trial and error
basis and has a need to assess the feasibility of this type of layout.
Faster delivery times avoid loss of customers and rise flow of
money, constant quick turnaround helps firms obtain grip and out-
perform the competitors. In the social environment, new trends in
today’s culture have not been going on for more than a month.
With latest trends emerging out every month, the aim of quick
fashion is for customers to purchase as many clothes as possible.
Accordingly, the core focus of the study was ‘‘Identifying the use-

fulness of the lean production model in the enterprise” and the
clear goals are,

� Assure the style of layout that contributes more to the organiza-
tion’s success.

� Evaluate the satisfaction of the workers working in a lean
layout.

� Recognize the association among employee satisfaction and
lean model efficiency.

Lean production is a systematic technique of waste elimination
in the production process. Promote lean development as a multi-
dimensional strategy that incorporates a broad variety of manage-
rial activities, involving on-time, quality processes, workplace
forces, cellular manufacturing, supply management, etc., in an
interconnected environment. The key principle of lean manufac-
turing is that which generates finished goods in the presence of
consumer demand with little to no waste. Lean operating practices
in industrial systems are known as lean manufacturing or Toyota
Production System. Henry Ford had used elements of Lean as late
as the 1920 s and claimed that one of the most significant
successes of holding the cost of Ford goods down is the steady
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reduction of the manufacturing process. The further the product is
in the production cycle and the more it moves, the better the final
cost. The National Institute of Standards and Technology Manufac-
turing Extension stated lean manufacturing as, ‘‘lean manufactur-
ing is systematic approach of identifying and eliminating waste
through continuous improvement, flow the product at the pull of
the customer in pursuit of perfection” [1–3]. The fashion industry
is now experiencing delays in output due to costly and long pro-
duction processes. In a textile business, production times slow out-
put as various parts of the product are installed in this process. The
garment industry, particularly those who rely on limited quantities
and demands, must adapt rapidly to changes in design. It is impor-
tant to be aware of the current condition of the network for the
timely delivery of orders. The key problem, however, is the hard
times in the industrial industry, as demonstrated by a sluggish
and unreliable distribution process. The Cellular Manufacturing
System (CMS) has originated as a creative and effective approach
for the production of medium and medium-volume production
systems. This stems from the idea of group manufacturing and
incorporates the benefits of both versatile and mass manufacturing
methods. The key benefits of CMS development are: lowering of
set-up time, work-in-process receivables, lead times, equipment
demands and process control expenses. It may also contribute to
impressive changes in product efficiency, profitability and output
management. Some of the main stages in the Cellular Manufactur-
ing System layout cycle are the formation of cell. It entails gather-
ing parts with identical design elements or processing
characteristics into part families and arranging equipment into
machine units on the basis of the procedure needed by part fami-
lies. As a function of extraordinary circumstances, the material
movement between the processing cells is a significant barrier to
obtaining the advantages of Cellular Manufacturing Systems [4–
5]. The incorporation of the lean model increases corporate effi-
ciency and customer loyalty by reducing lead times and prices
and supplying consumers with higher quality goods. The advan-
tages of lean manufacturing are much broader and one of the
advantages illustrated are stock elimination, quality enhancement,
improved efficiency and reduced lead time [6].

Performance is a structure of several aspects. The record of an
individual’s success can be related to as results. It’s outside of
intent, so it’s something beyond the person’s power. Organiza-
tional performance is a structure with several aspects. As per the
organizational philosophy, the description of organizational suc-
cess can be productivity and effectiveness. The amount to which
the intended organizational objectives are accomplished is refer
to as productivity, whereas the percentage of inputs from the oper-
ational tool used to produce the results. Recent work has demon-
strated a tendency to have customer-related results in industry.
Considering market success, productivity, competitiveness and
customer loyalty helps to assess the performance of an enterprise
[7]. There are a variety of concerns relating to leaning that can dif-
fer from nation to nation, geographical position within the region,
and the work culture of the organisation. Technically, incorrect
procurement procedures, unorganized structure and coordination
holes, however, lead to many losses and duplication within the
enterprise that eventually make the company inefficient [8].
Employee fulfilment is commonly defined as the impression of
pleasure or happiness that workers derive from the jobs; whether
or not they are able to work, see the work as important, or the
degree to which their job has a negative physical / psychological
impact. Workers satisfaction is regarded as one of the most signif-
icant indicators of workplace success, efficiency and retention. Sat-
isfied workers work more, become more inspired, and have a
higher morality. The standard of internal service allows workers
to do their work better, helping them feel more comfortable [9].
In particular, the relation among lean and Workplace Health and

Safety is not well known, and this is especially relevant for the
ready-made apparel industry. The textile industry suits best with
the features of labour-intensive and manual labour groups, where
the evidence shows both emotional health threats to workers. To
date, awareness of the implications for Workplace Health and
Safety of lean technology in the ready-made clothing sector is very
minimal and inaccurate [10].

2. Methodology

2.1. Structure of the study

The structure of the considered variables for this study with
Hypothesis allocation is shown in Fig. 1.

H1: Positive relation between Organizational Performance and
Lean layout success

H2: Positive relation between Employee satisfaction and Lean
layout success

This research was primarily a quantitative analytical research
using relatively less complicated and common statistical methods
like, multiple regression analysis, correlation coefficients and
descriptive statistics.

2.2. Sampling and population

In this analysis, the textile industry based in Tamilnadu was
chosen as the population and the main unit as the sample to test
the hypothesis. All available layout forms in that unit are chosen
to calculate the organizational output variables. The data is
obtained from an institutional database and direct evaluation has
been used to assess organizational performance. To assess
employee satisfaction, a study is carried out by using question-
naire. Five like rate scale questions on the basis of concentrations
are included in the questionnaire. To define the sample population
for the satisfaction Survey of Workers, a simple random sampling
is conducted among the members of the team currently employed
in such layouts. Sample group was 80 staff members operating in
three layouts of the sector. Correlation coefficient comparison,
Descriptive statistics and multiple regression analysis and are used
to interpret the results. In Hypothesis H1, Organizational perfor-
mance is considered with the variables like Quality, Pace, Reliabil-
ity, Versatility and Pace. In Hypothesis H2, Employee satisfaction is
considered with the variables like Ergonomic aspects, Relation and
support, Wages, Training and career growth. List of the considered
variables and their indications, sources are mentioned in the
Table 1.

� 1to 5 scale rated as, 1 – Excellent, 2 – Good, 3 – Average, 4 –
Poor, 5 – Very poor.

3. Results and discussion

There are three types of layouts available according to the stan-
dardized questions posed to the participants. The existing layouts
are Process Layout, Product layout and Lean layout as shown in
Figs. 2, 3 and 4.

The ranking of the organization performance is given in the
scale 1 to 3. For every considered variable in the organization per-
formance, data has been taken from the industry database. With
the base of the database, score has been allotted to the variables
from 1 to 3 and rated as 1 – Good, 2 – Average, 3 – Poor. The scores
are plotted in the Table 2.

As per the Table 2, the greatest contributor to operational effi-
ciency is the lean manufacturing layout, since it has the lowest rat-
ing average of 1, then the process layout and finally the product
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layout. The Employee satisfaction ranking is done by the question-
naire methods. Set of questions were framed with the base of vari-
ables mentioned in Table 3. Employees provided the score rated
from 1 to 5 as mentioned early. Scores from the participants are

gathered and processed to find the mean. Mean is shown in the
Table 3.

As per the Table 3, it can be inferred that workers are satisfied to
operate in lean layout as the estimated value of the four factors

Fig. 1. Theoretical Model.

Table 1
Process of Hypothesis factors.

Hypothesis Variable Indication Dimensions Basis

H1 Quality Failure rate (Number of failed products) Percentage Industry Database
Pace Work in Progress (Number of products in the machine) Counts On spot observation

Throughput time (From input to output) Minutes On spot observation
Reliability Number of orders deliver to customer Percentage Industry Database
Versatility Change over time Minutes On spot observation
Price Standard hours Minutes Industry Database

H2 Ergonomic aspects Safety equipments Scale 1 to 5 Questionnaire
Relation and Support Peer review with superiors Scale 1 to 5 Questionnaire
Earn Improved wages Income levels Scale 1 to 5 Questionnaire
Chance for talent growth Training programs and sponsor from management Scale 1 to 5 Questionnaire
Job development Training programs and sponsor from management Scale 1 to 5 Questionnaire

Fig. 2. Process Layout.

Fig. 3. Product Layout.
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that decide employee satisfaction is as strong as the grading scale
given. The relationship between employee satisfaction and work-
ing in a Lean Layout to the variables like Safety, Income, and Rela-
tionship with superiors and Skill Development is identified
through Hypothesis results. P Value and Pearson Correlation were
found and same was shown in Table 4.

As per the Table 4, all 4 factors used for research have a favor-
able association or positive effect on the productivity of workers
working in a lean model.

4. Conclusion

� The throughput time of the lean design is high relative to other
forms of layout, and can also be the outcome of the work in the
module phase, in order to increase the time the organization
should discuss line balancing or do time tests and system tests
in order to enhance the throughput time of the system. If work-
ers do not have the requisite experience, they will fail to recog-
nize the changes that they can make. Worse still, undertrained
workers can unintentionally trigger delays because they may
not realize the whole manufacturing cycle and how a shift or
modification saves them a minute causes 7 min of extra work
for someone else. It is also important to have proper training
and education.

� Improved changeover time results in reduction of regular hours
generated according to experts, currently at the lean model
there is a changeover period of an average of 20 min which
can be increased by planning for system setting and preparation
of team members before the changeover so as to reduce the
changeover period, and the researcher would also like to recom-
mend an task review to test the reasons.

� Number of products in work in the progress of the lean style is
comparatively weaker than the straight line model. According
to the lean theory, work in advance is a mistake and masks
issues. If that is that, issues can be found easily and addressed
in a timely manner. Unnecessary movements, absences, bad line
spacing were found as the reasons for this. Time and gesture
research should be performed to establish a clear visual cycle
such that repetitive gestures can be avoided. Let multi-skilled
workers work in a secure, efficient production environment that
reliably delivers a premium product within the negotiated
timeline. Job intervals should be made to keep workers aware
of each level of production.

� The research found differences in housekeeping procedures in
the configuration, no guidelines were developed to preserve
supplies, and the cleanliness of the shop floor needed to be
strengthened. The researcher would recommend delimiting

Fig. 4. Product Layout.

Table 2
Performance ranking.

Indication Process Layout Product Layout Lean Layout

Failure rate 3 2 1
Work in Progress 3 2 1
Throughput time 2 2 1
Change over time 2 1 1
Standard hours 2 1 2
Average 2.4 1.6 1.2

Table 3
Employee satisfaction ranking.

Indication Mean Level of 1 to 5 scale

Safety Equipments 1.4 Excellent
Income 2.8 Good
Relationship with superior 2.5 Good
Training and sponsor 2.9 Good

Table 4
Hypothesis Results.

Factors P
Value

Pearson
Correlation

Strength

H1 : Safety Equipments 0.000 0.450 Weak positive
H2 : Income 0.000 0.512 Moderate

positive
H3 : Relationship with

superior
0.001 0.320 Weak positive

H4 : Training and sponsor 0.000 0.510 Moderate
positive
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the floor spaces and making the staff aware of housecleaning
activities, according to the lean system of Toyota production
system housekeeping is the basis for creating a lean company.
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1. INTRODUCTION

Energy plays an important role in the current scenario of human living. Globally, the situation to manage the en-
ergy in an effi cient way is a challenging task for everyone. Thermal energy transport becomes a crucial factor in 
cooling electronics components from small-scale to large-scale applications like cooling of nuclear reactor. Multi-
phase heat transfer is one of the best solutions for effi cient thermal energy transport. Pool boiling is one of the im-
portant techniques in two-phase heat transfer. Different techniques are available for improving the thermal energy 
transport. Indeed, surface modifi cation is one of the effi cient methods to enhance the heat transfer in pool boiling. 
Even various techniques have been declared, in which thin-fi lm coating is easy and remarkable one. Nowadays 
researchers are focusing on different coating technologies to make effi cient coating in order to achieve better heat 
transfer. 

A supersonically sprayed reduced graphene oxide fl ake on the copper surface creates excellent wettability, and 
cohesion has been improved signifi cantly with the heater surface. An et al. (2016) reported that the small-scale 
bubbles formed on a rough reduced graphene oxide surface enhanced the agitation and thus augmented the heat 
transfer rate. Benghazi and Chouarfa (2009) revealed the mechanism of nucleate boiling characteristics from the 
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The present scenario shows that the usages of electronics equipment are very extensive because of its performance and com-
pactness. The concept of boiling heat transfer is applied to cool the equipment for bett er thermal management system. In 
the present experimental investigation, the copper substrates were coated by SiO2 and copper hybrid thin fi lm by the radio 
frequency sputt ering method. The thickness of the coating was selected as 250 nm, 500 nm, and 750 nm. The contact angle 
of the SiO2 and copper-coated hybrid surface was measured by goniometer, and structural studies were conducted by im-
ages from a scanning electron microscope and a stylus profi lometer. The wett ability of surfaces was improved signifi cantly 
because of active nucleation sites created by thin-fi lm coating. The nucleate boiling test was carried out by the pool boiling 
experimental setup for deionized (DI) water at saturation temperature and atmospheric pressure. The critical heat fl ux 
(CHF) and boiling heat transfer coeffi  cient (HTC) were calculated, and compared with bare copper substrate. The results 
showed that the critical heat fl ux was enhanced by 45%, 53%, and 62%, whereas the boiling heat transfer coeffi  cient was 
63%, 97%, and 130% for 250-nm-, 500-nm-, and 750-nm-thick surfaces, respectively. The reason for this enhancement was 
due to increased nucleation site density which deals with the bubble formation and departure. The critical heat fl ux and 
boiling heat transfer enhancement at low wall superheat reveals a bett er heat transfer mechanism for an eff ective thermal 
management system.

KEY WORDS: contact angle, wett ability, critical heat fl ux, boiling heat transfer coeffi  cient, nucleate boiling
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existing models. Their study explored that the transient conduction occurred in the zones of partially isolated bub-
bles. The greater nucleation site density decreased the active nucleation sites and vapor bubble diameter. 

Das et al. (2017a) reported the augmentation of boiling heat transfer on SiO2 nanostructured surfaces. Surface 
cavity and hydrophillic nature of the crystalline nanostructures were the main cause for the heat transfer enhance-
ment. The effective heating surface increased due to the larger surface to volume ratio of the nanostructures. Das 
et al. (2017b) investigated the effect of TiO2 nanostructure on a copper surface in pool boiling. The deep cavities 
and active nucleation sites on the TiO2-coated surface were the cause for the heat transfer coeffi cient enhancement. 
The heat transfer coeffi cient increased with increase in the thickness of the TiO2 coating. 

Deng et al. (2016) constructed porous structures in re-entrant cavities by sintered copper powder for pool boil-
ing study. The wall superheat reduced at the point of boiling incipience and heat transfer enhancement was 3 to 
5.3 times greater. At higher heat fl uxes, the liquid entrapment and rewetting of heat transfer surface was main-
tained to prevent diminishing rate of heat transfer. Dharmendra et al. (2016) conducted investigation of copper sur-
face coated with vertically aligned carbon nanotubes. The intermediate resistance has been reduced by a diamond 
layer on the surface. The heat transfer enhancement has been achieved 38% higher than on the bare surface. The 
fi n action and surface wettability were the cause for the boiling curve shifting towards left. 

Diaz and Guo (2019) employed simulation of molecular dynamics in the single-layer graphene-coated materi-
als. The thermal conductivity of the single-layer graphene improved one to two folds. Critical heat fl ux has been 
increased by 14% in the graphene-coated copper surface, and the CHF has been obtained at low wall superheat. 
Forrest et al. (2015) reported the wettability behavior of the nano-level contamination on the zirconium and alu-

NOMENCLATURE

h heat transfer coeffi cient, kW/m2·K CA contact angle

k thermal conductivity, W/m·K CHF critical heat fl ux

q heat fl ux, W/cm2 DI deionized 

Ra average value of surface FESEM fi eld emission scanning electron 

 roughness, μm  microscope

T1 temperature of the copper block RF radio frequency

 for position 1 from the top, oC SCCM standard cubic centimeters 

T2 temperature of the copper block  per minute

 for position 2 from the top, oC XRD X-ray diffraction 

T3 temperature of the copper block 
Subscripts

 for position 3 from the top, oC

Tsat saturation temperature of water, οC Cu copper

Tw wall temperature of the test block, oC sat saturation state

x thickness, m w wall

X1 distance between the top of the test 
Greek Symbols

 surface and thermocouple 

 position 1, m ∆x distance between thermocouple 

Abbreviations
 positions 1 and 2, m

θ angle

BHT boiling heat transfer coeffi cient ω uncertainty
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minum surfaces. The effect of hydrocarbon contaminant of 5-nm-thick layer was higher than the practical heat 
transfer surfaces.

Gheitaghy et al. (2016) prepared a mesochannel of 400-μm breadth and 500-μm depth on the copper surface and 
also the surface has been coated with microporous coating of copper. The porous coating improved the nucleation 
site density for the enhancement of pool boiling heat transfer. The CHF of the modifi ed surface has been obtained 
2.1 fold and HTC 3.9 times in comparison with a bare surface. Gheitaghy et al. (2017) explored the results of pool 
boiling study on copper surface grown by micro/nanostructured grains. The grain shape changed from rounded 
to angular at higher electrolyte temperatures. The surface capillarity was the prime factor for the enhancement of 
critical heat fl ux because of the favorable shape of grains. Gouda et al. (2018) compared the performance of pool 
boiling on fi nned microchannels with that on a plane surface. The segmented fi nned surfaces showed greater per-
formance than the uniform cross-sectioned surface and plane surface. The continuous wetting on the surface due to 
the greater number of active nucleation sites enhanced the heat transfer performance. Holguin et al. (2017) studied 
the pool boiling performance on the surfaces having micro- and nanocavities. The higher wettability of the surface 
due to subsurface irregularities aided for the enhancement of the heat transfer in the dielectric liquid. 

Jaikumar et al. (2017) conducted investigations on the graphene- and graphene oxide-coated surfaces in pool 
boiling. The roughness of the modifi ed surface was the responsible factor for the CHF enhancement. The micro-
layer evaporation and contact angle hysteresis have been identifi ed as the mechanisms for enhancement of heat 
transfer. Jo et al. (2018) conducted investigations in copper pillars with texturing of different geometric arrange-
ments. The optimal pyramid-base dimension of 0.91 mm has been identifi ed for maximum critical heat fl ux and 
signifi cant heat transfer coeffi cient. The bubble nucleation was signifi cantly high at the specifi c dimension. 

Kim et al. (2017a) investigated the time effect on the wetting behavior of TiO2-coated surface in pool boiling 
heat transfer. An empirical correlation has been suggested which includes the time, temperature, and receding 
contact angle since the heat transfer performance is affected by time and temperature. Kim et al. (2017b) showed 
the wettability variation over a time period of thermal treatment. The signifi cant reduction in the contact angle has 
been observed during the heat treatment of TiO2-coated surfaces. No such observation was found in the SiO2-coat-
ed surfaces. The enhancement of CHF was observed at higher wall temperature with hydrophillic nature of the 
surface.

Kim et al. (2018) explored the surface roughness effect on the performance of the pool boiling starting from nu-
cleate boiling to fi lm boiling. The HTC was high at the initial stage, but it decreased at a high heat fl ux. The HTC 
of the smooth surfaces increased slowly and attained maximum fi nally when it reached a lower value. Li et al. 
(2015) showed the effect of nano-scale roughness on the boiling performance. The roughness enhanced the active 
nucleation site density and bubble departure frequency but bubble departure diameter reduced. The effective heat 
transfer area increased with increasing roughness. 

Liu et al. (2018) reported the enhancement of heat transfer coeffi cient and critical heat fl ux for heterogeneous 
surfaces. The improved nucleation site density and enhanced heat transfer area due to micro- and nanostructures 
augmented the CHF at low wall superheat. The spreading ability of the coolant on the surface was signifi cant fac-
tor for the pool boiling performance. Mondal and Kim (2019) showed the enhancement of heat transfer coeffi cient 
while increasing the pore size on the heat transfer surface with circular pored and rectangular subtunnels. The bub-
ble departure diameter increased as the pore diameter increased. The nucleation site density increased as the pitch 
is reduced. The more active nucleation sites were responsible for the enhancement of heat transfer coeffi cient. 

Mu et al. (2018) explored the effect of enhanced structures such as cavities on the performance of nucleate boil-
ing. The cavity width and cavity grooves directly infl uenced the boiling heat transfer coeffi cient. Nirgude and Sahu 
(2019) prepared copper surfaces with channels and grooves by laser marking processes. The cavities present on the 
grooves and channels acted as nucleation sites for the performance of nucleate boiling. The channels and grooves 
facilitated the liquid to reach the nucleation sites.

Wei et al. (2018) employed the oscillating plate on the N type phosphorous doped silicon chip surface for the 
pool boiling investigation. The smooth and micropin-fi nned chips were used as a heat transfer surface. The signifi -
cant enhancement of heat transfer has been found on the oscillating micropin-fi nned surfaces than the smooth sur-
face. A larger quantity of liquid was continuously supplied to wet the heat transfer surface through tunnels formed 
by the pin fi ns due to capillary action. Zhang and Chen (2019) conducted boiling investigations in a packed bed 
porous structure with jet impingement. The porous structure aided in increasing the heat transfer area and agitation 
of fl uid which produced enormous nucleation sites for bubble formation and detachment.

The critical heat fl ux and heat transfer coeffi cient of nucleate boiling on hybrid-coated copper substrates are yet 
to be investigated. The proposed study deals with CHF and BHT investigation on SiO2 and copper hybrid thin-
fi lm-coated copper substrates. In the present work, the SiO2 and copper hybrid thin-fi lm coating is done on copper 
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substrates for three different thicknesses by a sputtering technique. The study of surface characteristics and CHF 
test is conducted and the enhancement of CHF and BHT are reported. The objective of this experimental investi-
gation is to give more emphasis on enhancement of critical heat fl ux and boiling heat transfer coeffi cient at lower 
wall superheat. 

2. METHODOLOGY

2.1  Deposition of Thin Film

A copper and SiO2 hybrid thin-fi lm coating was made on plain copper surface of 11 mm diameter and 3-mm 
thickness. The thickness of the SiO2 and copper hybrid thin-fi lm coating was proposed as 250 nm, 500 nm, and 
750 nm. The thin fi lm deposition was made by the radio frequency sputtering technique. The duration of coating 
has been varied to achieve 250-nm, 500-nm, and 750-nm thicknesses. Higher purity of the target materials such 
as SiO2 and copper was employed for coating. The copper substrate and target materials were mounted on their 
location in the radio frequency sputtering machine (Plassys MP 300, France). The power has been selected 
appropriately for each target to achieve required thickness of coating. In this study, 75 W were proposed for 
SiO2 and 25 W for copper target. The specifi c power decided the quantity of the SiO2 nanoparticles and copper 
nanoparticles to be deposited on the copper substrate. More quantity of SiO2 nanoparticles and less quantity of 
copper nanoparticles has been deposited. A vacuum pressure of 6 × 10–6 mbar has to be maintained inside the 
coating chamber during the thin-fi lm coating process. To achieve high vacuum inside the chamber, a diffusion 
pump and rotary pump has been employed. The working temperature of 200oC was proposed, while coating and 
the argon gas was made to fl ow at a rate of 20 SCCM. The working pressure of 14.6 mbar has been maintained 
to achieve excellent coating. Finally, SiO2 and copper hybrid thin fi lm was created on the plain copper surface at 
three different thicknesses such as 250 nm, 500 nm, and 750 nm as shown in Fig. 1. A thickness monitoring indi-
cator in the radio frequency sputtering have been utilized to continuously monitor the thickness of the coating. The 
coating duration of 32 min, 59 min, and 88 min was taken to achieve 250-nm, 500-nm, and 750-nm thicknesses 
of SiO2 and copper hybrid thin fi lm. 

2.2  Characterization Techniques

The SiO2 and copper hybrid fi lm coating on the copper substrate were studied by different characterization tech-
niques. The wettability of the copper substrate was determined by water static contact angle. The surface wetta-
bility played major contribution in CHF enhancement of pool boiling. The static contact angle of DI water on the 
noncoated and nanocoated surfaces was examined by a water contact angle goniometer (Kruss GmbH-FM40Mk2, 
Germany). The surface morphology results were obtained by a scanning electron microscope, and study on nucle-
ation sites have been carried out. The X-ray diffraction measurement (Panalytical-X'pert, Netherlands) was ana-
lyzed to study the structural properties of a nanocoated surface.

FIG. 1: SiO2 and copper hybrid thin-fi lm-coated surfaces
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2.3  Experimental Setup

The schematic illustration of pool boiling experimental setup, as shown in Fig. 2, consists of a boiling chamber, 
heating block, refl ux condenser, auxiliary heater, thermocouples, variable transformer unit, data logger, and an 
insulation system. A copper block of 11 mm diameter at the top and 50-mm diameter at the bottom is used as a 
heater, as shown in Fig. 3. The copper substrates of 3-mm thickness and 11-mm diameter are used as a test spec-
imen. Four cartridge heaters of 250 W each have been accommodated at the bottom of the copper heater block. 
Three 1-mm-diameter holes for 6-mm deep at 3-mm intervals have been made in axial direction at the top portion 
of the copper heater block. The leads of the thermocouples have been inserted into these holes to measure the tem-
perature distribution in the axial direction. A thick Pyrex glass was used as a boiling chamber, it prevents the heat 
from transfering during the boiling process, and it assists to view the boiling process. 

An auxiliary heater of 250 W is used to heat the water to the saturation temperature and it is maintained at 
saturation state in the entire duration of the experiment. The vapor generated during the boiling is condensed by 
employing a refl ux condenser. The cooling water is circulated through the condenser while boiling occurs. A sep-
arate refrigerating unit is installed to supply adequate cooling water for condensing the vapor and also to maintain 
required quantity of DI water in the boiling chamber. The power supply to the main heaters and auxiliary heater 
was facilitated by a variable transformer unit. The heat input to the heaters is adjusted by regulating the power 
supply in the variable transformer unit. A thick Tefl on insulation has been utilized to avoid heat transfer from the 
copper heater block to other parts of the pool boiling experimental setup. The top surface of the heater block alone 
has been exposed into the boiling chamber.

A glass wool has been used to cover the outer surface of the copper block to ensure the heat conduction in the 
axial direction. The temperature distribution in the axial direction for the copper block is measured by three K-type 
thermocouples inserted into the copper block at uniform intervals. The temperature of the DI water is measured by 
another K-type thermocouple inserted in the water pool. The pressure inside the boiling chamber during the boil-
ing process is measured by a pressure gauge mounted over the thick stainless steel cover at the top of the boiling 

FIG. 2: Schematic illustration of pool boiling experimental setup: 1) pressure gauge, 2) refl ux condenser, 3) auxiliary heater, 
4) test surface, 5) tefl on Insulation surface, 6) drain valve, 7) rigid stand, 8) glass wool insulation, 9) heater block, 10) main 
heater, 11) pressure relief valve, 12) pool boiling chamber, 13) thermocouple for test specimen, 14) thermocouple for water, 
15) data logger, and 16) power supply unit
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chamber. A pressure relief valve was fi xed on the stainless steel cover to maintain atmospheric pressure inside the 
chamber. The entire setup has been screwed tightly on all four sides with rubber bush to prevent leakage of DI 
water from the glass chamber, as shown in Fig. 4. The connections are made with the power supply, thermocou-
ples, and data logger. The DI water is fi lled in the boiling chamber in the required level, and water is heated to 
the saturation temperature at atmospheric pressure. The dissolved gases are removed from the water by heating the 
water for fi ve hours.

FIG. 3: Position of thermocouple in the heater block

FIG. 4: Photographic view of pool boiling experimental setup
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The present investigation has been carried out at saturation temperature and atmospheric pressure. The heat 
input is given to the copper heater by increasing the voltage step by step. The system is expected to reach a steady-
state condition after power supply. Once the system reached the steady state, the temperatures of the copper block 
has been observed in data logger. The wall superheat is calculated at every thermal equilibrium state and heat 
transfer coeffi cient and heat fl ux are determined. At the initial stage of nucleate boiling, bubbles are formed at the 
nucleation sites and moved to the top. The vapor bubbles are the energy carriers such that the heat is removed 
from the test surface. The bubbles are formed as jets and columns while increasing heat input. At a stage, turbu-
lence is created near the test surface, and it was partially covered by vapor. The temperature of the surface raised 
in rapid manner at short span of time. The jump in temperature has been observed due to continuous heat input to 
the test surface. Once the system reached the burnout point, the power supply to the heater block has been stopped 
and the cooling of the entire system has been done. The same experiment has been repeated for all thicknesses 
of SiO2 and copper hybrid thin-fi lm-coated surfaces. Finally, the surface temperature, heat fl ux and heat transfer 
coeffi cient of all test surfaces are calculated and compared with the bare copper surface.

2.4  Data Reduction

The following equations are used to calculate the critical heat fl ux in the pool boiling investigation. The better 
insulation ensures the one dimensional heat conduction in the copper heater block. Newton's law of convection and 
Fourier's law of heat conduction were applied for calculating the heat fl ux, wall temperature, and the heat transfer 
coeffi cient. The temperature gradient is determined by Taylor series approximation (1): 
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The heat fl ux q is calculated by Fourier's law of heat conduction
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The surface temperature Tw is evaluated from the Fourier's law of heat conduction
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Finally, the boiling heat transfer coeffi cient h was determined from Newton's law of cooling:
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−
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2.5  Uncertainty Analysis

The calibration of thermocouples was done by calibrated digital thermometers by isothermal oil bath. Table 1 
shows the uncertainties of different measured parameters. The uncertainty of the distance between the thermocou-
ples in the copper block along the axial direction was pointed out as ± 0.2 mm. The uncertainty in the measure-
ment of temperature using thermocouple was identifi ed as ± 0.5oC. The previous investigations of many research-
ers employed the thermal conductivity of the copper block in the range of 385 W/m·K to 401 W/m·K. The heater 
block of copper material thermal conductivity has been taken to be 390 W/m·K in this study. The experimental 
uncertainty of the heat fl ux [Eq. (5)] and the heat transfer coeffi cient [Eq. (6)] were determined by the Kline and 
McClintock (1953) approach:
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where ωq is the uncertainty of heat fl ux, ωk is the uncertainty of thermal conductivity, ωT is the temperature uncer-
tainty, ωh is the uncertainty of heat transfer coeffi cient, and ω∆x is the uncertainty of distance.

Based on this approach, the uncertainties for the heat transfer coeffi cient and heat fl ux were found to be in the 
range ± 7.78–9.24% and ± 6.93–8.87%, respectively.

3. RESULTS AND DISCUSSION

3.1  Critical Heat Flux of Bare Copper Substrate

The critical heat fl ux study on the bare copper surface was conducted at least fi ve times for validation of con-
sistency. The untreated copper substrate was employed initially for investigation. The critical heat fl ux values of 
122.1 W/cm2, 121.4 W/cm2, 123.7 W/cm2, 123.2 W/cm2, and 123.8 W/cm2 were obtained from fi ve consecutive 
experiments. The critical heat fl ux of untreated copper surface was taken as 123.8 W/cm2 from the experiment for 
the study of thin-fi lm-coated surfaces. The heat fl ux curves shown in Fig. 5 are close to similar for all wall super-
heats during the experimental investigation. The wall superheat at a critical heat fl ux for the bare copper surface 
was approximately 27 K. The wall superheat value of 27 K was achieved consistently in all fi ve trials in nucleate 
boiling investigation on a bare copper surface. The peaks and valleys on the bare copper surface initiated the bub-
ble formation in the cavities and made the occurrence of critical heat fl ux approximately at 27 K. The low value of 
wall superheat even on the hydrophillic copper bare surface is also a desirable factor as copper is the best material 
for heat transfer applications. Table 2 in the study explains the good agreement of critical heat fl ux values with the 
past published data for the bare copper surfaces. The results of critical heat fl ux revealed from the theoretical and 
experimental studies are in the allowable percentage of errors. The results of critical heat fl ux on the bare copper 
surface evidenced the reliability and accuracy of experimental investigation.

3.2  Hydrophillic Effects

Wettability is considered as one of the prime factors when a liquid droplet makes contact with a solid surface. 
The contact angle and interfacial tension determine the wettability of the surface for the heat transfer liquid. The 
hydrophobic surface possesses the contact angle greater than 90o and a low wettability nature. This kind of surface 
is normally not being used for heat transfer enhancement applications. The high affi nity of water can be obtained 
in the hydrophillic surfaces, and it is the best desirable surface for multiphase heat transfer. The static contact 
angles of thin-fi lm-coated surfaces and bare copper test surfaces were measured by the sessile drop method. At 
atmospheric pressure for a room temperature of 34oC, a water droplet with a volume of 2 μL was dropped on the 
bare copper surface. The contact angle (CA) of the untreated bare copper surface was found to be 83o. The repeat-
ed measurements of the contact angle on the same uncoated bare copper surface read at 83o. The contact angle on 

TABLE 1: Uncertainties of measured parameters

S. No. Parameter Uncertainty

1 Distance between adjacent thermocouples in the heater block ± 0.2 mm

2 Temperature ± 0.5oC

3 Thermal conductivity 1%

4 Distance between thermocouple at position 1 and top of the heater surface ± 0.2 mm
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FIG. 5: Critical heat fl ux on the bare copper surface at different test runs

TABLE 2: Comparison of critical heat fl ux on the bare copper surface obtained by the existing models and in the 
present study

Name of the Model CHF in W/cm2 Wettability

Rohsenow (1951) 152.1 —

Kutateladze (1954) 135.2 —

Zuber (1958) 110.8 —

Moissis and Berenson (1963) 148.4 —

Lienhard and Dhir (1973) 125.9 —

Auracher et al. (2001) 139.0 —

Li and Peterson (2007) 129.2 —

Yagov (2014) 102.4 —

Kandilkar (2001) 109.5 CA = 83ο

Theofanous et al. (2006) 188.6 CA = 83o

Liao et al. (2008) 108.9 CA = 83o

Present study 123.8 CA = 83o

the bare copper surface has been evidenced as hydrophillic property. The contact angle of the surfaces coated with 
SiO2 and copper hybrid thin fi lm has been found as 49o, 21o, and 19o for 250-nm, 500-nm, and 750-nm thickness-
es, respectively, as shown in Fig. 6. The reduction in the contact angle evidenced at a higher thickness of SiO2 
and copper hybrid thin-fi lm coating. The superhydrophillic nature has been obtained at 500-nm and 750-nm thick-
nesses. The porous structure has been obtained on the superhydrophillic surface as the surface achieved excellent 
wettability. The acceleration of wetting on the surfaces found to be good, since more voids were present on a thin-
fi lm-coated surface. The Wenzel effect on the surface enhances the wettability. The wicking ability on the surface 
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traps more liquid in contact with the heat transfer surface. The surface wettability and capillary wicking effect are 
the two dominant factors for the occurrence of higher critical fl ux at low wall superheat. The bubble attaching time 
has been reduced which increases the bubble formation frequency due to favorable property on the thin-fi lm-coated 
surfaces. A signifi cant enhancement of boiling heat transfer coeffi cient and critical heat fl ux has been achieved by 

FIG. 6: Contact angle of SiO2 and copper hybrid thin-fi lm-coated surface: a) 250-nm thickness, b) 500-nm thickness, and 
c) 750-nm thickness
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bubble dynamics. The dry area on the boiling surface has been reduced and kept the wetting continuously only 
because of superhydrophillic nature of the SiO2 and copper thin-fi lm coating in a higher thickness range. 

3.3  Structural Analysis 

The X-ray diffraction pattern was analyzed on the SiO2 and copper hybrid thin-fi lm coating for formation of crys-
tal structure. The peaks were evidenced at 2θ of 23.74o for SiO2 structure and at 44.65o, 51.71o, and 74.12o for 
copper nanoparticle formation shown in Fig. 7. The special structure formed on the surface due to hybrid coating 
causes good conductivity thus leading to heat transfer enhancement. The microstructure images of the hybrid coat-
ing in Fig. 8 revealed numerous nucleation sites formed on the surface which causes augmentation in the bubble 
formation. A signifi cant enhancement in wettability offers more nucleation sites for pool boiling at higher thickness 
of coating. The height of nucleation sites could be enhanced by increase in coating thickness which enhances the 
capillary action on the thin-fi lm-coated surface. A larger amount of water has been retained on the heat transfer 
surface due to capillary wicking action. The bubble dynamics has been improved by good wetting of surfaces with 
DI water. The frequency of bubble formation and bubble detachment reduces the excess temperature and enhances 
critical heat fl ux and for better heat transfer coeffi cient.

3.4  Surface Roughness Effects

The surface roughness is another important factor for pool boiling heat transfer analysis. The surface roughness 
(arithmetic average of absolute values Ra) of the thin-fi lm-coated surfaces was measured (BRUKER) for SiO2 and 
copper hybrid thin-fi lm coating. The average roughness Ra of SiO2 and copper hybrid thin-fi lm-coated surface for 
250-nm thickness was found to be 0.099 μm. The surface roughness was low and the wetting was not so good 
compared with other two higher-thickness surfaces. The average surface roughness Ra is high and it was found to 
be 0.251 μm for a 500-nm-thick surface. High surface roughness Ra was found for 750-nm-thick surfaces, and it 
was read as 0.309 μm. The enhanced surface roughness improved the wetting behavior and caused a signifi cant 
improvement in critical heat fl ux subsequently for better BHT. The nucleate boiling has been initiated earlier than 
the bare uncoated copper surface because of high nano-scale roughness. The nano-scale roughness enhances the 
wetting ability of the SiO2 and copper thin-fi lm-coated substrate. The density of the bubble formation has been 
started increasing while increasing heat fl ux. The rate of heat transfer enhancement reduced signifi cantly on the 
bare copper surface due to the increase in the density of bubble formation and detachment. This reduction of heat 

FIG. 7: XRD pattern of SiO2 and copper hybrid thin-fi lm-coated surface
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FIG. 8: FESEM structure of SiO2 and copper hybrid thin-fi lm-coated surface: a) 250-nm-thick substrate, b) 500-nm-thick sub-
strate, and c) 750-nm-thick substrate
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transfer coeffi cient has not occurred in SiO2 and copper hybrid thin-fi lm-coated surfaces, rather boiling heat trans-
fer coeffi cient has been enhanced signifi cantly due to the large heat transfer area participated in the nucleate boil-
ing on thin-fi lm-coated surfaces. The nano-scale roughness of the SiO2 and copper hybrid thin-fi lm-coated surface 
increase while the thickness of the coating increases. The properties such as surface roughness, wettability, and 
capillary wicking are closely related with each other. So, in this study, the roughness of the 750-nm-thick surface 
offers more nucleation sites than other two surfaces. So, at higher thickness, the nucleation site density is high. 
More nucleation sites enhance the wettability and improve capillary wicking and lead to the enhancement of the 
critical heat fl ux and heat transfer coeffi cient. 

3.5  Analysis of Boiling Performance 

The nucleate boiling performance has been explored with the effect of SiO2 and copper hybrid thin-fi lm deposition 
on the copper substrate. The heat fl ux increased with wall superheat, and it was shown in heat fl ux versus wall 
superheat curves in Fig. 9. The trend occurred naturally with almost all surfaces in pool boiling experiments. The 
signifi cant reduction in wall superheat occurred when the thickness of the coating increased. The maximum en-
hancement of critical heat fl ux observed in this study as 200 W/cm2 at 750-nm thickness of the SiO2 and copper 
hybrid thin-fi lm coating followed by 189 W/cm2 and 179 W/cm2 at 500-nm and 250-nm thicknesses. The enhance-
ment in critical heat fl ux of SiO2 and copper hybrid thin-fi lm coating was found to be 62% compared to the bare 
copper surface at 750-nm thickness. The increasing trend of critical heat fl ux with increasing coating thickness 
was obtained by enhanced surface roughness and improved wettability of the thin-fi lm-deposited surfaces. The 
reduction in wall superheat is higher at 750-nm thickness of the SiO2 and copper hybrid thin-fi lm-coated surface. 

The curve of heat transfer coeffi cient dependence on heat fl ux was drawn for all thicknesses of SiO2 and copper 
hybrid thin-fi lm-coated surfaces and uncoated bare copper surface. The curves in Fig. 10 explore the heat transfer 
enhancement with increasing heat fl ux. The trend was nearly similar at all thicknesses and a maximum heat trans-
fer coeffi cient was obtained as 105 kW/m2·K at 750-nm thickness of SiO2 and copper hybrid thin-fi lm coating. The 
contribution of active nucleation site participation and excellent wicking ability in turn improved the bubble gen-
eration and detachment on the heat transfer surface. The SiO2 and copper hybrid thin-fi lm coating produced by the 
radio frequency sputtering method on the copper substrate offers excellent adhesiveness and exhibits high strength 
and stability. The wettability, porosity, and structural stability of the SiO2 and copper hybrid thin-fi lm coating have 
been controlled by various parameters in RF sputtering. The signifi cant enhancements achieved in BHT and CHF 

FIG. 9: Heat fl ux vs. wall superheat for SiO2 and copper hybrid thin-fi lm-coated surfaces
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over SiO2 and copper hybrid thin-fi lm coating during nucleate boiling could be the best suitable for environments 
like nucleate reactor cooling and electronics cooling applications.

3.6  Analysis of Bubble Formation and Departure

The formation of bubble on the surface was initiated at 19 W/cm2 for the wall superheat of 5 K at 250-nm-thick 
SiO2 and copper hybrid thin-fi lm-coated surface. But for 500-nm and 750-nm thicknesses, the bubble formation 
occurred earlier than for the low-thickness coating. The heat fl ux for 500-nm and 750-nm thicknesses have been 
obtained as 29 W/cm2 and 32 W/cm2 for the wall superheat of 5 K. The bubble formation has been started increas-
ing from 24 W/cm2 for 250-nm thickness of SiO2 and copper hybrid thin-fi lm-coated surface and more nucleation 
sites become active in nucleate boiling regime. The vapor bubbles not yet reached the water surface and it was 
condensed due to difference in the vapor pressure at this heat fl ux range. After some time, at a wall superheat of 8 
K for the heat fl ux 42 W/cm2 on 250-nm-thick hybrid-coated surface, the detached bubbles started reaching the wa-
ter surface and collapsed. The bubbles acted as energy carriers and most of the heat transfer occurred by means of 
vapor bubbles. The bubbles have been generated as jets and columns for the heat fl ux of 51 W/cm2 and the rate of 
bubble formation was very high for 250-nm thickness of SiO2 and copper hybrid coating. The rate of enhancement 
of heat transfer coeffi cient was signifi cantly high because a larger area is exposed for the heat fl ux range of 90 W/
cm2 at 250-nm thickness for the wall superheat of 13 K. At the same wall superheat of 13 K, the heat fl ux reached 
94 W/cm2 and 117 W/cm2 for 500-nm and 750-nm thicknesses. The heat fl ux has been obtained 1.3 folds higher 
than for the bare copper surface at the same wall superheat of 13 K. The heat transfer coeffi cient was enhanced by 
1.2 times greater than on the bare copper surface. At 750-nm thickness of SiO2 and copper hybrid-coated surface, 
the critical heat fl ux has been obtained as 200 W/cm2 and jump in temperature occurred at 19 K. The critical heat 
fl ux was signifi cantly higher than on the bare copper surface even for 250-nm and 500-nm thicknesses. A high crit-
ical heat fl ux at low wall superheat is the desirable situation for the safety of the boiling heat transfer equipment. 
The bubble formation and detachment at critical heat fl ux for SiO2 and copper hybrid thin-fi lm-coated surfaces 
was shown in Fig. 11. The heat transfer coeffi cient was 1.3 folds higher than on the bare copper surface for the 
wall superheat of 19 K. The tremendous enhancement was achieved because of more roughness at nano-scale 
which in turn improved the surface area. But the heat transfer coeffi cients have been obtained as 64% and 99% for 
250-nm and 750-nm thicknesses of thin-fi lm coating. The reduction rate of heat transfer coeffi cient at the higher 
coating thickness was signifi cantly low. The wetting and rewetting characteristics were found good at a higher 

FIG. 10: Heat transfer coeffi cient vs. heat fl ux for SiO2 and copper hybrid thin-fi lm-coated surfaces
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FIG. 11: Bubble formation and detachment of SiO2 and copper hybrid thin-fi lm-coated surfaces at a burn-out point for:
a) 250-nm thickness, b) 500-nm thickness, and c) 750-nm thickness

thickness of the SiO2 and copper hybrid-coated surface. The wettability and capillary action are the predominant 
factors for such remarkable enhancements of heat transfer. The present study revealed that the transformation of 
substrate structure was slow at higher thicknesses of SiO2 and copper hybrid thin-fi lm-coated surfaces. 

3.7  Analysis of Heat Transfer Surfaces after Test Run

The stability of the coating on the heat transfer surface is another important factor to be considered during the boil-
ing process with thin-fi lm deposition technique. The wettability is one of the dominant factors for the heat transfer 
enhancement of pool boiling process. The wettability could be affected if the coating gets damaged or contaminat-
ed due to duration of experiments. The thin-fi lm-coated surface may get contaminated due to oxide formation and 
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chemical reaction. In this investigation, it was observed that cavities on the surfaces were crowded and no such 
pores could be observed. The nature of the surface became smooth and the contact angle has been measured after 
several hours of the experiment. The contact angles of the SiO2 and copper thin-fi lm-coated surfaces (Fig. 12) after 

FIG. 12: Contact angle of SiO2 and copper hybrid thin-fi lm-coated surface after nucleate  boiling test run: a) 250-nm thickness, 
b) 500-nm thickness, and c) 750-nm thickness
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the experiment were found as 80o, 71o, and 67o for 250-nm, 500-nm, and 750-nm thicknesses, respectively. The 
blunt structure has been formed over the surface and smoothness was found after the experiment. The reduction of 
heat fl ux and heat transfer coeffi cient may be affected due the surface contamination. It is believed that low affi nity 
of water with the heat transfer surface which leads to the reduction of wetting characteristics of the thin-fi lm-coat-
ed surface. In some cases, copper may react with oxygen and create oxides of copper on the heat transfer surface 
and it may lead to the change in the ability of wetting on a thin fi lm.

4. CONCLUSIONS

The present study on pool boiling of saturated water on a SiO2 and copper hybrid thin-fi lm-coated surface was 
conducted at atmospheric pressure, and enhancement of critical heat fl ux and heat transfer coeffi cient has been re-
ported. The SiO2 and copper hybrid coating has been made on a copper surface of three different thicknesses such as 
250 nm, 500 nm, and 750 nm. The radio frequency sputtering technique has been employed for the thin-fi lm deposi-
tion. Surface wettability and surface roughness have been measured for the SiO2 and copper hybrid-coated surfaces at 
all thicknesses. The hydrophillic and superhydrophillic characteristics of the porous coated surface are evidenced for 
the enhancement of critical heat fl ux and boiling heat transfer coeffi cient. The microstructure of the hybrid coating 
has been explored and reported for the cause of enhanced heat transfer. The contact angle of the SiO2 and copper 
hybrid-coated surfaces after the pool boiling experiments has been measured and reported for further study.

• The contact angle of the SiO2 and copper hybrid-coated surface has been measured as 49o, 21o, and 19o for 
250-nm, 500-nm and 750-nm thicknesses, respectively. The thickness of the coating infl uenced the wettabil-
ity of the surface. The contact angle results revealed the wettability of the hybrid-coated surface improved 
signifi cantly while increasing the thickness of the coating. The highest thickness coating of 750 nm in this 
study evidenced the superhydrophillic property which is most favorable for critical heat fl ux enhancement.

• The roughness of the SiO2 and copper hybrid-coated surface evidenced to be increased towards the increas-
ing thickness of the coating. The higher surface roughness has been obtained at higher thickness of the coat-
ing. The surface roughness improves the area of heat transfer and establishes active nucleation sites on the 
boiling surface for the enhancement of heat transfer coeffi cient and critical heat fl ux.

• The critical heat fl ux enhancement has been achieved at all thicknesses of the SiO2 and copper hybrid-coat-
ed surfaces compared to the bare copper surface. The CHF enhancement was in the range of 44% to 62%. 
The enhancement has been evidenced 200 W/cm2 at 750-nm thickness of the coating.

• The maximum heat transfer coeffi cient of the SiO2 and copper hybrid-coated surfaces has been achieved at 
105 kW/m2 K for 750-nm thickness of coating. The signifi cant enhancement has been obtained because of 
the numerous nucleation sites actively participated in the heat transfer process also by wetting and rewetting 
characteristics.
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Abstract

High toughness epoxy resin hybrid composites were prepared using nanoclay,

SiC, and glass-caryota intra ply fibers. The main aim of this research was to

study the effect of adding Caryota urens natural fiber from biomass as a poten-

tial fiber along with synthetic glass fiber in load-bearing and wear properties of

nanoclay and silicon carbide (SiC) particle toughened epoxy composite. The

intra-ply glass-caryota fiber, silicon carbide, and nanoclay were surface-treated

using 3-Aminopropyltrimethoxysilane. The composites were prepared using

the hand lay-up method. The tensile result shows that the addition of 1 vol% of

the silicon carbide particle along with nanoclay in intra-ply glass-caryota fiber-

reinforced epoxy composite gives improved results than other composite desig-

nations. The wear properties show that the addition of silicon carbide of

1.0 vol% gives a lower specific wear rate of 0.024 mm3/Nm. Similarly, the com-

posite, which contains 1.0 vol% of silicon carbide and nanoclay gives higher

penetration resistance and energy absorption. In all properties, the addition of

silicon carbide modifies the values significantly. This high toughness intra-ply

glass-caryota fiber-reinforced silicon carbide/nanoclay toughened epoxy resin

composite could be used in automotive, sports components, domestic appli-

ances, and structural body applications.

KEYWORD S

drop load impact, filler, mechanical properties, natural fiber, PMC (Polymer Matrix

Composite), wear

1 | INTRODUCTION

Today the world requires high strength composite mate-
rials to serve many engineering applications such as auto-
mobile body, aircraft structures, defense armors, and
domestic instruments.[1] Since the size to strength ratio
and reliability they are highly preferable in many light-
weight engineering applications.[2] Environmental con-
strains to adopt green manufacturing techniques are
growing daily as faster rate due to the threatening of

global waste and its relative effects on humans and ani-
mals. Thus adapting to green materials and utilization of
agricultural biomasses as potential material is mandate.
There is lot of research going on in developing of biode-
gradable materials and agricultural biomass to reduce the
severity of environmental concerns.[3] There is more
number of new sustainable fibers and particles are devel-
oped from plant and animal biomasses by researchers all
over the world to prepare ecofriendly composite mate-
rials, which are less harm to environment. The fiber or
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particle acts as strength boosting elements in composites,
moreover the particle addition could develops some spe-
cial properties too.[4] Long continuous fibers could be
used in fiber strengthening whereas fewer dimensioned
particle could disperse into polymer matrix as particle
strengthening. Usually, fiber strengthening supports in
load bearing applications but particle strengthening
could improve the basic and special properties of matrix
material.[5] When adding high toughness nanoparticle
like nanoclay and microrubber into the matrix, the
toughness of matrix could improve at higher level with
marginal improvement in other important properties like
thermal, wear, and hardness. To improve such properties
in composites SiC, CBN, TiB2, and B4C could be added as
small dose along with toughening material.[6] These
selective additions could improve the notable properties
at significant level along with the primary load bearing
properties. Gokul et al.[7] studied the effect of adding
nanosilica and microrubber into glass-kevlar intra-ply
fiber-reinforced epoxy composite. The authors confirmed
that the addition of nanosilica along with rubber
improves the load bearing capabilities of matrix material
by providing high toughness. The addition of kevlar fiber
along with E-glass fiber as intra-ply model improves the
sudden load bearing and viscoelastic properties of the
composite. Varghese et al.[8] investigated the effect of car-
bon/E-glass intra-ply in low velocity impact, fatigue and
viscoelastic behavior of nanosilica toughened epoxy com-
posite. Author concluded that the addition of carbon fiber
along with E-glass fiber improved the stiffness and ductil-
ity, which led to improvement in fatigue and viscoelastic
behavior. However, the addition of nanosilica of 1 and
2 vol% further improved the fatigue and viscoelastic prop-
erties by improving stiffness. Similarly, Rajasekar et al.[9]

studied the effect of fiber bridging on mode-I inter-
laminar fracture toughness of carbon-aramid/epoxy
intra-ply hybrid laminates. The result indicates that the
intra-ply composition shows enhanced delamination
resistance with respect to the non-intra-ply composite
materials. The results also show that the intra-ply hybrid
composite has the highest fracture toughness due to
mode mixing of fibers. Budhe et al.[10] have done a
research study on theoretical assessment of the elastic
modulus of natural fiber-based intra-ply hybrid compos-
ites. The author studied the elastic and shear modulus of
jute/ramie, jute/sisal, and jute/curauá intra-ply hybrid
composites. According to the author's conclusion the
addition of natural fiber as intra-ply model improved the
elastic and shear modulus. Similarly, Rajesh et al.[11]

investigates the mechanical and dynamic mechanical
behavior of novel glass-natural fiber intra-ply woven
polyester composites. The results revealed that the intra-
ply woven fabric hybridization enhances impact and

damping properties of the composite significantly than
the tensile and flexural properties. Similarly, dynamic
mechanical analysis results revealed that the intra-ply
woven fabric composite with glass fiber yarns in warp
direction and jute and banana fiber yarns in weft direc-
tion (WGWJAB) gives higher damping characteristics
due to the multilevel interaction between fiber-fiber and
fiber-matrix.

Caryota urens fiber could be selected as a sustainable
fiber material for making high performance polymer
composites. This fiber could be prepared from the fruit of
the plant. Its density measures 0.84 g/cm3 and tensile
strength could be higher than other natural fibers like
jute, Spinifex littoreus, and areca. Krishnan et al.[12] con-
ducted a research on automobile break pad using
C. urens and SiC fillers. Authors concluded that the novel
C. urens fiber-reinforced epoxy composite could replace
the toxic asbestos material, which is existing in the brake
pad. Shetty et al.[13] studied the mechanical and wear
behavior of C. urens fiber in chopped form into polyester
resin. According to the author's conclusion C. urens fiber
addition in polyester resin improved the wear and
mechanical properties. This improvement was because of
the presence of thick walled hemicellulosic layer in the
fiber. Antony et al.[14] done a research on the effect of
adding silane modified C. urens fiber with aluminium
2024-T3 foil as multistacking sequenced form. The out-
come of study confirmed that the addition of C. urens
fiber along with aluminium 2024-T3 improved the load
bearing capabilities of composite by effective load sharing
phenomenon. Venkata prasad et al.[15] investigated the
effect of surface modifications and properties for C. urens
cellulose fiber-reinforced polymer composites. Author
observed that the tensile, impact, flexural, and hardness
are improved by both the treatments but alkaline treat-
ment gives the higher strength value than benzyl chloride
treatment. Similarly, Yamuna et al.[16] have done the
physical and thermal characterization of natural fiber
extracted from C. urens spadix fiber. They confirmed that
the C. urens spadix fibers could be a suitable reinforce-
ment in bioreinforced polymer composites for automotive
and structural applications.

Based on the previous literatures it is evidenced that
the volume of research work carried out using natural
fiber along with synthetic as an intra-ply model is very
less. Moreover, the present research study using C. urens-
glass fiber intra-ply model also not yet studied by any
researches. Based on this research gap the aim of present
study is identified. The present work is aimed to investi-
gate the significant importance of adding C. urens natural
fiber along with glass fiber as an intra-ply model. More-
over, the present study aims to demonstrate the effective-
ness of SiC particle addition along with nanoclay in
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epoxy matrix. All the reinforcements were used in
surface-treated condition rather as-received form. The
significance of hybrid reinforcement addition is evaluated
via mechanical, drop load impact, and wear behavior.
These high performance epoxy hybrid composite made
using natural fiber could be a potential material for many
engineering applications.

2 | EXPERIMENTAL

2.1 | Materials

The following materials are utilized in the preparation of
hybrid composite in this present study. The fibers, SiC,
and nanoclay were silane treated before use. The various
materials used in this present study are given in Table 1.
Similarly, Table 2 shows the C. urens fiber composition.

2.2 | Hand looming of intra-ply fiber

The intra-ply glass-caryota fiber fabric was prepared
using handloom weaving method with 0.22 cm of average
roving diameter. The weft and warp were maintained for
both glass and C. urens fiber as 4 mm. The weaving speed
was maintained as 1 square meter for every 8 h to ensure
better quality weave.[17] Figure 1 shows the graphical
image of intra-ply glass-caryota hybrid woven fabric pre-
pared and used in this present study.

2.3 | Surface treatment

The intra-ply glass-C. urens fabric and nanoparticle of
SiC and nanoclay were surface-treated using a silane
surface-modifier via aqua solution method. In this, the
aqua solution was prepared using ethanol and water.
Acetic acid of required quantity was used to adjust the
pH of the solution in the range 4.5–5.5 for better hydroly-
sis. The pH of the solution was measured using a digital

pH meter for all instant.[18] A 4 wt% of silane substance
was then added drop by drop and stirred gently by
sonicator.

The hybrid glass-caryota fiber and SiC/nanoclay parti-
cle were then immersed briefly into the aqueous-silane
solution and soaked for 10 min. The surface-treated fiber
and particle were separated from the solution and dried
off using a hot oven at 110οC for making siliconized
structure (Si-O-Si) on fiber and particle's surface.[19]

Figure 2(A,B) shows the Fourier transform infrared
(FTIR) spectra for both fiber and particle. The FTIR spec-
trum was recorded using a ATR mode FTIR spectrometer
(Bruker alpha) with standard testing procedure. It is
noted that the observed peaks confirmed the presence of
silane substance on the particle and fiber's surface.

2.4 | Composite fabrication

The composite making process was done in two steps.
First, the silane surface-treated SiC and nanoclay particle
was dispersed into the resin with the recommended vol-
ume percentage and stirred continuously until a com-
plete mixing takes place. The curing agent was then
added and the stirring process continued. Second, a lib-
eral coat of curing agent mixed colloidal epoxy resin was
applied on the composite making bottom plate and 40 vol
% of glass-caryota intra-ply fiber were laid one by one.
Totally four lamina was laid with uniform orientation.
The entrapped air bubbles during the composite making

TABLE 1 Materials for composite

Material Density (g/cm3) Specification Supplier

Epoxy resin 1.18 900 g/mol Huntsman India Ltd

3-Aminopropyltrimethoxysilane 0.90 179.8 g/mol Sigma Aldrich

Nanoclay 2.52 <20 μm Sigma Aldrich

SiC particles 3.21 <100 nm Nano Research Elements, India

E-glass fiber 2.54 600GSM Binani Industries Ltd

Caryota urens fiber 0.95 250GSM Metro Composite India

TABLE 2 Fiber composition

Structural content Value (wt%)

Cellulose 62.1

Hemicellulose 8.25

Holocellulose 0.44

Lignin 14.2

Ash 8.42
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process were evacuated using a cotton roller and the
excess resin was wiped out manually. The composites
were cured at room temperature for 24 h and post cured
at 120οC for 48 h in a hot oven. Thus hybrid epoxy com-
posite of various compositions was prepared.[20] Table 3

shows the designation and composition of fabricated
hybrid composites.

2.5 | Test specimen preparation

The post cured epoxy hybrid composites were cut for fur-
ther analysis by using an abrasive water jet machine
(Maxium water jets 1515, Kent) with an operating pres-
sure of 210 MPa, rate of flow of abrasive particle as
0.35 kg/min, the average abrasive particle size of 80 mesh
and jet nozzle diameter of 1.1 mm. At least five test speci-
mens were cut for each composite designation for com-
puting average results in each property.[21]

3 | CHARACTERIZATION OF
COMPOSITES

The fabricated composites were evaluated for their effec-
tiveness in mechanical, wear, and drop load impact
toughness properties. The tensile properties of pure UP

FIGURE 1 Graphical image of intra-ply glass-caryota hybrid

fiber [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 2 Fourier transform infrared spectra of fiber and particle [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 3 Designations and composition of hybrid composites

Material designation Resin (vol%) Fiber (vol%) Nanoclay (vol%) SiC (vol%)

R 100 — — —

RF 60 40 — —

RFP1 59 40 1 —

RFP2 58 40 2 —

RFP3 59 40 0.5 0.5

RFP4 58 40 1 1

Abbreviations: F, fiber; P, particle; R, resin.
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resin and its composites were tested in accordance with
ASTM D 638 and ASTM D 3039 M using a universal test-
ing machine (INSTRON 3000, UK) having 10 T of loading
capacity. The crosshead speed of 1.5 mm/sec was fixed
for all tests. The flexural strength of pure epoxy and its
composite was tested based on ASTM D 790-17 using a
UTM. The Izod impact toughness of pure epoxy and its
hybrid composites were tested using a mini impact tester
having 20 J capacity (Krystal equipment Pvt. Ltd, India)
based on ASTM D 256-10. The microhardness of compos-
ites was tested using a shore-D tester (Bluesteel make)
with steel ball indenter having included angle of
35 ± 1.0�. The test was conducted in accordance with
ASTM D 2240. The wear properties of resin and compos-
ites were tested using a pin-on-disc (Contact tribo sys-
tems India) following ASTM G 99-17 (2017). A maximum
load of 5 N, wear track diameter of 165 mm, sliding speed
of 800 rpm and maximum sliding distance of 400 mm
were fixed as process parameters. The drop load impact
damage behavior on the epoxy and its composites were
investigated using a drop load impact tester (INSTRON
9000, UK) based on ASTM D4762-18. The impactor has
hemispherical indenter with 10 mm diameter. A striker
mass of 10 kg and striking velocity of 4 m/s was

maintained as process parameters. The morphology of
reinforcements in the composites is scanned using a scan-
ning electron microscope (SEM) HITACHI, S3400, Japan.
The samples were coated with cold to prevent the charg-
ing effect.

4 | RESULTS AND DISCUSSION

4.1 | Mechanical properties

Figure 3(A-D) shows the tensile strength, flexural
strength, Izod impact toughness, and microhardness
values of pure epoxy and its composites. It is observed
that the pure epoxy gives very lower tensile strength of
74 MPa, a flexural strength of 99 MPa, Izod impact
toughness of 0.35 J and shore-D hardness of 88. This
lower value in properties is the cause of no strengthening
mechanism present in the pure epoxy resin. The highly
cross-linked pure epoxy holds high brittleness and pro-
vides very lower performance in mechanical
properties.[22]

It is further observed that adding intra-ply glass-
caryota hybrid fiber of 40 vol% and addition of nanoclay

FIGURE 3 Composite designations versus (A) tensile strength, (B) flexural strength, (C) Izod impact toughness, and (D) shore-D

hardness [Color figure can be viewed at wileyonlinelibrary.com]
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and SiC improved the mechanical properties. The
improvement of 46%, 49%, 51%, 56%, and 60% in tensile
strength is observed for composite designations RF,
RFP1, RFP2, RFP3, and RFP4, respectively. This
improvement is the outcome of adding high tensile
modulus E-glass and caryota hybrid fiber into the epoxy
resin matrix. The presence of fiber improves the load
sharing ability and arrest the crack propagation by
intra-ply fiber arrangement. More barriers in the form
of mixed glass and caryota fetch more strength via
suppressing the growth of microcracks. The presence of
mixed fiber absorbs the energy present in the mouth tip
of microvoids and hinders the further growth. Thus the
lower in stress intensity factor on the crack tip cannot
initiate the cleavage of matrix material. Moreover, the
high tear modulus of glass fiber depletes the large quan-
tity of force thereby improving the tensile strength.[23] It
is further noted that the addition of nanoclay increases
the tensile strength at the marginal rate. This improve-
ment is attributes to the toughness improvement of
matrix material after the addition of nanoclay particle
up to 2.0 vol%. It is further observed that the addition of
SiC into epoxy resin along with nanoclay enhances the
tensile strength by improving the Young's modulus of
the matrix. The high modulus SiC hinders the formation
of microcrack to higher level and maintains the fracture
modulus in the epoxy matrix thus improved the tensile
strength. The flexural strength of epoxy resin and its
composites gives remarkable values. An improvement of
43%, 46%, 49%, 52%, and 54% were observed in RF,
RFP1, RFP2, RFP3, and RFP4, respectively. The addition
of glass-caryota fiber greatly improved the bending mod-
ulus and flexural strength along with nanoclay content
of 1.0 and 2.0 vol%. This improvement is because of
adding more volume of nanoclay, which increased the
toughness by absorbing the large bending force on the
matrix by increasing the easy stretching of epoxy mole-
cules. Further adding small volume of SiC of 0.5 and
1.0 vol% marginally improved the bending modulus due
to marginal improvement in cross linking density. The
addition of filler increase the chance of clustering the
epoxy molecular chain thus improved the cross linking
density at marginal level.[24] It is observed that similar
improvements were observed in Izod impact toughness
too. The addition of intra-ply glass-caryota fiber along
with SiC and nanoclay increases energy absorption. A
large volume of SiC presented in epoxy hybrid compos-
ite gives highest Izod impact toughness of 6.33 J. The
high energy absorption and reduction of crack growth
along the fiber and particle-epoxy interface due to the
presence of nanoclay and SiC particles are the cause of
this improvement.[25] Similarly, the shore-D hardness
shows significant improvement for particle added epoxy

hybrid composite. The addition of hybrid fiber into the
epoxy matrix did not fetch any marginal improvement
in hardness but adding super hard SiC of 1.0 vol% gives
the highest hardness of 92 shore-D this is near 4.5% of
improvement on comparing with pure epoxy resin. This
notable improvement is because of adding hard SiC par-
ticles at a larger volume. When adding this particle they
may fill in polymer voids and reduces the free volume,
which arrests the mobility and stretching of secondary
polymer molecules. This nature would increase the
resistance against plastic deformation and hardness
improvement. However the improvement in cross
linking density around the particle surface due to the
attraction of free OH group in epoxy resin also the
another cause for improved hardness.[26]

Figure 4 shows the SEM fractographs of pure epoxy
resin (R), glass-caryota reinforced epoxy resin composite
(RF) and glass-caryota reinforced SiC and nanoclay
toughened epoxy resin composite (RFP4). Figure 4(A)
shows an almost flat fractured surface after tensile test.
There is no dimple and pit marks present. This reveals
brittle nature of pure epoxy resin. Figure 4(B) shows the
fractograph of glass-caryota reinforced epoxy resin com-
posite. The matrix shows finely mangled fiber counter-
part, which indicates improved adhesion with matrix and
increment of toughness via effective load sharing phe-
nomenon of hybridized fiber element. On comparing
with pure epoxy resin the matrix is presence with more
shear cups and striations. This confirmed the toughness
improved nature of composite. Figure 4(C) shows the
fractograph of highly reacted nanoclay phase on epoxy
matrix, which possibly improves the toughness of matrix
on compare with pure epoxy resin (R) and glass/caryota
epoxy composite (RF). Similarly, Figure 4(D) shows the
fractograph of both SiC and nanoclay toughened epoxy
resin composite. The fractured portion on matrix shows
pits and high wavy structure. This structure is possibly
due to the ductile and toughness improved matrix due to
the addition of 1.0 vol% of nanoclay and SiC content.
Comparing with R, RF, and RFP2 the RFP4 composite
shows highly reacted phase of reinforcements with
matrix. The broken fiber debris has the trace of epoxy
matrix, which indicates improved adhesion and effective
dispersion of nanofiller via the surface-treatment of fiber
and particle.[27]

4.2 | Wear behavior

Figure 5 shows the wear properties like Coefficient of
Friction(COF) and specific wear rate (sp. wear rate) of
epoxy and its composites. It is observed that the pure
epoxy resin gives COF and specific wear rate of 0.7 and
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0.045 mm3/Nm. This larger COF and sp. wear rate is the
cause of no wear resistance mechanism built up in resin.
The soft resin molecules exposed to abrasion disc and
abraded rapidly. The measured COF of 0.7 is typically
large value as compared to other composites.[28] But it is

observed that the addition of intra-ply glass-caryota
hybridized fiber into epoxy resin reduces the COF and
sp. wear rate of composite material. The lowered COF
and sp. wear rate of 0.55 and 0.031 mm3/Nm was
observed for composite designation RF. This

FIGURE 4 Scanning electron micrographs of (A) pure resin; (B) glass-caryota intra-ply fiber-reinforced resin composite; (C) highly

reacted phase of nanoclay particle on matrix; and (D) glass-caryota reinforced SiC and nanoclay toughened epoxy resin composite [Color

figure can be viewed at wileyonlinelibrary.com]

FIGURE 5 Graphs of (A) COF and (B) sp. wear rate versus composites [Color figure can be viewed at wileyonlinelibrary.com]

P. ET AL. 7 of 11

Page 1977 of 3066Page 1977 of 3066

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


improvement is because of the presence of high strength
glass and caryota fiber in the epoxy resin matrix.

The glass fiber contains ceramic particles, which
could withstand large force and heat developed. This
could reduce the wear loss due to thermal erosion. Simi-
larly, the presence of caryota fiber reduces the high COF
by its low surface energy surface thereby, decreases the
wear loss due to three-body abrasion and erosion. More-
over, the presence of fiber material within matrix reduces
the direct exposure of soft matrix phase with abrasion
disc. This would further reduce the three-body abrasion
phenomenon.[29] The decrement in COF and sp. wear
rate of 55.7%, 34.2% and 37.7%, 51.1% was observed for
composite designation RFP1 and RFP2, respectively. This
improved wear resistance is because of the addition of 1.0
and 2.0 vol% of nanoclay particle into the epoxy resin
matrix. The presence of nanoclay particle in matrix
bonded tightly with resin and reduces the direct expose
of epoxy phase to the abrasion disc during abrasion. Thus
epoxy molecules cannot easily erode and maintains high
sliding surface. Since the nanoclay contains silicate struc-
ture its stability and hardness is high and produces more
wear volume. It is observed that further addition of SiC

of 0.5 and 1.0 vol% improved the wear resistance by low-
ering the COF and sp. wear rate of glass-caryota
reinforced epoxy composite. The presence of super hard
SiC particle reduces the wear rate of epoxy resin by offer-
ing extreme hardness thus eliminates the wear loss via
thermal erosion, two body, and three body abrasion.
Meanwhile, the silane treated particle in epoxy matrix
bonded tightly via a chemical reaction and reduces the
chance of eviction of the particle during the abrasion pro-
cess. This phenomenon further reduces the three-body
abrasion thus very high wear resistance is observed with
SiC particle addition. A decrement of COF and sp. wear
rate of 55.7%, 68.6% and 60%, 73.3% were observed for
composite having 0.5 and 1.0 vol% of high hardness SiC
particle on comparing with epoxy resin. Figure 6 shows
the SEM image of worn surfaces of pure epoxy and its
composites. Figure 6(A) shows the worn surface of pure
epoxy resin after the wear process. The surface reveals
small pit marks, which indicates adhesion wear loss
mechanism. Figure 6(B) shows the worn surface of RF
composite designation. The glass-caryota fiber lamina on
the matrix surface shows debris of fiber lamina, which
reduces the direct contact of epoxy into the abrasion disc,

FIGURE 6 Scanning electron worn surface of (A) pure epoxy resin; (B) glass-caryota fiber-reinforced epoxy resin composite; (C) Fiber

patches of glass-caryota on epoxy resin; and (D) SiC dispersion in epoxy resin glass-caryota fiber composite [Color figure can be viewed at

wileyonlinelibrary.com]
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thus improved wear resistance is observed. However
there is a wavy matrix portion near to the fiber-matrix
interface, which explicates retained toughness due to the
presence of glass and caryota fiber and absence of void
filling SiC content.

Figure 6(C) shows the fiber patches of both glass and
caryota fiber after the abrasion process on composite.
The fiber lamina appeared as patches whereas the
remaining portions appeared as flat. This flat surface is
because of improved wear resistance by the addition of

SiC particle. The presence of SiC particle filled in the
voids of matrix and reduced the direct contact of bare
epoxy molecules into the disc. Thus flat worn surface is
observed. There is no pits and adhesion removed places
in the matrix portion like pure epoxy (R) and caryota-
epoxy composite (RF). Figure 6(D) shows the distribution
of SiC particle in the matrix medium. The silane-
treatment process improved the dispersion ability thus
facilitates the wear resistance by reducing adhesion wear
loss, two body and three body abrasion.[30]

4.3 | Drop load impact behavior

Figure 7 shows the drop load impact behavior of pure
epoxy and its composites. It is noted that the pure resin
gives very lower energy absorption (almost equal to
0.5 J). This very lower energy absorption is the cause of
the absence of load sharing microelements in the matrix.
But it is further noted that adding glass-caryota hybrid-
ized fiber into epoxy resin improved the energy absorp-
tion as higher rate. The energy absorption of 17.2 J was
observed for 40 vol% glass-caryota fiber reinforced epoxy
resin composite. This improvement is the reason for
effective load sharing ability of continuous and long fiber
elements. The uniformly mixed high stiffness glass fiber
greatly supported in load sharing phenomenon. The
intra-ply pattern effectively increased the load absorption
behavior via mode mixing form of glass and caryota

FIGURE 7 Drop load impact behavior of epoxy composites

[Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 8 Images of (A,C) glass-caryota reinforced epoxy composite and (B,D) SiC dispersed glass-caryota reinforced epoxy composite

[Color figure can be viewed at wileyonlinelibrary.com]
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fiber.[31] It is further noted that adding 1.0 and 2.0 vol%
of nanoclay particles in epoxy resin marginally decreased
energy absorption but takes higher time to deform. The
presence of high toughness nanoclay particle improved
the energy absorption via stretching of molecules during
sudden loading. Thus relatively higher energy absorption
is observed.[32]

It is further noted that adding 0.5 and 1.0 vol% of SiC
particle into epoxy resin along with nanoclay particle
greatly improved the tear modulus. The presence of high
strength and hard SiC particle observes the load effec-
tively and reduces the stress intensity factor of compos-
ite's inbuilt flaws. It is noted that adding more volume up
to 1.0 gives the highest energy absorption of 19.1 J. This
large energy absorption is the cause of effective load shar-
ing by uniformly distributed SiC particles.[33] This uni-
form dispersion could reduce the generation of
microcracks and propagation of already available inbuilt
microcracks. Thus adding SiC along with nanoclay into
epoxy resin significantly improved the energy absorption
behavior. Figure 8 shows the images of the drop load
pierced composite specimen. Figure 8(A,C) shows the
load receiving and penetration side of glass-caryota fiber-
reinforced epoxy resin composite. The fractograph shows
almost blind hole after the hitting of the impactor in both
load receiving and penetrating sides, which shows very
less energy absorption behavior of RF composite
designation.

The propagation of microcracks is the reason of this
plastic deformation. But Figure 8(C,D) shows the load
receiving and penetrating side of composite designation
RFP4. The fractograph reveals that the hole is not yet
open properly even after the hitting of the fast moving
impactor, which indicates high penetration resistance
against sudden load due to the presence of mixed fiber
high toughness nanoclay and super hard SiC particles.
The intra-ply format of fiber facilitates more barriers to
crack growth due to more fiber barrier in the form of weft
and warp of fiber. Thus the propagation of crack is
suppressed and absorbed in the mixed fiber interfaces
itself. Thus improvement in energy absorption is
observed.[34]

5 | CONCLUSION

Epoxy based hybrid composites were prepared using
glass-caryota hybrid fiber, SiC, and nanoclay particles.
The fiber lamina used here was an intra-ply format of
glass and C. urens fiber. The intra-ply fiber lamina was
prepared using hand looming method. The composites
were prepared using hand layup method with surface-
treated reinforcements. The outcome of the present study

is as follows. The addition of nanoclay particle along with
C. urens-glass intra ply fiber improves the tensile, flex-
ural, and impact properties of composite whereas adding
SiC particle up to 1.0 vol% improved the hardness up to
92 shore-D. The hybridizing of glass and caryota fiber
improved the mechanical properties with ecofriendly
nature. Utilization of natural and high sustainable fiber
facilitates the waste product management and recycling
of plant waste biomass. The wear behavior of epoxy com-
posite made of high toughness nanoclay with fiber
reduces the wear resistance. But addition of SiC improved
the wear resistance by lowering the coefficient of friction.
The COF and sp. wear rate of RFP4 measures 0.22 and
0.012 mm3/Nm. The drop load impact behavior shows
the highest energy absorption of 19.1 J for 1.0 vol% of SiC
dispersed glass-caryota intra-ply fiber-reinforced epoxy
composite. The reduction in microcrack propagation is
the cause of improvement. Thus the addition of glass-
caryota hybridized fiber and nanoclay improved the
mechanical properties of composites whereas addition of
SiC improved the wear resistance and drop load impact
toughness. Thus in the process of making high-
performance composites, the fiber hybridization via natu-
ral fibers fetches improved mechanical properties and
biocompatibility nature. Thus fiber and particle hybridi-
zation are essential to get overall best properties in com-
posite materials. These mechanically toughened, wear
behavior improved hybrid epoxy composites could be the
suitable alternate for metallic material in structural and
domestic applications.
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Abstract
In this study aluminium 2024 metal matrix composite was fabricated with lithium, silicon nitride and composite containing both
lithium and silicon nitride using stir casting route. XRD results presented for confirming the existence of the reinforcements after
the fabrication of composite. These fabricated composite samples were subjected to DUCOMpin on disc wear testing machine to
study its dry sliding wear behaviors. Load, Speed and time were varied for a constant sliding distance. The scanning electron
microscope was used to analyze the worn surface of wear tested composite samples. This study reveals that the increased sliding
speed and load decreases the wear rate. Addition of hard ceramic reinforcement such as silicon nitrides to the composite reduces
the wear coefficient and hence wear resistance is increased as compared to unreinforced alloy. The reduction in wear coefficient is
due to the formation of mechanically mixed layer which is induced by the addition of hard silicon nitride to the aluminium alloy.

Keywords Aluminium 2024 . Lithium . Silicon nitride . Pin on disc . Scanning electronmicroscope .Wear resistance

1 Introduction

Hybrid aluminium metal matrix composite (MMC) with ce-
ramic reinforcements finds its demand due to their unique
properties. Aluminium is being selected consistently as the
matrix material for different applications of metal matrix com-
posite [1]. The tribological behavior of aluminium composite
using pin on disc tester showed that the increase in the content
of reinforcements decreases the wear rate and coefficient of
friction. Addition of ceramic particles showed improvement in
the resistance of composite at high temperature applications
than the pure alloy [2]. Wear rate increased with increasing
load and distance for silicon carbide (SiC) reinforced compos-
ites [3]. Wear loss increases with different sliding distance for
aluminium oxide (Al2O3) reinforced composite when com-
pared with pure 2024 aluminium alloy [4]. It was also reported
as load, speed and sliding distance are the important factors
which affect the coefficient of friction; when load increases,

coefficient of friction also increased [5].Wear rate was found
to be constant when there is an increase in sliding distance [6].
Aluminium reinforced with zircon sand composite has a
higher wear resistance for varying load conditions which
was similar to that of aluminium composite reinforced with
silicon carbide [7]. Wear loss can considerably be lowered by
increasing the content of silicon in the composite [8]. Wear
loss can also be reduced by increasing the addition of ash
particles as reinforcement within the matrix [9, 10].
Decrease in sliding distance increased the friction force and
coefficient of friction for aluminium 7075 hybrid composite
[11]. In dry sliding wear behavior of graphite reinforced alu-
miniumMMC, sliding distance showed the highest significant
effects on wear loss and coefficient of friction [12]. Wear rate
and coefficient of friction is lowered at low load conditions
and when the load increased there is a considerable increase in
wear rate and coefficient of friction [13]. Increasing the
reinforcement increased the hardness and lowered the wear
coefficient in silicon carbide particulate (SiCp) and titani-
um oxide (TiO2) reinforced aluminium 6061 metal matrix
composite. Increase in the sliding distance also increased
the wear of the composite. Stir casting is the low cost
method for manufacturing of composite up to 30% of re-
inforcement [14]. Compared with unreinforced alloys, ce-
ramic reinforced composite with ductile matrix materials
such as aluminium possess better wear resistance [15].
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Studies clearly indicated that the addition of SiC reinforced
aluminium matrix enhanced the strength of composite with
increased wear resistance and mechanical properties [16].
SiC in aluminiummatrix composite makes the material brittle,
which can be reduced by adding TiO2. These hybrid compos-
ite possess good machining characteristics with increased tri-
bological properties for wide engineering applications [17,
18]. In reinforcing graphite and alumina with AlSi10Mg alloy,
3% of graphite with 9% of alumina in the composite signifi-
cantly improved the wear resistance [19]. Aluminium LM13
alloy reinforced with garnet and carbon by chill casting meth-
od indicated the maximum increase in mechanical properties
at 9% garnet and 3% carbon [20]. Increase in weight percent-
age of titanium carbide (TiC) increased the specific strength
and wear resistance for aluminium reinforced TiC composite
fabricated through argon atmosphere stir casting technique
[21]. Tribological property of aluminium with MoSi2 rein-
forcement showed that the shape and size of the reinforcement
have no correlation with process variables [22]. Dry sliding
wear behavior of Al 6351 alloy with Al2O3 and SiC reinforce-
ment clearly indicated that aluminium oxide in composite in-
creased the wear resistance irrespective of load conditions.
When silicon carbide is added to the matrix, improved wear
was obtained at low loads [23]. There is a decrease in tribo-
logical properties at optimum condition for Al6061 T6 alloy
reinforced Al2O3 and SiC ceramics. This decrease is due to the
formation of mechanically mixed layer (MML) by silicon car-
bide and load bearing with lubricant properties of aluminium
oxide [24]. Aluminium composite with red mud reinforce-
ment showed a constant wear rate at different sliding distance
after slight decrease at the initial stage [25]. From unidirec-
tional dry sliding friction of AA7075 with 0 to 8% of silicon
nitride (Si3N4) composite showed 37% of improved wear re-
sistance at 10 N load and 61% improvement at 50 N load for a
constant speed of one meter per second when compared to
matrix alloy [26]. The use of aluminium alloy in wear resis-
tance application is limited due to its low resistance to wear at
different conditions [27]. A lot of researchers focused on the

tribological properties of bare aluminium alloy at different test
parameters and condition [26, 28]. Wear resistance was found
to be increased with the increased SiC reinforcements to alu-
minium alloy [29]. The wear rate of AA7075 matrix with TiC
addition decreases the rate of wear for an increased weight
percentage of TiC reinforcement [30]. Wear resistance
showed an increment with increased Si3N4 reinforcement in
aluminium metal matrix composite (AMMC) as compared
with unreinforced matrix alloy [31].

From various studies, it was understood that there were
very limited work reported on the tribological properties of
Si3N4 reinforced aluminium composite. In this work an at-
tempt was made to analyses the tribological behavior of newly
developed aluminium composite with Lithium (Li) and Si3N4

reinforcements. Pin on Disc wear tester was used to study the
wear behavior of the fabricated composite at different loads
and speeds.

2 Materials and Methods

Aluminium 2024 alloy was chosen as the matrix material for
this study. Reinforcements used were Li and Si3N4. Chemical
composition of base matrix, aluminium alloy 2024 is listed in
Table 1. Table 2 shows the percentage composition of matrix,
reinforcement and notations used in this investigation.

Table 1 Chemical composition
of aluminium 2024 alloy Element Al Cu Mg Mn Fe Si Zn Cr Ti Ni

Weight % 92.59 4.85 1.36 0.67 0.25 0.16 0.07 0.03 0.01 0.01

Table 2 Percentage composition of matrix and reinforcement

Specimen Aluminum2024
(Wt%)

Lithium (Li)
(Wt%)

Silicon nitride
(Si3N4) (Wt%)

I 100 – –

II 98 2 –

III 90 – 10

IV 88 2 10
Fig. 1 Experimental set up Photograph of stir casting machine

Silicon
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Si3N4was selected as one of the reinforcement because of its
non oxide nature and low density (3.17 g/cc) ceramic material
with excellent resistance to wear. It also posses increased me-
chanical properties such as strength, hardness and toughness.
The unique properties of Si3N4 include chemical resistance,
low thermal expansion coefficient and oxidation resistance. It
is referred as black or grey colour. Li is soft and low density
(0.534 g/cc) solid element added as alloying element reduces
the density of the composite andmaking it better for lightweight
applications. Li is identified as silvery in colour.

A two step stir casting route with inert gas and direct chill
method was chosen for the composite fabrication. The setup
consists of a heating furnace in which the matrix alloy is melted
and mixed with the reinforcement. A motor operated stirrer with
speed regulation was also used to have a uniform mixing be-
tween the matrix and reinforcements by the continuous stirring
action. Inert gas was also used to protect the casting by providing
a barrier and stopping the reaction of the melt with the outside
environment to produce a defect free casting such as porosity and
oxide formation. Thematrix alloy wasmelted at a temperature of
750ο C and maintained at the same temperature in the furnace
about 1 h for homogenization. The hard ceramic reinforcement
was preheated at 500ο C for two hours and added directly to the
melt along with inert gas. The stirrer was rotated continuously at
300 rpm for 10 min and the mixed melt of matrix and reinforce-
ment was passed directly to the die circulated with cooling water

to provide direct contact of cooling water with molten metal for
faster solidification which reduces the reaction during the time of
solidification. The fabricated material was taken as the output for
required dimensions as the die shape. While preparation of Li
reinforced composite, the Li was held at another furnace at low
temperature where the melt from furnace 1 was transferred to
furnace 2 mixed and taken as cast material from the die
with cylindrical rod of 25 mm diameter and 300 mm length.
Figure 1 shows the stir casting machine used and Fig. 2 reveals
the fabricated composite rods for this investigation.

Diffraction patterns were obtained in the fabricated composite
metal with the following conditions: X-Ray - 40 kV / 15 mA,
Goniometer- MiniFlex 300/600, 2θ mode in the range of 3.00–
90.00 degrees with a minimum step size 2 Theta: 0.0200 degree
(Scan Type: Continuous slow scan) using X-Ray Diffractometer
(Make: PAN ANYLITICAL, Netherlands; Model: X’PERT-
PRO). The computer approach to the search/match problem
method was used in this investigation for indexing the identified
peaks. Use of chemical information to aid in this type of search
helps the ability to locate structurally related compounds having
chemistry different from the unknown.

Specimens were machined to the spherical pin of size 10 mm
diameter × 30 mm length as per ASTM G 99–17 standard. The
Specimen pin contact surface was cleaned for dirt and other
foreign materials. Pin on disc wear testing machine (Make:
DUCOM; Model: TR-20LE-PHM-CHM-400) shown in Fig. 3
was used for this study at room temperature with dry sliding
condition. The equipment consists of a revolving steel disc
(EN24) on which the pin is held by a lever arm and the other
end of the arm is connected to a controlled load which forces the
pin on the surface of the rotating steel disc. In this study sliding
distance was maintained constant to 1000 m. Speed and load
were taken as input parameter with varying values of 600 rpm
to 1500 rpm with intervals of 300 rpm for 9.81 N, 14.71 N and
19.62 N load. The output parameters analyzed were wear, coef-
ficient of friction (COF) and specific wear rate. Scanning electron
microscope (SEM) was used to analyze the wear mechanism
immediately after the wear test.

Fig. 2 Photograph of fabricated metal matrix composite rods

Fig. 3 Experimental set up of Pin
on Disc wear tester

Silicon
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3 Results and Discussions

3.1 XRD Analysis

Figure 4(a-c) depicts the XRD pattern for the composite com-
position Al + Li (Fig. 4(a)), Al + Si3N4 (Fig. 4(b)), and Al +
Li + Si3N4 (Fig. 4(c)) respectively. From these figures, it is
clearly understood that the existence of the matrix and rein-
forced phases in the fabricated composites namely the

aluminiummatrix, Li, and Si3N4 reinforcements in the respec-
tive composite as mentioned in Table 2.

3.2 Effect of Speed and Load on COF

The COF values for different speeds and loads are given in
Fig. 5. At 9.81 N load, the COF values of pure aluminium
2024 alloy (Specimen I) at a speed of 1500 rpm are found to
be minimum when compared with the speed of 600 rpm.
Increasing the speed from 600 rpm to 900 rpm shows an in-
creased value of COF. Further increasing the speed to
1200 rpm increases the values of COF and decreases when the
speed is increased to 1500 rpm as noticed in Fig. 5(a). When
considering the aluminium 2024 alloy reinforced with Li (spec-
imen II), the values of COF are concentrated at very closer irre-
spective of variation in speed. While considering the 2024 alloy
with Si3N4 as reinforcement (specimen III), for 600 rpm mini-
mum values of COF are obtained. Increase in speed to 1200 rpm
increases the values of COF whereas increasing the speed to
1500 rpm shows a decrease in COF values. Considering the
2024 alloy with both Li and Si3N4 as reinforcement (specimen
IV), it is clearly seen that there is a steady increase in values of
COF from 600 rpm to 1200 rpm and further increase in speed to
1500 rpm decreases the COF values. At a load of 14.71 N,
specimen I show increasing COF values till 1200 rpm and then
decreases when increasing the speed to 1500 rpm. The similar
trend was found for the other specimens II, III and IV, which are
similar to a load of 9.81 N as observed in Fig.5(b). Further
increasing the load to 19.62 N, it was clear from the graph that
increasing the speed from 600 to 1200 rpm increases the COF
value and then decreases when the speed is further increased to
1500 rpm for specimen I. But when considering the specimen II
and III, COF values are found to have a gradual increment with
increase in speed. Specimen IV shows a similar trend of speci-
men I, where, increase in speed increases COF values up to
1200 rpm and decreases with further increase in speed to
1500 rpm as seen in Fig. 5(c). Thus from the above result it is
clearly understood that, increasing the speed up to 1200 rpm
increases the values of COF and further increasing the speed to
1500 rpm decreases the COF value irrespective of load condi-
tions. This decrease in values of COF may be due to the forma-
tion of oxide layers called as MML at the interface at higher
revolutions.

3.3 Effect of SPEED and LOAD on WEAR

The wear rate for different speed and load are represented in
Fig. 6. For a load of 9.81 N, higher wear was found in the
specimen I at 600 rpm and 1200 rpm whereas for 900 rpm and
1500 rpm shows lower wear. Increasing the speed decreases the
wear for specimen II. The decrease in wear could be attributed to
the formation of MML at the interface. But for specimen III,
increase in speed increases the wear which could be the effect

Fig. 4 XRD image of composite; (a) Al + Li; (b) Al + Si3N4; (c) Al +
Li + Si3N4
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of the pull out nature of hard ceramic reinforcement of the com-
posite. Specimen IV shows a gradual decrease in wear when
increasing the speed as noticed in Fig. 6(a) . But, when the load
at 14.71 N, increase in speed increases the wear. Maximumwear
was found at 1200 rpm for specimen I. For specimen II, the wear
starts to decrease as the speed increases from 600 rpm to
1500 rpm. Wear for specimen III increases when the speed is
increased from 600 rpm to 900 rpm and then decreases when
increasing the speed to 1200 rpm and 1500 rpm. In specimen IV,
it was observed that the wear starts decreasing when increasing
the speed as observed in Fig. 6(b). This decrease in wear indi-
cates that the prepared composite offered good resistance to
wear. At the load 19.62N, for 900 rpm, lowerwearwas observed
as compared to 1200 rpm. Increasing the speed to 1500 rpm
shows a decreased value in wear for specimen I. For specimen
II, a similar trend of specimen I was found with lower wear
values. But for specimen III wear was increased when increasing
the speed. Maximum wear was obtained for a speed of
1500 rpm. Specimen IV shows an increasing wear value for
900 rpm and further increase in speed decreases the wear values
as seen in Fig. 6(c). Thus, from the graph it is understood that
wear was decreased for increased speed of 1500 rpm in the
specimens I, II and IV irrespective of load conditions. Whereas,
specimen III showed an increased wear for increased speed at
19.62 N. The increased nature of wear in specimen III could be

the presence of hard Si3N4 ceramic reinforcement [32]. The de-
crease in wear shall be related to the lower COF values and the
formation of MML at higher speed [33]. From the discussions it
is noted that the composite with both Li and the Si3N4 reinforce-
ment has a lowerwear, indicating good resistance towear and the
composite can be used for various applications where wear is a
predominant problem.

3.4 Effect of Speed and Load on Specific Wear Rate

Figure 7(a-c) shows the specific wear rate of the composite at
9.81 N (Fig. 7(a)), 14.71 N (Fig. 7(b)), and 19.62 N (Fig. 4(c))
load respectively. From the graphs, it is clear that increase in
load and speed increased the specific wear rate for the alumin-
ium 2024 alloy. Aluminium alloy reinforced with Li shows
slight decrease in specific wear rate for increasing loads as
compared to aluminium 2024 alloy. Considering the specific
wear rate of Si3N4 reinforced composite, higher wear rate was
recorded for all load conditions when compared with 2024
alloy. For the composite reinforced with Li and Si3N4, specific
wear rate values were found to be reduced when compared
with Si3N4 reinforcement and considerably closer to 2024
alloy. Thus from the results it is clearly noticed that specific
wear rate increases for increase in load and speed.

Fig. 5 Effect of speed and load on COF; (a) at 9.81 N; (b) at 14.71 N; (c) at 19.62 N

Fig. 6 Effect of speed and load on Wear; (a) at 9.81 N; (b) at 14.71 N; (c) at 19.62 N
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3.5 SEM Images of Worn Surfaces

Figure 8 shows the SEM images of aluminium alloy 2024 at
different load and speed. The fractograph (Fig. 8(a)) of worn
surface tested at 9.81 N load and 600 rpm speed reveals the
delamination wear. Delamination wear was noticed in Fig.

8(b). Figure 8(c) (tested at 900, 1200 rpm respectively) indi-
cates the formation of oxide layers. Increasing the speed from
600 rpm to 1500 rpm, there is a smooth worn surface along
with the formation of pits noted from Fig. 8(d). Increasing the
load to 14.71 N, forms of grooves with oxide layers are visible
in Fig. 8(e) for 600 rpm. For a speed of 900 rpm, grooves

Fig. 8 SEM images of aluminium alloy 2024 worn specimens; (a) at
9.81 N, 600 rpm; (b) at 9.81 N, 900 rpm; (c) at 9.81 N, 1200 rpm; (d)
at 9.81 N, 1500 rpm; (e) at 14.71 N, 600 rpm; (f) at 14.71 N, 900 rpm; (g)

at 14.71 N, 1200 rpm; (h) at 14.71 N, 1500 rpm; (i) at 19.62 N, 600 rpm;
(j) at 19.62 N, 900 rpm; (k) at 19.62 N, 1200 rpm; (l) at 19.62 N,
1500 rpm

Fig. 7 Effect of speed and load on specific wear rate; (a) at 9.81 N; (b) at 14.71 N; (c) at 19.62 N
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become wider along with the formation of pits seen in Fig.
8(f). For 1200 rpm delamination takes place as visible in Fig.
8(g). Increasing the speed to 1500 rpm, there is no change in
surface (Fig. 8(h)). Further increasing the load to 19.62 N, for
600 rpm large number of small grooves was found along the
surface noted from Fig. 8(i). When the speed is increased to
900 rpm, there exists a delamination wear along with
ploughing seen in Fig. 8(j). Further increasing the speed to
1200 rpm, smooth grooves with the formation of debris were
visible from Fig. 8(k). For the speed of 1500 rpm grooves gets
wider leading to the torn surface where the loss of material
takes place as evidenced from Fig. 8(l). From SEM images it
can be noted that for 9.81 N load, when speed increases, there
is an increase in material loss due to wear. This is because of
the abrasive action seen in the images. For a load of 14.71 N, it
is clear that for an increase in speed, it is noticed that the oxide
formation leading to the decrease in loss of material. Further
increase in load to 19.62 N, leads to the abrasive wear along
with the oxide formation from which it is concluded that wear
is increasing at a constant rate for increase in load and speed.

Figure 9 shows the wear images of aluminium composite
with 2 percentage Li as reinforcement. Fig. 9(a) shows the
delamination forms at 9.81 N 600 rpm. For speed of
900 rpm, massive oxides are formed as evidenced from Fig.
9(b). Increasing the speed to 1200 rpm delamination along
with groove formation was noted from Fig. 9(c). Fig. 9(d)
indicated that the smooth grooves along with torn surface
witnessing the plastic deformation due to the ductile nature
of the composite. Similarly, increasing the load to 14.71 N,
small pits were noted from Fig. 9(e) at 600 rpm. Increasing the
speed to 900 rpm as shown in Fig. 9(f) indicated the formation
of layers as a result of oxides of aluminium. Further increase
in speed to 1200 rpm (Fig. 9(g)) shows smooth grooves with
subsurface formation. At 1500 rpm (Fig. 9(h)) wider grooves
are visible along with delamination where the reason for this
observation could be the ductile nature of the matrix.
Increasing the load to 19.62 N, Pits formation with smooth
grooves were visible for 600 rpm in Fig. 9(i). From Fig. 9(j),
wider grooves with the forms of oxides were noticed at
900 rpm. Further increase in speed to 1200 rpm the grooves

Fig. 9 SEM images of worn specimens of lithium reinforced aluminium
composite; (a) at 9.81 N, 600 rpm; (b) at 9.81 N, 900 rpm; (c) at 9.81 N,
1200 rpm; (d) at 9.81 N, 1500 rpm; (e) at 14.71 N, 600 rpm; (f) at

14.71 N, 900 rpm; (g) at 14.71 N, 1200 rpm; (h) at 14.71 N, 1500 rpm;
(i) at 19.62 N, 600 rpm; (j) at 19.62 N, 900 rpm; (k) at 19.62N, 1200 rpm;
(l) at 19.62 N, 1500 rpm
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gets wider and torn surfaces are visible in Fig. 9(k). For
1500 rpm the surface is smooth with fine layers of delamina-
tion were visible in Fig. 9(l). From these images, it is conclud-
ed that the wear takes place due to the adhesive mechanism.
This is because of soft and ductile nature of the composite. As
load and speed increases, there shall be adhesive mechanism
that takes place leading to loss of material.

Worn surface of aluminium composite reinforced with 10
percentage Si3N4 as reinforcement for varying weight and
speed is shown in Fig. 10. For a weight of 9.81 N and
600 rpm, smooth grooves with grain pull out are seen in
Fig. 10(a). When speed increased to 900 rpm, the grooves
were seen wider with large number of pits as shown in
Fig. 10(b). Further increasing the speed to 1200 rpm deeper
grooves (ploughing) takes place with grain pull out as noticed
in Fig. 10(c). From Fig. 10(d), increased speed of 1500 rpm
shows a smooth surface with delamination. By increasing the
load to 14.71 N, shallow grooves with fine scratches for
600 rpm as evidenced in Fig. 10(e). In Fig. 10(f), delamination
with oxide layers formed on the worn surface was observed.

Increasing the speed to 1200 rpm, scratches were found finer
with torn surfaces as shown in Fig. 10(g). Grooves with grain
pull out were visible in Fig. 10(h). When the load is further
increased to 19.62 N at 600 rpm, fine layers with oxide for-
mation are visible in Fig. 10(i). Further increase in speed to
900 rpm, large numbers of grains with fine scratches are vis-
ible in Fig. 10(j). From Fig. 10(k) large ploughing is noted
because of the abrasive mechanism of material loss.
Increasing the speed to 1500 rpm, fine scratches were found
along with the torn surfaces as visible in Fig. 10(l). There is a
severe ploughing action noticed from the images at 9.81 N
load. As load and speed increases, it is noticed that there was a
pullout of grains seen due to the presence of hard ceramic
particles in the composite. The hardness of the composite
leads to abrasive action and thus reduces the wear loss of the
composite [32]. Thus, from the SEM images it is concluded
that the increasing load and speed increases the wear rate and
at a certain stage, there is a constant wear rate even for in-
creased load and speed.

Fig. 10 SEM images of worn specimens of silicon nitride reinforced
aluminium composite; (a) at 9.81 N, 600 rpm; (b) at 9.81 N, 900 rpm;
(c) at 9.81 N, 1200 rpm; (d) at 9.81 N, 1500 rpm; (e) at 14.71 N, 600 rpm;

(f) at 14.71 N, 900 rpm; (g) at 14.71 N, 1200 rpm; (h) at 14.71 N,
1500 rpm; (i) at 19.62 N, 600 rpm; (j) at 19.62 N, 900 rpm; (k) at
19.62 N, 1200 rpm; (l) at 19.62 N, 1500 rpm
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SEM images of aluminium composite with 2% Li and 10%
Si3N4 reinforcements is given in Fig. 11. Fig. 11(a) indicates
the formation of oxides for 9.81 N load at 600 rpm. Increasing
the speed to 900 rpm delamination with groove is formed
along with voids are visible from Fig. 11(b). From Fig. 11(c)
it is noticed that the ploughing takes place with grain pull out
and torn surface at 1200 rpm. Further increase in speed to
1500 rpm, shallow grooves with delamination was observed
in Fig. 11(d). When the load is increased to 14.71 N, at
600 rpm fine scratches are visible on the worn surfaces as in
Fig. 11(e). Increasing the speed to 900 rpm, ploughing takes
place which can be visible in Fig. 11(f). From Fig. 11(g) torn
surfaces are visible along with ploughing at 1200 rpm, which
can be the effect of hard ceramic reinforcement within the
composite. Further increases in speed to 1500 rpm, deeper
grooves were identified with smooth surface from
Fig. 11(h). Increasing the load to 19.62 N, for 600 rpm it is
identified from Fig. 11(i) that smooth surface are visible with
fine scratches along the direction of wear. These scratches are
wider with deeper grooves (ploughing) for 900 rpm as shown

in Fig. 11(j). Fig. 11(k) unviels the presence of ploughing to
smooth groove surface at greater speed of 1200 rpm. This
indicates that the wear rate is decreased or maintained at a
steady state. For the speed of 1500 rpm (Fig. 11(l)), it is no-
ticed that there is again the transfer of layers from groove to
smooth torn surface along with delamination. The above dis-
cussion clearly reveals that, ploughing action is seen for an
increase in speed at minimum loads. By further increasing the
load there exists MML along with the abrasive action. This
MML acts as an interface and thus reduces the loss of material
when contacted with other materials. There is also a delami-
nation noted when increasing the load and speed [33]. After
certain limit, there is a change in wear rate as the images are
reversed from ploughing to fine and smooth surface which
confirms that increasing the load and the speed increases the
wear rate and thus at certain limit the wear rate decreases even
for an increasing load and speed as evidenced from various
SEM images from Fig. 11.

SEM images of Al2024 matrix alloy shows the formation
of delamination and an oxide layer indicating the wear is due

Fig. 11 SEM images of worn specimens of lithium and silicon nitride
reinforced aluminium composite; (a) at 9.81 N, 600 rpm; (b) at 9.81 N,
900 rpm; (c) at 9.81 N, 1200 rpm; (d) at 9.81 N, 1500 rpm; (e) at 14.71 N,

600 rpm; (f) at 14.71 N, 900 rpm; (g) at 14.71 N, 1200 rpm; (h) at
14.71 N, 1500 rpm; (i) at 19.62 N, 600 rpm; (j) at 19.62 N, 900 rpm;
(k) at 19.62 N, 1200 rpm; (l) at 19.62 N, 1500 rpm
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to the adhesive mechanism leading to more wear loss. From
the images of composites with hard ceramic reinforcements,
larger width track with ploughing is seen which indicates the
wear mechanism is due to the abrasive nature [28].When hard
ceramic particles are reinforced with the matrix alloy, there is
a movement of wear mechanism from adhesive to abrasive.
This is due to the action of ceramic reinforcement which im-
proves the hardness and thus restricts plastic deformation of
material leading to reduced material loss thus increasing wear
resistance [32]. Strong interfacial bonding between the matrix
and reinforcement is the reason for the increase in wear resis-
tance. Various forms of wear modes are seen from different
images such as oxide layer formation called as MML, delam-
ination due to adhesive and ploughing by abrasive action [33].
Thus the developed aluminium composite can be utilized for
materials at high speed applications.

4 Conclusions

From this investigation, the following important conclusions
were drawn:

Aluminium 2024 composite was successfully fabricated
through stir casting route.

XRD results confirms the presence of reinforcements in the
matrix.

At lower sliding speed the wear rate was found to be higher
as compared to higher speed irrespective of load.

Lower wear rate was observed at higher load irrespective of
different composite fabricated.

Composite with Li + Si3N4 reinforcements has a lower
wear rate at higher sliding speed and higher load conditions.

Thus the fabricated aluminium 2024 + Li + Si3N4 compos-
ite is best suitable as wear resistant material for high speed and
high load applications.
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Abstract
Aluminium alloy finds widespread applications in numerous engineering industries because of its tremendous properties.
However aluminium alloy possess poor wear resistance. This study aims to analyze the effect of Al2O3 reinforcement on the
dry sliding performance of AA8011matrix composites for braking applications. AA8011matrix composite was produced via stir
casting (SC) method. The various compositions are AA8011, AA8011- 4 wt.% Al2O3, AA8011–8wt. %Al2O3 and AA8011-
12wt. %Al2O3. The Al2O3 particle distribution in the AA8011 matrix was studied via scanning electron microscopy (SEM).
Hardness (H), tensile strength (TS) and compressive strength (CS) of the composites were studied. As of the study it has been
found mechanical properties were higher on AA8011–8 wt.% Al2O3 composites. Hence AA8011–8wt. %Al2O3 composite was
subjected to wear test at different process parameters load (P), disc velocity (V) and distance (D). The experiments were
demonstrated via L9 orthogonal array. The results were optimized through Grey Relational Analysis (GRA). Optimum process
parameters to attain the minimum wear rate and coefficient of friction (COF) was identified though the Grey relational analysis
(GRA). ‘P’ was the utmost significant factor for the wear resistance and COF. Results showed that, the minimum wear and COF
can be achieved for the P - 10 N, V - 3 m/s and D - 1500 m. From ANOVA, it has been found that load is the utmost noteworthy
parameter (58.97%) impelling wear and COF.

Keywords AA8011 . Al2O3
. Stir casting . Grey relational analysis . ANOVA

1 Introduction

Compositematerials are rapidly replacing the existing tradition-
al engineering materials despite of its outstanding properties
[1]. The properties of the materials may be custom-made via
changing the weight percentage of reinforcements in matrix.
Aluminium is one of the major material for the fabrication of
metal matrix composites (MMC) despite of better strength,
excellent wear resistance and good dimensional stability.
AMC are being considered as important material in aerospace,

military, naval and constructional applications. However many
process were available for the fabrication of MMC, SC was
found to be an economical and easier way for the production
of aluminiummatrix composites [2, 3]. Michael Rajan et al. [4]
fabricated AA7075 reinforced with TiB2 composites using SC
technique. The investigation concluded that incorporation of
TiB2 particles improved mechanical properties of the MMC.
Ali kankali et al. [5] synthesized Al7075/SiC composites by
changing the weight percentage between 0 to 30% and reported
that the mechanical properties were high on 10 wt% of SiC
composites. Ul Haq M.I et al. [6] fabricated Al7075/Si3N4

MMC via SC to study the dry sliding wear and COF. He re-
ported that Si3N4 particles improves the wear resistance and
improved the mechanical properties. P. Anitha et al. [7] ex-
plored the wear behavior of Al7075 hybrid composite strength-
ened by alumina and graphite particles synthesized via SC. The
results exposed that addition of reinforcements reduced the
wear of composites significantly. Shivaprakash Y. M. et al.
[8] analyzed the wear behavior of AA2024/fly ash particles.
Wear and COF were reduced by adding the fly ash particles
than base materials. K. Somasundara Vinoth et al. [9]
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synthesized AlSi10Mg/SiCp and optimized the dry sliding
wear parameters using response surface genetic algorithm.
Ghanaraja S et al. [10] analyzed the mechanical properties of
hot extruded Aluminium/TiO2 MMCs. It has been stated that
extreme H and TS were achieved for 12 wt% TiO2 reinforced
with Al. H. Siddhi Jailaniet al [11] developed Al-Si (12 Wt.%)
alloy–fly ash composites through powder metallurgy process
and explored the wear behavior of composites. S.
Gopalakrishnan et al. [12] fabricated AA6061 matrix compos-
ite strengthened with titanium carbide particles via SC route to
improve the tribological properties of the matrix metal. The
wear properties were analyzed through pin-on-disc apparatus.
The results reported that specific strength and wear properties
were enriched through the inclusion of TiC particles. B. Vijaya
Ramnath et al. [13] produced and analyzed the mechanical
properties of aluminium hybrid composite strengthened with
Al2O3 and B4C. The MMCs were synthesized through SC by
varying the weight percentage of reinforcements. T. Rajmohan
et al. [14] synthesized Al356 hybrid composites to examine the
mechanical and wear behavior by adding SiC and mica parti-
cles via SC to increase the tribological properties of the com-
posites. B. Ashok Kumar et al. [15] manufactured AA6061
composites reinforced with AlN particles through liquid metal-
lurgy. Themechanical behaviour of the composites was studied
and dispersion of particles was analyzed using optical and SEM
images. P.B. Pawar et al. [16] et al. fabricated aluminium ma-
trix composites strengthened with SiC particles using liquid
metallurgy technique. Hardness test and SEM images were
investigated in this work for spur gear applications. Abhishek
Kumar et al. [17] synthesized aluminium 359 alloy AMCswere
fabricated via electromagnetic SC process to control solidifica-
tion rate. The composites were reinforced with alumina parti-
cles to explore the variation in mechanical properties by adding
the reinforcement. Kenneth Kanayo Alaneme et al. [18] inves-
tigated the corrosion and tribological properties of Al-Si-Mg-
rice husk ash and SiC particles composites. The composites
were processed by SC by changing the weight percentage of
reinforcements. S.A. Sajjadi et al. [19] fabricated A356 alumin-
ium alloy strengthened with micro and nano alumina particles
via liquidmetallurgy route to study the H andCS. Dispersion of
reinforcements were through SEM and optical microscopy.
The result reveals that properties were enhanced by inclusion
of reinforcement. K.Umanath et al. [20] examined the tribolog-
ical behavior of Al6061 alloy strengthened with SiC and Al2O3

particles. The hybrid composites were synthesized via liquid
metallurgy. M. Uthayakumar et al. [21] developed fly ash re-
inforced AA6351AMCs through SC to analyze the tribological
properties of the composites. The effects of parameters were
optimized by GRA. K. Ravi Kumar et al. [22] synthesized the
AA6063 strengthened with TiC particles via liquid metallurgy
route to analyze the microstructure and mechanical behavior of
composites. Kenneth Kanayo Alaneme et al. [23] examined the
microstructure and mechanical properties of ground nut shell

ash and SiC reinforced AMCs. The result reveals that the me-
chanical properties were enriched through incorporation of
ground nut shell ash particles. K. Ravikumar et al. [24] fabri-
cated AA 6082/TiC composites to analyze the mechanical
properties. The MMC were synthesized via SC by changing
the weight fraction of tungsten carbide particles. It has been
concluded that the properties were improved initially and de-
creased later by adding the reinforcements. B. Praveen Kumar
et al. [25] investigated the mechanical behaviour of Al-4.5%Cu
alloy strengthened via bamboo leaf ash.

From the literature, this work involves to synthesize
AA8011- Al2O3 composites and optimize the wear parameters
for minimum wear and COF.

2 Experimental Details

In this research, AA8011 (Fe- 0.8, Si- 0.7, Cu-0.15, Mn- 0.15,
Mg- 0.09, Zn- 0.25, Ti- 0.15 and Al- remaining) was rein-
forced with Al2O3 and synthesized through stir casting pro-
cess. The experimental plan was represented in Fig. 1. The
AA8011-Al2O3 composites were fabricated via SC route
through changing the weight Al2O3 weight percentage.
Al2O3 particles were weighed in electronic weighing machine
and preheated in muffle furnace at 350 °C to improve the
wettability of Al2O3 with AA8011. AA8011 was introduced
into graphite crucible as billets and melted at 800 °C temper-
ature. Vortex was formed in the molten slurry by mechanical
stirring action. Warmed Al2O3 particles were acquaint with
into the vortex which was produced by stirring action. The
slurry was mixed simultaneously by the stirrer during the ad-
dition of Al2O3 particles for homogeneous distribution of
Al2O3 particles in the melted AA8011 at 300 rpm for
15 min. Finally the stirred slurry were poured and casted into
preheated rectangular mold in the dimension of 100 mm×
100 mm× 10 mm and in cylindrical mould having the dimen-
sion of 100 mm length and 20 mm diameter.

To analyze the dispersion of Al2O3 with the matrix, SEM
images (VEGA3, TESCAN, Czech Republic) was used. The
Rockwell Hardness (B scale) was used to measure the hard-
ness by applying 100 Kgf load in three points on the speci-
men. The hardness of the sample was determined according to
ASTM standard E18.

The tensile test was carried out via computerized UTM.
The test samples were prepared according to ASTM E08–8
standard. The compressive test was carried out by using com-
puterized UTM and the samples were prepared according to
ASTM E9–09 standards.

Tribological behavior of the AA8011–8 wt.% Al2O3 com-
posites were investigated through pin on disc device displayed
in Fig. 1 (f). The samples were machined in to size of 32 mm
length and 10 mm diameter pin as ASTM G-99 standard. EN
– 31 hardened steel disc was used as counter facing surface
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with the diameter of 90 mm. P, V and D were preferred as
process variables and their levels were detailed in Table 1. The
experiments were done using L9 OA and the parameters were
optimized via GRA.

3 Results and Discussion

3.1 SEM Analysis

SEM images of the AA8011, AA8011-4wt.%Al2O3,

AA8011–8wt.%Al2O3 and AA8011-12wt.%Al2O3

composites were reported in Fig. 2 (a-d). Figure 2 (a) shows
the no evidence for the occurrence of Al2O3 particles in the
AA8011 matrix. Figure 2 (b - d) displays the occurrence of
Al2O3 particles in the matrix AA8011. Figure 2 (b) and 2 (c)
specifies that the Al2O3 particles were distributed evenly in
the AA8011 matrix. From Fig. 2 (d), it can be found that the
addition of 12% of Al2O3 will result in agglomeration of the
particles which degrades the properties of the composites.

3.2 Influence of Al2O3 on Mechanical Properties

Figure 3 displays the influence of Al2O3 particles on the hard-
ness of the AA8011 composite. From Fig. 3, it was clear that
hardness was improved by adding 4% (57 HRB) and 8% (62
HRB) of Al2O3 particles paralleled to the base metal (52
HRB). The reason behind the improvement of hardness in
composites was generation of dislocations because of variance
in thermal enlargement between AA8011 and Al2O3. [29].
However the hardness begins to reduce while adding 12%
Al2O3 particles (54 HRB). The cause behind the reduction in
hardness at 12%Al2O3 was poor dispersion of Al2O3 particles

Table 1 Process parameters and their levels

Symbols Parameters Unit L1 L2 L3

A P N 10 15 20

B V m/s 1 3 5

C D m 1000 1500 2000

Fig. 1 Experimental Plan
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in AA8011. From Fig. 2 (d), the agglomeration of reinforce-
ment can clearly identified, it could be understood that if the
addition of Al2O3 particle exceeds 8% agglomeration could
occur. It was evident that 8% Al2O3 composite has maximum
hardness compared to other composites.

Figures 4 and 5 displays the TS and % elongation of the
casted AA8011- Al2O3 composites. Figure 4 clearly depicts
that the TS was improved gradually by the accumulation of
Al2O3. The TS of all the composites was greater matched to
the base matrix which proves that the incorporation of Al2O3

particles enhances the TS than the base metal with no substan-
tial deprivation of % elongation to failure of the composites.

The TS was found to be maximum up to the addition of 8% of
Al2O3. The increase in TS can be discussed based on load
distribution to the reinforcement from matrix and the yield
strength of the reinforcement particles. Yield strength of the
material could be defined as role of reinforcement weight
fraction via the subsequent expression.

σc ¼ σm Wr 1þ S=2ð Þ þ 1−Wrð Þ½ �

Where σc = composite yield strength, σm =matrix yield
strength, Wr = weight fraction of reinforcement and s = aspect
ratio of reinforcement particles. From the expression it could
be understood that increasing the weight fraction of reinforce-
ment improves the yield strength of the composites i.e. the
capacity of the composites is maximum for with standing load

Fig. 2 (a) Pure AA8011, (b) AA
8011–4 wt.% of Al2O3 (c) AA
8011–8 wt.% Al2O3 and AA
8011–12 wt.% Al2O3

Wt % of Al2O3
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Fig. 3 Effect of Al2O3 on hardness Fig. 4 Effect of Al2O3 on Tensile Strength
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[34]. However the inclusion of Al2O3 particles degrades the
TS despite of poor distribution of the Al2O3 particles in the
AA8011.

Figure 6 displays the CS of the AA8011- Al2O3 compos-
ites. It is evident that the CS improves gradually by expanding
the weight percentage of Al2O3 particles than the matrix alloy.
And also it can be observed that the CS related to TS increas-
ing similarly respect to the homogeneous distribution of
Al2O3 particles in AA8011 matrix. The occurrence of stiffer
Al2O3 particles in the matrix AA8011 resist the wave of dis-
locations and plastic flow in the matrix which improves the
CS of the composites [35]. But as in TS, the poor distribution
of Al2O3 particles in matrix AA8011 degrades the CS after
exceeding the incorporation of Al2O3 particles above 8%.

3.3 Wear and Frictional Analysis for AA 8011–8% of
Al2O3 Composite

From the above results, AA 8011–8 wt.% Al2O3 composite
displays superior mechanical properties H, TS and CS than
AA 8011-4 wt.% of Al2O3 and AA8011-12 wt.% Al2O3 com-
posite. Wear and frictional analysis were done to determine
the better parameters to achieve least wear and COF of the
composite using GRA. Trials were carried out as per L9 OA as
designed and experimental results were recorded in Table 2.

3.3.1 Grey Relational Analysis

In two or more response problem, it is difficult to identify the
optimum parameter for the responses. This situation is called
as grey which means indeterminate information. So, a tech-
nique called as grey relational analysis is employed to analyze
the complicated uncertainty with the help of grey relational
grade. Scientist Deng proposed this theory in 1982. Grey re-
lational analysis could be efficiently enforced to elucidate
multi response problems. Initially the data is normalized in
the range 0 and 1 [26].

In this work, the response values were wear rate and COF
should be minimum. So the response values are normalized
using “smaller the better quality” character by Eq. 1 and re-
ported in Table 3.

y*i xð Þ ¼ maxyi xð Þ−yi xð Þ
maxyi xð Þ−minyi xð Þ ð1Þ

where m and n denotes the number of experimental data and
responses. yi(x) designates the original sequence, yi*(x) des-
ignates the arrangement subsequently the data preprocessing,
max yi(x) exemplifies the extreme value of yi(x), min yi(x)
exemplifies the least value of yi(x), and x is the required value.
After the normalization, Grey relational coefficient ξ is calcu-
lated using Eq. 2 and recorded in Table 3.

ξi Kð Þ ¼ Δminþ pΔmax

Δxi kð Þ þ pΔmax
ð2Þ

Finally, grey relation grade (GRG) was determined to
change multi response problem into single response problem
and GRG indicates the relationship between comparability
and reference sequence [27]. GRG was calculated using Eq.
3 and ranked in order which is shown in Table 3.

γi ¼
1

n
∑n

i¼1ξi kð Þ ð3Þ

Fig. 5 Effect of Al2O3 on Percentage Elongation

Fig. 6 Effect of Al2O3 on Compressive Strength

Table 2 Experimental results

Sl. No. Load
(N)

Disc velocity
(m/s)

Sliding distance
(m)

Wear rate
(mm3/m)

COF

1 10 1 1000 0.00482 0.312

2 10 3 1500 0.00397 0.264

3 10 5 2000 0.00381 0.281

4 15 1 1500 0.00248 0.326

5 15 3 2000 0.00454 0.287

6 15 5 1000 0.00668 0.364

7 20 1 2000 0.00507 0.442

8 20 3 1000 0.00696 0.371

9 20 5 1500 0.00742 0.351
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Where, γi is the necessary GRG for ‘i’th experiment
and n = number of response values. Figure 4 shows the
interaction for GRG with load, disc velocity and sliding
distance.

From GRG, influence of each parameter was calculat-
ed and presented in Table 4. The optimum parameter
was chosen based on the higher mean values in response
table for each parameter. From the Fig. 4, the optimum
parameter chosen from the peak points for better wear
resistance and minimum COF was A1-B2-C2 i.e. load
10 N, disc velocity of 3 m/s and sliding distance of
1500 m. From the rank in Table 4 and Fig. 7, it can
be determined that load was the most inducing parameter
trailed by sliding distance and velocity for minimum
wear and COF.

Next optimal value of GRG for predicted parameters was
calculated to identify the improvement by conducting confir-
mation experiments. The optimal value was predicted using
the Eq. 4.

γe ¼ γm þ ∑r
i¼1 γi−γmð Þ ð4Þ

where r denotes the total number of input process pa-
rameters, γi denotes the mean GRG value at the opti-
mum level of ‘i’th parameter and γm indicates total mean
GRG. From Eq. 4, the optimal GRG for the predicted
parameter was 0.8486.

3.3.2 Analysis of Variance (ANOVA)

ANOVA was conducted at 95% confident level to find the
major impact of parameters. ANOVA is also utilized to iden-
tify the percentage role of individual wear parameters which
influences the response values [28]. ANOVA was performed
for GRG and reported in Table 5. From Fig. 8, it can be noted
that load was the dominating parameter to attain better wear
resistance andminimumCOF of theMMCwith a contribution
of 58.97% [30].

3.3.3 Impact of Process Parameters on Wear

Figure 9 (a- c) displays the contour plot for wear versus load,
disc velocity and sliding distance to understand the dominat-
ing process parameter for least wear rate. Figure 9 (a) indicates
the contour plot for the wear relating to load and disc velocity.
From Fig. 9 (a), it can be understand that the wear rate was
minimum (<0.003 mm3/m) at lesser disc velocity (1 m/s) and

Table 3 Grey Co-efficient and
GRG Exp No. Normalized values Deviation Sequence Grey Co-efficient GRG Rank

WR COF WR COF WR COF

1 0.526316 0.730337 0.473684 0.269663 0.513514 0.649635 0.582 5

2 0.698381 1 0.301619 0 0.623737 1 0.812 1

3 0.730769 0.904494 0.269231 0.095506 0.65 0.839623 0.745 3

4 1 0.651685 0 0.348315 1 0.589404 0.795 2

5 0.582996 0.870787 0.417004 0.129213 0.545254 0.794643 0.670 4

6 0.149798 0.438202 0.850202 0.561798 0.370315 0.470899 0.421 6

7 0.475709 0 0.524291 1 0.488142 0.333333 0.411 8

8 0.093117 0.398876 0.906883 0.601124 0.355396 0.454082 0.405 9

9 0 0.511236 1 0.488764 0.333333 0.505682 0.420 7

Table 4 Response table for mean GRG

Parameters Level1 Level 2 Level 3 Delta Rank

Load 0.7128* 0.6284 0.4117 0.3011 1

Disc velocity 0.5957 0.6289* 0.5283 0.1005 3

Sliding distance 0.4690 0.6754* 0.6085 0.2064 2
Level 1 Level 2 Level 3

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

Load
Disc Velocity
Sliding Distance

Fig. 7 Main effects plot for response table
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load (10 N). By increasing the load and sliding distance the
wear rate gradually increases. Figure 9 (b) displays the con-
tour plot for load and sliding distance for the response wear
rate. Fig. 9 (b) specifies that at nominal load (15 N) and disc
velocity (3 m/s), the wear rate was lower (<0.003mm3/m)
compared to higher load and disc velocity. It also shows that
the wear was larger at higher loads irrespective of sliding
distance. Figure 9 (c) displays the plot for the response wear
rate with respect to sliding distance and disc velocity. From
Fig. 9 (c) it can be understand that the lesser wear
(<0.003mm3/m) occurs at lower disc velocity and sliding dis-
tance. This is despite of lesser contact time amid the disc and
pin [32]. And also it is noted that larger wear (>0.007 mm3/m)
was observed by increasing the disc velocity.

3.3.4 Impact of Process Parameters on COF

Figure 10 (a-c) exemplifies the contour plot for COF with
respect to load, disc velocity and sliding distance.
Figure 10 (a) indicates the plot for COF with respect to
load and disc velocity. From Fig. 10 (a), it can be ob-
served lesser COF (<0.28) at minimum loading condition
(10 N) and nominal disc velocity (3 m/s). And also it

indicates higher wear rate (>0.4) by increasing the load
even at lower disc velocity. Figure 10 (b) demonstrates
the plot load vs. sliding distance for COF. Figure 10 (b)
shows the minimum COF (<0.28) at lower load (10 N)
and average sliding distance (1500 m). COF was maxi-
mum (>0.4) at higher by increasing the load and sliding
distance. Figure 10 (c) displays the plot for COF relating
to sliding distance and disc velocity. Figure 10 (c) indi-
cates that the COF will be low (<0.28) at average disc
velocity (3 m/s) and sliding distance (1500 m). However
there was no any variation in COF by changing the slid-
ing distance.Fig. 8 Influence of wear parameters

Table 5 ANOVA

Source DF Adj SS Adj MS F-Value Contribution
(%)

Load 2 0.14475 0.072376 7.85 58.97

Disc velocity 2 0.01575 0.007874 0.85 6.42

Sliding
distance

2 0.06653 0.033266 3.61 27.10

Error 8 0.01845 0.009225 7.52

Total 15 0.24548 100.00

Fig. 9 Contour plot for wear rate
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3.4 Confirmation Test

Finally confirmation tests were carried out to check the en-
hancement in grade from initial setting to predicted parameter
setting. The experiments were conducted and recorded in
Table 6. GRG for predicted parameter was calculated to be
0.7841 using Eq. 4. The improvement of the grade from initial
parameter setting to predicted parameter setting is 0.3794 i.e.
51% was improved through grey relational grade.

3.5 Worn Surface Morphology

SEM image of worn surface of AA8011–8wt.%Al2O3 com-
posite was clearly displayed in Fig. 11. The SEM clearly dis-
plays the grooves, ploughing and debris resulting from plastic
deformation. This decrease in rigorousness of the worn sur-
face of the material was because of the formation of a thin film
formation which inhibits the straight interaction of the sample
with the rotating steel disc surface. Alumina was responsible
for playing an operative part for possession the wear behavior
of the AA8011–8wt.%Al2O3 composite was low.

As the load was applied over the pin, the AA8011–
8wt.%Al2O3 composite pin begins to slide over the counter

Fig. 10 Contour plot for COF

Table 6 Confirmation
Experiment Initial parameter Setting Predicted Optimal Parameter setting

Load 20 10 10

Disc velocity 3 3 3

Sliding distance 1000 1500 1500

Wear 0.00696 0.00405

Co-efficient of friction 0.371 0.268

Grey Relational Grade 0.4047 0.8486 0.7841

Improvement = 0.7841–0.4047 = 0.3794

Fig. 11 Worn surface of AA8011–8wt.%Al2O3 at a load of 10kN, disc
velocity of 3 m/s and sliding distance of 1500 m
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face disc and wear debris were formed which was shown in
Fig. 11. These wear debris act as a third body abrasion and
grooves were formed by ploughing action. At higher loads,
more wear debris was formed due to dry sliding between
metal to metal contacts which promotes large scale plastic
deformation, so that large amount of material will be removed
from the composite surface. This will result in higher wear and
co-efficient friction which can be justified from Table 2. It has
been proved that the result obtained from the grey relational
analysis i.e. the load value should be low for minimum wear
and COF.

By increasing the disc velocity, the travel time required to
complete the sliding distance will be minimum, such that the
generation of wear debris will be reduced. Due to generation
of less debris, the wear rate of the composite was decreased by
increasing the disc velocity. The plastic deformation was
higher velocity due to increased separation between the com-
posite pin and abrasive particles. This leads to less surface
damages of the composites compared to lower disc velocity
[31]. At lower disc velocity, the contact time between the
composite and the disc was high, so that the contact temper-
ature between the surfaces [33] of the composite and disc was
increased which generates a tribo-layer between the surfaces.
Due to generation of the tribo layer, the co-efficient of friction
between the surfaces was reduced at lower disc velocity.

4 Conclusions

In this present investigation, the wear performance of the
AA8011–8wt. %Al2O3 composite was analyzed through pin
on disc apparatus. The subsequent conclusions have been
drained.

& AA8011-Al2O3 composites were produced effectively
through stir casting process.

& The dispersal of Al2O3 particles with the AA8011 was
examined using Scanning Electron Microscopy.

& Mechanical properties of the composite was gradually
enriched despite of incorporation of Al2O3 particles.

& Tribological behavior of the AA8011–8wt.%Al2O3 com-
posite was analyzed through GRA and the optimum con-
dition for better wear resistance and minimum COF was
determined as load applied = 10 N, disc velocity = 3 m/s
and sliding distance = 1500 m. From grey relational anal-
ysis, the results were improved (51%) from the initial set-
ting condition.

& Influence of individual process parameters for minimum
wear and COF were discussed and load applied plays the
dominating role for the wear and COF.

& Results obtained from grey relational analysis were con-
firmed with ANOVA.

& Wear mechanism was studied through scanning electron
microscope image of worn surface.

& In future work, the machinability characteristics of
AA8011–8%Al2O3 composite will be studied for the pro-
duction of desired final component through abrasive water
jet machining process and the optimum parameter will be
identified for minimum kerf angle and maximum material
removal rate.
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ABSTRACT 

In this experimental study essentially focused to the tensile and yield strength of composites of different percentage of Pure Jute fiber with 

Chicken feather fiber. The major participation of these compositions is pure Jute and minor variations created by the Chicken feather fiber on 

the basis of weight. There are two variations created for the investigation one is based on four different (A, B, C & D) percentage variation of 

fiber used and on that each percentage of Chicken feather fiber variations based on five different length of fiber (2mm, 4mm, 6mm, 8mm & 

10mm) used for the composites. For these different conditions of composite produced and tensile and yield strength measured from testing and 

compared. 
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1. INTRODUCTION 

 

Composite material growth has been of enormous 

concentration to researchers and material engineers ever since 

man revealed that conventional materials could be combined 

to obtain specific desirable properties hitherto unobtainable [1]. 

The speed of technological development in the 21st century 

has led to a constant demand for innovative composite 

materials which can meet the unique material property 

requirements of this new age [2]. Composite materials are at 

the present broadly used in growing number of commercially 

significant engineering applications, such as in IC engines, 

components of machine, thermal power stations, packaging of 

electronic, automobile, train and aircraft structures and 

mechanical components, such as brakes, drive shafts, 

flywheels, tanks, and pressure vessels, piping, automobile 

springs, offshore structures [3]. 

The common wastes such as egg shell powders can be added 

to improve the mechanical properties of the composites [4-6]. 

When the egg shell powders are added to the fiber, the tensile 

strength of the developed composite was improved by 18 % 

and the compressive strength has also increased by 30 %. The 

powder mixed to form the fiber reinforced composite is 100 

µm at 10 % of weight of composite [7-10]. Delamination and 

void formation was identified beyond 10 % of reinforcement 

in composites. The orientation of the fibers can be varied from 

00 to 900 in order to improve the mechanical properties of 

composites. Carbon reinforced composites recorded a increase 

in tensile strength along with appropriate fiber orientation [8]. 

FEM analysis was used for simulation of mechanical behavior 

of the composites and was compared with the experimental 

values in order to create models for predicting the mechanical 

behavior of new composites [9]. Hybrid epoxy composites 

mixed with chicken fiber and rubber in appropriate 

composition has improved the flexural strength, tensile 

strength and the compression strength of the material when 

compared to the base materials [10-15]. The composites 

reinforced with chicken fiber barbs had improved tensile 

strength than the composite made with chicken fiber rachis. 

The flexural strength was also high for chicken fiber 

reinforced composites [16-19]. The fiber length has also had 

great impact in improvement of the mechanical properties of 

the composited. Taguchi’s technique can be used for 

identifying the best combination of the reinforcement material 

and its orientation angle for better mechanical properties [20-

22]. Glass reinforced composites posted higher impact 

strength and mechanical characteristics under tension and 

compression. The elongation characteristics can also be 

improved by proper reinforcement material and parameters.  

 

 

2. EXPERIMENTAL PROCEDURE 

 

Pure jute fiber and Chicken feather fiber mixed composite 

created by hand layup method with three different percentage 

set through epoxy resin. Set A contains 95% of pure jute fiber 

and 5% Chicken feather fiber also there are five different 

length of chicken feather fiber such as 2mm, 4mm, 6mm, 8mm 

& 10mm contributed in the same percentage level of 

composite. For percentage set A contains 5 specimens (A1, A2, 

A3, A4 & A5). Similarly Percentage set B contains 90% of 

pure jute fiber and 10% Chicken feather (B1, B2, B3, B4 & 

B5), Percentage set C have 85% of pure jute fiber and 15% 

Chicken feather (C1, C2, C3,C4 & C5) and Percentage set D 

have 80% of pure jute fiber and 20% Chicken feather (D1, D2, 

D3, D4 & D5). The clear details and individual name of the 

specimen were clearly mentioned in the table 1. All the 

specimens were prepared as per the standards of the tensile and 

yield strength testing requirement in the ultimate tensile 

machine with 5 ton capacity connected with sensors connected 
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setup to the computer for the accurate measurements. Each 

specimen tested to measure the tensile strength and yield 

strength. The experimental results were created as a graphical 

representation for the investigation. 

 

Table 1. Complete detail of specimen compositions for the investigation 

 

Batch  
Percentage of  

Pure Jute 

Percentage of  

Chicken Feather Fiber 

Fiber Length 

In Mm 

Specimen  

Name 

A 95 % 5 % 

2 A1 

4 A2 

6 A3 

8 A4 

10 A5 

B 90% 10% 

2 B1 

4 B2 

6 B3 

8 B4 

10 B5 

C 85% 15% 

2 C1 

4 C2 

6 C3 

8 C4 

10 C5 

D 80% 20% 

2 D1 

4 D2 

6 D3 

8 D4 

10 D5 

 

3. RESULTS AND DISCUSSION 

 

Table 2 and Figure 1(a) elaborates the yield strength and 

tensile strength of the composites that was made with 95 % of 

pure Jute and 5 % of the fiber. The length of the chicken fiber 

was varied from 2 mm to 10 mm and the stresses were 

recorded for 5 samples. The yield stress has increased linearly 

with the increase in length of chicken fiber. It has proved that 

longer the length of the fiber, the yield stress increases. As 

such, the tensile strength of the developed composites also 

increased with the increase in fiber length. It is noted that, the 

tensile stress decreased for sample 5 which had the chicken 

fiber length of 10 mm. The maximum tensile stress was 

recorded with sample 4 which had 95 % of jute fiber and 5 % 

of chicken fiber with length 8 mm.  

 

Table 2. Stress behavior of Set A Composites 

 
Fiber length 

in mm 

Specimen 

name 

Yield strength 

(MPa) 

Tensile 

strength (MPa) 

2 A1 6.7 12 

4 A2 8.7 13.9 

6 A3 10.25 16.25 

8 A4 11.5 17.9 

10 A5 12.8 15.8 

 

Table 3 and Figure 1 (b) represent the stresses generated 

upon application of load on the composites made of Jute fiber 

and chicken fibers of varying lengths. It is evident that the 

average yield and tensile stress of the composites has reduced 

with the increase in chicken fiber.  

It can be seen that there is an increase in yield stress with 

the increase in fiber length utilized for making the composite 

upto 6 mm and the remains constant till 8mm fiber length. A 

sudden increase is observed when the fiber length is further 

increased. With regard to tensile strength, an increase is 

observed in linear form up to 4 mm fiber length and increases 

exponentially beyond that.   

 

Table 4 and Figure 1 (c) shows the tensile behavior of 

composite made with 85% jute fiber and 15 % of chicken fiber. 

The stresses induced in the composites have decreased with 

the increase in chicken fiber fraction. Also, it is noted that with 

the increase in the fiber length has increased the stress of 

yielding and tensile. The stress tends to be increasing linearly 

up to 4 mm fiber length and remains constant for the 

composites with the chicken fiber length of 6 mm. Beyond 6 

mm and till 10 mm fiber length, the stresses tends to increase.  

 

Table 3. Stress behavior of Set B Composites 

 
Fiber length 

in mm 

Specimen 

name 

Yield strength 

(MPa) 

Tensile 

strength (MPa) 

2 B1 5.8 8.9 

4 B2 7.4 11.3 

6 B3 8.2 12.45 

8 B4 8.4 14.1 

10 B5 10.3 15 

 

Table 4. Stress behavior of Set C Composites 

 
Fiber length 

in mm 

Specimen 

name 

Yield strength 

(MPa) 

Tensile 

strength (MPa) 

2 C1 3.6 5.8 

4 C2 6.1 8.7 

6 C3 6.45 8.65 

8 C4 7.7 10.3 

10 C5 12 14.2 

 

Table 5. Stress behavior of Set D Composites 

 
Fiber length 

in mm 

Specimen 

name 

Yield strength 

(MPa) 

Tensile 

strength (MPa) 

2 D1 1.5 3.7 

4 D2 3.5 6.1 

6 D3 2.65 4.85 

8 D4 3.9 6.5 

10 D5 11.2 13.4 
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The maximum yield strength and tensile stress was obtained 

with the composite having the maximum fiber length. This is 

due to the variation in load distribution on the developed 

composites. 

In this composite, the yielding capacity and the tensile 

behavior were very much similar for different fiber length. As 

in set 3, the behavior of the composite with 80 % Jute fiber and 

20 % chicken fiber was similar in nature with regard to tensile 

and yield stress. The maximum stresses were recorded for the 

composite with maximum fiber length. But in set 4, the 

stresses increased with increase in fiber length upto 4 mm. 

Further, the stress levels reduced for the composite with 6 mm 

fiber length and starts increasing beyond that. This may be due 

uneven distribution of chicken fiber over the composite. 

Figure 1 (d) and table 5 has recorded the stresses for various 

fiber lengths.  It is evident from Figure 2 that, the tensile stress 

of developed composites reduces with the increase in chicken 

fiber content. Set 1 defines shows the tensile strength of the 

composites with 2 mm fiber length for all compositions. 

Similarly, the tensile behavior of the composites for all other 

sets also similar. The maximum average tensile strength was 

recorded for 10 mm chicken fiber length added composites. 

Figure 3 shows that, the yielding stress of developed 

composites reduces with the increase in chicken fiber content 

for up to chicken fiber length of 8 mm. 

The yield stress behavior of composite with 10 mm fiber 

length predominantly decreases up to 10 % of chicken fiber 

addition. But, the yielding capacity of the composite with 15 % 

addition has increased in comparison with 10 % added 

composite and again reduces thereafter with the increase in 

chicken fiber fraction. Again, the average yielding stress is 

maximum for the composite with 10 mm fiber length. In each 

and every plot produce the variations of the corresponding 

values of the experimental results of the testing in different 

composition condition. For set A maximum the tensile and the 

yield strength reached for 8 mm length of fiber used, similarly 

set B, set C and set D reached the maximum tensile and the 

yield strength obtained for the fiber with 10 mm length. But 

depended upon the percentage of fiber used preposition the 

maximum tensile and yield strength obtained for the 90 % of 

pure Jute fiber with 10% of Chicken feather fiber used 

composites. 

 

 
 

Figure 1. Tensile strength and Yielding capacity of developed composites with varying chicken fiber length 
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Figure 2. Tensile Behaviour 

 

 
 

Figure 3. Yielding Capacity 

 

 

4. CONCLUSION 

 

From this experimental study of the tensile and the yield 

strength analysis on composites of pure jute fiber with Chicken 

feather fiber, the following conclusions are given: 

(1) Percentage variations of Chicken feather fiber produce 

considerable impact on the tensile strength as well as the yield 

strength. 

(2) In Set A compositions meet the maximum tensile and 

yield strength for 8 mm length of chicken feather fiber used in 

jute fiber. 

(3) Chicken feather fiber with length of 10 mm produce the 

upper most tensile strength and yield strength for the set B, set 

C and set D when compared to other lengths.  

(4) Among these four set of percentage variation composites 

greatest tensile strength reached for Set A which contains 95 % 

of pure Jute fiber and 5 % of Chicken feather fiber. 

(5) Between these four set of percentage dissimilarity 

composites, Set A which contains 95 % of pure Jute fiber and 

5 % of Chicken feather fiber accomplished the furthermost 

yield strength. 
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ABSTRACT 

In this investigation depend on composites of Al6063 alloy mechanical properties enhancement by mixing the Silicon (Si), Graphite (Gr) and 

Fly ash. In this case four combinations of specimens were created for investigation. 90% of Al6063 alloy and 5% of Silicon maintained for all 

the specimens. Graphite used from 1% to 4% with one percentage of incremental and Fly ash from thermal power stations added from 4% to 

1% with one percentage of decrement in composite composition. Ultimate tensile strength, yield strength, percentage of elongation and hardness 

were mainly focused to study. 
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1. INTRODUCTION 

 

Enhancement of desirable mechanical properties of 

materials focused in many of the researches. Hybrid 

composites of aluminium hold a variety of applications under 

critical working atmospheres [1]. The Al-hybrid composites 

post better mechanical properties than the base material and 

conventional composites. The risk associated with Al-hybrid 

composites lies with selection of appropriate reinforcement 

particles and there proportions [2]. The waste materials that 

are derived from industrial process and agricultural waste can 

be used for making Hybrid AMC’s. The combination of added 

material to the base material can moderate the properties of the 

base material depend on the added material properties [3]. 

Need of number of properties leads to increase the added 

materials list in the base material [4]. Desired properties can 

be achieved by varying the percentage of the adding materials 

in the base material. In this investigation Silicon, graphite and 

fly ash content mingled with the Al6063 aluminium alloy with 

percentage of weight basis. The hardness of the hybrid 

composite has been increased by 11 % due to addition of the 

steel particles in proportions of weight ranging between 4 % 

and 8% [5, 6]. 

Also, the tensile strength increased with addition of steel. 

But, the mechanical properties decreased increase in SiC 

content and with increase in graphite [7]. Aluminium based 

hybrid composites with varying concentrations of the steel, 

steel-SiC mix and Steel-graphite mix showed better 

mechanical properties when compared to the base material. 

With addition of B4C and MoS2 to Al 2219, an increase in 

density was achieved when compared to the base material [8]. 

It also proved that Stir Casting Method can be used for making 

aluminium based hybrid composites as not much difference in 

densities were recorded between the base material and the 

composites that were casted. An increase in micro hardness 

and decrease in tensile strength was also recorded with the 

reinforcement of the B4C and MoS2 particles to the base 

material [9].  

Addition of B4C in increasing concentrations elevated the 

micro hardness of the developed composite. The decrease in 

yield strength and the tensile strength was due to the increase 

of the MoS2 particles. The hybrid AMC developed by 

reinforcing MWCNT and SiC was characterised with 

improved hardness and wear resistance. The wear resistance 

was improved with increase in % weight contribution of 

MWCNT [10-12]. Reinforcement of SiC and TiB2 increases 

the hardness of the developed composite. Further, the tensile 

strength of developed composites has decreased with the 

addition of TiB2. Also, addition of TiB2 has improved the 

wear resistance of the drastically when compared to base alloy. 

Formation of cluster was identified the when the developed 

composite surface. This is due to the increased reinforcement 

of TiB2 with aluminium alloy [13]. 

Hybrid Composites of Al reinforced with SiC and RHA 

particles of equal concentrations is characterised with low 

densities. This results in increase in tensile strength with the 

increase in weight proportions of the reinforcement particles 

[14, 15]. The elongation behaviour of the developed composite 

has decreased as the material is of ductile in nature. Age 

hardening was seen with the developed composites at very 

lower time leading to hard surface formation. Complicated 

shapes can be made economically by using stir casting method 

with regard to hybrid composites [16-18]. Fiber can be evenly 

distributed uniformly with high volume of fiber using 

diffusion bonding. But this bonding strategy is not suitable for 

making complicated and intricate shapes [19]. Finer grain 

sizes and lower segregation can be obtained in the surfaces of 

the developed composites with the help of deposition. 

Although it produces better grain sizes, the major problem 

associated with this process is its poor reinforcement capacity 

and its high cost. Also, only simple shapes can be made with 

this process [20]. Fly ash reinforced AA 6063 shows decrease 
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in density of the composite. This increases the porosity as well 

as the hardness of the developed composites. Also, the impact 

strength of the Fly ash reinforced composite increases with the 

increased proportion than the base alloy [21]. 

Based on the literature survey, the hybrid composites post 

better mechanical properties than the conventional composites 

and the alloys. The works aims at formulation and testing of 

hybrid composite by reinforcing the graphite, silicon and fly 

ash. The fly ash was selected for its property to increase the 

hardness of developed composite and its ability to decrease the 

density even though it produces porosity. Graphite has been 

selected for its ability to increase the tensile strength of the 

composites developed. Si tends to increase the density of the 

composite. Stir casting method was used to make the hybrid 

composite.  

 

 

2. EXPERIMENTAL PROCEDURE 

 

Table 1. Composition details of composites  

 
Composite number Al6063 Silicon Graphite Fly ash 

1 90% 5% 1% 4% 

2 90% 5% 2% 3% 

3 90% 5% 3% 2% 

4 90% 5% 4% 1% 

 

Here composites created with the proportions based on the 

table 1 by normal stir casting method. In all composites 

Al6063 maintained as 90 percentage and Silicon as 5%. The 

variation of percentage of remaining 5% is created by Graphite 

and Fly ash. Both of these two material variations create as per 

table 1 in each and every specimen. The prepared specimens 

were formed as per the needs of the mechanical property 

related tests like ultimate tensile strength, yield strength, 

percentage of elongation and hardness for conducting tests in 

smooth manner. UTM machine and Brinell hardness machine 

were used to measure the corresponding outcomes of the 

specimens. Al6063 and Si are same for all the specimens so 

the results describe about the participation of Graphite and fly 

ash content level in the composite.  

3. RESULT AND DISCUSSION 

 

Table 2 shows the experimental results. In Figure 1 

obviously shows the measured ultimate tensile strength values 

in MPa which increased with respect to the increasing 

percentage of Graphite and decreasing percentage of fly ash in 

the four combinations of composite. The lowest Ultimate 

strength was encountered for sample 1. The maximum value 

was recorded as 277 Mpa. Increase in graphite has increased 

the ultimate strength by 6.86 %. This indicates the increase in 

ductility of the developed composite. Also, it is evident that 

the fly ash has also improved the ultimate tensile strength of 

the composites. The addition of fly ash has reduced the density 

of the composite. But due to the addition of graphite the 

hardness has also increased. A linear increase in ultimate 

strength is recorded for increasing graphite percentage and 

reduced fly ash.  

The yield strength is normally found with ductile materials 

within the elastic limit. Normally the yield strength of a 

material is very much lesser than the ultimate strength. Here, 

the above said characteristics are being proved with the 

developed composite. It is observed that, the maximum yield 

strength is obtained for the composites with 3 % graphite and 

2 % fly ash as shown in Figure 2. The reason for increased 

yield strength is because of the balanced reinforcement of the 

graphite and fly ash at respective levels. The ability of flyash 

to reduce the density has compensated the ability of graphite 

to increase the density of the developed composite. The AMC 

developed has the lowest yielding capacity when 1 % of 

graphite and 4 % of fly ash is reinforced on the surface of the 

Al6063 alloy. Due to reduced percentage graphite and 

maximum fly ash reinforcement, the yield strength has 

reduced as the fly ash has the ability to reduce the density. A 

linear increase in yield strength was noted with simultaneous 

increase in graphite percentage and reducing fly ash 

percentage upto a reinforcement level of 3% graphite and 2 % 

of fly ash. The yield strength has reduced beyond the above 

notified percentage of graphite and reduced level of fly ash 

below 1%. This has been noted in sample 4. A 10.68 % of 

increase in yield stress has been achieved when compared to 

the lowest that was recorded with sample 1. 

 

Table 2. Experimental Results 

 
Composite number % of Elongation Ultimate Tensile Strength (Mpa) Yield Strength (Mpa) Brinell Hardness (BHN) 

1 9 258 163 84 

2 8.74 263 170 89 

3 8.13 270 182.5 91 

4 8.8 277 165 86 

 
 

Figure 1. Ultimate tensile strength 

 
 

Figure 2. Yield strength  
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Figure 3. Percentage of elongation 

 

 
 

Figure 4. Hardness 

 

The effect of simultaneous increase in graphite and 

reduction in fly ash reinforcement over the percentage of 

elongation has been elaborated in Figure 3. It is noted that, the 

percentage of elongation has reduced with the simultaneous 

increase in graphite and reduction in fly ash reinforcement to 

Al 6063 alloy in exponential fashion. The elongation 

behaviour has reduced in linear mode up to 3 % graphite and 

2 % fly ash reinforcement. Due to the increased density of the 

sample 4 in comparison with sample 1 and 2, the percentage 

of elongation has increased. This proves that the ductility of 

the material has been altered by the reinforcements made on 

Al 6063 alloy. Also, the toughness of the material has also 

been altered which is indirectly proportional to the ductility of 

the developed AMC. The elongation characterises was found 

to high with sample 1 which had 1 % graphite and 4 % fly ash 

reinforced to the alloy. A 9.67 % of increase in elongation has 

been achieved when compared to the lowest percentage of 

elongation that was recorded with sample 3. 

The hardness of the AMC’s has varied exponentially. The 

maximum hardness has been recorded with the same level of 

reinforcement of the sample that had the maximum yield 

strength. It proves that, yield strength and the hardness of the 

developed AMC are directly proportional. This resembles with 

the characteristics of the metal which have higher weight that 

than the developed AMC. It is noted that the minimum 

hardness was found with the sample 4 which has 1 % of fly 

ash and 3 % of graphite reinforced over the alloy. Due the 

ability of fly ash to reduce the density of the material, the 

hardness has reduced for sample 4. A linear increase in 

hardness was noted with simultaneous increase in graphite 

percentage and reducing fly ash percentage up to a 

reinforcement level of 3% graphite and 2 % of fly ash as shown 

in Figure 4. A 3.84 % of increase in hardness has been 

achieved when compared to the lowest hardness that was 

recorded with sample 1. 

Reduced ultimate tensile strength related to increasing 

percentage of Fly ash with other composition in composites 

was noted clearly. Accelerated and decelerated measured yield 

strength values plot related to increasing percentage of Fly ash. 

The incremental percentage of elongation related to increasing 

percentage of Fly ash mentioned observably.  

 

 

4. CONCLUSION 

 

In this investigation of mechanical behavior on Al6063 

alloy with Silicon, Graphite and Fly ash used composites bring 

into being the following conclusions. 

✓ The Ultimate tensile strength values of specimens 

directly proportional to the percentage of Graphite 

and inversely proportional to percentage of fly ash in 

the total percentage.  

✓ Maximum yield strength obtained in of specimen 

with 3% of graphite and 2% of fly ash.  

✓ Maximum amount of graphite and fly ash leads to 

reduce the yield strength. 

✓ Percentage of elongation decreased up to 

augmentation level 3% of graphite and decrement 

level of fly ash with 4% to 2%. 

✓ Maximum mean hardness reached at specimen with 

3% of graphite and 2% of fly ash. 
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Abstract
A25 kWth, fixed, perforated bed, downdraft gasifier was used to investigate and compare its performance for using corn cob (CC)
and coconut shell (CS) — a proven fuel for gasification as feedstocks. Air was used as a gasifying medium and had been
administered inside the gasifier reaction zone (just above the throat) through four equally spaced conduits in forced circulation
mode. Gas composition, higher heating value (HHV) of gas, specific gas generation (SGG), and gasification efficiencies had
been compared for CC and CS by varying the equivalence ratios (ERs) from 0.1–0.45. HHV of gas generated upon the
gasification was inferred to be maximum at an ER of 0.3 while using CC (4.578 MJ/m3) and that of 0.35 for using CS
(4.229 MJ/m3) as feedstocks. SGG — associated with maximum HHV of gas — was observed to be 2.12 m3/kg and 3.05 m3/
kg for CC and CS, respectively. Optimal cold gas efficiency was obtained at the best operating point, i.e., at ERs of 0.3 and 0.35
for CC (62.83%) and CS (72.74%) gasification, respectively. Tar contents of 1.3 g/m3 and 0.62 g/m3 and particulate matter
contents of 0.355 g/m3 and 0.215 g/m3 were quantified for the producer gas generated fromCC and CS gasification, respectively.

Keywords Gasification . Corn cob . Coconut shell . HHV of gas . Gasification efficiency . Tar

Abbreviation
CC Corn cob
CH4 Methane
CHP Combined heat and power
CO Carbon monoxide
CO2 Carbon dioxide
CS Coconut shell
DRIFT Diffuse reflectance infrared fourier transform
ER Equivalence ratio
GHG Greenhouse gases
H2 Hydrogen
HHV Higher heating value

IC Internal combustion
MT Million tonnes
MW Megawatt
O2 Oxygen
SGG Specific gas generation

1 Introduction

Global per capita energy utilization and carbon emissions are
forecasted to raise by 12% and 25%, respectively, in 2035 [1].
Growth in net primary energy demand in India is predicted to
be more than 1/4th of the net global primary energy demand
with almost twice the net CO2 emissions by 2040 [2].
Dependency on fossil fuels leads to severe environmental con-
cerns like global warming, climate change, emission of pol-
lutants, acid rain, etc. [3]. Hence, the renewable energy
sources attract more attention as they are clean and eco-friend-
ly. Of late, biomass attracts more attention as an alternative
energy resource, as it is distributed evenly over earth’s surface
and emits appallingly lower GHG. Biomass resource and as-
sociated power potential in India is estimated as 915.67 MT
and 33,291.4 MW, respectively [4], whereas the installed grid
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interactive biomass power capacity is 4946.41 MW [5].
Biomass utilization reduces the dependency on fossil fuels
and is regarded as one of the primary and foremost options
for decentralized energy grid applications [6]. Deploying gas-
ification technique shall be the foremost option for solid fuels
that posses higher amount of volatile matter [7]. Amid the
biomass energy conversion mechanisms, gasification holds
abundant promise for its fuel flexibility, restricted space re-
quirement, and superior energy recovery [8].

Researchers pan worldwide are focusing on developing gas-
ification technology for utilizing the biomass resources efficient-
ly [9]. Combined cycle integrated with biomass gasification is
reported as one among the major techniques used for producing
electrical energy from biomass [10]. Modeling and analysis of
biomass gasification-based integrated power and refrigeration
plant has been performed [11]. Dibyendu Roy et al. [12]
modeled and analyzed biomass gasification-based molten car-
bonate fuel cell integrated power system. Investigation on suit-
ability of gasification for combined cycle power generation has
been conducted [13, 14]. Downdraft gasifier with heat recovery
unit and packed bed porous media burner has been developed
and its performance has been studied [15, 16]. He et al. simu-
lated biomass steam gasification in a dual-fluidized bed gasifier
deployingASPENPlus [17]. Fluidized bed gasification of wood
sawdust using air as a gasifyingmediumwith steam injection for
generating hydrogen-enriched producer gas was experimented
by Sreejith et al. [18]. Influence of mineral matter on the char
gasification of biomass was studied by Suzuki et al. [19].
Samanmulya et al. [20] investigated the gasification of histidine
and 4-methylimidazole at supercritical water conditions. Parvez
and Khan [21] simulated biomass integrated gasification com-
bined cycle power plant using three different biomass materials.
Sui et al. [22] studied the steam gasification of biomass for
producing hydrogen and syngas using cement as catalyst.
Hydrogen generation from biomass in large scale was per-
formed in a dual fluidized bed steam gasification system by
Muller et al. [23]. Various researchers are focusing on the de-
velopment of energy-efficient conversion systems for thermo
chemical conversion of biomass resulting in almost zilch envi-
ronmental impact [24, 25].

Gasifiers are classified as fixed bed and fluidized bed gas-
ifiers [26–28]. The fixed bed gasifiers are suitable for small-
scale applications (<10MWth), whereas the fluidized bed gas-
ifiers are found to be economical in large-scale applications
that generate more than 15 MWe [29]. The fluidized bed gas-
ifiers are not employed in combination with IC engines for
power generation as they produce more amount of tar [30].
Rao et al. [31] reported that the fixed bed gasifiers are quite
simple, reliable, and amenable to gasify different feedstocks,
emit lower particulates in producer gas, and are highly effi-
cient, compared with the other types of gasifiers. Rajvanshi
[32] classified the fixed bed gasifiers as updraft, downdraft,
and cross-draft gasifiers, based on the flow arrangement of

gasifying agent. Among the fixed bed gasifiers, the downdraft
gasifier while using biomass as feedstock generates producer
gas with comparatively lower tar content, and hence, it is
preferred for the decentralized small-scale power generation
systems through gas engine [33]. Warnecke [27] and
Tatsiopoulos & Tolis [34] also reported that of the different
types of gasifiers, the downdraft gasifier is pretty good for its
simple and robust construction, reliable operation, aptness for
using various biomass feedstocks, higher conversion efficien-
cy and relatively cleaner syngas production with lower
amount of tar and particulates. Dasappa et al. [35] and
Radwan [8] reported that the downdraft gasifier produces less-
er amount of tar in the producer gas, while Giltrap et al. [36]
describes the downdraft gasification that could produce syn-
gas with lower tar content as a cheaper method of gasification.
From the above analysis, it could be inferred that the fixed bed
downdraft gasifiers are more advantageous compared to other
types of gasifiers for its diversified applications. Thus, it was
planned to investigate and compare the gasification of CC and
CS in a fixed bed downdraft gasifier.

Coconut, Cocos nucifera L. [37], grows in areas with abun-
dant sunlight and regular rainfall. Currently, India produces
119.3 MT of coconut and is the third largest producer among
the world countries [38]. The husk and shells of coconut could
be used as fuels. Coconut shell could be used for trapping small
contaminant particles as it is very dense and covered in micro-
pores. Coconut shell powder is used for manufacturing mosqui-
to coils, incense sticks, plywood as a phenolic extruder and as
filler material in manufacturing resin glue. The husk and shells
of coconut are a source of charcoal and could be used as fuels
[39]. Coconut shell charcoal is used as (i) a fuel for barbecue in
food industries, domestic, and industrial applications due to its
higher calorific value; (ii) a teeth whitener and soap owing to its
purification qualities; (iii) an activated carbon for filters; (iv) an
animal feed for cattle, pigs, and other poultry; and (v) a layer
with sand and other biomass materials before grass is planted in
golf courses [40]. Kuhe et al. [41] investigated the feasibility of
coconut shell gasification in a closed-top throatless downdraft
gasifier and reported the satisfactory operation of the gasifier.
But the detailed study on the influence of ER on specific gas
generation, gasification temperature prevailing inside the gasifi-
er, and estimation of tar and particulate emission in producer gas
were not been attempted. Singh & Sekar [42] investigated the
performance of the downdraft gasifier using coconut shell and
rubber seed shell blends. Hoque&Bhattacharya [43] studied the
effect of gasification temperature on gas composition, gas yield
and its heating value in a fluidized and a spouted bed reactor
using coconut shell. Though Suyambazhahan [44] conducted
experimental analysis on coconut shell fluidized bed gasifica-
tion, investigation on the effect of ER on various gasifier perfor-
mance indicators such as HHV of gas, specific gas generation,
gasifier efficiency, tar, and particulate emissions were not con-
ducted. Siengchum et al. [45] analyzed fast pyrolysis of coconut
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shell in a high-temperature Diffuse Reflectance Infrared Fourier
Transform (DRIFT) cell at 0.1 MPa. Tsai et al. [46] conducted
fast pyrolysis of rice straw, sugarcane bagasse, and coconut shell
in an induction-heating reactor.

Corn, Zea mays L [47], commonly known as maize, is one
of the most versatile emerging crops under varying
environmental conditions. Generally, corn crops during its
processing yields 13% of its weight as kernels (useful
product), 15% as cobs, 22% as leaves, and the remaining
50% as stalks [48–50]. Corn leaves and stalks are generated
at the field level whereas cobs are produced at the processing
units. Production of corn in India is estimated as 29MT, as on
December 2019 and is ranked as seventh based on its
production [51]. Presently, the corn cobs generated upon
processing of maize is also dumped as a waste. Corn cobs
are potential feedstocks for producing chemicals, fuels,
power, and heat [52]. Corn cob is highly nutritious and also
contains a high amount of energy. Corn cob could also be used
(i) for animal feeding and animal bedding and (ii) as substrate
for mushroom cultivation and carrier for veterinary medicine
and feed additives. Corn cob — in the form of granules, grit,
and powder— could be utilized for drying of components as it
is highly moisture absorptive, mirror shining application in
combination with dry polishing paste, eliminating water
marks or stains that are objectionable on many components,
and removing oil from the components. Jankes et al. [53] had
reported modeling and experimental studies on corn cob gas-
ification for the combined heat and power (CHP) system.
Focus was more on the CHP rather than corn cobs, and min-
imal information on corn cob gasification was published.
Biagini et al. [54] compared the pressure drop experienced
on using corn cobs in a downdraft gasifier with that of vine
prunings. A theoretical approach towards carrying out the
sensitivity analysis on corn cob gasification by varying the
ER using Aspen Plus was performed by the Mavukwana
et al. [55]. Muazu et al. [56] investigated gasification of fuel
briquettes, made by blending rice husks and corn cobs, in a
bubbling fluidized bed reactor and predicted gas composition
influenced by briquette density and blend ratio by adopting
the numerical equations and Aspen Plus simulation software.
Suhartono et al. [57] detailed on the performance of a
throatless downdraft gasifier using corn cob without divulging
information on critical parameters like tar. Ceranic et al. [58]
conducted experimental investigation on the effect of temper-
ature, reaction time, particle size, and heating rate on the py-
rolysis products of corn cob. Microwave-assisted pyrolysis of
corn cob and corn stover were carried out at constant micro-
wave experimental conditions by Ravikumar et al. [59].

From the above literature analysis, it was inferred that only
trivial research was conducted on coconut shell and corn cob
gasification that necessitates a detailed analysis on coconut
shell and corn cob gasification to compare its gasification
characteristics. Considering the significant availability of corn

cob (CC) and coconut shell (CS), it was intended to investi-
gate and compare the gasification of CC and CS in a fixed bed
downdraft gasifier for exploring its potential as an alternate
source of energy.

2 Fuel characterization — A comparison

Establishment of physical (bulk density, angle of repose) and
chemical (proximate analysis, ultimate analysis, and determi-
nation of HHV) characterization for biomass feedstock is es-
sential to ascertain its quality and quantitative energy content
for being used in the gasifier [60]. Table 1 presents the phys-
ical and chemical characteristics of CC and CS— as obtained
from the analysis.

From the literature analysis, it was inferred that the physical
and chemical characteristics of biomass that is used in the
gasification process should conform to certain minimum
criteria. Moisture and ash content in the biomass should not
be higher than 30% and 5%, respectively [61]. HHV and bulk
density of biomass shall be higher than 10 MJ/kg and 200 kg/
m3, respectively [62]. Angle of repose for the biomass should
not be higher than the throat angle for its easiness to flow in
the throat zone [63]. As CC and CS confirm all the above
reported criteria, these fuels could be employed as feedstocks
for its gasification.

CS was broken using a wooden mallet and was observed to
take different shapes and sizes. Average size was observed to
be 60 × 40 mm. CC selected for gasification was air dried and
cut into pieces longitudinally to a size of 60 mm in length with
the diameter of 10 to 15 mm. Photographic view of the feed-
stock samples is shown in the Figs. 1 and 2, respectively.

3 Experimental and instrumentation setup

Adoption of a fixed bed (so as to accommodate bulky and
denser fuels), downdraft (to curtail tar as throat section en-
hances thermal cracking of tar), dry bottom (to resist water-
induced corrosion and to eradicate accumulation of carcino-
gens), and forced draught (to prevent coating of tar in down-
stream equipment) gasifier was planned for the experimental
analysis of CC and CS gasification. The dimensions of the
gasifier are shown in the Fig. 3.

Experimental setup comprises a 25 kWth fixed bed down-
draft reactor, centrifugal blower, regulated air supply system,
cyclone separator, producer gas piping system, and a flare
pipe. The reactor consists of upper and bottom reactor por-
tions, rolled to the designed dimensions using a rolling ma-
chine and was welded together. Biomass was fed through a
hopper provided at the top of the reactor. Air supply was
administered in the reaction zone (just above the throat)
through four equally spaced conduits. A butterfly valve was
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placed in the air inlet line for regulating the air flow. The
gasifier throat with a throat angle of 45° was fabricated
using mild steel to aid gravity-assisted smooth flow of the
biomass. Both the reactor and the throat were lined inside
with silica base refractory to withstand high temperature.
A perforated steel grate was provided below the throat
portion of the reactor which served as a fixed bed and
also an ash separator. The residual char and ash falling
from the grate were collected in a closed ash chamber
positioned below. The entire reactor assembly was sup-
ported on a mild steel stand. The producer gas emanating
from the reactor was passed through the cyclone separator
for removing the suspended particulates and was burned
through the flare pipe. The region surrounding the air
entry just above the throat functions as a combustion
zone, while the region between the throat and grate func-
tions as a reduction zone. The regions above combustion
zone function as pyrolysis zone and drying zone, respec-
tively. Figures 4 and 5 depict the schematic and the pho-
tographic view of the experimental setup.

The salient feature of the designed gasifier is the pro-
vision of four equally spaced conduits for the air entry
into the gasifier, just above the throat, for enhancing the
reactions to take place uniformly inside the gasifier,
resulting in better uniform conversion of biomass during
gasification. Also, the gasifier was designed to operate

both in updraft and downdraft modes. Albeit the updraft
gasifier is able to handle feedstock with high moisture
content, operates with high thermal efficiency and rela-
tively lower gas exit temperature, higher amount of tars
are produced. Hence, the downdraft gasifier is preferred
for internal combustion engines because of the lower tar
content produced along with the producer gas [64]. Also,
owing to the possibility of producing mechanical and
electrical powers from biomass at an affordable price
while being used in small-scale gasifiers, the downdraft
gasification technology has more attraction among the re-
searchers worldwide [65]. Design specifications of the
developed gasifier are given in Table 2.

A Siemens gas analyzer (Oxymat 61, Calomat 6, and
Ultramat 23) was used to establish the gas composition.
An orifice meter and venturi meter coupled with water-
filled “U”-tube manometers were used to measure the air-
flow rate and the producer gas flow rate. K-type
(Chromel–Alumel) thermocouples were used to monitor
the air inlet temperature, the temperature distribution in-
side the reactor and the producer gas exit temperature.
Temperature data were logged using the Agilent
(34907A) data acquisition system. A stream of producer
gas was sampled to estimate the tar and particulate matter
content at the gasifier exit but prior to the cyclone

Table 1 Physiochemical characterization of corn cob (CC) and coconut shell (CS)

Proximate analysis (% weight) Ultimate analysis (% weight) Other influential properties

Corn cob Coconut shell Corn cob Coconut shell Corn cob Coconut shell

Moisture 14.7 10.8 C 44.7 51.4 Calorific value (MJ/kg) 15.45 17.73

Volatile matter 66.3 64.2 H 6.3 5.6 Bulk density (kg/m3) 203 324

Ash 2.4 1.8 O 45.2 40.2 Angle of repose (°) 31 36

Fixed carbon 16.6 23.2 N 1.2 1.7
S 0.09 0.03

Fig. 2 Photographic view of the samples of CCFig. 1 Photographic view of the samples of CS
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separator. The sampling setup was fabricated as per the
international guidelines [66]. Equipments like calibrated
analytical balance (1 mg accuracy), muffle furnace, quartz

thimble filter, desiccator, Soxhlet extractor, rotary vacuum
flash evaporator, volumetric flask, and funnel were used
for the estimation of tar and particulate matter.

All dimensions are in mm

Biomass feeding port

Upper shell 

Sight glass

Lower Shell 

Throat

Fuel grate

Producer 

gas              

Air Inlet
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Fig. 3 Dimensions of gasifier
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Fig. 4 Schematic diagram of the experimental setup
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4 Experimental process

Gasifying medium, moisture content, volatile matter, reactor
bed temperature, and equivalence ratio are the five major pa-
rameters that influence gasification process [67–72].
Atmospheric air was chosen as the gasifying medium. Since
(i) moisture content and volatile matter of feed stocks (both
CC and CS) are rather a constant value and (ii) maintaining
constant reactor bed temperature for varying equivalence
ratio/moisture content is ruled out as the reactor/gasifier being
used is an auto-thermal type (wherein heat needed for gasifi-
cation process to take place is produced owing to the combus-
tion of part of the fuel), influence of these parameters (mois-
ture content, volatile matter, and reactor bed temperature)
could not be ascertained with the present setup [68]. Thus, it
was planned to establish and compare the gasification perfor-
mance of the fixed bed downdraft gasifier, for using CC and

CS as feedstocks, by varying the equivalence ratio (ER) to-
wards identifying the operating condition that could yield
maximum efficiency.

Based on the above discussion, the ER is selected as a key
variable and the other operating variables for evaluating the
reactor performance are not necessarily considered, pertinent
to the present research work carried out. Experimental analy-
sis on the gasification performance had been reported at an ER
of 0.07–0.29 [73], 0.1–0.45 [68, 71, 72], 0.1288–0.303 [74],
0.1673–0.3546 [75], 0.1738–0.4104 [76], 0.2–0.45 [77], and
0.259–0.46 [78]. Hence, experiments were conducted at vary-
ing ERs from 0.1 to 0.45. The experiments have been repeated
twice for ensuring the repeatability of the results.

Pre-weighed batches of CC (5 kg) and CS (10 kg) were
placed nearer to the gasifier for hassle-free and continuous
operation during its gasification. To initiate the gasification
process, a known quantity of charcoal (1 kg) was ignited
and fed in to the gasifier through the hopper. A metered quan-
tity of air was admitted to the gasifier using a blower and
butterfly valve arrangement to ensure sustenance of red hot
charcoal bed above the grate, followed which CCs were fed.
Flue gas was observed at the flare pipe within 5 min. A flam-
mable gas was obtained within 15 min of starting the experi-
ment due to the existence of red hot charcoal bed. Additional
time period was provided to make sure that the gasification of
CCs was started, and the gas sampled was pertaining to that of
CC. Experimental studies were initiated after the gasifier
reaches steady state which was confirmed by the observation
of stable temperature both in the reduction zone and the pro-
ducer gas. Fuel feeding rate was also noted by charging the
gasifier with fuel— on an hourly basis— to a predetermined
level. A producer gas that contains tar was sampled after the
gasifier attains steady-state operation. Experimentation on the
gasifier performance was stopped by first closing the air

Fig. 5 Photographic view of the
experimental setup

Table 2 Specifications of the gasifier

Mode of operation Downdraft

Bed type Dry bottom, perforated, fixed grate

Rated capacity 25 kWth

Type of feeding Manual

Diameter of gasifier 0.38 m

Height of upper shell 0.75 m

Height of lower shell 0.55 m

Total height of gasifier 1.3 m

Throat dimensions

Convergent portion diameter 0.3 m (top), 0.1 m (bottom)

Divergent portion diameter 0.1 m (top), 0.15 m (bottom)

Material Mild steel
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supply in to the gasifier, and then the gasifier was allowed to
get cooled by natural convection. The similar experimental
procedures were adopted for CS gasification.

5 Uncertainty analysis

Uncertainties in the experimentation of the gasification pro-
cess result from the selection, condition, and calibration of the
instrument, environmental conditions, and observation of the
readings [79]. The main uncertainty is associated with the
quantification of fuel consumption and the measurement of
gas flow. The fuel masses were measured in a digital weigh
balance with an uncertainty of ±0.5%. The uncertainty in the
measurement of gas flow was taken to be ±0.25%.
Uncertainties in the estimation of calorific value of fuels and
the producer gas using Bomb and Junkers gas calorimeters
were considered as ±0.1% and ±0.5%, respectively.
Uncertainties in the gasification efficiency reported from the
experimental observations had been determined by adopting
the methodology proposed by Kline and McClintock [80]
based on the uncertainties in the primary measurements. The
error analysis leads to an error of approximately ±0.75% in the
cold gas efficiency.

6 Results and discussion

Equivalence ratio (ER) — defined as the ratio of actual air
being supplied to the stoichiometric air required for a given
quantity of fuel— does have a key role on the composition of
gas. Stoichiometric air required for the fuel selected was cal-
culated from the ultimate analysis of fuel. Air required for
achieving the gasification process at the selected ERswas then
estimated. The quantity of air to be admitted inside the gasifi-
er, for the corresponding ER, was monitored and controlled
using valves positioned at air supply lines. Pressure drop re-
quired across the manometer for a specified airflow in orifice
meter was computed, and the valve was positioned according-
ly. Thus, the analysis on the experimental investigation on the
performance of a fixed bed downdraft gasifier for using CC
and CS as feedstocks were being compared and presented, by
varying the ER from 0.1 to 0.45.

6.1 Influence of the ER on the producer gas
composition

Variation in the producer gas composition with the increase in
ER for CC and CS gasification is depicted in Figs. 6 and 7,
respectively. A slight increase in H2 is observed initially with
the increase in ER, and at higher ER, it follows a decreasing
trend which agrees to the observations made by Lv et al. [81].
At higher ERs, owing to the increased presence of O2, H2 is

converted into H2O. The trend observed for H2 is analogous
for both CC and CS. Concentration of H2 is observed to be
higher for CC compared to CS, which might be due to the
higher presence of hydrogen and moisture in CC in contrast
with CS.

Formation of CO2 from the carbon content of the feed-
stocks during thermo-chemical conversion process is influ-
enced by the availability/supply of O2/air content.
Conversion of carbon into CO2 could be enhanced with the
increase in O2/air supply and the complete conversion of CO2

will take place while supplying with stoichiometric air. If the
thermo-chemical conversion takes place at sub-stoichiometric
conditions, CO is formed owing to the availability of insuffi-
cient O2/air. Thus, at higher ERs, concentration of CO de-
creases. With the increase in ER, CO2 increases.

CO increases up to an ER of 0.3 for CC and 0.35 for CS
and then decreases, whereas CO2 concentration follows an
inverse trend as that of CO due to the occurrence of reverse
Boudouard reaction. CO is found to be maximum where CO2

reaches minimum for both CC and CS. The increased

Fig. 6 Influence of the ER on the producer gas composition for CC
gasification

Fig. 7 Influence of the ER on the producer gas composition for CS
gasification
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presence of CO and lower concentration of CO2 are observed
in the CS gas compared to CC gas, which could be attributed
to the higher carbon content in the CS. The trend inferred for
CO and CO2 content are comparable to the experimental ob-
servations cited by Venkata Ramanan et al. [68] and Zainal
et al. [78].

The percentage composition of CH4 decreases with the
increase in ER due to the occurrence of endothermic reaction
(CH4 reacts with water vapor and are transformed to CO, CO2,
and H2). The percentage composition of CH4 is inferred to be
higher for CC gas compared to CS gas due to the lesser reac-
tion temperature prevailing inside the gasifier. CH4 content
obtained from the gasification of CC and CS is found to be
in line with the findings reported by Garcia-Bacaicoa et al.
[82].

In an ideal gasification process, the O2 concentration in the
producer gas shall be zero. However, presence of O2 traces
was observed for both CC and CS at lower ER, which could
be due to the bridging and channeling of fuels at the lower fuel
consumption rates.

6.2 Variation of the HHV of gas vs ER

Influence of the increase in ER on the HHV of producer gas
generated from CC and CS gasification is presented in Fig. 8.
HHV of gas, influenced by the presence of combustibles, in-
creases up to the ER of 0.3 and 0.35 (at which CO2/CO value
was observed to be minimal) for CC and CS gasification,
respectively, and starts receding thereafter. Maximum HHV
of gas, at the best operating point, is found to be 4.578 MJ/m3

at an ER of 0.3 and 4.229 MJ/m3 at an ER of 0.35 for CC and
CS gases, respectively. The HHV of gas generated upon the
gasification of CC is found to be higher at any ER compared
to the CS gasification, which might be due to the presence of
higher CH4 content. HHV of gas observed in the present study
are comparable with that of results reported by Panwar et al.
[83] and Yoon et al. [84].

6.3 Specific gas generation vs ER

Specific gas generation (m3 of gas/kg of fuel) is the key indi-
cator for the gasifier performance. Figure 9 depicts the effect
of ER on the specific gas generation (SGG). SGG gradually
increases with the increase in ER for both the CC and CS
gasification. SGG for the CS gasification (3.05 m3/kg) is in-
ferred to be higher compared to the CC gasification (2.12 m3/
kg) for any ER. Higher surface area, increased reactivity ow-
ing to the higher presence of carbon content, and higher reac-
tion temperature could be the reason for the higher SGG in the
CS gasification. SGG reported upon the gasification for using
different fuels by other researchers ranges from 1.5 [85] to
4.18 m3/kg [68]. SGG observed during the present research
for CC and CS gasification is found to concur with the range
reported.

6.4 Effect of the ER on the gasification efficiency

Cold gas efficiency is an indicator of the effectiveness with
which a gasifier is capable of converting a solid fuel into a
burnable gas. Hot gas efficiency takes account of the sensible
heat energy possessed by the producer gas. SGG and HHV of
producer gas influence the gasification efficiency.

Variation of the cold gas efficiency and the hot gas effi-
ciency with the increase in ER for CC and CS gasification is
illustrated in Figs. 10 and 11. Both the efficiencies increase up
to the best operating point (ERs of 0.3 and 0.35 for the gasi-
fication of CC and CS, respectively) and recede later for both
the CC and CS gasification. The increase in HHV of gas with
the increase in the ER up to the best operating point leads to
the increase in both the efficiencies. Both the cold gas and hot
gas efficiencies for CC gasification (62.83%, 66.6%) are
found to be lesser compared to the CS gasification (72.74%,
78.37%) at its best operating point, which could be attributed
by the lower SGG observed for CC gasification. Venkata
Ramanan et al. [68] reported the cold gas efficiency of 72%

Fig. 9 Specific gas generation vs ERFig. 8 Variation of the HHV of gas vs ER
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for the gasification of cashew nut shell char. Altafini et al. [86]
reported cold gas efficiency of 62.86% for the gasification of
saw dust.

6.5 Variation of the gasification temperature vs ER

Thermocouples were placed at various locations to monitor
the temperature of gasification system. Figure 12 illustrates
the variation in gasification temperature — measured with
thermocouple T5 placed above the throat— with the increase
in ER. Gasification temperature was observed to increase with
ER for both the fuels as the oxidation reaction becomes more
predominant due to the availability of excess oxygen. Lesser
temperature was experienced in the gasification of CC com-
pared to CS probably due to its lower carbon content, higher
volatile matter, and more voids. The gasification temperature
for CS was inferred to be higher, owing to its higher carbon
content and surface area, lesser volatile matter, and minimal
voids.

The temperatures observed at the optimum operating con-
dition were 785 °C and 900 °C for CC (at an ER of 0.3) and
CS (at an ER of 0.35) gasification, respectively. The

temperature prevailing in the gasification reaction zone seems
to be varying from 600 to 1100 °C [87–90]. Thus, the gasifi-
cation temperature observed for CC and CS is inferred to be
within the temperature range of gasification reported by vari-
ous researchers.

6.6 Temperature distribution along the height of the
gasifier

Figure 13 depicts the temperature profile at a steady-state op-
eration along the height of the gasifier, at the optimal operat-
ing condition for CS (ER of 0.35) and CC (ER of 0.3)
gasification.

Fig. 13 Temperature distribution along the height of the gasifier

Fig. 11 Effect of the ER on the hot gas efficiency

Fig. 12 Variation of the gasification temperature vs ER
Fig. 10 Effect of the ER on the cold gas efficiency
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Figure 13 reveals that,

(i) The temperatures T1 and T2 were inferred to be lower for
CS due to its shorter flame length as it contains lesser
volatile matter and the reduced heat transfer because of
lesser voidage compared with CC.

(ii) Higher surface area, lesser volatile matter, better reactiv-
ity due to more carbon content and higher pressure drop
across the gasifier bed due to minimal voids resulted in
the focused combustion of CS leading to the prevalence
of higher temperatures (T4, T5, and T6) for CS compared
to CC

(iii) The temperature prevailing at T5 were observed to be
785 °C and 900 °C for the gasification of CC and CS,
respectively.

6.7 Tar and particulate matter content in the CC and
CS gases

Quantification of tar and particulate matter present in the pro-
ducer gas is a time-consuming and tiresome process. Hence, it
was decided to establish the tar and particulate matter at the
optimal operating condition of the gasification process, i.e., at
ERs of 0.3 and 0.35 for the CC and CS gasification,
respectively.

A slip stream of producer gas was sampled (adopting
isokinetic sampling) for quantifying the tar and particulate
matter at the exit of the gasifier but prior to cyclone separator.
The sampling setup was fabricated as per international guide-
lines for the measurement of organic contaminants (“tar”) and
particulate matter in the producer gas (Technical Report CEN
BT/TF 143, 2005). Details on the setup are furnished below.

& The gas sampling system consists of 4 modules, viz., gas
control, particulate separator, tar separator, and flow
monitoring.

& Sampling probe, sampling port, heating coil (for external
heating of the sampling line to 350 °C to prevent clogging
due to the condensation of water vapor and condensable
gases), and high-temperature shut-off valve constitute the
gas control module.

& Particle separator module uses quartz thimble filter which
is kept in the gas-tight filter holder to collect particulates
and tar from the producer gas flowing through sampling
line. A thermocouple is placed on the filter holder surface
to monitor its surface temperature for maintaining at
350 °C (using heating coil) to prevent filter plugging
caused by the tar buildup.

& Six numbers of impinger bottles housed equally in both
hot bath (maintained at 45 °C) and cold bath (maintained
at −16 °C) form the tar separator module.

& Flow monitoring module consists of a gas suction pump
(vacuum pump), rotameter, and gas flow meter. The gas
suction pump must be oil-free and airtight, and pulsation
must be minimal.

& The quartz thimble filter and samples from impinger bot-
tles were used for estimation of tar and particulate matter
content in the producer gas using laboratory
equipments like the Soxhlet extractor, rotary vacuum flash
evaporator, calibrated analytical balance (1 mg accuracy),
muffle furnace, desiccator, volumetric flask, measuring
cylinders, and funnel.

The sampled gas after pre-conditioning was admitted into a
quartz thimble filter for quantifying the particular matter.
Difference in weight of the filter was used for the estimation
of particulate matter. Clogged tar in the filter was accounted
by following a separate procedure involving the equipments
like Soxhlet extractor and rotary vacuum flash evaporator. Tar
separator module comprises six numbers of impinger bottles
housed equally in hot and cold baths maintained between − 15
to − 20 °C and + 35 to + 40 °C, respectively. The tar collected
in the bottles was estimated using a rotary vacuum flash
evaporator.

Figure 14 depicts the quantity of tar and particulate matter
content in the producer gas emanating from the CC and CS
gasification, at the optimal operating condition. Tar content of
1.3 g/m3 and 0.62 g/m3 and particulate matter content of
0.355 g/m3 and 0.215 g/m3 are estimated for the producer
gas generated from CC and CS gasification, respectively.
Tar content of CS gas is inferred to be approximately half of
that of CC gas, which might be attributed to the lower volatile
matter content of CS and higher reaction temperature prevail-
ing at the throat zone owing to the higher carbon content in the
CS (which facilitates the effective thermal cracking of tar in
the CS gas). Owing to the lower bulk density and easy-to-
crumble characteristics of CC, particulate matter content in
the CC gas is approximately 1.65 times higher than the CS
gas.

Fig. 14 Tar and particulate matter content in the CC and CS gases
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Tar and particulate matter had been reported as 1.27 g/m3

tar and 0.217 g/m3 for eucalyptus wood gasification [91].
Akudo [92] reported tar content of 1.63 g/m3 and 0.85 g/m3

for woodchip and pine pellet gasification. As reported by var-
ious researchers, the tar present in the producer gas ranges
from 0.12 [93] to 7 g/m3 [77]. The range of tar present in the
producer gas— as inferred from the literature— seems to be
wide as it might be greatly influenced by various site-specific
local conditions, viz., lignin content, volatile matter, moisture
content, density and porosity of the feedstock, equivalence
ratio, and gasification temperature. The tar present in the CC
and CS gases, estimated in the present work, is observed to lie
within the range of values for tar contentreported by the other
researchers.

7 Conclusion

A 25 kWth fixed bed downdraft gasifier was deployed to study
and compare its performance for using CC and CS as feed-
stocks with air as a gasifying medium. Gas composition, HHV
of gas, SGG, and gasifier efficiency were studied and com-
pared by varying the ERs from 0.1 to 0.45. HHV of gas was
found to be maximum at an ERs of 0.3 and 0.35 for CC gas
(4.578 MJ/m3) and CS gas (4.229 MJ/m3), respectively. SGG
at the optimal operating condition (i.e., at an ER having max-
imum HHV of gas and minimum value of CO2/CO) was ob-
served to be 2.12 m3/kg and 3.05 m3/kg for the gasification of
CC and CS, respectively. The analysis on the experimental
results revealed the optimal cold gas efficiency as 62.83%
and 72.74%, for gasifying CC and CS at the ERs of 0.3 and
0.35, respectively. Tar content of the CS gas was inferred as
approximately half of the CC gas, and particulate matter con-
tent in the CC gas was approximately 1.65 times higher than
the CS gas.
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a b s t r a c t

Surface engineering deals with the surface of the material and it was sub-discipline of materials science.
Wear can be reduced by modifying the surface properties of solids by coating hard material or by use of
lubricants. Friction surfacing is one of the surface coating method which gives better bonding on plane
surfaces. In this work, iron plate was taken as substrate and stainless steel (SS) 304 was used as coating
material. The experiment was conducted based on L9 orthogonal array. The parameters chosen for the
experiment were rotational speed, axial load and traverse speed. The response values were hardness
and maximum displacement in order to improve the wear, corrosion and bonding strength. The results
were analyzed using Taguchi method to find the optimum machining parameters and to identify the
effect of machining parameter for maximum hardness and displacement. ANOVA was employed to con-
firm the result obtained from Taguchi method. ANOVA was also used to identify the contribution percent-
age of each parameters.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the First International con-
ference on Advanced Lightweight Materials and Structures.

1. Introduction

Friction surfacing (FS) is one of the solid state welding process
in order to improve the lifetime, wear, corrosion, erosion and other
surface defects. FS is one of the solid state method to focus on
localized area of the metal which undergoes wear and corrosion.
Generally SS304 was widely used in food handling and processing
equipment, screws, machinery parts, etc. It has been investigated
that FS was used to produce homogeneous coating to provide bet-
ter wear and corrosion resistance [1]. In this process coating was
done by pressing the heated mechatrode (SS304) under axial load
against the substrate (iron plate). The friction between substrate
and mechatrode generates the heat to soften and plasticize the
mechatrode. The hot metal was coated over the substrate and met-
allurgical bonding along the traverse. Solidification cracks and

dilutions can be avoided as the FS was a solid state process [2].
V. Fitseva et al investigated effect of rotational speed on coating
Ti–6Al–4V substrate. He reported that increase in rotational speed
improves the coting thickness and coating efficiency up to 39% [3].
J. Gandra et al studied the deposition rate of coating AA 6082-T6
over AA 2024-T3 substrate and also investigated the process
parameters such as axial load, traverse speed and mechatrode rota-
tional speed [4]. Margam Chandrasekaran et al investigated the
coating of dissimilar metals through friction surfacing process.
He reported that control of process parameters such as substrate,
speed and axial load were the important parameters for the pro-
cess [5]. I. Esther et al developed the AA2124/4 wt% B4C Nano com-
posite coating over Ti–6Al–4V substrate to study the wear
characteristics of the composite. She reported that coting thickness
and width increased by increasing the rotational speed and also
the wear property also decreased after coating compared to the
base metal [6]. Mingrun Yu et al studied the corrosion behavior
of ultrafine grained AA6061coating over Q235 substrate through

https://doi.org/10.1016/j.matpr.2020.01.267
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friction surfacing process. He reported that corrosion resistance
were improved after the coating based on electrochemical impe-
dance spectroscopy [7] (Fig. 1).

2. Experimental procedure

In this research, stainless steel 304 was coated over the surface
of the ductile iron plates to improve their surface properties
namely wear, corrosion and erosion. The experiment were done
based on L9 orthogonal array.

2.1. Preparation of work material

The ductile iron plate with the dimension of
1500 � 1000 � 8 mm was cut in to 9 samples in the dimension
100 � 150 � 8 mm with help of gas cutter. The surface of the sam-
ples were corroded initially. Emery paper was used to remove the
rust over the surface of the samples. The samples were machined
in surface grinding machine to achieve 100% rust removal and flat.
Finally the samples were cleaned in acetone solution to eliminate
the grease and oil particles over the surface of the samples. The
mechatrode was made as per the machine specification. Stainless
steel 304 rods were brought with 22 mm diameter. These rods
were turned in to 20 mm diameter in center lathe and cut in to
100 mm long pieces.

2.2. Coating parameters

The machining parameters involved in this process were axial
load (kN), rotational speed (rpm), transverse speed (mm/s). Bond-

Fig. 1. Experimental Setup.

Fig. 2. Coated Samples.
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ing efficiency of the material with the base metal will be high if the
base axial load was high. The rotating speed of the mechatrode was
directly proportional to the time taken for plasticization of metals.
In higher rotating speed, of mechatrode, plasticization of the
mechatrode will be high. The coating thickness will be low if the
traverse speed was high [8]. The machining parameters were
designed based on Design of Experiment technique to carry out
the experiments and listed in Table 2.

2.3. Coating process

The experiments were conducted by varying the machining
parameters based on Table 1. SS304 mechatrode was attached in
the holder and locked by using fasteners. The consumable mecha-
trode was heated to obtain welding temperature about 700 �C. The
hot consumable material flows plastically over the substrate to
form a coating Fig. 2.

2.4. Hardness test

Hardness test was taken using a micro Vickers hardness tester.
Hardness was taken on both substrate side and coated side to
determine the change in hardness in all substrates. Hardness mea-
surements were carried out in the samples sectioned in transverse
direction. In each substrate, hardness was measured on specimen
at a gap interval of 5 mm and the average value was taken. Micro
Vickers hardness was taken on the samples to determine the hard-
ness by applying 0.5 kg load.

2.5. Bending test

Mechanical testing machine was used for bending test and
shown in Fig. 3a and b. The bending test was carried out to deter-
mine the maximum load that the coating can withstand. The
experiments were carried out based on ASTM E-8 standard and
the results were reported in 2. The sample was placed at the top
of the support. After the fixture, uniform load (10 kg) was applied
at its center. The point at which break was noted and the corre-
sponding displacement was the maximum load that it can
withstand.

3. Results and discussions

3.1. Taguchi DOE analysis

Taguchi method was one of the reliable method to identify
the optimum parameters for the desired output. Many research-
ers used this method for optimization of selected parameters. In
this method, Signal to Noise ratio was calculated to eliminate
the uncontrollable factors during the experiment. Three quality
characteristics were involved in this method namely larger the
better, smaller the better and nominal the better. The main
objective of the experiment was to optimize the friction surfac-
ing parameters (axial load, spindle speed, and traverse speed) to
achieve better mechanical properties. S/N ratio for the response
values with the quality characteristic ‘‘Larger the better” were
calculated and reported in Table 2. Response table for Signal to
Noise ratio of both responses were shown in Tables 3 and 4.
Main effect plots for hardness and displacement were plotted
and shown in Figs. 4 and 5.

Larger is better Characteristics

SN Ratio ¼ �10log
1
n

Xn

i

1
y2

From Fig. 5, we can conclude that axial load was the most influ-
encing parameter for high hardness value which was followed by
rotation speed and traverse speed. Fig. 5 shows that axial load
was the significant factor for maximum displacement of the coated
region which was followed by traverse speed of the table and rota-
tional speed of the mechatrode.

From Table 3, it was clear that current was the most contribut-
ing parameter for minimization of surface roughness which was
followed by pulse-on-time and voltage. Fig. 3a and b indicates that
minimum surface roughness can be achieved by increasing the
current. From Table 4, it shows that voltage was responsible for
the maximum MRR which was followed by current and Pulse-on-
time. Fig. 4 specifies by increasing the voltage the material removal
rate will be maximum.

3.2. Analysis of variance

Taguchi analysis can be interpreted with the help of ANOVA. In
ANOVA, the contribution of individual process parameters to the
response can be determined. With the help of ANOVA we can con-
firm the results obtained in Taguchi analysis. From Table 4, it was
clear that axial load (F-value = 1.16) was the most contributing fac-
tor for high hardness. Rotational speed of the mechatrode and tra-
verse speed of the work table were followed by the axial load. From
Table 5, it can be confirmed that axial load (F-Value = 88.90) was
the most contributing factor for maximum displacement which
was followed by traverse speed and rotational speed.

Table 1
Properties of SS304.

Properties Value

Density 8 g/cc
Ultimate strength 505 MPa
Yield Strength 215 MPa
Modulus of Elasticity 193–200 GPa
Impact Strength 325 J

Fig. 3. (a) Sample before the bend test. (b) Sample after the bend test.
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3.3. Confirmation test

From Table 2, the optimum parameter for better hardness were
axial load = 7 kN, Rotational speed = 1200 rpm and traverse
speed = 2.2 m/s. The predicted result for the parameter was
213.99 VHN. The confirmation test had been carried out using
the optimum parameters and the hardness of the sample was
215.64VHN. From Table 2, the optimum parameter for better dis-
placement were axial load = 9 kN, Rotational speed = 1200 rpm
and traverse speed = 1.6 m/s. The predicted result for the parame-
ter was 38.76 mm. The confirmation test had been carried out
using the optimum parameters and the displacement of the coated
surface was 28.74 mm.

4. Conclusion

Stainless steel 304 was successfully coated on iron substrate
using Friction Surfacing method. Friction surfacing was the best
method for obtaining deposits of stainless steel 304 over ductile
iron for critical applications. The process parameters were opti-
mized for better response values. In order to obtain maximum
coating hardness, the optimum parameter for coating was A1B2C2

and for maximum displacement was A3B2C1. Axial load plays a
dominant role for better hardness and maximum displacement
which was followed by traverse speed and rotational speed.
Results obtained from Taguchi method exactly matches with
ANOVA.
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Table 2
Experiment Results.

Experiment
No

Axial Load
(kN)

Rotational Speed
(rpm)

Traverse Speed
(mm/s)

Hardness S/N ratio for
Hardness

Maximum
Displacement

S/N ratio for Maximum
Displacement

1 7 800 1.6 212.87 46.5623 29.81 28.66
2 7 1200 2.2 291.14 49.2820 29.59 28.60
3 7 1600 2.7 210.70 46.4733 29.26 28.50
4 8 800 2.2 233.62 47.3702 25.41 27.27
5 8 1200 2.7 228.71 47.1857 26.73 27.71
6 8 1600 1.6 232.89 47.3430 26.4 27.60
7 9 800 2.7 206.98 46.3186 29.81 28.66
8 9 1200 1.6 205.28 46.2469 30.14 28.76
9 9 1600 2.2 205.03 46.2363 29.48 28.56

Table 3
Response Table for Hardness.

Level Axial Load Rotational Speed Traverse speed

1 47.44 46.75 46.72
2 47.30 47.57 47.63
3 46.27 46.68 46.66
Delta 1.17 0.89 0.97
Rank 1 3 2

Table 4
ANOVA for Hardness.

Source DF SS MS F-Value

Axial Load 2 1772 885.8 1.16
Rotational Speed 2 1224 611.8 0.80
Traverse speed 2 1464 732.2 0.96
Error 2 1529 764.4
Total 8 5988

Table 5
ANOVA for Displacement.

Source DF SS MS F-Value

Axial Load 2 20.3489 10.1744 88.90
Rotational Speed 2 0.3489 0.1744 1.52
Traverse speed 2 0.5089 0.2544 2.22
Error 2 0.2289 0.1144
Total 8 21.4356

Fig. 4. Main Effects plots for Hardness.

Fig. 5. Main Effects plots for Displacement.
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a b s t r a c t

In this research, Electric Discharge Machining parameters current, pulse on time and voltage were opti-
mized for machining Aluminium7075-8%SiC composites. The composites were fabricated by stir casting
route. The experiments were designed and carried out as per design of experiments approach using L9
Orthogonal Array. The response values selected in this research were surface roughness and material
removal rate (MRR). Taguchi optimization technique was employed to identify the optimum parameter
for minimum surface roughness and maximum MRR. Analysis of Variance (ANOVA) was employed to
determine the ultimate contributing parameter for the response values. From this study, the optimum
parameter for lower surface roughness was A3B2C1 and for higher MRR was A2B1C2.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the First International con-
ference on Advanced Lightweight Materials and Structures.

1. Introduction

Aluminium metal matrix composites are the most used engi-
neering material because of its low density property and ease of
fabrication. Advantages of AMCs are high strength, better specific
modulus, and excellent wear resistance – all at moderate cost. Dur-
ing conventional machining of AMCs, wear rate of tool is very high.
Due to this reason, AMCs are machined through unconventional
machining process [20]. EDM is one of the broadly used method
for machining of AMCs for the applications of aerospace, construc-
tion for micro drilling and slitting process. Major advantage of
machining composites through EDM are very hard materials can
be machined with close dimensional tolerances, complex shapes
can be easily machined and the surface is non directional. EDM is
done by applying electrical charges between tool and an electri-
cally conducting workpiece, isolated by a dielectric liquid medium.
Small gap, called as spark gap, is maintained between the tool and
workpiece to create spark. Selection of proper parameters in EDM

is difficult for machining different kind of composite materials for
better surface finish and maximum material removal rate [19].

Rajmohan T. et al., investigated the influence of EDM process
parameters to improve the material removal rate for machining
SS304 steel. He conducted the experiments using L9 orthogonal
array and optimized the parameters using response table. He also
employed ANOVA to identify the most contributing parameter
[1]. Chandramouli S optimized the EDM parameters for machin-
ingRENE80 nickel based super alloy using Taguchi method [2].
M. Kiyak et al., examined the EDMmachining parameters to reduce
the surface roughness on machining 40CrMnNiMo864 with AISI
P20 electrode [3]. Yan-Cherng et al., investigated the EDM process
parameters for machining SKH 57 high-speed steel. The results
were analyzed by S/N ratio and ANOVA [4]. Niraj Kumar Ohdar
et al., investigated the EDM parameters to improve the material
removal rate and reduce tool wear using Taguchi method [5]. Saha
S.K. et al., determined the optimum EDM process parameters for
machining mild steel with copper electrode using Response
Surface Method to identify the influencing parameter for surface
roughness, material removal rate and tool wear [6]. Kamal Jangra
et al. investigated the Wire EDM process parameters to optimize

https://doi.org/10.1016/j.matpr.2020.02.082
2214-7853/� 2020 Elsevier Ltd. All rights reserved.
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the machining characteristics using Taguchi GRA method [7].
S. Vignesh et al. optimized the wire EDM parameters for machining
EN-8 die steel to minimize surface roughness and maximize mate-
rial removal rate. The parameters were optimized with Taguchi
method [8]. Bhaskar Chandra Kandpal et al. reviewed the process
parameters for the fabrication of alumunium matrix composites
through stir casting process [9]. P.R. Dewan et al. machined Nimo-
nic 90 through EDM process and optimized the machining param-
eters for better surface finish and material removal rate through
grey relational analysis [10].

2. Experimental procedure

In this experiment AA7075-8%SiC composites are fabricated
through stir casting technique [13,15]. AA7075was melted in gra-
phite crucible at the temperature of 800 �C and melted completely.
SiC were preheated at 250 �C before adding in to the matrix. The
purpose of preheating was to remove the surface oxides and mois-
ture in the reinforcement. After preheating, SiC was added in the
vortex of molten AA7075. The slurry was stirred continuously for
the period of 20 min at the temperature of 900 �C with stirring
speed 350 rpm. 0.5% of magnesium powder was added to increase
the wettability of the reinforcement with matrix. After the mixing,
the slurry was poured in to the preheated mould. After solidifica-
tion, the mould was opened and specimens were taken. The dril-
ling operation was carried out in the fabricated specimen with 9
trials as per Tables 1 & 2. The trials were designed based on the
design of experiments Orthogonal Array (L9) and machined in
EDM (Electronica EMT-43 Machine) [11,17]. Copper was selected
as electrode tool and dielectric fluid used was kerosene. Material
Removal Rate was found using the following equation

MRR ¼ wi �wf

q� t

where

MRR = Material removal rate (mm3/min)
Wi = Initial weight of the sample (g)
Wf = Final weight of the sample (g)
t = Time for machining (min)
q = Material density (7.28 g/cm3)

After machining process, the surface roughness values were
taken using Surface roughness tester. The response values are
shown in Table 2 (Figs. 1 and 2).

3. Results and discussions

3.1. Taguchi DOE analysis

Taguchi method was engaged for analyzing the response values
for finding the optimized parameter for EDM drilling of AA7075-
SiC composites [12,14]. The response values from the trials are
transformed into S/N ratios to eliminate the unavoidable factors.
Orthogonal Array was designed to find the influence of control
parameters with minimum number of experiments. Degree of free-
dom for the three parameters was six. So the number of experi-
ments carried out must be more than the degree of freedom. So
the experiments was designed as per L9 orthogonal array. In this
study, the requirement of surface roughness should be minimum
and material removal rate should be maximum. So for calculating
S/N ratio of Surface roughness, Smaller the better characteristic
was selected and for MRR, Larger the better characteristic was

Table 1
Process parameters.

Level Current (Amps) Pulse on time (seconds) Voltage (volts)

1 12 100 40
2 16 120 50
3 20 150 60

Table 2
Experiment Results of Surface Roughness and MRR.

S. No. Current Pulse on time Voltage Surface Roughness (mm) S/N ratio (SR) MRR (mm3/min) S/N ratio (MRR)

1 12 100 40 3.24 �10.2109 480 53.6248
2 12 120 50 2.67 �8.53023 472 53.4788
3 12 150 60 3.54 �10.9801 502 54.0141
4 16 100 50 3.97 �11.9758 541 54.6639
5 16 120 60 2.43 �7.71213 455 53.1602
6 16 150 40 1.96 �5.84512 403 52.1061
7 20 100 60 2.53 �8.06241 419 52.4443
8 20 120 40 1.08 �0.66848 465 53.3491
9 20 150 50 1.67 �4.45433 508 54.1173

Fig. 1. Experimental setup.

Fig. 2. Machining of work piece.
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selected. S/N ratio were calculated using the formula as follows
and recorded in Table 2 [18].

For MRR (Larger is Better),

SN Ratio ¼ �10log
1
n

Xn

i

1
y2

For Surface Roughness (Smaller is Better),

SN Ratio ¼ �10log
1
n

Xn

i¼1

y2

Table 3 indicates the response table for surface roughness with
respect to current, pulse on time and voltage. From Table 3, it can
be understood that current was the major contributing parameter
for minimization of surface roughness through the rank. Fig. 3
shows the main effect plot for surface roughness. Fig. 3 indicates
that least surface roughness can be attained by increasing the cur-
rent followed by pulse on time and voltage. Table 4 shows the
response table for MRR with respect to current, pulse on time
and voltage. Table 4 shows that voltage was responsible for the
maximum MRR followed by current and pulse on time. Fig. 4 spec-
ifies MRR will be maximum by increasing the voltage.

3.2. Analysis of variance

The stastical tool ANOVA was employed to confirm the influ-
ence and interaction of process parameters. Another advantage of
using ANOVA was to find the contribution percentage of control
parameters for the response values [16]. In this study, ANOVA
was employed to find out the confirmation and contribution per-
centage of selected machining parameters.

From Table 5, it can be proved that current was the maximum
contributing parameter for lower surface roughness with a contri-
bution percentage of 45.97% followed by pulse on time and cur-
rent. From Table 6, it can be confirmed that voltage was the
greatest inducing parameter for maximum MRR with a contribu-
tion percentage of 38.51% trailed by pulse on time and voltage.

From Table 2, optimal parameters for surface roughness were
A3B2C1 and for material removal rate were A2B1C2. Confirmation
test had been conducted with predicted process parameters and
the results were indicated in Table 7.

4. Conclusion

AA7075-SiC composites were successfully synthesized through
stir casting technique. Electric Discharge machining parameters
namely current, pulse on time and voltage were optimized for bet-

Table 3
Response Table for surface roughness.

Level Current Pulse-on-time Voltage

1 �9.907 �10.083 �5.575
2 �8.511 �5.637 �8.32
3 �4.395 �7.093 �8.918
Delta 5.512 4.446 3.343
Rank 1 2 3

Fig. 3. Main Effect Plot for Surface Roughness.

Table 4
Response Table for MRR.

Level Current Pulse-on-time Voltage

1 53.71 53.58 53.03
2 53.31 53.33 54.09
3 53.3 53.41 53.21
Delta 0.4 0.25 1.06
Rank 2 3 1
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ter surface roughness and maximum MRR. The optimized parame-
ters for better surface finish was A3B2C1 and for maximum MRR
was A2B1C2. The results obtained from Taguchi exactly matches
with ANOVA results. The predicted parameters were confirmed
with the confirmation experiments and the result obtained from
confirmation experiments were close to the predicted values.

Current was the most influencing parameter for minimum surface
roughness and voltage plays the vital role in maximum MRR.
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Fig. 4. Main Effect Plot for MRR.

Table 5
ANOVA for SR.

Source Degree of Freedom Sum of Squares Mean Square F-Value Contribution (%)

Current 2 3.1182 1.5591 7.71 45.97
Pulse on time 2 2.251 1.1255 5.57 33.19
Voltage 2 1.0095 0.5047 2.5 14.88
Error 2 0.4044 0.2022
Total 8 6.783

Table 6
ANOVA for MRR.

Source Degree of Freedom Sum of Squares Mean Square F-Value Contribution (%)

Current 2 768.7 384.3 0.1 5.15
Pulse on time 2 386 193 0.05 2.56
Voltage 2 5748.7 2874.3 0.72 38.51
Error 2 8024.7 4012.3
Total 8 14,928

Table 7
Confirmation experiments.

Responses Predicted Result Confirmation results

Surface Roughness (mm) 1.08 1.13
Material Removal rate (mm3/min) 541 538
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Abstract: Advanced or smart manufacturing has recently been gaining 
increasing attention from the academia and industry in small and medium 
enterprises (SMEs). Smart  manufacturing for Industry 4.0, which integrates 
resources, information, materials, and people to formulate a cyber physical 
system, has been the priority of many enterprises, especially those that are 
small and medium-sized. Threshold accepting algorithm is useful to resolve the 
cell formation problem which is based on the three perturbation techniques 
such as pair-wise exchange, insertion and random insertion perturbation 
schemes. This paper aims to maximise the grouping efficacy as it is one of the 
best performance measures for the cell formation problem. The performance 
evaluation of threshold accepting algorithm had actually been carried out after 
testing the benchmark problems of various literatures. This evaluation method 
proves that three perturbation schemes have the ability to sort out the cell 
formation problem. Among these three perturbation schemes, the random 
insertion perturbation scheme is providing better solutions than the others. 
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1 Introduction 

As international business becomes more and more competitive, many advanced countries 
are making various efforts to develop their manufacturing industries. Initiatives such as 
Industry 4.0 in Europe, Advanced Manufacturing Partnership in the USA and 
Manufacturing Innovation 3.0 in the Republic of Korea suggest that smart manufacturing 
is being developed into a means of improving the manufacturing environment and 
monitoring production lines using information technology (IT) such as application 
software (SW), internet of things (IoT), cyber physical system (CPS), cloud computing, 
etc. In particular, IoT enables real-time data acquisition from the sensors on various 
manufacturing facilities and fields, and subsequent analyses. There is a high demand for 
delivering a large variety of products in the present manufacturing systems. With the 
intention to compete with the rivals, the manufacturing industries have been enforced to 
increase their products and suppleness of their manufacturing system. High quality with 
low cost is one of the most important key factors to satisfy the customers in this 
competitive global market. As a result, major changes have been brought out in designing 
the manufacturing systems such as establishing flow shop and job shop in order to match 
the latest innovative configurations such as cellular manufacturing systems. 

Group technology (GT) is a manufacturing concept that helps to identify similar parts 
and it aids to keep the advantage of their similarities in the new manufacturing and 
design. Cellular manufacturing is an application of the GT concepts to factory 
reconfiguration and shop floor layout design. Cellular manufacturing has been proposed 
as an alternative to job shop as they provide the operational benefits of flow line 
production. The design of a cellular manufacturing system has been called as a cell 
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formation problem. The idea is to create part-machine groups called cells in which 
products should not move from one cell to the other for processing. These groups aim to 
decrease the cost and raise the efficiency of the cellular manufacturing systems. Due to 
the NP-hard nature of the cell formation problem, several metaheuristics methods have 
been developed in the last decades. Hence, manufacturing cells have the capacity to 
reduce the manufacturing throughout various times of the entire families of parts by 
reducing the material flow times, machine setup times, and queuing times. Furthermore, 
the production of manufacturing cells permits the decomposition of a large 
manufacturing system into a set of smaller and more manageable subsystems. Due to the 
fact that there have been large number of solution methodologies proposed by researchers 
since early ‘80s to solve cell formation problems, such as mathematical programming, 
graph theory, exact methods, heuristics, meta-heuristic methods and artificial intelligent 
techniques such as neural network and fuzzy set theory, the clear research trend in 
literature of cell formation problem (Wilson and Papaioannou, 2010) manifests a 
direction towards soft-computing methodologies owing to its strong nature of 
convergence to attain the optimal solution. The data given for the cell formation problem 
is based on the process plan. This information is represented in terms of machine part 
occurrence matrix influence to identify the diagonalised matrix from the given matrix. 
The main objective is to look for an optimum solution with the least exceptional elements 
in the off diagonal blocks and the least voids in the diagonal blocks. The exceptional 
elements are the elements which take place as ones in the off diagonal blocks. The voids 
are the entries which take place as zeros in the diagonal blocks. Numerous approaches 
had been developed for the cell formation problem under the machine part incidence 
matrix for the past four decades. 

Noktehdan et al. (2010) developed a grouping version of differential evolution 
algorithm and its hybridised version with a local search algorithm to solve benchmarked 
instances of cell formation problem which is posing as a grouping problem. Saadettin  
et al. (2010) proposed a genetic algorithm based heuristic approach for job scheduling in 
virtual manufacturing cells. In virtual manufacturing cells, machines are developed to a 
part as in a regular cell, but machines are not physically relocated in a contiguous area. 
Arkat et al. (2011) proposed a bi-objective mathematical model to minimise the number 
of exceptional elements and the number of voids simultaneously in the machine part 
occurrence matrix. Ghezavati and Saidi-Mehrabad (2011) developed a revised version of 
stochastic mixed-integer model to design cellular manufacturing systems under random 
parameters defined by continuous distributions. 

Pailla et al. (2010) developed two methodologies for cell formation problem, one was 
a modified evolutionary algorithm which is based on genetic operator-heuristic and the 
other is based on simulated annealing. The experimental result showed that the 
evolutionary technique was a powerful local search mechanism which could minimise the 
CPU time in terms of the number of iterations and the simulated annealing method could 
outperform every technique including the former evolutionary methodology. Neto and 
Filho (2010) designed a multi objective optimisation model by using genetic algorithm 
for cell formation problem, where fitness evaluation was performed via simulation of 
cellular system and congestion effect was incorporated and dynamic routing policy was 
used. Computational result exhibits improvement in terms of work in the progress level, 
intercellular movements by reducing the investment of machines. A similar study was 
also performed by Anvari et al. (2010) where a hybrid particle swarm optimisation 
technique for cell formation problem was reported. The initial solutions generated either 
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randomly or using a diversification generation method and the technique also utilised 
mutation operator embedded in velocity update equation to avoid reaching local optimal 
solutions. Thereafter with due consideration, a wide variety of machine/part matrices 
were effectively solved by this approach. Wu et al. (2010) introduced water flow-like 
algorithm (WFA) in CFP, which deals with dynamic size of solution agents, overcomes 
the drawbacks of the techniques based on single and multi agent. WFACF model 
proposed by the researchers utilises similar coefficient method, machine assignments and 
part assignments in order to generate initial solution for the later stage and flow splitting 
and moving operation are implemented to derive better neighbourhood solutions. 
Kamalakannan et al. (2015) proposed a genetic algorithm for maximizing the group 
technology efficiency for the ordinal level data in the cell formation problem. 
Kamalakannan et al. (2016) proposed a particle swarm optimisation algorithm for the 
binary machine part incidence matrix problems and they shows that this algorithm 
performs well comparing to the benchmark problems. Kamalakannan et al. (2016) used 
an ant colony optimization algorithm to solve the machine part cell formation problem 
based on the machine-index-based local search procedure and part assignment rule for the 
better clustering. Kamalakannan and Pandian (2018) proposed a competent tabu search 
algorithm for the cell formation problem based on the cell load variation to identify the 
machine cells and the part family. The main aim of the research is to increase the 
grouping efficacy of the proposed benchmark problems by considering the various 
neighbourhood methods in threshold accepting algorithm. 

2 Problem description and performance measure 

2.1 Mathematical model 

In this paper, grouping problem is taken into account as an optimisation one. The 
constituents of the mathematical model are introduced. The occurrence matrix is given as 
B = [Cpq], where: Cpq = 1 if qth part visits pth machine; Cpq = 0 otherwise; when a 
machine part incidence matrix is created, group of machines and parts cannot be easily 
visible. The main focus is, to render to machine clustering. Counts of exceptional 
elements are reduced by the creation of cluster of machines and parts in cluster. Hence, 
the initial matrix has to be converted in to a block diagonalised matrix. This conversion 
has an objective to reduce the exceptional element. An exact mathematical model of 
machine part grouping is given by Boctor (1991). 

Let M be the number of machines 

P the number of parts 

C the number of cells 

p, the index of machines (p = 1, 2, 3, …, M) 

q, the index of parts (q = 1, 2, 3, …, P) 

r, the index of cells (r = 1, 2, 3, …, C) 

B = [Cpq], the M  P binary machine part occurrence matrix 

Mmax, the maximum number of machine occupied in a cell 

Page 2039 of 3066Page 2039 of 3066



   

 

   

   
 

   

   

 

   

   372 T.R. Raguraman et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

Pmax, the maximum number of parts occupied in a cell. 

Objective function has been selected with the intention of minimising the number of 
times that a given part must be processed by a machine that does not belong to the cell 
that the part has been assigned to 
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Figure 1 5  5 machine part occurrence matrix 

 q1 q2 q3 q4 q5 

p1 1 0 0 1 0 

p2 1 0 1 1 0 

p3 1 0 0 1 0 

p4 0 1 1 0 1 

p5 0 1 1 0 1 

 

 

In this diagonalised block matrix shown in Figure 2 it is clearly observed that the parts 1, 
4 are processed in the machine cells 1, 2, 3 and the parts 2, 3, 5 are processed in the 
machine cell 4, 5. However there is only one exceptional element that occurs for the part 
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3 which is taken the operation from the machine 2. No voids are found in this block 
diagonalised matrix. There are various efficiency measures to determine the quality of the 
cell formation problems. But, the two efficiency measures namely grouping efficiency 
and grouping efficacy are mainly used to achieve the desired results. Grouping efficacy is 
considered as the best method compared to the grouping efficiency as justified by 
Gonclaves and Resende. In this paper the performance measure is used as grouping 
efficacy. 

Totals Ones Exceptions
Grouping Efficacy

Totals Ones Voids





 

Grouping efficacy shows the occurrence of good cell formation. 

Figure 2 Diagonalised block matrix 

 q5 q3 q2 q4 q1 

M4 1 1 1 0 0 

M5 1 1 1 0 0 

M1 0 0 0 1 1 

M2 0 1 0 1 1 

M3 0 0 0 1 1 

 

3 Threshold accepting algorithm 

In the recent years, more concentration has been given to metaheuristics that are 
applicable to rectify the combinatorial optimisation problems. The threshold accepting 
algorithm metaheuristic is proposed in this paper to identify solutions for the cell 
formation problem. Dueck and Scheuer (1990) proposed a new threshold accepting 
algorithm to solve the travelling salesman problem. Dueck and Wirsching (1989) 
matched the threshold accepting algorithm with the simulated annealing method for the 
discrete optimisation. This threshold accepting algorithm normally begins with an initial 
solution and initial threshold T1. A second point is produced by using a perturbation 
scheme. The difference in the function values at these two points is then calculated. This 
completes one iteration of the threshold accepting algorithm procedure. The algorithm is 
automatically terminated when a final threshold T2 is reached. The threshold accepting 
algorithm method is quite similar to simulated annealing method. The essential difference 
between simulated annealing and the threshold accepting algorithm is the usage of 
different acceptance rules. Threshold accepting algorithm accepts every new move, 
which is indeed better than the earlier one. Simulated annealing accepts worse solutions 
only with rather small probabilities. An apparent advantage of threshold accepting 
algorithm lies in its greater simplicity. Computing probabilities and making random 
decisions are not essential. 
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3.1 General scheme of threshold accepting algorithm 

The structure of the TA algorithm (Liu and Ong, 2002) is as shown below 

1 Get an initial solution S. 

2 Select an initial threshold T1 and a threshold reduction step size r. 

3 Set the number of moves to be performed at each threshold T to a predetermined 
number neighbour moves. 

4 Perform the following steps neighbour-moves times 

4.1 Select a neighbour S’ from the neighbourhood space of S and compute  
Cmax(S), i.e., exceptional element. 

4.2 If Cmax(S) < Cmax(S), set S = S. 

5 Reduce the threshold by setting T2 = T1 – r, Go to step 4 if T > 0. 

6 Return the best solution found. 

3.2 Threshold accepting operators 

The best solution obtained in the threshold accepting depends on the threshold accepting 
operators such as initial threshold, final threshold, threshold reduction step size and 
number of permutation which is performed at particular threshold. The initial threshold 
and threshold reduction step size are fixed in such a way that a reasonable number of 
iteration can be carried out before the algorithm gets freezed. An initial threshold  
T1 = 0.099 is chosen, final threshold T2 = 0 and threshold reduction step size r is fixed as 
0.001. Table shows the parameters (Dueck and Scheuer, 1990) of threshold accepting 
algorithm that are fostered in this work. 

3.3 Perturbation schemes 

The three perturbation technique used in this paper are: 

1 pair wise exchange (Ogbu and Smith, 1990) 

2 insertion (Ogbu and Smith, 1990) 

3 random insertion perturbation scheme (RIPS); (Parthasarathy and Rajendran, 1997). 

The perturbation techniques can be best explained with an example. 

3.4 Pair wise exchange 

Consider the sequence 1, 2, 3, 4, 5 as a seed sequence and that the integers i, j (i, j <= 5) 
are randomly generated. Suppose in the first instance that i = 1 and j = 4 the pair wise 
technique will generate the new sequence 4, 2, 3, 1, 5; which h is the result of exchanging 
the first and the fourth integers in the beginning sequence. If however, i = 4 and j = 1, the 
pair wise will generate the same sequence 4, 2, 3, 1, 5. 
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3.5 Insertion 

Consider the sequence, 1, 2, 3, 4, 5 as a seed sequence and that the i, j (i, j <= 5) are 
randomly generated. Suppose in the first instance that i = 1 and j = 4 the insertion 
technique will generate a new sequence 2, 3, 4, 1, 5 through the result of inserting the 
first integer in the sequence in the fourth position. If i = 4 and j = 1, the insertion 
technique will generate the sequence 4, 1, 2, 3, 5, i.e., the fourth integer naturally moves 
to the first position. 

3.6 Random insertion perturbation scheme 

Consider the sequence, 1, 2, 3, 4, 5 as a seed sequence and that i, j (i, j <= 5) are 
randomly generated. Suppose in the machine part sequence the first position is inserted in 
any position between 2 and n, and a random number generated between 2 and n is used to 
choose the machine part sequence position. Suppose the selected position is 3, machine 
part sequence is inserted in position 3 yielding a new sequence 2, 3, 1, 4, 5 

4 Numerical illustration of the proposed TA 

For the shown 5  5 machine part occurrence matrix problem the results are given in this 
section. The TA parameters are taken as T1 = 0.099, r = 0.001, T2 = 0 and n = 5. 

Step 1 Generation of initial solution 

Initial sequence s is the machine part sequence and the length of the sequence will be the 
sum of machine and parts. The initial sequence length of the proposed problem will be 
ten since the number of machine is 5 and number of parts is 5. The objective is to find out 
the number of exceptional elements for the given problem. Let us represent the initial 
sequence as, 

Table 1 Initial sequence representation 

M1 M2 M3 M4 M5 P1 P2 P3 P4 P5 

2 2 1 1 2 1 1 2 1 1 

For this sequence, the exceptional elements are 5. The machine 1 is in 2nd cell, like wise 
part 1 is in 1st cell, similarly for others, it is represented. 

Step 2 Generation of neighbours 

Generate five sequences nearer to s by using the three perturbation schemes. Find the 
exceptional elements for all the sequences. The results of the perturbation schemes in the 
first iteration are given in the table. Sort out the best value for each perturbation scheme. 
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Table 2 Generation of neighbours 

S. no. Neighbourhood generated No. of exceptional elements Threshold value 

1 12121 12121 5 0.099 

2 21212 21212 6 0.099 

3 11222 22211 4 0.099 

4 11122 11222 5 0.099 

5 22211 21121 1 0.099 

Step 3 Acceptance of new sequence 

If Cmax (S) < Cmax (S), set S = S. It was accepted. 

Step 4 Resetting threshold value 

Set T2 = T1 – r. The threshold reduces to 0.098. The procedure of generation of 
neighbours, acceptance of new sequence and threshold reductions are repeated till the 
termination criteria is satisfied. 

5 Experiment and computational result 

With the intention of scrutinising the performance of the threshold accepting algorithm, 
much number of experiments has been conducted. The parameters for threshold accepting 
algorithm are established by conducting sensitivity analysis on sample problems. In 
threshold accepting algorithm, sensitivity analysis is conducted by applying the 
parameters reduction factor (r) the results of the analysis are shown in Figure 3. The 
exceptional elements in the cell formation problem in the threshold accepting algorithm is 
minimised by increasing the threshold and steady state is reached beyond certain 
threshold optimum parameter is: r = 0.001; n = 30 Parameter tuning of this algorithm is 
done in order to obtain the best solution. The results that are obtained are then compared 
with the other existing algorithms found in literature. The threshold accepting algorithm 
which is proposed is coded in MATLAB, and it is tested under i3 processor which is 
under Windows 7. 

5.1 Benchmark problems 

It is understood that various methods have been proposed from the literature review for 
resolving the problem of cell formation. The performances used by them were examined 
indifferent instances in terms of various performance measures. In this work, grouping 
efficacy is used as the performance measure for threshold accepting algorithm. The 
proposed accepting algorithm results are then compared with the other benchmark 
problem that is available in the literature review. 
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Table 3 Generation of neighbours 
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Figure 3 Comparison of grouping efficacy for the benchmark problems (see online version  
for colours) 

 

5.2 Computational results 

With the above parameter of the threshold accepting algorithm, we apply and report the 
results to compare our algorithm with a method that is exists in literature. The problems 
considered for the research are the selected matrices which have the dimensions from  
5  7 to 20  35 with the well and ill-structured matrices. The algorithms chosen for the 
comparisons are listed as follows: ZODIAC, GRAFICS, MST-clustering algorithm, 
GATSP, GA and EA. The first three algorithms described by us do not allow the 
presence of singletons, i.e., cells containing only one machine or one part. In our 
problem, we do not consider the singletons and residual cells that show the comparison 
results of threshold accepting algorithm and other six algorithms for the 16 problems. 
From the computational results, it is clearly observed that this threshold accepting 
algorithm provides better solutions for all the problems. By considering the  
multi-objective, i.e., as minimising the exceptional elements and minimising the cell load 
variation till it enhances the outcome of this proposed method and for the larger sized 
issues. 

6 Conclusions 

The above study shows that the threshold accepting algorithm is developed in order to 
find out a solution to the problem of cell formation. The proposed algorithm is tested on 
the issue of the benchmark, and the results are then compared with the existing 
algorithms. These results prove the fact that the proposed threshold accepting algorithm 
performs better for all the problems. Therefore, it is decided to continue the research in 
the following directions. Hybridisation of the threshold accepting algorithm with other 
algorithms for solving NP-hardness problems, solving multi-objective optimisation 
problems, finally for other real-time problems by using this threshold accepting 
algorithm, there is a great demand for developing the model to specify the optimal 
number of cells and optimal production mix. 
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a b s t r a c t

Copper-based nickel metal matrix composite material has excellent mechanical properties in manufac-
turing field. Cu-Ni-Tib2 has been fabricated through stir casting technique. The material characterization
has been studied through various mechanical, chemical and various surface electron image analysis have
been carried out. The machining of drilled hole was carried out in laser beam techniques. The main aim of
this research work is focusing on drilling of Cu-Ni-Tib2 material, a better output result of higher Material
removal rate and good surface roughness. The optimal parameter is determined in Response surface
methodology techniques (RSM).
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Recent Trends in Nanomaterials for Energy, Environmental and Engineering Applications.

1. Introduction

Copper material is broadly utilized in variety of industrial appli-
cations, Pandey et al. (2011) investigated in laser beam cutting, the
good quality of surface is obtained at the lower cutting speed [1].
Avanish et al. (2007) represented in such as electrical, thermal
and automotive fields due to its excellent properties such as corro-
sion resistance, formability, thermal conductivity, electrical con-
ductivity and high melting point [2]. Sharma et al. (2012) is
predicted results for Statistical design experiment has been used
to correlate the control and response using mathematical model
[3]. Kumar et al. (2008) obtained results in a quality in Laser beam
machining depends upon a higher pressure gases is dropped in
laser beam [4]. Aqida et al. (2010) studied the experiments are car-
ried out to determine the optimal surface roughness using RSM
technique. The cutting speed is found as the most influential
parameter which affects the surface roughness [5]. Choudhury
et al. (2010) is developed in metal matrix composite consists of
hard particles reinforcement that leads to larger tool wear and
low material removal rate using conventional machining methods
[6]. Zhao et al. (2016) represented in a LBM process higher heat
energy is applied in which tool and work piece is not in direct con-

tact with each other In W-Ni-Cu composite, Nickel plays an impor-
tant role in improving some properties namely the ductility,
ferromagnetism and corrosion resistance [7] Dubey et al. (2008)
evaluated a laser techniques material removal is used in to dissolve
the material to the vaporization point and released from the hole in
the form of material vapor [8]. Farhadi et al. (2016) find out a
microsturctured sliding wear have been analysed a stirred compos-
ite materials [9]. Ganguly et al. (2012) is investigated in a power
maximum frequency of pulse, width of pulse generating and
amount of air volume are considered in various parameters while
laser drilling of zirconium based ceramics [10]. Guo et al. (2012)
developed in copper metal matrix, uniform reinforcement was
achieved by Tib2 [11]. Lakshmi et al. (2013) mentioned a laser cut-
ting is a higher thermal energy is used to heat and melted in a
given work material. There is no need of cutting tool, work holding
devices and mechanical forces required in LBM [12]. Low et al.
(2000) mentioned the laser drilling operation is carried out on
nimonic alloy and the characteristics of spatter formation have
been studied [13]. Li et al. (2007) concluded the optimal parame-
ters are found out that is used to eliminate the uncontrolled
parameters [14]. Radovanovic et al. (2011) is given a results in
the molten metal formed during the process vaporize which
impassive by high-pressure gasses flows [15]. Masmiati et al.
(2007) are predicted results for the circularity of the holes mainly
depends on the nozzle diameter and gas pressure [16]. Mishra et al.
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(2003) is represented in SSM356 material investigated in friction
stir casting process it gives a higher hardness and high corrosion
resistivity of materials [17]. Ng et al. (2001) is placed at the hole
geometry has been studied using Nd-YAG lazer during drilling of
mild steel (MS) material sheet [18]. Quentro et al. (2006) are eval-
uated the optimization of laser micro machining parameters is
found by RSM. The various control parameters are current, gas
pressure and pulse frequency. Hole taper and circularity has been
performed in response input and output values [19]. Ramesh
et al. (2010) the use of laser beam machining has been increasing
in all types of industries due its high accuracy and precision [20].
Riveiro et al. (2016) developed the response parameters have been
decided by developed mathematical model [21]. Riveiro et al.
(2013) represent a better optimization of axis nozzle in the injec-
tion of drilled using laser technology it predict better surface of
hole based upon selection of parameters [22] Surekha et al.
(2011) investigated in a Laser pulsed mode produces better surface
quality [23]. Sivarao et al. (2010) investigated thermal oriented
problems are analyzed during laser micro drilling of thin metal
sheets [24]. Sharma et al. (2015) evaluated the molded material
surface thickness is studied in laser drilling of metals [25]. Voisey
et al. (2003) obtained results for melt ejecting a laser drilling to
create a better surface quality [26]. The present research work,
the metal matrix is synthesized by stir casting technique charac-
terization and properties have been studied. The stir casted Cu-
Ni-Tib2 is machined by Laser beam machining [27,28]. The
Response surface methodology is used to find the optimal drilling
parameters to find out the better surface quality of drilled hole.

2. Material and method

Stir casting is one of the casting methods that produce the
sound metal matrix. The Cu-Ni-Tib2 metal matrix was fabricated
through the stir casting route. The raw material of copper and
nickel are placed in a crucible and heated to 1100 �C. Simultane-
ously, the preheated Tib2 particles were spread over the molten
metal. The stirrer has been operated at 700 rpm. Tib2 is the best
reinforcement particle which is used in metal matrix composite
due to its excellent mechanical and thermal properties, electrical
conductivity, wear resistance and elastic modulus. In copper metal
matrix, uniform reinforcement was achieved by Tib2. The wettabil-

ity issues are easily controlled in the stir casting process. After the
uniform mixture of the molten metal is achieved, it was poured
into the mold and the desired shape and size of
100 � 50 � 8 mm were acquired as shown in Fig. 1. The material
characterization and properties have been studied. The stir casted
Cu-Ni-Tib2 is machined by LBM.

Fig. 1. Cu-Ni-Tib2 Stir casted Material.

Table 1
Mechanical properties of Cu-Ni-Tib2.

Properties

Hardness 125BHN
Tensile value 510 MPa
Density 8.37 g/cm3

Table 2
Chemical Parameters of Cu-Ni-Tib2.

Elements Wt (%)

Cu 71.41
Ni 19.59
Ti 03.92
B2 0.52
O 04.56

Fig. 2a. Magnification of Tib2 particles.

Fig. 2b. Magnification of Particles zone and Cu-Ni.

Fig. 2c. Delamination layers of Cu-Ni-Tib2.
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3. Experimental works

3.1. Material characterizations of SEM and EDAX analysis

From Tables 1 and 2 is a mechanical composition of Cu-Ni-Tib2

material. In Tib2 is one of the good reinforcement in copper metal
matrix which increases the mechanical properties as shown in
Fig. 2a. The magnification of Tib2 particles are shown in Fig. 2(a).
Particles are uniformly dispersed through the material structure.
Particles zone and Cu-Ni magnification are shown in Fig. 2(b) Par-
ticles free zone and delamination of layers are shown in Fig. 2(c).
The chemical composition has been confirmed through the EDAX
report which is represented the Fig. 3. The hardness, tensile
value, density of material is found to be 125 BHN, 510 MPa and
8.37 g/cm3 as shown in Figs. 3(a) and 3(b) respectively.

3.2. Analysis of atomic force microscope

Atomic Force Microscopy (AFM) is used to analyze the particle
size transformation. The stir casted sample of Cu-Ni-Tib2 is ana-

lyzed on 60 � 60 mm area. In the Fig. 4, the smooth curvature
was maintained up to 30 mm and after that radius of the curvature
was reduced. It indicates that almost uniform decomposed parti-
cles have been achieved. From this graph the particle height points
are (10.72, 20.21, 39.23) and (6.82, 6.96, 6.21). The particles size
varies from 30 to 50 mm. The average roughness value of 2.43 mm
is obtained throughout the surface of the material. The height,
length and location angle of particles are shown in the Fig. 4.

3.3. Analysis of dynamic light scattering

Dynamic light scattering is to study the particles size and divi-
sion of particle throughout the material structure. An achieved
average particle size is 1325 d.nm. The volume plot of dynamic
light scattering is shown in Fig. 5 that provides the average value
of 826.5 d.nm. The nature of the particles mainly depends on the
temperature provides during stir casting process. The diameter
and width of the particles are 642.3 nm and 97.8 nm respectively.

3.4. Laser beam drilled material

The selection of cutting speed and thermal effect of gas pressure
is applied to conducting drilling hole. The drilling hole size is 500 m
(microns). It will be used in various industrial applications. The

Fig. 3. EDAX of Stir casted Cu-Ni-Tib2.

Fig. 3a. Tensile test Cu-Ni-Tib2.

Fig. 3b. Hardness test of Cu-Ni-Tib2.

Fig. 4. Elements of AFM analysis of stir casted Cu-Ni-Tib2.
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work piece is carried out the experimental results are various input
and output optimal devise based in response surface methodology
tool. The Ra values are measured in Mitutoyo made surface rough-
ness tester as shown in Fig. 6.

4. Result and discussion

By varying the control parameters namely amount of Laser
beam influences, cutting speeds and amount of gas pressure, the
output responses like MRR and SR are recorded and shown in
Table 3.

4.1. Significant factors material removal rate

From Table 4 has mentioned insignificant factors of gas pressure
and laser power which is observed from cutting speed. In p-values
minimum of less than 0.051 indicates that the significant of the
model terms. Were investigated in cutting speed, Pressurized gases
are considerable ranges are given terminology. Interactions of B
and C are found to be significant. F-value is significant in 0.19 it
develops the not ranged significantly in pure error. Because of lack
of fit in significant in error. The range is 89.36% it is a large F-value
has introduced because of noise.

Fig. 5. AFM analysis of stir casted Cu-Ni-Tib2.

Fig. 6. Laser Beam Machining Drilled Material.

Table 3
Experimental observations for drilling of Cu-Ni-Tib2 Metal matrix.

S. No. A: speed B:laser energy C:gas pressure MRR SR
(m/min) (W) (in bar) (gm/min) (mm)

1 1 1200 15 3.21 2.5
2 2 1000 20 4.21 3.2
3 1.5 1000 15 6.25 3.9
4 1 1000 20 2.14 4.2
5 1 800 15 3.32 6.3
6 2 1200 15 7.28 2.2
7 2 800 15 3.68 6.9
8 1.5 1200 10 4.92 1.9
9 1.5 800 10 8.21 5.9
10 1.5 1200 20 8.25 2.3
11 1.5 1000 15 4.28 3.3
12 1.5 1000 15 4.1 3
13 2 1000 10 5.97 4.6
14 1 1000 10 4.98 2.6
15 1.5 800 20 2.29 7.1
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R2 ¼ 0:931; Adjusted; R2 ¼ 0:808; R2 ¼ 0:634;Adeq: Precision

¼ 9:183

The Predicted values of R2 is 0.634 is in sensible concurrence
with the Adjusted values R2 is 0.808; i.e. the distinction is under
0.2. Sufficient Precision estimation of 9.183 shows a indicates an

Table 4
Response table for MRR.

Categories Sum of sequence df Mean values f Value p Value

Input 49.9082 9 5.54535019 7.55715 0.0192
A-Cutting speed 7.01251 1 7.0125125 9.55659 0.02712
B-Laser power 4.7432 1 4.7432 6.46399 0.05174
C-Gas pressure 6.46201 1 6.4620125 8.80637 0.03125
AB 3.44103 1 3.441025 4.6894 0.08261
AC 0.2916 1 0.2916 0.39739 0.55613
BC 21.3906 1 21.390625 29.151 0.00294
AÂ2 4.05786 1 4.05785641 5.53001 0.06543
BÂ2 1.09336 1 1.09335641 1.49002 0.27663
CÂ2 0.91081 1 0.91081026 1.24124 0.3159
Residual 3.66894 5 0.73378833
Lack of Fits 0.82368 3 0.27455833 0.19299 0.89363
Pure Error 2.84527 2 1.42263333
Cor Total 53.5771 14

Fig. 7a. Normal probability plot.

Fig. 7b. Predicted values and actual value.

Fig. 8a. Contour plot analysis in cutting speed and laser power for MRR.

Fig. 8b. Contour plot analysis in Gas pressure and cutting speed for MRR.
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adequate signal. The values of R2 (adj) with 80.8% records for the
number of predicted values of the model which may get littler with
the gathering of terms in the model.

Actual factors final equations in MRR

MRR ¼ 60:58þ 3:55A� 0:071B� 3:25Cþ 0:009ABþ 0:108AC

þ 0:002BC� 4:19A2 þ 0:000014B2 þ 0:019C2

The conditions are actual variables in each factor. A normal plot
of residuals for Material removal rate is represented in Fig. 7(a) in
this graphs shows that the plots in residuals and their normal qual-
ities amid the ordinary dissemination. The residuals from the
investigation ought to be regularly dispersed. The residuals are
indicated in normal error. From the Fig. 7(b) it is viewed that the
actual predicted values. There is not much deviation between
actual and predicted values.

4.2. Contour plot analysis for MRR

From Fig. 8(a) it is observed that higher MRR is achieved max-
imum values of LBM and selected material cutting speeds. The
maximum MRR is achieved for the combination of 1.6 mm/min
as cutting speed and 1200W as laser power. It is evident from
Fig. 8(b) that the higher range of MRR is the lowest rate in gas pres-
sure i.e. maximum bar is 10. A selection cutting speed is 1.4 m/min.
as shown is Fig. 8(c) it has been noticed in high MRR is obtained at
the mixture of lowest laser power and the gas pressure. The desir-
ability condition of high MRR is achieved at minimum pressurized
gases also maximum LBM process. The stream of photons, the laser
intensity is increased at low laser power and gas power.

4.3. Analysis of response graph for MRR

It is evident form Fig. 9(a) that higher MRR is achieved only at a
combination of higher laser beam power and maximum cutting
speeds. From Fig. 9(b) (contour graph showing the gas pressure
versus Cutting speed), it was noticed that gas pressure is less sig-
nificant for MRR. The same phenomenon has been observed in
the above figure, to increasing material removal rate (MRR) also
increased in cutting speeds. There is no much change was observed
on MRR with an increase in gas pressure. The maximum MRR is
achieved for the combination of 10 bar and 2 m/min. The MRR
for the combination of 20 bars and 2 m/min is found to be less as
compared to that of 10 bar and 2 m/min. From Fig. 9(c), it is
observed that high MRR is achieved for the combination of

10 bar and 800 w and also for the combination of 20 bar and
1200 w. The maximum MRR is achieved only at the lower values
of laser power and gas pressure which have higher laser intensity.

Fig. 8c. Contour plot analysis in Laser power and Gas pressure for MRR.

Fig. 9. (a–c) Response graphs for MRR.
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5. Factors analysis of surface roughness (SR)

From Table 5, it has been observed that LBM is a large amount
has been considerable factors for SR. P-values are less than 0.05
indicates in significant of f value and p values that. Were investi-
gated in, interaction a better cutting speed and selected pressur-
ized gases (AC) as a significant model term.

R2 ¼ 0:98; Adjusted R2 ¼ 0:9532; Predicted R2

¼ 0:8637;Ade: Precision ¼ 15:66

The R2 is 0.8637 is predicted sensible concurrence values the
values for R2 of 0.953 is adjusted value; i.e. the distinction is smal-
ler 0.2. The satisfactory proportion of 15.66 demonstrates sufficient
signaling. The models are utilized in space design for outlines. The
estimation of R2 (adj) with 95.32% represents the number of indi-
cators in the model, which may get littler with the better perfor-
mance of model terminology.

Actual factor equation of surface roughness

SR ¼ 23:73þ 4:52A� 0:047Bþ 0:650C� 0:002AB� 0:30AC

� 0:0002BCþ 0:850 A2 þ 0:00002 B2 þ 0:0015 C2

The condition for normal, residual plots and predicted, actual
plots are developed from normal probability statistical analysis.
In each and every factors are developed in focal points in appropri-
ate factors.

The Normal probability values of residual surface roughness are
represented as shown in Fig. 10(a) this chart plots the residuals
versus their normal qualities when the appropriation is normally.
The residuals stress investigation ought to be normal values are
appropriated. The residual values are relatively falling on an as
the crow file lines as the past error. The Fig. 10(b) shows that actual
values and developed values are closely with an equal. The actual
values and predicted values there isn’t much deviation.

5.1. Contour plot analysis of SR

From Fig. 11(a), has shown that the lowest cutting speeds and
high laser power would lead to better SR. A better surface rough-
ness is also developed in a mixture of the highest benefit of cutting
velocity and high range of laser beam. The lower values of cutting
speeds and gas pressure, It is better surface finish is obtained. For
maximum combinations of cutting speeds and amount of pressur-
ized gases, the minimum surface finish value is observed from
Fig. 11(b). From Fig. 11(c), it is observed that the least surface finish

Table 5
Response table for (SR).

Sources Sum of sequences df Stand for f values p values

Representation 43.4718 9 4.8302 32.7471 0.00064
A. cutting speed 0.21125 1 0.21125 1.4322 0.28505
B. Laser power 37.4113 1 37.4113 253.636 1.78E-05
C-Gas pressure 0.405 1 0.405 2.74576 0.15841
AB 0.2025 1 0.2025 1.37288 0.29411
AC 2.25 1 2.25 15.2542 0.01134
BC 0.16 1 0.16 1.08475 0.34536
AÂ2 0.16673 1 0.16673 1.13038 0.33632
BÂ2 2.74673 1 2.74673 18.6219 0.0076
CÂ2 0.00519 1 0.00519 0.0352 0.85855
Residual 0.7375 5 0.1475
Lack of fit 0.3175 3 0.10583 0.50397 0.71753
error 0.42 2 0.21
Cor. total 44.2093 14

Fig. 10a. The normal probability plot of residual.

Fig. 10b. The normal probability plot of residual.
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is obtained only for the higher value of laser power and gas
pressure.

From Fig. 12(a), it is very clear that the surface finish is good for
all the combinations of the higher range of laser beam power and
also the material removal speed. The desirable surface finish is
obtained only at the high value of laser power. The combined effect
of the material removal speed and pressurized gases did not have a
desirable outcome on SR which can be noticed from Fig. 12(b).
There is not much change on SR when the cutting speed increases

from 1 m/min to 2 m/min. The Fig. 12(c) indicates the changes in
SR when the gas pressure and cutting speed varies.

6. Optimal solutions

The optimal parameter is obtained using response surface
methodology which is shown in Table 6.

Fig. 11. (a–c) Contour plot analysis for SR. Fig. 12. (a–c) Response graphs for SR.
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7. Conclusion

Drilling of stir cast Cu-Ni-Tib2 material using in laser beam
machining process. This research work concentrated in maximum
Material Removal Rate and increasing surface finish in Cu-Ni-Tib2

material. The material characterization and composition are stud-
ied through electron images and (SEM) and energy Dispersive anal-
ysis of X-ray images (EDAX) respectively. The material hardness
values are 125BHN, tensile strength 510 MPa and density of the
material 8.37 g/cm3 are obtained as a result of material character-
ization. The drilling of optimization has been carried out optimal
response surface methodology. The results have been carried out
the selection of cutting speed and gas pressure in laser beam
machining process. The optimal response is represented in to
reduce the error and increasing material removal rate and good
surface roughness.
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Abstract: In this paper, the coefficient of friction (COF) and wear of pure and 
filled polyamide incorporated with and without bio lubrication prediction 
models based on response surface methodology (RSM) are exhibited in heavy 
vehicles. A special purpose vehicle is a motor vehicle or trailer, other than an 
agricultural vehicle or a tow truck, built for a purpose other than carrying 
goods, or a concrete pump or fire truck (both of which carry water). Examples 
of a special purpose vehicle include a mobile crane, a concrete pump, drill rig 
or fire truck. The models were developed based on three-level design of 
experiments conducted on pure polyamide such as Polyamide6, Polyamide66 
and filled polyamide like Polyamide66 filled with glass fibre 30 and 
Polyamide66 filled with molybdenum disulfide, considering with load, speed 
and sliding distance as process parameters. Numerical models of second order 
RSM clearly show that the prediction capabilities of response surface 
methodology models are more desirable. This implementation identifies the 
insignificant main factors and contact factors or insignificant quadratic 
expressions in the model and in this manner can diminish the complexity of the 
problem. 
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1 Introduction 

In the modern era, polymers play a vital role of tribo-engineering materials and exhibit 
superior mechanical properties to the quality as well as product life. The life of the 
product is controlled by material aspects alone. But technical limitations are set by 
environmental circumstances. It is important to improve the product life by improving 
tribological properties. Polyamides (PA) are semi-crystalline materials with many useful 
attributes. By adding the fibre and fillers into the polyamides, the tensile strength and 
stiffness of polyamide can be improved. Polyamides are suitable for sliding surfaces like 
bearing and plate, gears, cams, and bushes Polyamide6 (PA6) has high tensile strength 
and good impact resistance, Chemical resistance and electrical insulating properties are 
also good. If the PA absorbs moisture it lowers the strength and change the dimensions of 
elements due to difficulties in operation and stability. 

An additional obstacle is the corrosion caused by the ultraviolet radiation. PA6 is 
suitable for sliding surfaces like bearing and plate, gears, and seals, where temperature, 
speed and load should be minimised or adequate (Hutchings, 1992; Kumar and Chauhan, 
2012). Polymer performance without lubrication of pure polyamide on both low and high 
load, sliding speed and sliding distance influences the tribological properties (Ani et al., 
2005). To overcome this problem, fibre or filler added to the polymers (polymer 
composite) are regularly used without lubrication on both low and high load, sliding 
speed and sliding distance, but have less influence as compared with pure polyamide 
without lubrication. By adding the different fillers such as glass fibre and pearls into the 
polyamides, the tensile strength and stiffness of polyamide can be improved. Towing is 
coupling two or more objects together so that they may be pulled by a designated power 
source or sources. To reduce the friction and wear MoS2, graphite, PTFE and silicon oil 
can be used, but there is an effect on mechanical properties like strength and impact 
resistance. The casting of polyamide produces the better physical and  
heat resistance properties (Bhardawaj, 2017; Chauhan et al., 2010; Cohen and Tabor, 
1965). 

Glass filled polyamide has an exceptional rigidity in mixture by means of a good 
action at the break. Parts prepared in glass-filled polyamide have excellent properties 
such as high rigidity, better mechanical wear-resistance, excellent thermal loading 
capacity, outstanding quality of surface, superior dimensional accuracy and aspect, 
resolution excellent process ability and exceptional enduring steady behaviour 
(Bhardawaj, 2017). In case of longer working period, filled polyamides have not better 
performance on the tribological properties by using mineral oil as lubricant. It is apparent 
that fibres/fillers came out on the rubbing surfaces and decreased the effectiveness of the 
lubricants (Kozma, 2005). Presently, petroleum demand is elevated due to growing 
industrialisation, rejuvenation, and improvement. In metal working purpose petroleum is 
used as mineral oil based fluids, wherever it is able to enhance productivity, for high 
excellence manufacturing operations performing as a coolant. In metal forming and 
cutting process mineral oil is a lubricant. Although this oil is very helpful, it is also an 
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environmental danger. At smallest amount, two-thirds of the used oil requirements to be 
disposed towards. The intricate work of these fluids and the quantity of microbial toxins 
they have are capable of hurting the human skin, through irritation or allergies (Hu et al., 
2005). Due to this difficulty, scientists have investigated for other products that are 
capable of being renewed, fresh, consistent, and economically possible. One of the best 
discoveries was in the transportation sector, where biodiesel has been introduced as a 
cleaner, renewable fuel that can replace diesel fuel (Hu et al., 2005). Consequently, 
vegetable oil has been tested and emerges as a possible replacement for mineral oil-based 
fluids. 

Currently, the requirement for mineral lubricants in the industry is increasing quicker 
each year. In addition, the oil price has become expensive. Therefore, a modification of 
mineral oil by adding a non-edible vegetable oil can minimise the use of mineral oil as a 
lubricant. It is identified that vegetable oil is a potentially excellent lubricant due to 
numerous factors. One reason is that vegetable oil has a better viscosity index, excellent 
lubricity, low vitality, small toxicity and elevated biodegradability. Therefore, the 
modification of existing mineral oil by adding vegetable oil can increase the performance 
of both lubricants in terms of the coefficient of friction (COF) and wear performance. 
The make use of vegetable oil as a lubricant is not a new idea in industries such as the 
food industry, and this type of industry must make sure that their products are 
uncontaminated by the dangerous chemicals that exist in the base oil. Because of this, 
there are already vegetable oil products available, and global environmental awareness 
encourages researchers to produce these environmentally friendly lubricants (Ani et al., 
2005; Quaglini and Dubini, 2011). Due to its environmental benefits, the use of vegetable 
oil as an alternative in the industry is quite desirable. Vegetable oil is a renewable 
resource, and most vegetable oil contains methyl esters, monoglycerides, triglycerides, 
free fatty acids, and triglycerides that can improve its lubricating properties. From the 
research that has been done by Hu et al. (2005), methyl esters and monoglycerides are the 
major components that conclude the lubricity of biodiesel and assemble the international 
standards. Free fatty acids and triglycerides also influence the lubricity of biodiesel, but 
not as much as monoglycerides. Additionally, the triglyceride arrangement of vegetable 
oils offers qualities that are vital in lubrication since extensive polar fatty acid chains give 
peak strength lubricant films that relate strongly with metallic surfaces. As a 
consequence, this film can decrease the friction and wear. The well-built intermolecular 
structure in the vegetable oil is able to withstand changes in temperature; enough to make 
sure it maintains a stable viscosity (Hutchings, 1992; Kozma, 2005). 

Vegetable oil also has a high degree of biodegradability and non-toxicity. 
Biodegradability and non-toxicity are the major issues when oil comes in contact with 
soil, crops and water (Kamitani et al., 2005). Vegetable oil also has a lot of technological  
advantages over fossil fuels, such as minor overall exhaust emissions and toxicity, 
negligible sulphur substance and a higher flash point. In terms of economics, vegetable 
oil is more cost-effective when compared with mineral oil, however, the drawbacks of 
vegetable oils include reduced oxidation, hydrolytic steadiness and low temperature 
properties. Researchers work tirelessly to develop a vegetable-based oil lubricant, and 
due to different climatic conditions, many countries have been looking for various types 
of vegetable oils that could possibly be used in lubricant production (Ani et al., 2005; 
Bakar et al., 2012; Gorokhovsky, 1972). 

In the present situation, the importance is being accorded to research tribological 
properties of polyamide like Polyamide6 (PA6), Polyamide66 (PA66), Polyamide66  
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filled with glass fibre30 (PA66 GF30) and Polyamide66 filled with molybdenum 
disulphide (PA66MoS2) using bio lubricant such as soybean oil, rice bran oil and without 
lubrication on polyamides. improved tribological properties in terms of COF and  
wear require the controlling parameters like load, speed, sliding distance, time and 
temperature. It is evidence that the polymer filled with fibre/filler on non-lubrication 
conditions has influenced the tribological properties and also bio lubrication on polymer 
with fibre/filler improves the tribological properties such as COF and wear resistance. 
Bio lubrication using soybean oil, sunflower oil, and rice bran oil increases effectiveness 
of filling polyamide as compared with mineral oil (Chowdhury et al., 2014; Narendran 
and Karthikeyan, 2016; Ridzuan et al., 2011; Rodriguez et al., 2011; Hooke  
et al., 1996). 

Many researchers have recognised the complexity arising from tribological 
characteristics of the components having relative movement with each other, and tried to 
get the clarifications through design of the experimental approach and scientific 
optimisation techniques. Several efforts have been made to attain improved product 
functional life. Bio lubrications were preferred for filled polyamide components. 
Response surface method (RSM) has also been adopted by many researchers to optimise 
the bio lubrication on polyamides. From the literature survey, it is evident that very few 
works have been reported on optimisation of bio lubricants which are highly wear 
resistive on polyamide. Bio lubrication of polyamide components needs the execution of 
optimisation algorithm to improve the tribological properties of polyamide products. The 
RSM was found to be suitable because a model can be created with least amount of 
process knowledge which saves time and cost of investigation work. A model developed 
using RSM is precise only for a limited collection of input process parameters. 
Otherwise, the improvement of higher order RSM models needs a larger number of tests 
to be performed (Ocholi et al., 2017; Sarıkaya and Güllü, 2014; Shahavi et al., 2015). 

2 Experimental details 

To minimise the COF and wear of polyamides, central composite design (CCD) of 
response surface methodology (RSM) was selected for this investigation. Tribological 
properties of polyamides were tested using Ducom Pin on Disc Tribometer. The 
polyamides specimens are 12 mm diameter and 30 mm length. The Ducom Pin on Disc 
Tribometer along with non-lubricated and bio lubrication condition of soybean oil and 
rice bran oil was used for bio lubricant on polyamide for the experiment. Before the 
investigation, all the samples were prepared dimensionally and followed by cleaning with 
acetone. Towing may be as simple as a tractor pulling a tree stump. The most familiar 
form is the transport of disabled or otherwise indisposed vehicles by a tow truck or 
‘wrecker’. Other familiar forms are the tractor-trailer combination, and cargo or leisure 
vehicles coupled via ball or pestle and gudgeon trailer-hitches to smaller trucks  
and cars. In the opposite extreme are extremely heavy duty tank recovery vehicles, and 
enormous ballast tractors involved in heavy hauling towing loads stretching into the 
millions of pounds. Necessarily, government and industry standards have been developed 
for carriers, lighting, and coupling to ensure safety and interoperability of towing 
equipment. 
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Trial runs were performed by changing one of the parameters while keeping the other 
parameters at constant values. The working range was decided based on improving 
tribological properties by using bio lubricant. The factor was coded as the upper range  
of +1 and the lower range as –1. In the regression analysis, the coded values of the 
independent variables were used as an alternative of uncoded (real) values. The variables 
are coded as follows 

( ) /i i o iX X X X= − Δ  

where Xi is the coded value of the independent variable; Xo is the uncoded (real) value of 
the independent variable at centre point, and ΔXi-step change in the concentration of each 
variable. The results of the CCD polynomial equation are more effectively characterised 
by a second order polynomial than a first order model 

2 2 2
0 1 1 2 2 3 3 11 1 22 2 33 3 12 1 2

13 1 3 23 2 3

Y X X X X X X X X
X X X X

β β β β β β β β
β β

= + + + + + + +
+ + + ε

 

where Y is the predicted response, X1, X2, X3 are the real values of variables, ε  is the 
random error in Y. 

In this investigation, load, speed and sliding distance chosen as parameters which 
would influence the response, i.e., tribological properties. Before starting the non 
lubrication test of polyamides by using pin–on–disc test rig, the disc was cleaned with 
acetone. Before beginning the bio lubrication process, the lubricants were prepared 
individually (soybean oil and rice bran oil). The experiment was conducted adopting 
standard speed, time and sliding distance for the selected polyamides PA6, PA66, PA 
66GF30 and PA66Mos2 with 12 mm diameter and 30 mm length specimen. Standard 
time was calculated as 300s for every polyamide specimen. Three trials were conducted 
for each polyamide specimen individually in the pin–on–disc test rig and values were 
taken. The polyamides sample results are shown in Table 1. 

Table 1 Process parameters and their levels 

Parameters 

Factor levels 
–1 0 +1 

Load (N) 20 30 40 
Speed (rpm) 50 100 150 
Sliding distance (m) 1000 2000 3000 

3 Results and discussion 

3.1 RSM based modelling for coefficient of friction pure and filled polyamides 
without lubrication 

The load, speed and sliding distance were considered as experimental variables in  
the CCD that was created using the Design Expert 10.0 software packages. The 
investigational allocation, factor levels, and investigational consequences are shown  
in Table 2. 
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Table 2 Coded CCD design of independent variables and their corresponding experimental 
and predicted values 

Run 
A: Load 

(N) 
B: Speed 

(rpm) 
C: Sliding 

distance (m) 

COF WEAR (Micrometer) 

COFExperimental COFPredicted WearExperimental WearPredicted 

1 0 0 0 0.142 0.137 99 98.37 

2 0 0 0 0.135 0.138 94 98.37 

3 –1 0 +1 0.042 0.042 46 46.12 

4 0 0 0 0.136 0.137 101 98.37 

5 +1 +1 0 0.094 0.094 79 78.75 

6 0 0 0 0.137 0.137 98 98.37 

7 0 0 0 0.134 0.138 96 98.37 

8 0 0 0 0.139 0.137 97 98.37 

9 0 0 0 0.135 0.138 93 98.37 

10 0 0 0 0.136 0.137 91 98.37 

11 0 0 0 0.134 0.137 96 98.37 

12 +1 0 –1 0.084 0.083 54 53.87 

13 0 0 0 0.135 0.137 101 98.37 

14 0 0 0 0.137 0.137 98 98.37 

15 0 0 0 0.138 0.137 96 98.37 

16 +1 –1 0 0.168 0.168 102 101.75 

17 0 0 0 0.139 0.137 99 98.37 

18 0 0 0 0.141 0.137 94 98.37 

19 0 0 0 0.124 0.138 98 98.37 

20 –1 –1 0 0.125 0.124 100 99.75 

21 0 0 0 0.141 0.137 98 98.37 

22 0 0 0 0.142 0.137 94 98.37 

23 0 0 0 0.139 0.137 113 98.37 

24 0 0 0 0.138 0.137 109 98.37 

25 –1 0 –1 0.133 0.133 131 130.62 

26 0 –1 –1 0.153 0.153 115 115.37 

27 0 0 0 0.143 0.137 99 98.37 

28 0 0 0 0.141 0.137 95 98.37 

29 0 +1 –1 0.116 0.116 94 94.12 

30 0 –1 +1 0.12 0.12 87 86.87 

31 0 0 0 0.141 0.137 103 98.37 

32 0 0 0 0.141 0.137 101 98.37 

33 +1 0 +1 0.107 0.106 102 102.37 

34 0 +1 +1 0.081 0.081 87 86.62 

35 –1 +1 0 0.123 0.122 101 101.25 

36 0 0 0 0.1395 0.138 98 98.37 
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Linear, interactive, and quadratic models were fixed to the investigation data to attain the 
regression models. Sequence model sum of squares and model review information were 
carried out to confirm the capability of the models, and the results proven that the P-value 
was lesser than 0.0001 for quadratic model only. Multiple regression analysis of the 
investigation data gives up second-order polynomial models for predicting COF and wear 
without lubrication on polyamide. The second-order polynomial equation was fitted with 
the investigation results achieved on the basis of CCD experimental design. The final 
equation achieved in terms of coded factors is specified below 

2 2 2

COF 0.14 3.750 003* 0.019* 0.017* 0.018*
0.029* 0.018* 7.762 003* 0.028*

E A B C AB
AC A E B C

= + + − − − −
+ − + − −

 (1) 

2 2 2

WEAR 98.38 5.12* 5.37* 9.00* 6.00* 33.25*
5.25* 7.69* 4.81* 7.44*

A B C AB AC
BC A B C

= + − − − − +
+ − + −

 (2) 

Table 3 Pure and filled polyamide ANOVA for the experimental results of the CCD design 

Source DF 

COF of pure and filled polyamides 
Wear of pure and filled 

polyamides 
CE SS CE SS 

Model 9 0.14  98.38  
A: load 1 3.750E-003 0.018 –5.12 6552.38 
B: speed 1 –0.019 1.125E-004 –5.37 210.12 
C: sliding distance 1 –0.017 2.888E-003 –9.00 231.12 
AB 1 –0.018 2.312E-003 –6.00 648.00 
AC 1 0.029 1.296E-003 33.25 144.00 
BC 1 –5.000E-004 3.249E-003 5.25 4422.25 
A2 1 –0.018 1.000E-006 –7.69 110.25 
B2 1 7.762E-003 1.681E-003 4.81 298.60 
C2 1 –0.028 3.045E-004 –7.44 117.02 
Std. dev. 

 

3.827E-003 

  

4.57 
Mean 0.13 96.08 
C.V.% 2.96 4.75 
PRESS 4.221E-004 601.75 
R-squared 0.9792 0.9236 
Adj. R-squared 0.9720 0.8971 
Pred. R-squared 0.9770 0.9152 
Adeq. precision 62.468 35.103 

The capability and suitability of the models were tested by Pareto analysis of variance 
(ANOVA), and the results signify that the equation effectively represented the actual 
relationship between the independent variables and the responses (Table 3). The ANOVA 
result for the COF and wear shows the F-value of 13.6 and 34.90, which means that the 
model is significant. Coefficient of determination (R2) and adj-R2 were calculated to 
check the capability and fitness of the model. The values of R2 were calculated to be 
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0.9792 and 0.9236 for COF and wear, respectively, which implies that 95% of 
investigations data were compatible. The use of an adj-R2 is to estimate the model 
adequacy and fitness. The adj-R2 value corrects the R2 value for the sample size and for 
the number of terms in the model. The value of adj-R2 (0.9720 for COF and 0.8971 for 
wear) is also high to recommend for a high significance the model. The coefficient of 
variation (CV%) specifies the relative distribution of the investigation points from the 
predictions of the second-order polynomial models. The value of CV is also low as 2.96 
and 4.75, which indicates that the difference between experimental and predicted  
values is low. Adequate precision measures the signal to noise ratio and this ratio is 
greater than 4 that is desirable.  

During this investigation, the ratio is found to be 62.468 for COF and 35.103 for 
wear, which indicates an adequate signal. Data were analysed to verify the normality of 
the residuals, and the normal percentage probability plot of these residuals is shown in 
Figures 1 and 2. 

Figure 1 Normal percentage probability plots for coefficient of friction of pure and filled 
polyamides without lubrication (see online version for colours) 

 

3.2 Response surface and contour plots of coefficient of friction (COF) for pure 
and filled polyamides without lubrication 

Response surface plots, as a purpose of two factors at a time, keeping all other factors at 
fixed levels, are more useful in accepting both the main and the interactive effects of 
these two factors. To understand the interaction of the variables and to verify the 
optimum level of each variable for maximum response by using the response surface 
curves was plotted. The response surface plots for pure and filled polyamides have COF 
and wear are shown in Figures 3–8, showing the effects of process variables like load, 
speed and sliding distance of pure and filled polyamides without lubrication condition. 
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Figure 2 Normal percentage probability plots for wear of pure and filled polyamides without 
lubrication (see online version for colours) 

 

From Figure 3, the COF was high due to increase in temperature and an increase in load 
(Bely and Kupchinov, 1966; Bezborodko and Shabarov, 1965; Ridzuan et al., 2011; 
Rodriguez et al., 2011). If pure and filled polyamides have visco-elastic contact, COF is 
low as load increases. In the case of polyamide has visco-plastic contact, the COF 
increases as load increases (Kukureka et al., 1999; Lates et al., 2016; Osipenko et al., 
1968; Srivastava and Pathak, 1996; Thorp, 1982) and the COF of pure and filled 
polyamides has increased as speed was increased owing to frictional heating. From 
Figure 4, as the load increased the COF was reduced, but the increase in sliding distance 
the increased COF due to order of the molecular length representing a weak control of 
molecular position during run (Ridzuan et al., 2011). From Figure 5, COF of pure  
and filled polyamides fell while varying the speed from low to high. In the case of 
increasing sliding speed, the COF is high at low sliding distance owing to the order  
of the molecular length representing a weak manipulate of molecular position during  
the run and the COF is decreased at high sliding distance due to the order of the 
molecular length, indicating a strong influence of molecular alignment during the run 
(Kukureka et al., 1999; Lates et al., 2016; Ridzuan et al., 2011; Srinath and 
Gnanamoorthy, 2005; Thorp, 1982). 

From Figure 6, the wear was low due to the low adhesion interaction of pure and 
filled polyamide with metal surface when increases in load (Gorokhovsky, 1972; 
Kukureka et al., 1999; Lates et al., 2016; Rus et al., 2014; Sirenko and Kut’kov, 1971; 
Srinath and Gnanamoorthy, 2005; Thorp, 1982). In the case of pure and filled polyamides 
have visco-plastic contact, wear of polyamide rises as load increases (Osipenko et al., 
1968) and the wear of polyamide increased as speed increased, owing to frictional 
degradation. From Figure 7, the low load condition increases the wear,  
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but increasing the load wear was decreased due to low friction degradation 
(Gorokhovsky, 1972; Lates et al., 2016; Sirenko and Kut’kov, 1971; Thorp, 1982) and 
low sliding distance wear was low, while increasing the sliding distance wear was high 
due to weak molecular alignment (Ridzuan et al., 2011; Srivastava and Pathak, 1996; 
Sivebaek et al., 2008). From Figure 8, wear of polyamide is low while varying the speed 
from low to high, and with increasing sliding speed, the wear is low. This is owing to low 
adhesive interaction between surfaces and strong molecular alignment during run 
respectively (Kukureka et al., 1999; Lates et al., 2016; Srivastava and Pathak, 1996; 
Sivebaek et al., 2008; Thorp, 1982). 

Figure 3 Response surface plot for COF, speed and load of pure and filled polyamides without 
lubrication (see online version for colours) 

 

Figure 4 Response surface plot for COF, sliding distance and load of pure and filled polyamides 
without lubrication (see online version for colours) 
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Figure 5 Response surface plot for COF, speed and sliding distance of pure and filled 
polyamides without lubrication (see online version for colours) 

 

Figure 6 Response surface plot for wear, speed and load of pure and filled polyamides without 
lubrication (see online version for colours) 

 

3.3 RSM based modelling for coefficient of friction pure and filled polyamides 
with bio lubrication 

The load, speed and sliding distance were considered as experimental variables in  
the CCD that was created using the Design Expert 10.0 software packages. The 
investigational allocation, factor levels, and investigational consequences are shown  
in Table 4. 
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Figure 7 Response surface plot for wear, load and sliding distance of pure and filled polyamides 
without lubrication (see online version for colours) 

 

Figure 8 Response surface plot for wear, load and sliding distance of pure and filled polyamides 
without lubrication (see online version for colours) 

 

Multiple regression analysis of the experimental data yielded second-order polynomial 
models for predicting COF and wear with bio lubrication on polyamide.  
The second-order polynomial equation was fitted with the investigation results obtained 
on the basis of CCD investigational design. The final equation attained in terms of coded 
factors is given below 

soybean oil 

2

2 2

COF 0.12 7.792 003* 6.320 003*

4.875 003* 0.010* 3.416 003*  
4.653

(

003* 1.357 00 *

)

3

E B E C

E AB AC E A
E B E C

+ + − − −

− − + −
+ − − −

=

+  (3) 
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Rice bran oil

2

2 2

COF 0.11 2.916 003* 4.410 003*
1.028 003* 3.625 003*
7.125 003* 3.183 003*
8.829 004* 2.29

)

7 0 *

(

03

E A E B
E C E AB
E AC E A
E B E C

= + − − + −
+ − − −
+ − − −
+ − + −

 (4) 

soybean oil

2 2 2

Wear 82.91 9.70* 1.69* 2.13* 13.12*

5.51* 2.98* 2.80

( )

*

A C AC BC

A B C

= + + + + +

+ − −
 (5) 

Rice bran oil

2 2 2

Wear 68.05 10.19* 2.45* 5.71* 12.75*

4.89* 3.48* 3.66*

( ) A B C AB

A B C

= + − − − +

+ + +
 (6) 

The capability and suitability of the models were tested by ANOVA, and the 
consequences signify that the equation effectively signified the actual relationship 
between the independent variables and the responses. The ANOVA (Table 5) result of the 
COF and wear of polyamides with the soybean oil as lubricant shows F-value of 46.47 
and 69.40, which means that the model is significant. Coefficient of determination (R2) 
and adj-R2 were calculated to confirm the capability and fitness of polyamide with the 
soybean oil lubrication model. The values of R2 were calculated to be 0.9306 and 0.9600 
for COF and wear, respectively, which implies that 95% of investigations data were 
compatible. The use of an adj-R2 is to estimate the model adequacy and fitness.  
The adj-R2 value corrects the R2 value for the sample size and for the number of terms in 
the model. The value of adj-R2 (0.9212 for COF and 0.9462 for wear) is also high to 
recommend for a high significance of the model. Similarly, the ANOVA result of the 
COF and wear of polyamides with rice bran oil as lubricant shows the F-value of 61.89 
and 47.42, which means that the model is significant. Coefficient of determination (R2) 
and adj-R2 were calculated to check the capability and fitness of polyamide with rice bran 
oil lubrication model. The values of R2 were calculated to be 0.9554 and 0.9426 for COF 
and wear, respectively, which implies that 95% of investigations data were compatible.  
The use of an adj-R2 is to estimate the model adequacy and fitness. The adj-R2 value 
corrects the R2 value for the sample size and for the number of terms in the model. The 
value of adj-R2 (0.9400 for COF and 0.9227 for wear) is also high to recommend for a 
high significance of the model. 

The coefficient of variation (CV %) specifies the relative distribution of the  
investigation points from the predictions of the second-order polynomial models.  
The values of CV 2.24, 2.28, 1.37 and 4.46 are also low, which indicates that the 
difference between experimental and predicted values is low as compared with 
unlubricated polyamides. Adequate precision measures the signal to noise ratio and this 
ratio is greater than 4, which is desirable. During this investigation, the ratio is found to 
be 40.654 for COF and 44.791 for wear of polyamide with soybean oil lubricant, which 
indicates an adequate signal. In the case of rice bran oil as a lubricant, the ratio is found 
to be 39.330 for COF and 30.903 for wear of polyamide, which indicates an adequate 
signal. Data were analysed to verify the normality of the residuals, and the normal 
percentage probability plots of these residuals are shown in Figures 9–12. 
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Table 4 Coded CCD design of independent variables and their corresponding experimental 
and predicted values 

Ru
n 

A:
 lo

ad
 (N

) 

B:
 sp

ee
d 

(r
pm

) 

C
: s

lid
in

g 
di

st
an

ce
 (m

) 

COF (soybean oil) COF (rice bran oil) 
WEAR  

(soybean oil) 
Wear  

(rice bran oil) 

C
O

F E
xp

ri
m

en
ta

l 

C
O

P P
re

di
ct

ed
 

C
O

F E
xp

ri
m

en
ta

l 

C
O

P P
re

di
ct

ed
 

W
ea

r E
xp

ri
m

en
ta

l 

W
ea

r P
re

di
ct

ed
 

W
ea

r E
xp

ri
m

en
ta

l 

W
ea

r P
re

di
ct

ed
 

1 0 0 0 0.119 0.118 0.107 0.106 87 82.90 71 68.04 

2 0 0 0 0.121 0.119 0.105 0.106 84 82.90 68 68.04 

3 –1 0 +1 0.118 0.118 0.101 0.106 79 82.90 66 68.04 

4 30 0 0 0.117 0.118 0.108 0.106 84 82.90 68 68.04 

5 +1 + 0 0.121 0.120 0.101 0.101 100 99.82 82 82.00 

6 0 0 0 0.117 0.118 0.107 0.106 81 82.90 71 68.04 

7 0 0 0 0.129 0.129 0.105 0.106 88 87.92 67 68.04 

8 0 0 0 0.119 0.118 0.122 0.122 84 82.90 83 83.02 

9 0 0 0 0.145 0.144 0.106 0.106 75 74.81 65 68.04 

10 0 0 0 0.119 0.118 0.105 0.106 84 82.90 62 68.04 

11 0 0 0 0.126 0.126 0.106 0.106 81 81.20 69 68.04 

12 +1 0 –1 0.095 0.094 0.104 0.106 61 60.80 65 68.04 

13 0 0 0 0.119 0.118 0.109 0.106 88 82.90 71 68.04 

14 0 0 0 0.119 0.118 0.105 0.106 84 82.90 78 68.04 

15 0 0 0 0.125 0.125 0.114 0.114 72 72.14 69 68.79 

16 +1 –1 0 0.119 0.118 0.095 0.095 87 82.90 63 63.04 

17 0 0 0 0.119 0.118 0.106 0.106 81 82.90 68 68.04 

18 0 0 0 0.124 0.124 0.107 0.106 77 77.21 72 68.04 

19 0 0 0 0.119 0.118 0.094 0.093 83 82.90 102 102.0 

20 –1 –1 0 0.134 0.133 0.111 0.110 111 111.1 88 87.98 

21 0 0 0 0.121 0.121 0.116 0.115 84 84.19 74 73.77 

22 0 0 0 0.153 0.152 0.107 0.106 59 58.81 68 68.04 

23 0 0 0 0.127 0.126 0.112 0.111 82 82.16 67 67.11 

24 0 0 0 0.118 0.118 0.105 0.106 84 82.90 65 68.04 

25 –1 0 –1 0.129 0.129 0.102 0.101 115 114.80 99 99.02 

26 0 –1 –1 0.118 0.118 0.108 0.107 84 82.90 109 108.9 

27 0 0 0 0.118 0.118 0.107 0.106 81 82.90 68 68.04 

28 0 0 0 0.119 0.118 0.092 0.092 79 82.90 65 64.75 
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Table 4 Coded CCD design of independent variables and their corresponding experimental 
and predicted values (continued) 
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29 0 +1 –1 0.123 0.119 0.105 0.106 85 82.90 68 68.04 

30 0 –1 1 0.121 0.119 0.107 0.106 81 82.90 64 68.04 

31 0 0 0 0.122 0.118 0.113 0.112 78 82.90 72 72.22 

32 0 0 0 0.118 0.118 0.110 0.109 74 74.15 56 56.12 

33 +1 0 +1 0.104 0.104 0.106 0.106 78 77.82 73 68.04 

34 0 +1 +1 0.114 0.118 0.106 0.106 83 82.90 66 68.04 

35 –1 +1 0 0.110 0.118 0.106 0.106 81 82.90 64 68.04 

36 0 0 0 0.111 0.118 0.095 0.094 82 82.90 88 88.14 

Figure 9 Normal percentage probability plots for COF of pure and filled polyamides with 
soybean oil lubrication (see online version for colours) 
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Figure 10 Normal percentage probability plots for COF of pure and filled polyamides with  
rice bran oil lubrication (see online version for colours) 

 

Figure 11 Normal percentage probability plots for wear of pure and filled polyamides with 
soybean oil lubrication (see online version for colours) 
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Figure 12 Normal percentage probability plots for wear of pure and filled polyamides with  
rice bran oil lubrication (see online version for colours) 

 

Table 5 Pure and filled polyamide with soybean oil and rice bran oil lubrication ANOVA for 
the experimental results of the CCD design 

  Soybean oil Rice bran oil 

  
COF of pure and 
filled polyamides 

Wear of pure and 
filled polyamides 

COF of pure and 
filled polyamides 

Wear of pure and 
filled polyamides 

Source DF CE SS CE SS CE SS CE SS 

Model 9 0.12 3.088 
E-003 

82.91 3513.40 0.11 1.173
E-003 

68.05 4485.33 

A 1 7.589 
E-004 

7.864 
E-006 

9.70 1285.51 –2.916 
E-003 

1.161 

E-004 

–10.19 1418.43 

B 1 7.792 
E-003 

8.291 
E-004 

0.20 0.53 4.410 
E-003 

2.656
E-004 

–2.45 81.95 

C 1 –6.320 
E-003 

5.456 
E-004 

1.69 39.04 1.028 
E-003 

1.444
E-005 

–5.71 444.97 

AB 1 –4.875 
E-003 

1.901 
E-004 

1.62 21.13 –3.625 
E-003 

1.051
E-004 

12.75 1300.50 

AC 1 0.010 8.201 
E-004 

2.13 36.13 7.125 
E-003 

4.061
E-004 

0.000 0.000 

BC 1 8.750 
E-004 

6.125 
E-006 

13.12 1378.12 8.750 
E-004 

6.125
E-006 

–2.25 40.50 

A2 1 3.416 
E-003 

2.110 
E-004 

5.51 548.40 –3.183 
E-003 

1.832
E-004 

4.89 433.17 
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Table 5 Pure and filled polyamide with soybean oil and rice bran oil lubrication ANOVA for 
the experimental results of the CCD design (continued) 

  Soybean oil Rice bran oil 

  
COF of pure and 
filled polyamides 

Wear of pure and 
filled polyamides 

COF of pure and 
filled polyamides 

Wear of pure and 
filled polyamides 

Source DF CE SS CE SS CE SS CE SS 

B2 1 4.653 
E-003 

3.916 
E-004 

–2.98 160.44 8.829 
E-004 

1.410
E-005 

3.48 219.00 

C2 1 –1.357 
E-003 

3.331 
E-005 

–2.80 141.96 2.297 
E-003 

9.543
E-005 

3.66 241.82 

Std. dev.  2.717 
E-003 

 2.37  1.451 
E-003 

 3.24  

Mean  0.12  82.81  0.11  72.61  

C.V.%  2.24  2.86  1.37  4.46  

PRESS  2.277 
E-004 

 163.44  6.295 
E-005 

 301.61  

R-squared  0.9415  0.9600  0.9554  0.9426  

Adj.  
R-squared 

 0.9212  0.9462  0.9400  0.9227  

Pred.  
R-squared 

 0.9306  0.9553  0.9487  0.9366  

Adeq. 
precision 

 40.654  44.791  39.330  30.903  

CE – coefficient; SS – sum of square; A – load; B – Speed; C – sliding distance. 

3.4 Response surface and contour plots of coefficient of friction for pure and 
filled polyamides with soybean oil and rice bran oil lubrication 

The response surface plots for COF and wear of pure and filled polyamide with soybean 
oil and rice bran oil as lubricants are shown in Figures 13–24, which show the effects of 
process variables such as load, speed and sliding distance of pure and filled polyamides 
with lubrication condition. From Figures 13–24, the properties of process variables like 
load, speed and sliding distance of pure PA6 and PA66) and filled polyamide 
(PA66GF30 and PA66MoS2) with soybean oil and rice bran oil as lubricants, the COF 
and wear values are low as compared with unlubricated polyamides. This occurs for the 
following reasons: 

1 polyamides have low adhesion to steel and using soybean oil and rice bran oil as 
lubricant reduces the total value of frictional force because plastic straining in the 
surface layer of the polyamides are made without difficulty by micro irregularities  
in the surface of steel (Matveevsky, 1961; Simonescu and Oprea, 1995; Menezesan 
and Kailas, 2016) 

2 when lubricants are applied on the polyamide surface, they act as surface-active 
components effect of adsorption plastification both of the polyamide and steel 
surfaces (Simonescu and Oprea, 1995; Weiler and Likhtman, 1960; Weiler et al., 
1957) 
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3 for pure and filled polyamide materials, molecular length increase in the soybean oil 
and rice bran oil, and the amount of penetration and its plastifiying property are 
reduced; this effect reduces the COF and wear due to fine surface film with low 
shear strength (Cohen and Tabor, 1965) 

4 due to the intermolecular interactions, of soybean oil and rice bran oil increasing in 
the adsorption film, the COF is reduced (Fort, 1962) 

5 the low COF and wear were observed in dense adsorbed lubricant layers in 
polyamides (Kutkov and Vinogradov, 1961) 

6 the pure and filled polyamide with soybean oil and rice bran oil as a lubricant,  
the better oleic acid properties of lubricants are reducing the COF and wear  
(Kutkov and Blagovestny, 1971). 

From the above reasons, when increasing the interface lubrication of polyamide, which 
have reduced the COF and wear, i.e., polyamides with lubrications have been increasing 
the tribological properties. 

Figure 13 Response surface plot for COF, speed and load of pure and filled polyamides with 
soybean oil lubrication (see online version for colours) 

 

Figure 14 Response surface plot for COF, sliding distance and load of pure and filled polyamides 
with soybean oil lubrication (see online version for colours) 
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Figure 15 Response surface plot for COF, speed and sliding distance of pure and filled 
polyamides with soybean oil lubrication (see online version for colours) 

 

Figure 16 Response surface plot for COF, speed and load of pure and filled polyamides with  
rice bran oil lubrication (see online version for colours) 

 

Figure 17 Response surface plot for COF, load and sliding distance of pure and filled polyamides 
with rice bran oil lubrication (see online version for colours) 
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Figure 18 Response surface plot for COF, speed and sliding distance of pure and filled 
polyamides with rice bran oil lubrication (see online version for colours) 

 

Figure 19 Response surface plot for wear, speed and load of pure and filled polyamides with 
soybean oil lubrication (see online version for colours) 

 

Figure 20 Response surface plot for wear, speed and sliding distance of pure and filled 
polyamides with soybean oil lubrication (see online version for colours) 
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Figure 21 Response surface plot for wear, load and sliding distance of pure and filled polyamides 
with soybean oil lubrication (see online version for colours) 

 

Figure 22 Response surface plot for wear, load and sliding distance of pure and filled polyamides 
with rice bran oil lubrication (see online version for colours) 

 

Figure 23 Response surface plot for wear, speed and sliding distance of pure and filled 
polyamides with rice bran oil lubrication (see online version for colours) 
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Figure 24 Response surface plot for wear, load and speed of pure and filled polyamides with  
rice bran oil lubrication (see online version for colours) 

 

3.5 Optimisation 

Optimum conditions for pure and filled polyamides were determined to obtain the 
maximum COF and wear at unlubricated condition and minimum COF and wear at 
lubricated condition. Second-order polynomial models achieved in this study were 
developed for each response (COF and wear) in order to attain particular optimum 
conditions. To optimise COF and wear with unlubricated and lubricated condition of  
pure and filled polyamides, the following constraints are taken  

• load (20–40 N) 

• speed (50–150 rpm) 

• sliding distance (1000–3000 m). 

COF and wear of polyamide value must be as low as possible. The desirability function 
technique was engaged to optimise the process variables for covering the criterion, and 
the optimum conditions were found to be unlubrication of polyamide at 20 N load, speed 
from 90 rpm to 150 rpm and sliding distance above 2500 m for COF. Similarly, the 
unlubrication of polyamide at above 30 N, speed above 70 rpm and sliding distance 
above 1750 m for wear. At this optimum condition, COF was found to be 0.140 with 
overall desirability value of 0.929. In the case of wear was found to be 100 micrometres 
at this optimum condition with overall desirability value of 0.948. For optimum 
conditions were found to be soybean oil lubrication of polyamide at 40 N load, speed 
from 150 rpm and sliding distance 3000 m for COF. Similarly, the unlubrication of 
polyamide at 40 N load, speed from 150 rpm and sliding distance 3000 m for wear.  
At this optimum condition, COF was found to be 0.153 with overall desirability value of 
0.930. In the case of wear was found to be 115 micrometres at this optimum condition 
with overall desirability value of 0.958. For optimum conditions were found to be 
soybean oil lubrication of polyamide at 40 N load, speed from 150 rpm and sliding 
distance 3000 m for COF. Similarly, the unlubrication of polyamide at 40 N load, speed 
from 150 rpm and sliding distance 3000 m for wear. At this optimum condition, COF was 
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found to be 0.112 with overall desirability value of 0.87. In the case of wear was found to 
be 109 micrometres at this optimum condition with overall desirability value of 0.874. 
This shows the appropriateness of the developed models. Linear regression analysis was 
carried out between the response (COF and wear) values predicted by RSM models 
without and with the lubrication (soybean oil and rice bran oil) of polyamides their 
corresponding experimental values and it is shown in Figures 25–30, respectively. 

Figure 25 Comparison of predicted and experimental value of COF without lubrication (see online 
version for colours) 

 

Figure 26 Comparison of predicted and experimental value of wear without lubrication (see online 
version for colours) 
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Figure 27 Comparison of predicted and experimental value of COF with soybean oil (see online 
version for colours) 

 

Figure 28 Comparison of predicted and experimental value of wear with soybean oil (see online 
version for colours) 
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Figure 29 Comparison of predicted and experimental value of COF with rice bran oil lubrication 
(see online version for colours) 

 

Figure 30 Comparison of predicted and experimental value of wear with rice bran oil lubrication 
(see online version for colours) 
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4 Conclusion 

This investigation examined the performance of RSM methodologies with their 
modelling, prediction and generalisation capabilities using the experimental data based 
on the CCD in the pure and filled polyamides with and without lubrication. The RSM 
models are found to be capable of better predictions of COF and wear. The integrated 
nature of the RSM is useful for showing the factors giving from the coefficient in the 
regression models. This attainment is a great influence in identifying the insignificant 
main factors and contact factors or insignificant quadratic terms in the model and thereby 
can reduce the complexity of the problem. 
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Abstract 

Numerous passive techniques are proposed to modify the surfaces to enhance heat transfer for energy efficient systems. Nucleate 
boiling is one of the important regimes in pool boiling. Most of the heat removal systems are operated under burnout point. 
Beyond this stage the heat removal system will be operated on radiation mode of heat transfer. This mode of heat transfer makes 
the system to be complicated and it is not safe to operate heat transfer components under this condition. So any removal system 
has to be operated above critical heat flux. Wettability is one of the primary factors which influence the pool boiling 
characteristics. In the present work the wettability of different grades of emery abraded copper surfaces were studied and critical 
heat flux on the Emery Abraded copper surfaces were investigated. Copper surfaces are abraded with different grades of emery 
sheets.  The wettability of the surface was analyzed by determining water contact angle on the surface. The water contact angle of 
the surface was measured by goniometer. Also in this work characteristics of the emery abraded surface were studied. Critical 
heat flux of the bare copper and emery abraded copper surfaces were compared. In this investigation the critical heat flux of the 
emery abraded surface is enhanced considerably and it higher than that of bare copper surface.Also boiling heat transfer 
coefficient for bare copper surface and emery abraded surfaces were compared. Improvement in boiling heat transfer coefficient 
on abraded surfaces results better heat transfer were happened in nucleate boiling conditions. 

© 2019 Elsevier Ltd. All rights reserved. 
Peer-review under responsibility of the scientific committee of the 2nd International Conference on Materials Manufacturing and 
Modelling, ICMMM – 2019. 
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1. Introduction 

In recent years heat liberated in electronics equipments are considered as most important matter. The heat 
removal from the electronics devices are done by active techniques like fans even in which the rate of heat removal 
is fast it consumes more power. Since the more active techniques are being used, the passive techniques play a major 
role in thermal management systems. In boiling heat transfer the wettability of the surface is considered as most 
important. The changes of wettability affect the boiling performance. The wettability of the surface is measured by 
water contact angle.  [1] The wetting and wicking characteristics are investigated on nanocoated surfaces through 
contact angle measurements. The relationship between contact angle and heat transfer enhancement was revealed.[2] 
The liquid pumping power was controlled by contact angle of the surface treated by nanoscale. The contact angle 
variation was clearly shown by nanoscale coating. [3] The author suggested that the wettability is enhanced by 
nanoparticles deposited on the surface which enhances the heat transfer in saturated pool boiling. [4] Surface 
modification influenced the wettability and surface energy of the surface also level of surface coating was varied. [5] 
Contact angle decreases from the 80o to 20o, the critical heat flux enhancement was achieved greatly. [6] The surface 
wettability was improved by deposited nano particles and this was the reason for the enhanced critical heat flux. The 
reduction in surface tension reduced the critical heat flux [7]. The deposition of nano particles in boiling of 
nanofluid improved the wettability of the surface which enhanced the heat transfer. [8] The increase in critical heat 
flux was facilitated by wettability enhancement by nanostructures on the boiling surfaces. [9] The Significant 
reduction in contact angle of RGO film coated surface improves the cohesive property of cooling liquid with surface 
which enhances the critical heat flux and heat transfer coefficient. [10] CNT coated copper surface exhibited poor 
wettability than the bare copper surface also this hydrophobic nature of the surface enhanced the critical heat flux in 
pool boiling of water at atmospheric pressure. In this study, the wettability of emery abraded copper surface have 
been reported and critical heat flux were investigated for the copper surfaces. 

2. Experimental Work 

2.1 Preparation of Copper substrate 

Three copper substrates of 12 mm diameter and 3 mm thickness each are taken for the investigation. One of the 
surfaces is bare surface and also not treated. Other two surfaces are emery abraded with two different emery grades. 
One surface is abraded with emery sheet of 220 grade and another is with 600 grade. The abrasion is done by 
unidirectional method by hand. The microscopic structure shows that the abrasion was made unidirectional on both 
the surfaces. 

 

 
 

Fig 1. Microstructure of 220G abraded surface   Fig 2. Microstructure of 600G abraded surface 
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2.2 Contact Angle Measurement 

The contact angle of the surface was measured by water contact angle goniometer. The water droplet of 3µl was 
made to contact with the surface. The spreading of water is observed by the goniometer and the contact angle of the 
water made with the surface is determined. For the bare surface the water contact angle with the surface was 75 
degree. The contact angle for 220G emery abraded surface was 62 degree. And the surface abraded with 600G 
emery the contact angle measured 52 degree. So it is stated that the contact angle of the surface with abrasion lead to 
decrease. The surface which exhibits higher surface energy after emery abrasion. The higher energy on the surface 
exhibits good wettability and lead to hydrophilic nature. The hydrophilic nature surfaces serves for better heat 
transfer. 
 
 
 
        
 
 
 
 
 
 
 
 
 
 

Fig 3. Wettability of bare surface                  Fig 4. Wettability of 220G abraded surface 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5. Wettability of 600G abraded surface 

2.3 Critical Heat Flux Apparatus 

The critical heat flux apparatus consists of AC power supply unit, heater block, Cartridge heater, K type 
thermocouples, condenser and auxiliary heater. The copper block of 12 mm diameter which carries four cartridge 
heaters of 200 watts each shown in Fig. 6. Four K type thermocouples were used to measure the temperatures of 
copper block and copper substrate. One auxiliary heater of 200 watts was used to measure the water temperature. 
The distilled water is used in this investigation. One litre of water is filled in the experimental setup. Then the water 
is heated for three hours at saturation temperature at atmospheric pressure. In this process the non-condensable gases 
are removed from the water. The condenser coil was used to condense the saturated steam to maintain the water 
level in the chamber. The heat input was given to the copper heating block by four cartridge heaters. The heat is 
transferred to the copper surface and the temperature below 0.5 mm of the surface was measured. Excess 
temperature is calculated and heat input is gradually increased. In the initial stage the water is evaporated at low 
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excess temperature. The continuous heat supply increased the excess temperature and makes bubble on the surface. 
The further increase in heat input increases the bubble formation rate and bubbles are delivered jets and columns. By 
continuous heat input at one stage the radiation heat transfer was happened on the surface. The heat flux at this stage 
was calculated as Critical Heat Flux. The auxiliary heater is used to maintain the water temperature at saturation 
state. The data logger is used to record the temperatures from all the thermocouples.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6. Heater Arrangement 

3. Results and Discussion 

3.1 Surface study 

The microscopic image of the 220 Grade emery abraded and 600 Grade emery abraded surfaces were studied. 
The emery abrasion in Fig.1 and Fig.2 shows that it was done on single direction and proper uniformity was 
obtained. The numbers of nucleation sites are greater in 600 Grade than 220 Grade. So the wettability of the surface 
is increased and greater than the bare copper surface. The contact angle of the bare surface is 75 degree shown in 
Fig.3. The contact angle of copper substrate abraded by 220 Grade was achieved as 62 degree and by 600 Grade was 
52 degree. So the surface energy of the copper increased by making abrasion on the surface. The hydrophilic nature 
of the surface shown in Fig.4 and Fig.5 caused the enhancement in critical heat flux of the boiling heat transfer. 
More nucleation sites are the reason for better heat transfer. 

3.2 Critical Heat Flux  

In this report the critical heat flux values were investigated and the enhancement was achieved for high 
wettability surface. The more nucleation sites creates more capillary effect and more pumping is achieved also 
greater amount of water is having contact with the hot surface. So better heat transfer is obtained on the surface. The 
heat flux value is calculated by Fourier law of heat conduction and Taylor series equation.Also the boiling heat 
transfer coefficient was calculated and it was listed in Table 1 and Table 2. 

 
Heat flux q = -k.(dT/dx) 
 
Where dT/dx  is Temperature gradient 
 
            dT/dx = (3T1-4T2+T3) / (2.∆x) 
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The increase in nucleation sites shows that the CHF values increased by 7 % and 13 % for 220G and 600G 

abraded surface respectively shown in Fig.7 

3.3 Heat Transfer Coefficient 

In this investigation the boiling heat transfer coefficient increased during nucleate boiling regime at all surfaces. 
The boiling heat transfer coefficient enhanced for emery abraded surfaces but it was low on untreated surfaces. This 
enhancement was appreciable and it caused for better heat removal rate shown in Table 3.The boiling heat transfer 
coefficient increased by 13% and 24% for 220G and 600G emery abraded surfaces respectively. 
 
Heat flux q = h.A.(Tw –Tsat) 
 
Where h = Heat transfer coefficient in W/m2 
           A = Area of heat transfer surface in m 

 Tw –Tsat = Excess temperature in oC 
 
 

Table 1. Critical Heat Flux on bare surface 
Surface 
Temperature(oC) 

Saturation 
Temperature(oC) 

Heat Flux(W/m2)  HTC (W/m2.K) 

102 100 8762 4381 

103 100 17113 5704 

104 100 29572 7393 

105 100 46960 9392 

106 100 70097 11683 

107 100 99807 14258 

108 100 136910 17114 

109 100 182227 20247 

110 100 236580 23658 

111 100 300791 27345 

112 100 375681 31307 

113 100 462071 35544 

114 100 560783 40056 

115 100 672638 44843 

116 100 798459 49904 

117 100 939065 55239 

118 100 1005280 55849 

119 100 1062455 55919 

120 100 1167585 58379 

 
 

The rate of increase in heat transfer coefficient is high at initial stage and later it reduces because of water 
reaching to the boiling surface is reduced as shown in Fig. 8. 

Page 2091 of 3066Page 2091 of 3066



3014 T. Nithyanandam  et al. / Materials Today: Proceedings 22 (2020) 3009–3017 

Table 2. Critical Heat Flux on 220G abraded surface 

Surface Temperature(oC) Saturation Temperature(oC) Heat Flux(W/m2) HTC (W/m2.K) 

100 

101 

100 

100 

1095 

5006 
0 

5006 

102 100 12115 6058 

103 100 19113 6371 

104 100 32572 8143 

105 100 52960 10592 

106 100 75097 12516 

107 100 105807 15115 

108 100 142512 17814 

109 100 223245 24805 

110 100 324256 32426 

111 100 383125 34830 

112 100 456151 38013 

113 100 547856 42143 

114 100 598412 42744 

115 100 773842 51589 

116 100 863124 53945 

117 100 1061184 62423 

118 100 1125694 62539 

119 100 1251983 65894 

 
Table 3. Critical Heat Flux on 600G abraded copper surface 

Surface Temperature(oC) Saturation Temperature(oC) Heat Flux(W/m2) HTC (W/m2.K) 

100 100 1095 0 

101 100 7002 7002 

102 100 16528 8264 

103 100 24312 8104 

104 100 38485 9621 

105 100 67897 13579 

106 100 88425 14738 

107 100 117871 16839 

108 100 162125 20266 

109 100 273454 30384 

110 100 394226 39423 

111 100 523225 47566 

112 100 651516 54293 

113 100 785652 60435 

114 100 842512 60179 

115 100 983421 65561 

116 100 1183124 73945 

117 100 1321184 77717 
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Figure 7 Critical Heat Flux for various surfaces 
 
 
 
 
 
 
 

Fig 7. Heat flux Enhancement 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 8. Heat Transfer Coefficient with heat flux 
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Fig 9. Heat Transfer Coefficient with Excess temperature 

4. Conclusion 

• Wettability of the copper substrates were increased by emery abrasion over the surface because of decreasing 
contact angle 

• The copper surface exhibited the hydrophilic nature and it is the important cause for better energy transfer in 
multiphase heat transfer 

• Critical Heat Flux were increased by 7% and 13% for the 220G and 600G emery abraded copper surfaces due to 
more nucleation sites 

• Heat transfer coefficient were increased by 13% and 24% for the 220G and 600G emery abraded copper 
surfaces 
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Abstract  

Mobile Trading Systems are poised to change the way how stock trading is done in 

the stock exchanges. The earlier method of online share trading requires computer and 

internet connectivity and lacks affordability and mobility. The mobile devices are becoming 

smarter and are capable of running various applications at large. They are affordable and can 

be used anywhere and at anytime. The aim of the study is to find the impact of e-service 

quality, design quality and self-efficacy on satisfaction use of mobile trading system. After 

the questionnaire is validated, it is designed using the Google forms. A sharable link is 

obtained which is embedded in the e-mail and sent to the respondents. From the total of 1056 

responses received, around 93 cases had the entire section missed by the respondents. Finally 

930 samples are left for further analysis. Statistical tools are selected based on the objectives 

and research question to be answered. The objective of the study is to validate the conceptual 

model. To analyse the difference in the test variables between the respondents’ gender, 

education, income level, trading experience and trading levels, Independent 't' test and 

ANOVA are done. The study has found that e-service quality, design quality and self-

efficacy influence on the satisfaction on MTS. Design quality of the MTS apps leading to the 

satisfaction in using the apps is an important exploration that adds to the literature. 

Keywords: Mobile Trading Systems, e-service quality, design quality, self-efficacy, 

satisfaction 

Introduction 

Mobile Trading Systems (MTS) are software applications that help to manage the 

trading of the accounts from portable devices like smart phones, pocket and tablet PCs. The 

application provides quotes, charts and trading platforms. This technology helps investors to 

trade anytime and anywhere. This context raises the question, ‘Does the use of mobile trading 

system has influenced on the trading behaviour in terms of frequency of trading or not?’ 
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Therefore, this study proposes to research the factors that influence the satisfaction in use of 

MTS and does it increase the trading in stocks.  

Statement of the problem 

The penetration of the smart phone and Internet is on a big way. However, the use of 

these technologies in stock trading is still below 3%. More friendly and ubiquitous 

technologies are expected to have more use. Therefore, the implications of the problems like 

design quality, self-efficacy, e-service quality and satisfaction in the technology can lead to 

lower usage of the new technologies. Further, the users tend to compare both technologies 

and evaluate the advantage of the technologies. Unless the user feels more advantage on 

using MTS, the usage will be less. On contrary, users who are in frequent mobility will find it 

difficult in accessing computer. In such cases, the nature of job and other social pressures can 

increase the use of MTS. More usage of MTS is expected to make the user check the 

portfolio more frequently, and make more transactions.  

Research Question  

What creates the investors satisfaction in MTS and can the satisfaction leads to a 

change in trading behaviour?    

Objective of the Study 

To find the impact of e-service quality, design quality and self-efficacy on satisfaction 

use of mobile trading system. 

Concepts 

E-service Quality 

MTS is an electronic service provided by stock brokers which enable the clients to 

interact with terminals of exchange through the stock brokers terminals. Client expects 

quality service from the brokers. This phenomenon is seen as the Electronic Service Quality 

(E-SQ). In this study, electronic service quality is broadly defined as the entire stages of a 

customer’s interactions with MTS and it is understood that MTS enables the effective and 

efficient purchasing, shopping and delivery (Zeithaml et al. 2000).  

Design Quality 

Apps are the application software that provides the interface and the process for the 

task that are performed on the smartphones. The apps are developed using the common 
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application platforms such as windows, iOS and android. Quality of the development of the 

apps determines the level of use of these apps.  The design quality depends on two aspects, 

hardware and software. Hardware related quality depends on how the application software is 

compatible with hardware which utilises the power of hardware. The software related quality 

looks at the interface, task performance and security of the application (Flora et al. 2014). 

Self-Efficacy  

Self-efficacy is a generic concept related with an individual’s belief on the capacity to 

execute certain behaviour (Bandura 1997). With respect to technology, self-efficacy reflects 

the confidence of ability to learn and use the technology more efficiently. In case of MTS, 

self-efficacy is related with the capacity of using the smartphone and the capacity to use the 

application also. 

Review of Literature 

The relationship between the e-service quality and the customer satisfaction has a 

considerable attention in the research literature. The results of the most research studies have 

indicated that the service quality and customer satisfaction are indeed independent but are 

closely related and a rise in one is likely to result in an increase in another construct. Kuo et 

al. (2009) developed an instrument to evaluate service quality of mobile value-added 

services. The study further tried to find the relationships among service quality, perceived 

value, customer satisfaction and post-purchase intention. The major finding of the study is 

that the service quality positively influences both perceived value and customer satisfaction. 

It further found that the customer satisfaction positively influences the post-purchase 

intention. Another important finding is that the service quality will have an indirect positive 

influence on the post-purchase intention through the customer satisfaction or perceived value.  

Wijland et al. (2016) studied the Behavioural Economics (BE) and ‘nudging’ with the 

objective of promoting young people’s ongoing engagement with m-banking applications (m-

banking ‘apps’ ). The study examined the relative desirability of two features for each of five 

constructs from Behavioural Economics: loss aversion, power of now, scarcity value, 

chunking and choice architecture among the m-banking managers and app designers. The 

outcome of the research revealed that m-banking app design can benefit from intuitive 

interfaces and in particular that BE and nudging can supply valuable insights and ideas for 

new features or refinements. 
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Sharma et al. (2016) used self-efficacy concept in the recent development of ICT, i.e. 

cloud computing. They developed a hybrid model to predict motivators influencing the 

adoption of cloud computing services by Information Technology (IT) professionals and 

proposed a new model by extending the Technology Acceptance Model (TAM) with three 

external constructs namely computer self-efficacy, trust and job opportunity.  

They found that along with job opportunity, trust, perceived usefulness and perceived ease of 

use, self-efficacy is one of the best predictor of cloud computing adoption. 

Conceptual model 

 

 

 

 

 

 

Hypotheses 

The following hypotheses are framed from the model: 

H1:  e-service quality will have an influence on satisfaction in MTS. 

H2:  Design quality will have an influence on satisfaction in MTS. 

H3:  Smartphone self-efficacy will have an influence on satisfaction in MTS. 

Operational Definition of the Variables 

E-service quality 

The e-service quality is defined as overall customer evaluations where judgments 

regarding the excellence and the quality of e-service delivered by the stock brokers through 

mobile trading system. 

Design Quality 

The design quality is the ability of the feature and functions of the mobile trading 

system to provide an efficient way of doing the task. 

 

E-service 

quality 
Design quality Self- Efficacy 

Customer satisfaction 
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Smartphone self-efficacy 

The smart phone self-efficacy is the individual’s belief on the capacity of using the 

smartphone and the capacity to use the application. 

Satisfaction in MTS 

The user’s judgment product or service feature provides a pleasurable level of 

consumption-related fulfillment. 

Research Methodology 

A questionnaire is used to collect the data. This study focuses on the retail investors. 

They are the investor who made a limited investment say less than 1 lakh rupees. India has 

around 2.5 crore registered clients across the exchanges, according to the NSE statement. 

(The Hindu Business Line, May 19, 2015). Since the researcher does not have an official 

database of the investors and the contact details, the databases available in market place was 

used. The database has investor’s information such as e-mail, name, mobile no, city etc in the 

excel format. This database is used as the sampling framework.  

A systematic random sampling is used to pick samples with an equal representation 

and distribution among the places. First, the items of the questionnaire are developed and 

tested for its validity and reliability, which is further designed in the web format and 

distributed for data collection. The questionnaire is mostly developed from the standard 

scales available from the previous researches.  

After the questionnaire is validated, it is designed using the Google forms.  A sharable 

link is obtained which is embedded in the e-mail and sent to the respondents. From the total 

of 1056 responses received, around 93 cases had the entire section missed by the respondent, 

or some of the demographic variables missing which cannot be imputed. Using the box plot 

in SPSS tools around 33 cases are identified as outliers and are removed. Finally 930 samples 

are left for further analysis. Statistical tools are selected based on the objectives and research 

question to be answered. The objective of the study is to validate the conceptual model. 

Therefore percentage analysis was used to valid demography of the respondents,   to test the 

difference in test variables with respondents’ demography variables independent ‘t’ test and 

ANOVA has been used for analysis. 
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Demography of Respondents 

Table 1 presents the demography of the respondents. Out of 930 total responses, there 

are 779 (83.76%) men and 151 (16.24%) women. There are more men responding the survey. 

On the respondents income level it is found that 86 of them (9.25%) have less than Rs. 2.5 

lakhs, 134 (14.41%) respondents have Rs. 2.5 lakhs to Rs. 5 lakhs income, 362 (38.92%) 

have Rs. 5 lakhs to Rs. 10 lakhs and  348 (37.42%) have income above Rs. 10 lakhs. Majority 

of respondents have income above Rs. 5 lakhs. 

Table 1 

Demography of Respondents 

Variable Demography Frequency Percent 

Gender 
Men  779 83.76 

Women 151 16.24 

Income 

 Less than Rs. 2.5 Lakhs               86 9.25 

Rs. 2.5 Lakhs to Rs. 5 Lakhs     134 14.41 

Rs. 5 lakhs to Rs. 10 Lakhs         362 38.92 

Above Rs. 10 Lakhs 348 37.42 

Education 

School Level  172 18.49 

Graduate    412 44.30 

Post Graduate      220 23.66 

Above PG level 126 13.55 

Length of Trading 

Experience 

Less than a year 102 10.97 

Above 1 and to less than 3 years     191 20.54 

3 years to 5 Years 242 26.02 

5 years to 10 years      287 30.86 

Above 10 years 108 11.61 

Trading Level 

High   208 22.37 

Moderate        412 44.30 

Low 310 33.33 
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On the educational background of the respondents, it is found that 172 (18.49%) 

respondents are with school level of education, 412 (44.30%) are Graduates, 220 (23.66%) 

are Post Graduates and 126 (13.55%) are above PG level. Majority of the respondents have 

education of school level.  

On the length of trading experience, 102 (10.97%) respondents have Less than an year 

of trading experience, 191 (20.54%) have between 1 to 3 years of trading experience, 242 

(26.02%) have between 3 years to 5 years of trading experience, 287 (30.86%) have 5 to 10 

years of trading experience and 108 (11.61%) have above 10 years of trading experience. On 

the trading level, 208 (22.37%) are high traders, 412 (44.30%) are moderate traders and 310 

(33.33%) are low traders. 

Testing the Differences 

To analyse the difference in the test variables between the respondents’ gender, 

education, income level, trading experience and trading levels, Independent 't' test and 

ANOVA are done.  

Difference in Test Variables among Gender 

The difference in the e-service quality, design quality, self efficacy and satisfaction 

among the respondents’ gender is tested using independent ‘t’ test. The results are presented 

in the Table 2. 

Table 2 

Independent Samples Test for Difference among Gender 

  

t-test for Equality of Means 

t df Sig. (2-tailed) 

Design quality 2.343 928 .019 

E-service quality -.170 928 .865 

Self-efficacy 5.398 928 .000 

Satisfaction -3.805 928 .000 

It is observed from the Table 2, the significance for equality of means are checked and 

if it is more than the significance value of 0.05, it is concluded that the means are equal and 

there is no difference between the men and women on that factor. There is no significant 
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difference (statistically) in the mean scores between the male and female respondents with 

the factor namely e-service quality (t = -0.170, P = 0.865). 

However, significant difference in the male and female is found on the factors such as 

design quality (t = 2.343, P = 0.019), self efficacy (t = 5.398, P = 0.000) and satisfaction  

(t = -3.805, P = 0.000). 

Difference in Test Variables for Respondents’ Income Level 

The difference in the e-service quality, design quality, self-efficacy and satisfaction 

among respondents’ income level is tested by using ANOVA. 

Table 2 

Difference in Test Variables for Respondents’ Income Level - ANOVA 

  
Sum of Squares df Mean Square F Sig. 

Design quality Between Groups 40222.002 3 13407.334 15.697 .000 

Within Groups 790937.943 926 854.145   

Total 831159.945 929    

E-service quality Between Groups 811.859 3 270.620 .556 .644 

Within Groups 450728.188 926 486.748     

Total 451540.047 929       

Self-efficacy Between Groups 3913.677 3 1304.559 8.407 .000 

Within Groups 143695.055 926 155.178     

Total 147608.732 929       

Satisfaction Between Groups 370.263 3 123.421 7.940 .000 

Within Groups 14393.066 926 15.543   

Total 14763.329 929    

 

The results of ANOVA test for the variation in factors by income are presented in the 

Table 2. Testing for a significance level of 5%, the table reveals that there is no significant 

difference among the respondents’ income levels on e-service quality (F = 556, P = 0.644). 
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However, there is difference among the investors’ income on the design quality (F =15.697,   

P < 0.000) and self efficacy (F = 8.407, P < 0.000) and satisfaction (F = 7.940, P < 0.000). 

Difference in Test Variables among Respondents’ Educational Level 

The difference in the e-service quality, design quality, self-efficacy and satisfaction 

among the respondents’ educational level is tested by using ANOVA. 

Table 3 

Difference in Test Variables among Respondents’ Educational Level - ANOVA 

  Sum of Squares df Mean Square F Sig. 

Design quality Between Groups 28461.098 3 9487.033 10.944 .000 

Within Groups 802698.847 926 866.845   

Total 831159.945 929    

E-service quality Between Groups 13872.577 3 4624.192 9.784 .000 

Within Groups 437667.471 926 472.643   

Total 451540.047 929    

Self-efficacy Between Groups 4391.396 3 1463.799 9.464 .000 

Within Groups 143217.336 926 154.662   

Total 147608.732 929    

Satisfaction Between Groups 894.632 3 298.211 19.911 .000 

Within Groups 13868.697 926 14.977   

Total 14763.329 929    

 

The results of ANOVA test for the variation in the factors by education are presented 

in the Table 3. Testing for a significance level of 5%, the table reveals that there is a 

significant difference among the respondents’ education levels on the design quality, (F = 

10.944, P < 0.000), e-service quality (F = 9.784, P < 0.000) self-efficacy (F = 9.464, P < 

0.000) and satisfaction (F = 19.911, P < 0.000) among the respondents’ educational 

backgrounds.   
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Difference in Test Variables among Respondents’ Trading Experience 

The difference in the e-service quality, design quality, self-efficacy and satisfaction 

among the respondents’ trading experience is tested by using ANOVA. 

Table 4  

Difference in Test Variables among Respondents’ Trading Experience - ANOVA  

  Sum of Squares df Mean Square F Sig. 

Design quality 

Between Groups 15124.999 4 3781.250 4.286 .002 

Within Groups 816034.946 925 882.200   

Total 831159.945 929    

E-service quality 

Between Groups 11173.287 4 2793.322 5.867 .000 

Within Groups 440366.760 925 476.072   

Total 451540.047 929    

Self-efficacy 

Between Groups 2755.598 4 688.900 4.399 .002 

Within Groups 144853.134 925 156.598   

Total 147608.732 929    

Satisfaction 

Between Groups 384.278 4 96.070 6.180 .000 

Within Groups 14379.051 925 15.545   

Total 14763.329 929    

The results of ANOVA test for the variation in the factors by trading experience are 

presented in the Table 4. Testing for a significance level of 5%, the table reveals that there is 

a difference among the respondents’ trading experience on the design quality (F = 5.286, P = 

0.002), e-service quality (F = 5.867, P < 0.000) self-efficacy (F = 5.399, P = 0.002) and 

satisfaction (F = 6.180, P < 0.000). 

Difference in Test Variables among Respondents’ Trading Level 

The difference in the design quality, e-service quality, self-efficacy and satisfaction, 

among the respondents’ trading level is tested by using ANOVA. 
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Table 5 

ANOVA by Trading Level 

  Sum of Squares df Mean Square F Sig. 

Design quality Between Groups 14719.482 2 7359.741 8.356 .000 

Within Groups 816440.464 927 880.734     

Total 831159.945 929       

E-service quality Between Groups 1043.869 2 521.934 1.074 .342 

Within Groups 450496.178 927 485.972     

Total 451540.047 929       

Self-efficacy Between Groups 1584.929 2 792.464 5.031 .007 

Within Groups 146023.804 927 157.523     

Total 147608.732 929       

Satisfaction Between Groups 130.858 2 65.429 4.145 .016 

Within Groups 14632.471 927 15.785     

Total 14763.329 929       

The results of ANOVA test for the variation in factors by trading level are presented 

in the Table 5. Testing for a significance level of 5%, the table reveals that there is no 

significant difference among the respondents of the different trading levels in their opinion 

about the e-service quality (F = 1.074, P = 0.342).  

However, there is difference among the investors with the different trading levels in 

design quality (F = 8.356, P < 0.000), self-efficacy (F = 5.031, P = 0.007) and satisfaction     

(F = 4.145, P = 0.016) 

Research Contribution 

Lot of earlier studies have focused on the online trading systems, website quality and 

e-service quality for the online services. This study contributes to the in terms of its attempt 

to explore one of the newer area mobile trading systems. As the technology is in the early 

stage of diffusion, this study provides the initial understanding on the various factors related 

with MTS. This study focused on the change in the trading behaviour because of using MTS 
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by the investors. The finding of the study validates the conceptual model on the trading 

behaviour. One of the major contributions of this study is the validated model which shows 

how the investor’s satisfaction is influenced and the factors leading to the increased trading.  

The study has found that e-service quality, design quality and self-efficacy influence 

on the satisfaction on MTS. Design quality of the MTS apps leading to the satisfaction in 

using the apps is an important exploration that adds to the literature. The study also makes a 

contribution in compiling the literature on MTS by presenting the advantages and 

disadvantages of MTS and by compiling the description of MTS apps available on Google 

Play.  

Conclusion 

This research has tried to answer the research question whether the satisfaction in the 

mobile trading system influences the trading behaviour in terms of increasing the trading 

frequency. The penetration of the smart phones and software application makes the study 

important in the context of increasing the stock trading. A conceptual model is validated by 

the data collected through survey. The results show that there is a positive agreement among 

the respondents on the study variables. The factors such as the e-service quality, design 

quality and self-efficacy have an influence on the satisfaction on the mobile trading system. 
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Abstract 

Smartphone with application software is capable of stock trading and has changed the 

way stock exchange transactions are done. Though online share trading has made people to 

trade with their own convenience, the cost of hardware and software is a challenge for its 

adoption. However, the smartphone is affordable and the app is less complex. In spite of this, 

using mobile phones are less than 3% of the total trades. This creates the need for the study in 

understanding the factors that influence the satisfaction in use of mobile trading system and 

the use of mobile trading system increases the trading behaviour in terms of number of trades 

or number of research on the market or checking the portfolio. A systematic random 

sampling is used to pick samples with an equal representation and distribution among the 

places. Finally 930 samples are left for further analysis. Statistical tools are selected based on 

the objectives and research question to be answered. The study contributes to the 

understanding of the use of mobile trading system and answers the question whether it 

increases the trading frequency and there by the stock brokers is benefited. The study 

highlights how the satisfaction in mobile trading system can be created and thereby 

influencing the trading behaviour. The satisfaction has an influence on the trading behaviour. 

The mediating role of the relative advantage and the subjective norms are also proved.  The 

study also presents the contribution and future directions. 

Keywords: Mobile Trading System, Relative Advantage, Subjective Norm, and Trading 

Behaviour and Customer Satisfaction 

Introduction 

One of the challenges in the penetration of online trading system is the high 

ownership costs of the personal computer and the lack of proper localization. This issue is 

addressed with an invent of smartphones and application software. A smartphone is a cellular 

telephone with an integrated computer and other features, not originally associated with 

telephones, such as an operating system, web browsing and the ability to run software 
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applications. Smartphone with application software is capable of stock trading and has 

changed the way stock exchange transactions are done. The market today uses the state-of-art 

information technology to provide an efficient and transparent trading, clearing and 

settlement mechanism, which has witnessed several innovations in products and services viz. 

demutualisation of stock exchange governance, screen based trading, compression of 

settlement cycles, dematerialisation and electronic transfer of securities, securities lending 

and borrowing, professionalization of trading members, fine-tuned risk management systems, 

emergence of clearing corporations to assume counterparty risks, market of debt and 

derivative instruments and intensive use of information technology. 

Statement of the Problem 

The affordability of smartphones and the availability of mobile trading system 

applications are poised for a major change in how the share trading will happen in future. The 

previous technology of online trading required a computer, internet connection and secured 

trading software. However, users need to be trained in the basic operation of computer both 

in terms of understanding the hardware and the skill of using the software. User will have to 

learn using both the operating system for basic operation and also online trading software for 

transactions. Computers today are replaced with a simpler device which is hand held and has 

more ubiquitous usage. Computer operating systems are replaced with simpler operating 

systems like Android / IoS / Windows etc. The sophisticated software is replaced with simple 

applications.  

Need for the Study 

Mobile phones, particularly smartphone has become ubiquitous with many of every 

day functions are being made in the form of apps. Table 1 reveals that the numbers of the 

apps are growing (3.97 million as on June 2015 as per statista.com) and there is always a 

concern on the quality of apps and its usage.  

 

Table 1  

Number of Apps in Various App Stores 

Apps Number of Apps 

Google Play  1600000 
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Apple App Store 1500000 

Amazon App Store 400000 

Windows Phone Store 340000 

BlackBerry World 130000 

Total Apps 3970000 

Compared with other countries the penetration of mobile trading systems in India is 

very less. 75% of Australian traders use a mobile device for trading versus 60% among online 

share traders. Among seven key leveraged trading markets studied by Investment Trends, 

Singapore is the country with highest penetration of mobile devices (88%) among traders, 

while Hong Kong has the highest proportion of „mobile‟ share investors (83%).  

App developers and businesses need to know whether the app serves the purpose and 

will increase the business. Though online share trading has made people to trade with their 

own convenience, the cost of hardware and software is a challenge for its adoption. However, 

the smartphone is affordable and the app is less complex. In spite of this, using mobile 

phones are less than 3% of the total trades. This creates the need for the study in 

understanding the factors that influence the satisfaction in use of mobile trading system and 

the use of mobile trading system increases the trading behaviour in terms of number of trades 

or number of research on the market or checking the portfolio. In addition, the social norms 

such as family or friend creates a pressure or the nature of one‟s work dictating the need for 

the increased use of mobile trading system. The results of the study will help the stakeholders 

in understanding what makes customers in using mobile trading system and how far mobile 

trading system can improve the trading frequency. The outcome of the study will help in 

strategic decision on how to promote mobile trading system to customers. If the frequency of 

trade is increased it will indirectly improve the economy. 

Research Question  

1. What creates the investors satisfaction in mobile trading system and can the 

satisfaction leads to a change in trading behaviour?  

2.   Does any other factor influence the behaviour of trading using Mobile trading 

system? 
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Objective 

To find if the relative advantage and the social norms influence the relationship 

between satisfaction and trading behaviour. 

Literature Reviews 

Rouibah et al. (2011) analysed the impact of Camera-Mobile Phone (CMP) as a 

regular part of people‟s everyday life and as a potential e-commerce tool. They employed the 

TAM II framework in the context of collectivism culture in which the social group will affect 

individual decisions. Arab culture has a high Hofstede‟s collectivist dimension and is highly 

social and family-oriented. Their value system focuses more on group than individual. They 

found that the collectivism culture that translated into subjective norms, ease of use and 

camera usefulness determines the intention to use CMP. However, contribution of social 

norms on intention to use is weak and less than that of usefulness. The authors argued that 

“According to the direct effect of the subjective norm, users normally may change and adopt 

a behaviour that complies with the group which they identify themselves with. The direct 

compliance effect of the subjective norm is the case when an individual perceives that a 

social actor wants him to perform certain behaviour, and the social actor has the ability to 

reward the behaviour or punish it in case of its absence”.  

Lai (2013) identified antecedents and determinants affecting travelers‟ technological 

acceptance of an App-based Mobile Tour Guide (AMTG). The author found that social 

influence has an impact on the behavioural intention of a traveller to use an AMTG.             

Lu (2014) investigated the impact of Personal Innovativeness in Information Technology 

(PIIT) and social influence on user continuance intention towards mobile commerce  

(m-commerce) in the USA. The study found that among well-educated m-commerce users, 

continuance intention is found to be strongly predicted by personal innovativeness and 

perceived usefulness. However, Social influence is found to change the pattern of influence 

on continuance intention. This study is also one of the first to use discursive power 

perspective to study social influence on continuance intention in the mobile context. 

Bouwman et al. (2012) argued that social influence and attitudes towards mobile 

innovations are relevant additions to the TAM model. They analysed the relationship between 

lifestyle traits, social influence, people‟s attitudes towards mobile innovations and the 

adoption of different types of advanced mobile services contributes to the extension of the 

TAM model. The results are relevant to mobile service, apps providers and mobile 
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telecommunication operators alike. Okazaki et al. (2012) researched on the use of Internet-

enabled smartphone for diabetes monitoring. The authors claimed that the most existing 

studies have focused on patients‟ usability perceptions, whereas little attention has been paid 

to physicians‟ intentions to adopt this technology. The study is aimed at the physicians in 

Japan. The study include subjective norms along with system quality, information quality, 

service quality, health improvement, ubiquitous control, privacy and security concerns, 

perceived value and intention to use mobile diabetes monitoring. The study found that 

perceived value and subjective norms are the predictors of intention to use.  

Du et al. (2014) in an experimental research on adoption of an application called Fittle 

delivers ecological momentary interventions and group support to help the people 

progressively master healthy habits. They analysed the new behavioural change and found 

that individual adherence to the behavioural programs is found to be associated with group 

membership. Content analysis of intragroup interactions suggests that high performance 

groups are generally more social, more supporting of each other on program goals and shared 

more. Yun et al. (2011) argued that subjective norms would affect actual use of web 

browsing in mobile phones. They presented that “If one sees that socially influential people, 

such as family members, friends and colleagues, frequently use mobile web browsing 

services, their use will also increase”. The authors described the context of Korea, where 

group purchases and adoptions in company-levels are increasing. The authors argued that 

“The role of social norms will become more important in organization-level mandatory or 

quasi-voluntary use than that in individual-level usages; under this circumstance, all the 

major players, including the telecom carriers, platform vendors and content providers, will be 

able to expect network effects”. Zeal et al. (2012) analysed the social influence construct in 

the era of ubiquitous computing on the mobile technology users. They isolated four distinct 

variants of social influence, operating in both inbound and outbound directions, each with 

positive and negative impacts. The study integrates three different dimensions of social 

influence into an analytical framework to facilitate future research. 

Operational Definition of the Variables 

Relative advantage 

It is the degree to which a consumer believes that a good or service is better at some function 

other products 

Subjective norms 
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Subjective norm is the perceived social pressure to engage or not to engage in behaviour. 

Trading behaviour 

Trading behaviour is the degree to which the mobile trading system is used frequently for 

stock trading. 

Research Methodology 

A questionnaire was used to collect the data. This study focused on the retail 

investors. They are the investor who made a limited investment say less than 1 lakh 

rupees. India has around 2.5 crore registered clients across the exchanges, according to the 

NSE statement. (The Hindu Business Line, May 19, 2015). Since the researcher didn‟t have 

an official database of the investors and the contact details, the databases available in market 

place was used. The database has investor‟s information such as e-mail, name, mobile no, 

city etc in the excel format. This database is used as the sampling framework.  

A systematic random sampling is used to pick samples with an equal representation 

and distribution among the places. First, the items of the questionnaire are developed and 

tested for its validity and reliability, which was further designed in the web format and 

distributed for data collection. The questionnaire was mostly developed from the standard 

scales available from the previous researches.  

After the questionnaire was validated, it was designed using the Google forms.           

A sharable link is obtained which is embedded in the e-mail and sent to the respondents. 

From the total of 1056 responses received, around 93 cases had the entire section missed by 

the respondent, or some of the demographic variables missing which cannot be imputed. 

Using the box plot in SPSS tools around 33 cases are identified as outliers and are removed. 

Finally 930 samples are left for further analysis. Statistical tools are selected based on the 

objectives and research question to be answered. The objective of the study is to validate the 

conceptual model. Therefore percentage analysis was used to valid demography of the 

respondents,   to test the difference in test variables with respondents‟ demography variables 

independent „t‟ test and ANOVA has been used for analysis. 

Demography of Respondents 

Table 2 presents the demography of the respondents. Out of 930 total responses, there 

are 779 (83.76%) men and 151 (16.24%) women. There are more men responding the survey. 

On the respondents income level it is found that 86 of them (9.25%) have less than Rs. 2.5 
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lakhs, 134 (14.41%) respondents have Rs. 2.5 lakhs to Rs. 5 lakhs income, 362 (38.92%) 

have Rs. 5 lakhs to Rs. 10 lakhs and  348 (37.42%) have income above Rs. 10 lakhs. Majority 

of respondents have income above Rs. 5 lakhs. 

Table 2  

Demography of Respondents 

Variable Demography Frequency Percent 

Gender 
Men  779 83.76 

Women 151 16.24 

Income 

 Less than Rs. 2.5 Lakhs               86 9.25 

Rs. 2.5 Lakhs to Rs. 5 Lakhs     134 14.41 

Rs. 5 lakhs to Rs. 10 Lakhs         362 38.92 

Above Rs. 10 Lakhs 348 37.42 

Education 

School Level  172 18.49 

Graduate    412 44.30 

Post Graduate      220 23.66 

Above PG level 126 13.55 

Length of Trading 

Experience 

Less than a year 102 10.97 

Above 1 and to less than 3 years     191 20.54 

3 years to 5 Years 242 26.02 

5 years to 10 years      287 30.86 

Above 10 years 108 11.61 

Trading Level 

High   208 22.37 

Moderate        412 44.30 

Low 310 33.33 

On the educational background of the respondents, it is found that 172 (18.49%) 

respondents are with school level of education, 412 (44.30%) are Graduates, 220 (23.66%) 

are Post Graduates and 126 (13.55%) are above PG level. Majority of the respondents have 

education of school level.  
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On the length of trading experience, 102 (10.97%) respondents have Less than an year 

of trading experience, 191 (20.54%) have between 1 to 3 years of trading experience, 242 

(26.02%) have between 3 years to 5 years of trading experience, 287 (30.86%) have 5 to 10 

years of trading experience and 108 (11.61%) have above 10 years of trading experience. On 

the trading level, 208 (22.37%) are high traders, 412 (44.30%) are moderate traders and 310 

(33.33%) are low traders. 

Testing the Differences 

To analyse the difference in the test variables between the respondents‟ gender, 

education, income level, trading experience and trading levels, Independent 't' test and 

ANOVA are done.  

Difference in Test Variables among Gender 

The difference in the trading behaviour, relative advantage, subjective norms and 

satisfaction among the respondents‟ gender is tested using independent „t‟ test. The results are 

presented in the Table 3. 

Table 3  

Difference in Test Variables among Respondents’ Gender- Independent‘t’ Test 

  

t-test for Equality of Means 

t df Sig. (2-tailed) 

Trading behaviour 

 
2.363 928 .018 

Relative advantage 

 
1.947 928 .052 

Subjective norms 

 
-.181 928 .856 

Satisfaction -3.805 928 .000 

It is observed from the Table 2, the significance for equality of means are checked and 

if it is more than the significance value of 0.05, it is concluded that the means are equal and 

there is no difference between the men and women on that factor. There is no significant 

difference (statistically) in the mean scores between the male and female respondents with 

the factor namely relative advantage (t = -1.947, P = 0.052), subjective norms (t = -0.181, P = 

0.856) and satisfaction (t = -3.805, P = 0.000). 

However, significant difference in the male and female is found on the factor namely 

trading behaviour (t = 2.363, P = 0.018). 
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Difference in Test Variables for Respondents’ Income Level 

The difference in the trading behaviour, relative advantage, subjective norms and 

satisfaction among respondents‟ income level is tested by using ANOVA. 

Table 4  

Difference in Test Variables among Respondents’ Income Level - ANOVA 

  

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Trading behaviour 

 

Between 

Groups 
525.817 3 175.272 10.655 .000 

Within Groups 15231.779 926 16.449   

Total 15757.596 929    

Relative 

advantage 

 

Between 

Groups 
1865.429 3 621.810 5.433 .001 

Within Groups 105976.618 926 114.446   

Total 107842.047 929       

Subjective norms 

 

Between 

Groups 
384.184 3 128.061 4.778 .003 

Within Groups 24818.895 926 26.802     

Total 25203.080 929       

Satisfaction Between 

Groups 
370.263 3 123.421 7.940 .000 

Within Groups 14393.066 926 15.543   

Total 14763.329 929    

The results of ANOVA test for the variation in factors by income are presented in the 

Table 3. Testing for a significance level of 5%, the table reveals that there is significant 

difference among the respondents‟ income levels on trading behaviour (F = 10.655, P < 

0.000), relative advantage (F =5.433, P = 0.001), subjective norms (F = 4.778, P = 0.003) and 

satisfaction (F = 7.940, P < 0.000). 

Difference in Test Variables among Respondents’ Educational Level 

The difference in the trading behaviour, relative advantage, subjective norms and 

satisfaction among the respondents‟ educational level is tested by using ANOVA. 
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Table 5  

Difference in Test Variables among Respondents’ Educational Level - ANOVA 

  

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Trading behaviour 

 

Between 

Groups 
144.264 3 48.088 2.852 .036 

Within Groups 15613.332 926 16.861   

Total 15757.596 929    

Relative 

advantage 

 

Between 

Groups 
2027.498 3 675.833 5.914 .001 

Within Groups 105814.550 926 114.271   

Total 107842.047 929    

Subjective norms 

 

Between 

Groups 
4391.396 3 1463.799 9.464 .000 

Within Groups 143217.336 926 154.662   

Total 147608.732 929    

Satisfaction Between 

Groups 
894.632 3 298.211 19.911 .000 

Within Groups 13868.697 926 14.977   

Total 14763.329 929    

The results of ANOVA test for the variation in the factors by education are presented 

in the Table 5. Testing for a significance level of 5%, the table reveals that there is a 

significant difference among the respondents‟ education levels on the trading behaviour (F = 

2.852, P = 0.036) and relative advantage (F = 5.914, P = 0.001), subjective norms (F = 9.297, 

P < 0.000) and satisfaction (F = 19.911, P < 0.000) among the respondents‟ educational 

backgrounds.   

Difference in Test Variables among Respondents’ Trading Experience 

The difference in the trading behaviour, relative advantage, subjective norms and 

satisfaction among the respondents‟ trading experience is tested by using ANOVA. 
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Table 6  

Difference in Test Variables among Respondents’ Trading Experience - ANOVA 

  

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Trading behaviour 

 

Between 

Groups 
306.259 4 76.565 4.584 .001 

Within Groups 15451.337 925 16.704   

Total 15757.596 929    

Relative 

advantage 

 

Between 

Groups 
748.518 4 187.129 1.616 .168 

Within Groups 107093.530 925 115.777   

Total 107842.047 929    

Subjective norms 

 

Between 

Groups 
1195.315 4 298.829 11.514 .000 

Within Groups 24007.764 925 25.954   

Total 25203.080 929    

Satisfaction Between 

Groups 
384.278 4 96.070 6.180 .000 

Within Groups 14379.051 925 15.545   

Total 14763.329 929    

The results of ANOVA test for the variation in the factors by trading experience are 

presented in the Table 6. Testing for a significance level of 5%, the table reveals that there is 

a difference among the respondents‟ trading experience on the trading behaviour (F=4.584, 

p=.001), subjective norms (F = 11.514, P = 0.000 and satisfaction (F = 6.180, P < 0.000). 

However there is no significant difference among the respondents of different trading 

experience in their opinion about the relative advantage (F = 1.616, P = 0.168). 

Difference in Test Variables among Respondents’ Trading Level 

The difference in the trading behaviour, relative advantage, subjective norms and 

satisfaction, among the respondents‟ trading level is tested by using ANOVA. 

Table 7  

Difference in Test Variables among Respondents’ Trading Level - ANOVA  

  Sum of Squares df Mean Square F Sig. 

Trading behaviour Between Groups 132.014 2 66.007 3.916 .020 
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 Within Groups 15625.582 927 16.856     

Total 15757.596 929       

Relative advantage 

 

Between Groups 2013.612 2 1006.806 8.819 .000 

Within Groups 105828.436 927 114.162     

Total 107842.047 929       

Subjective norms 

 

Between Groups 337.199 2 168.599 6.285 .002 

Within Groups 24865.881 927 26.824     

Total 25203.080 929      

Satisfaction Between Groups 130.858 2 65.429 4.145 .016 

Within Groups 14632.471 927 15.785     

Total 14763.329 929       

The results of ANOVA test for the variation in factors by trading level are presented 

in the Table 7. Testing for a significance level of 5%, there is difference among the investors 

with the different trading levels in the trading behaviour (F=3.916, p=.020), relative 

advantage      (F = 8.819, P < 0.000), subjective norms (F = 6.285, P = 0.002) and satisfaction 

(F = 4.145, P = 0.016). 

Unmediated Model 

Tables 8 and 9 present the results of the unmediated influence of the satisfaction on 

the trading behaviour.  

Table 8   

Unmediated influence of satisfaction on Behaviour 

  Original B STDEV T Statistics  P  

Satisfaction -> Trade Behaviour 0.539 0.026 21.088 0.000 

The regression weight is found to be B = 0.539 and is significant at P < 0.05               

(t = 21.088, P < 0.000).  
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Table 9  

Unmediated effect of satisfaction on behaviour (R Sq) 

    Original R-Sq STDEV T Statistics  P  

Trade Behaviour 0.290 0.027 10.568 0.000 

The R-Sq value is found to be 0.290 and is also significant t = 10.568 and P < 0.000. 

Mediation Effect - Relative advantage 

To test the hypothesis the relative advantage will mediate the relationship between the 

satisfaction and the trading behaviour, the mediating model is developed and estimated using 

SmartPLS.  

 

Figure 1 Mediation model - relative advantage 

The results presented in the path model (Figure 1) and in the Tables 10 to 13. Since 

the ordinary PLS test does not produce the probability values for the estimates, a boot strap 

with 5000 iterations is done. The estimates the original sample and the resample 

(Bootstrapped) are presented in each parameter.  
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Table 10  

Direct Effect in Mediation Model - Relative Advantage 

  Original B 
Resample 

B 

STDE

V 
T Statistics  P  

Relative advantage 

-> Trading behaviour 

 

0.336 0.338 0.033 10.283 0.000 

Satisfaction-> Trading 

behaviour 0.367 0.366 0.036 10.217 0.000 

Satisfaction-> Relative 

advantage 0.508 0.510 0.025 19.958 0.000 

In Table 10, the direct effect of each variable is presented. It is found that the 

regression coefficient between the satisfaction and the relative advantage as B = 0.508 and 

significant at P < 0.05 levels (t = 19.958, P = 0.000). The regression coefficient between the 

satisfaction on the trading behaviour is B = 0.367 and is significant at P < 0.05 levels              

(t = 10.217, P < 0.000). The regression coefficient between the relative advantage and the 

trading behaviour is B = 0.336 and is significant at P < 0.05 levels (t = 10.283,  

P < 0.000).  

Table 11  

Indirect Effects Mediation Model Relative Advantage 

  Original B 
Resample 

B 
STDEV T Statistics  P  

Satisfaction-> Trading 

Behaviour 0.171 0.173 0.022 7.864 0.000 

Comparing with the unmediated effect, it is found that the regression weight between 

the satisfaction and the trading behaviour is reduced after the mediation is included. Table 11 

shows the indirect effect between the satisfaction and the trading behaviour mediated by the 

relative advantage is B = 0.171 and the effect is significant at P < 0.05 level (t = 7.864,           

P < 0.000).  
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Table 12   

Total effects mediation model - relative advantage 

  Original B Resample B STDEV T Statistics  P  

Satisfaction 

-> Trading Behaviour 
0.538 0.539 0.025 21.316 0.000 

The total effect (Direct effect + indirect effect) found in Table 12 is B = 0.538 and is 

significant at P < 0.05 level (t = 21.316, P < 0.000). However, the comparison with 

unmediated effect does not show any enhancement or suppression. R-Sq value with the 

relative advantage mediating the effect of the satisfaction on the trading behaviour is found to 

be 0.373 (Table 13) and is significant at P < 0.05 levels (t = 14.501, P < 0.000).  

Table 13  

R square values in mediation model-relative advantage 

  Original R-Sq Resample RSq STDEV T Statistics P 

Trading Behaviour 0.373 0.376 0.026 14.501 0.000 

Relative advantage 0.258 0.261 0.026 9.987 0.000 

Comparing with the unmediated effect (Table 9), it is found that there is an increase in 

the R-Sq, meaning the satisfaction and relative advantage together explains the variability in 

the trading behaviour more. 

Therefore, hypothesis is that the relative advantage will mediate the relationship 

between the satisfaction and the trading behaviour is accepted. 

Mediation Effect - Subjective Norms 

To test the hypothesis, the subjective norms will mediate the relationship between the 

satisfaction and the trading behaviour, the mediating model is developed and estimated using 

SmartPLS. The results are presented in the path model (Figure 2) as in Tables 14 to17. For 

the probability values of the estimates, a boot strap with 5000 iterations is done.  

The estimates of the original sample and the resample (Bootstrapped) are presented for each 

parameter. 
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Table 14  

Direct Effect in Mediation Model - Norms 

  
Original 

B 

Resample 

B 

STDE

V 

T 

Statistics 
P 

Subjective norms 

-> Trading behaviour 

 

0.376 0.377 0.035 10.727 
0.00

0 

Subjective norms 

-> Satisfaction 0.246 0.248 0.035 7.109 
0.00

0 

Satisfaction-> Trading 

behaviour 
0.446 0.445 0.032 13.754 

0.00

0 

In Table 14, the direct effect of each variable is presented. It is found that the 

regression coefficient between the satisfaction and the subjective norms is B = 0.246 and is 

significant at P < 0.05 levels (t = 7.109, P = 0.000).  

 

 

Figure 2 Mediation model - subjective norms 

The regression coefficient between the satisfaction and the trading behaviour is B = 

0.446 and is significant at P < 0.05 levels (t = 13.754, P < 0.000). The regression coefficient 

between the subjective norms and the trading behaviour is B = 0.376 which is significant at P 

< 0.05 levels (t = 10.727, P < 0.000).  
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Table 15  

Indirect Effects in Mediation Model - Norms  

  Original B Resample B STDEV T Statistics  P  

Satisfaction->Trading behaviour 

 
0.093 0.094 0.019 4.995 0.000 

Comparing with the unmediated effect (Table 9), it is found that the regression weight 

between the satisfaction and the trading behaviour is reduced after the mediation is included. 

Table 15 shows the indirect effect between the satisfaction and the trading behaviour 

mediated by the subjective norms is B = 0.093 and the effect is significant at P < 0.05 level     

(t = 4.995, P < 0.000).  

Table 16   

Total Effects in Mediation Model - Norms  

  Original B Resample B STDEV T Statistics  P  

Satisfaction->Trading behaviour 

 
0.539 0.539 0.025 21.157 0.000 

The total effect (Direct effect + indirect effect) found in Table 15 is B = 0.539 and is 

significant at P < 0.05 level (t = 21.316, P < 0.000). However, the comparison with the 

unmediated effect does not show any significant enhancement or suppression.  

Table 17  

R Square values in Mediation Model - Norms  

  
Original  

R-Sq 
Resample RSq STDEV T Statistics  P  

Subjective norms 0.061 0.063 0.017 3.528 0.000 

Trading behaviour 0.422 0.425 0.024 17.332 0.000 

R-Sq value with the subjective norm mediating the effect of the satisfaction on the 

trading behaviour is found to be 0.422 (Table 17) and is significant at P < 0.05 levels             

(t = 17.332, P < 0.000). 
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Comparing with the unmediated effect (Table 9) it is found that there is an 

increase/decrease in the R-Sq, meaning that the satisfaction and the subjective norms together 

explains the variability in trading behaviour more. Therefore, the hypothesis subjective norms 

will mediate the relationship between the satisfaction and the trading behaviour is accepted. 

Multiple Mediation Model 

To test the hypothesis, relative advantage and the subjective norm can together 

mediate the relationship between the satisfaction and the trading behaviour, the multiple 

mediating model is developed and estimated using SmartPLS.  

 

Figure 3 Multiple Mediation Model  

The results are presented in the path model (Figure 3) as in the Tables 18 to 21. For 

the probability values of the estimates, a boot strap with 5000 iterations is done. The 

estimates of the original sample and the resample (Bootstrapped) are presented for each 

parameter. 
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Table 18  

Path coefficients of Multiple Mediation 

  Original B Resample B STDEV 
T 

Statistics  
P  

Satisfaction->Subjective 

norms 
0.247 0.248 0.025 8.903 0.000 

Satisfaction->Trading 

behaviour 
0.390 0.391 0.022 14.543 0.000 

Subjective norms 

 -> Trading behaviour 
0.305 0.307 0.025 10.837 0.000 

Satisfaction -> Relative 

advantage 
0.509 0.511 0.025 6.822 0.000 

Relative advantage 

->Trading behaviour 

 

0.144 0.145 0.023 10.453 0.000 

In Table 18, the direct effect of each variable is presented. It is found that the 

regression coefficient between the satisfaction and the subjective norms is B = 0.247 and is 

significant at P < 0.05 levels (t = 8.903, P = 0.000). The regression coefficient between the 

satisfaction on the trading behaviour is B = 0.390 and is significant at P < 0.05 levels               

(t = 14.543, P < 0.000). `The regression coefficient between the subjective norms and the 

trading behaviour is B = 0.305 and is significant at P < 0.05 levels (t = 10.837,  

P < 0.000). The regression coefficient between the relative advantage and the trading 

behaviour is B = 0.144 and is significant at P < 0.05 levels (t = 10.453,  

P < 0.000). The regression coefficient between the satisfaction and the relative advantage is B 

= 0.509 and is significant at P < 0.05 levels (t = 6.822, P < 0.000). 

Table 19   

Indirect effects of Multiple Mediation 

  Original B Resample B STDEV T Statistics  P  

Satisfaction->Trading behaviour 0.148 0.149 0.014 4.883 0.000 

Comparing with the unmediated effect (Table 9), it is found that the regression weight 

between the satisfaction and the trading behaviour is reduced after the relative advantage and 

the subjective norms are included as mediators. Table 19 shows the indirect effect between 
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the satisfaction and the trading behaviour mediated by the subjective norms and the relative 

advantage is B = 0.148 and the effect is significant at P < 0.05 level (t = 4.883, P < 0.000).  

Table 20  

Total effects of Multiple Mediation 

  Original B Resample B STDEV T Statistics  P  

Satisfaction->Trading behaviour 

 
0.538 0.538 0.012 20.316 0.000 

The total effect (direct effect + indirect effect) found in Table 20 is B = 0.538 and is 

significant at p < 0.05 level (t = 20.316, P < 0.000). Even in the multiple mediation model, 

the comparison with the unmediated effect does not show any significant enhancement or 

suppression.  

Table 21   

R Square of Multiple Mediation 

  
Original  

R-Sq 
Resample RSq STDEV T Statistics  P  

Subjective norms 

 
0.061 0.063 0.017 3.528 0.000 

Relative advantage 

 
0.259 0.261 0.026 9.987 0.000 

Trading behaviour 

 
0.433 0.434 0.024 17.665 0.000 

R-Sq value with the subjective norm and the relative advantage mediating the effect 

of the satisfaction on the trading behaviour is found to be 0.433 (Table 21) and is significant 

at P < 0.05 levels (t = 17.665, P < 0.000). 

Comparing with the unmediated effect of R-Sq = 0.290 (Table 21) it is found that 

there is an increase in the R-Square value (0.433), meaning that the satisfaction, relative 

advantage and subjective norms together explains the variability in the trading behaviour 

more. Therefore, the hypothesis relative advantage and the subjective norm can together 

mediate the relationship between the satisfaction and the trading behaviour is accepted. 
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Research Contribution 

The research analyses the confounding effect of the relative advantage and subjective 

norms on the relationship between the satisfactions in mobile trading system on the trading 

behaviour. While doing this, it also contributes in the discussion on the relative advantage of 

mobile trading system on other technologies. The dimensions of the relative advantage as 

described by Rogers‟ innovation characteristics are imposed on the mobile trading system 

and the relative advantage of mobile trading system is presented. Being one of the initial 

attempts on the mobile trading system, it leaves a lot of scope for further studies in the area of 

mobile trading system. The recommendation for the future directions of the study contributes 

to the research community for topics on research. 

Limitations 

The study is purely a quantitative study trying to empirically validate the conceptual 

model framed out of the research problem and the review of literature. The findings are 

narrow towards the phenomenon taken for the study. The study does not make qualitative 

inferences to understand the why and how questions of the research problem. 

The study follows an e-mail survey with the e-mail databases bought out. Though 

randomisations on selection of mail recipients are identified, there can be unknown biases 

such as profile of the respondents. The factors such as occupation, location are not controlled.  

Future Direction 

To overcome the limitations and extend the study further, the following 

recommendations are provided: 

 A qualitative world view of the study looking at the same phenomenon can give 

more in depth understanding. 

 Further variables such as the risk taking behaviour, motives of investment, 

knowledge about the market behaviour etc. can be included to the study. 

Conclusion 

The main stake holders who are benefited from the study are the stock brokers and the 

stock exchanges. The study contributes to the understanding of the use of mobile trading 

system and answers the question whether it increases the trading frequency and there by the 

stock brokers is benefited. The study highlights how the satisfaction in mobile trading system 

can be created and thereby influencing the trading behaviour. The satisfaction has an 
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influence on the trading behaviour. The mediating role of the relative advantage and the 

subjective norms are also proved. However, the total effect on the trading behaviour remains 

the same with the intervening variables. In addition, the relative advantage and subjective 

norms needed to be made aware with the users for increased the trading frequency. The study 

also presents the contribution and future directions. 
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Abstract 

The fastest developing sector in India is Banking Sector. Information Technology plays a vital role of Indian 

Banking Sector. The main aim of this study is to analysis the perceptions and problems faced by the users of 

Google pay among college students. The sample size for this study is 125. Primary data was collected from 

the respondents with the help of well-structured questionnaire. T - Test and Percentage Analysis was used to 

analyse the responses. The study reveals that most female respondents uses Google pay and they said that the 

techniques used in the G-pay is complicated, service charges are not fair. They use Google pay since the 

service is for 24 hours. And they also face problems while using Google pay they are as follows Fear of 

fraud, not getting conformation message, Unavailability of internet access, leaving operation unfinished and 

Amount debited but not gets credited to account. Hypothesis testing has been also done and it was found that 

the mean difference is significant where  Gender influences the problem encountered by the users such as not 

getting conformation message and Leaving operation unfinished .The perception towards service charges 

influences the problem encountered by the users related to fear of fraud and Unavailability of internet 

access, Leaving operation unfinished, Amount debited but not gets credited to account 

Keywords : Perceptions, Problems , Google pay ,  Online Transfer , Techniques. 

Introduction   

Google has developed a digital wallet platform which is useful for payments when goods have been 

purchased. It can be done with the Android phones, tablets or watches. It is called as Google Pay. In other 

words it is also called as G Pay, Pay with Google and Android Pay. 

The main advantage of this Google pay is that the users can pay their payments from anywhere. When the 

payment is made by the user to the merchant, the credit or debit card number of the user will not be send to 

the merchant. As an alternative it generates a virtual account number representing the users account 

Information. 
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When the user makes a payment to a merchant, Google Pay does not send the credit or debit card number 

with the payment. Instead it generates a virtual account number representing the user's account information. 

This service keeps customer payment information private, sending a one-time security code instead of the 

card or user details.  

1.1 Objectives of the study  

1. To study the Perceptions of Google Pay Method among the College Students. 

2. To find out problems faced by college students while using Google Pay Method. 

2. Review of Literature  

 Bamasak O (2011) has done his study on “Exploring consumer’s acceptance of mobile payments-an 

empirical Study in Saudi Arabia. He has concluded that there is an optimistic future for Mobile payment. 

Doan N (2014) has done his research on “Consumer adoption in mobile wallet: a study of consumers in 

Finland. He has concluded that mostly consumers are using mobile phones for making payments .He also 

said that Digital wallets have become part of their life. 

Wamuyu PK (2014) has done his research on “The role of contextual factors in the uptake and continuance of 

Mobile money usage in Kenya. The Electronic Journal of Information Systems in Developing Countries”. He 

found that while making payment through digital wallet the consumers are offered with many benefits when 

they transfer money such as accessibility, safety and affordability.(3) 

 Soman D (2001) and (2003) has done his study on “Effects of payment mechanism on spending behaviour: 

the role of rehearsal and immediacy of payments. and “The effect of payment transparency on consumption: 

quasi-experiments from the field. He has concluded that due to the technology growth modes for payments 

for consumers has been increased and the users also felt it is more convenient ,accessible and 

acceptable.(4&5) 

Dewan SG, Chen LD (2005) has done his study on “Mobile payment adoption in the USA: a cross- industry, 

cross-platform solution”. He found that consumers have a preference towards mobile payment apps usage. 

He also concluded that many researchers have been conducted research and they  was found that the 

consumer has positive feelings for the usage of mobile phones. 

Liu S, Zhuo Y, Soman D, Zhao M (2012) has done his research work on “The consumer implications of the 

use of electronic and mobile payment systems”. He found that consumers are provided with benefits such as 

flexi payment digital wallet brands. 

Rathore HS (2016) has done his research work on “Adoption of Digital Wallet by Consumers” .He  

concluded that the Foremost influence in implementation of digital wallet is ease in buying products online 

without physically going from outside. 

3. Research Methodology  

3.1 Research Design  

Descriptive Research design has been used in this study. It helps to know the particular situation prevailing 

among the users of Google pay. 

3.2 Data Collection  

A well-structured questionnaire has been framed and used to collect the information from the respondents. 

The sample size is 125. A convenient sampling method has been used to collect the data from the college 

students. 

3.3 Tools Used for Data Analysis and Testing 
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The below mentioned tools and testing has been used for data analysis they are  

1. Percentage Analysis  

2. T- test 

3.4 Hypothesis I  

Null Hypothesis: There is no significant relationship among Gender and problem faced by Google payers 

among college students. 

Alternative Hypothesis: There is significant relationship among Gender and problem faced by Google 

payers among college students. 

Hypothesis II    

Null Hypothesis: There is no significant relationship among Service Charges and problem faced by Google 

payers among college students. 

Alternative Hypothesis:  There is significant relationship among Service Charges and problem faced by 

Google payers among college students. 

Data Analysis and Interpretation 

Table: 1 Respondent Demographic Profiles 

From this table it is clear that 58.4 % of the respondent’s Gender is Female and they bellows to the age group 

of 20-21 years. And they receive monthly Income of less than Rs.200. 

Table: 2 Perception of Google Pay Method 

The Table 2 shows the perception of Google pay Method among College students .It was found that majority 

of the respondents has said that the techniques used in the Google pay method is Complicated. About 74% of 

the responded has said that the Service Charges paid are not fair. 33% of the respondent has said that only 

sometimes they get confidence on Google Pay. About 83% of the respondents has given their perception that 

they use Google pay Method since it has 24 hours Service. It was also found that about 36.0% of the 

respondents use Google Pay method for Online Fund Transfer. 

Table: 3 Not getting confirmation message (Group Statistics) 

Both the gender has encountered with the problem of not getting confirmation message after their 

transaction. 

Table:  4 Not getting confirmation message (Independent Samples Test) 

Sig. <0.05 so the mean difference is significant. Hence Gender influences the problem encountered by the 

users related to the problem of not getting confirmation message after their transaction. 

Table: 5 Leaving operation unfinished (Group Statistics) 

From the table 5 it was found that Male respondents often encountered a problem of leaving the operation 

unfinished. While Female respondents sometimes encountered a problem the operation unfinished.  

Table: 6 Leaving operation unfinished (Independent Samples Test) 

Sig. <0.05 So the mean difference is significant. Hence Gender influences the problem encountered by the 

users related to leaving operations unfinished. 

Table: 7 Fear of fraud (Group Statistics) 
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From the table 7it was found that the respondents who feel service charges fair are sometimes faced fear of 

fraud problem .While the users who felt service charges are not fair faced occasionally encountered fear of 

fraud problem  

Table: 8 Fear of fraud (Independent Samples Test) 

Sig. <0.05 so the mean difference is significant. Hence perception towards service charges influences the 

problem encountered by the users.  

Table: 9 Unavailability of internet access (Group Statistics) 

From the Table : 9 it was found that the users who feel service charges fair were often faced unavailability 

of internet access problem .While the users who felt service charges are not fair faced sometimes 

encountered unavailability of internet access problem  

Table: 10 Unavailability of internet access (Independent Samples Test) 

Sig. <0.05 So the mean difference is significant. Hence perception towards service charges influences the 

problem encountered by the users.  

Table: 11 Leaving operation unfinished (Group Statistics) 

The users who feel service charges fair were sometimes faced Leaving operation unfinished problem. While 

the users who felt service charges are not fair faced occasionally encountered Leaving operation unfinished 

problem. 

Table: 12 Leaving operation unfinished( Independent Samples Test) 

Sig. <0.05 So the mean difference is significant. Hence perception towards service charges influences the 

problem encountered by the users. The users who feel service charges fair were sometimes faced Leaving 

operation unfinished problem .While the users who felt service charges are not fair faced occasionally 

encountered Leaving operation unfinished problem  

Table : 13 Amount debited but not gets credited to account (Group Statistics) 

The users who feel service charges fair were sometimes faced Amount debited but not gets credited to 

account problem  

While the users who felt service charges are not fair faced occasionally encountered Amount debited but not 

gets credited to account problem  

Table : 14  Amount debited but not gets credited to account (Independent Samples Test) 

Sig. <0.05 So the mean difference is significant. Hence perception towards service charges influences the 

problem encountered by the users.  

Conclusion  

Present study has made an attempt to understand perception and problems of Google pay users. The study 

reveals that most female respondents uses Google pay and they said that the techniques used in the G-pay is 

complicated, service charges are not fair. They use Google pay since the service is for 24 hours. And they 

also face problems while using Google pay they are as follows Fear of fraud, not getting conformation 

message, Unavailability of internet access, leaving operation unfinished and Amount debited but not gets 

credited to account. Hypothesis testing has been also done and it was found that the mean difference is 

significant where Gender influences the problem encountered by the users such as not getting conformation 

message and Leaving operation unfinished .The perception towards service charges influences the problem 

encountered by the users related to fear of fraud and Unavailability of internet access, Leaving operation 

unfinished, Amount debited but not gets credited to account. 
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Table: 1 Respondent Demographic Profiles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Characteristics Frequency Percentage 

Gender 
Female 73 58.4 

Male 52 41.6 

Age Group 

Below 20 6 4.8 

20-21 Yearss 77 61.6 

22-23 Years 34 27.2 

24 and Above 8 6.4 

Monthly  

Pocket 

 Money Received  

 

Less than 200 52 41.6 

201-400 30 24.0 

401-600 19 15.2 

601-800 8 6.4 

800-1000 10 8.0 

Above 1000 6 4.8 
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Table: 2 Perception of Google Pay Method 

 

Table : 3   Not getting confirmation message  (Group Statistics) 

Problem GENDER N Mean Std. Deviation 
Std. Error 

Mean 

Not getting confirmation 

message 

Male 52 2.90 1.142 .158 

Female 73 2.47 1.226 .143 

 

Table :  4  Not getting confirmation message ( Independent Samples Test) 

 

Problem 

Levene's Test for 

Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

 Not getting 

confirmation 

message 

Equal 

variances 

assumed 

2.497 .117 2.02

6 

123 .045 .438 .216 .010 .866 

Equal 

variances not 

assumed 

  

2.05

0 

114.

447 

.043 .438 .214 .015 .861 

 

Variable Characteristics Frequency Percentage 

Perceive Google Pay 

Method 

 

 

 

 

 

Complicated Technique 49 39.2 

Difficult accessibility 7 5.6 

Doesn't get required response 13 10.4 

Not Easy 30 24.0 

Poor Feedback 2 1.6 

Rigidity 24 19.2 

Service charges for 

Google Pay is  Fair or 

Not  

Yes 51 40.8 

No 74 59.2 

Degree of confidence 

on Google Pay 

 

High 31 24.8 

Little 21 16.8 

Not at all 20 16.0 

Some 42 33.6 

Very High 11 8.8 

Reason for use Google 

Pay 

 

 

24 hours service 83 66.4 

Better Information 7 5.6 

Limited time available 5 4.0 

Simplification of processes 30 24.0 

Type of service mostly 

you use 

Balance and transaction history 

search 

19 15.2 

Card to card fund transfer 9 7.2 

e- Recharge 11 8.8 

Lock / activate Account 2 1.6 

Online fund transfer 45 36.0 

Railway pass / ticket 2 1.6 

Share payment 28 22.4 

Shopping 9 7.2 
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Table : 5  Leaving operation unfinished (Group Statistics) 

 

Problem 

 GENDER N Mean Std. Deviation 

Std. Error 

Mean 

 Leaving operation 

unfinished 

Male 52 3.42 1.016 .141 

Female 73 2.71 1.136 .133 

 

 

Table : 6  Leaving operation unfinished (Independent Samples Test) 
 

Problem 

Levene's Test for 

Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Leaving 

operation 

unfinished 

Equal 

variances 

assumed 

1.448 .231 3.59

9 

123 .000 .711 .197 .320 1.102 

Equal 

variances not 

assumed 

  

3.66

8 

116.

704 

.000 .711 .194 .327 1.095 

Table : 7  Fear of fraud (Group Statistics) 

 

Problem Are service charges for 

Google Pay fair? N Mean Std. Deviation 

Std. Error 

Mean 

Fear of fraud Yes 51 3.14 .939 .131 

No 74 2.51 1.230 .143 

 

 

 

 

Table: 8 Fear of fraud (Independent Samples Test) 

 

Problem 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. 

(2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

 Fear 

of 

fraud 

Equal 

variances 

assumed 

11.66

9 

.001 3.05

8 

123 .003 .624 .204 .220 1.028 

Equal 

variances not 

assumed 

  

3.21

1 

121.

672 

.002 .624 .194 .239 1.008 
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Table: 9 Unavailability of internet access (Group Statistics) 

 

Problem Are service charges for 

Google Pay fair? N Mean Std. Deviation 

Std. Error 

Mean 

unavailability of internet 

access 

Yes 51 3.57 .964 .135 

No 74 3.09 1.273 .148 

 

Table: 10 Unavailability of internet access (Independent Samples Test) 

 

Problem 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Unavailability 

of internet 

access 

Equal variances 

assumed 

.854 .357 2.25

0 

123 .026 .474 .211 .057 .891 

Equal variances 

not assumed 
  

2.36

6 

121.

845 

.020 .474 .200 .077 .871 

 

 

Table: 11 Leaving operation unfinished (Group Statistics) 
 

Problem Are service charges for 

Google Pay fair? N Mean Std. Deviation 

Std. Error 

Mean 

 Leaving operation 

unfinished 

Yes 51 3.29 .756 .106 

No 74 2.81 1.310 .152 

 

Table : 12 Leaving operation unfinished( Independent Samples Test) 

 

Problem 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. 

(2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Leaving 

operation 

unfinished 

Equal 

variances 

assumed 

18.699 .000 2.37

4 

123 .019 .483 .204 .080 .886 

Equal 

variances not 

assumed 

  

2.60

5 

119.

763 

.010 .483 .186 .116 .851 

 

Table : 13 Amount debited but not gets credited to account (Group Statistics) 

 

Problem Are service charges for 

Google Pay fair? N Mean Std. Deviation 

Std. Error 

Mean 

Amount debited but not 

gets credited to account 

Yes 51 3.00 .980 .137 

No 74 2.39 1.031 .120 
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Table : 14  Amount debited but not gets credited to account (Independent Samples Test) 

 

Problem 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

F Sig. T df 

Sig. 

(2-

tailed) 

Mean 

Differe

nce 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Amount 

debited but 

not gets 

credited to 

account 

Equal 

variances 

assumed 

6.781 .010 3.30

6 

123 .001 .608 .184 .244 .972 

Equal 

variances not 

assumed 

  

3.33

8 

111.

127 

.001 .608 .182 .247 .969 
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The Importance Of Social Workers For Parents 
With Autistic Children 

 
Dr. P. Vanitha , Dr. C.Ramesh, Dr. P.Venkateswari. 

 
Abstract : Parents with autistic child face so many problems in their day to day life. And they are stressful throughout the day. They find difficult to up 
bring their child and they need  the assist of social worker to educate their children  and to develop their child‘s  day to day  activity. From this research 
work, it was found that there is no sufficient number of social workers and the government has to take steps to increase the social workers and create an 
awareness program about the necessity of social workers in the special schools. 
 
Key words: Social Workers, Importance, Parents, Autisim Child, Special Schools and Awareness. 

———————————————————— 

 

I .INTRODUCTION  
The social worker life has been often a challenging, 
however rewarding career. They are responsible for helping 
individuals, families, and groups of people to handle with 
problems they are facing to improve their patients‘ lives. 
The primary importance of human relationships is known by 
the social workers. Their main aim is to improve 
relationships among people in order to re-establish and 
promote the functionality of clients, their families and 
communities. The Most Important central part Social Work 
Values are Service, Social Justice, Values, Human 
Relationships and Integrity. The career of a social worker is 
known by others as a person who has both the 
determination and responsibility to help others despite the 
unfavorable situations that is presented.  A social worker is a 
giving person who loves what they do, despite the varying 
schedules. Social work is by no means easy, but my 
personality helps equip me to enter the field of social work.  

 
II. OBJECTIVES OF THE STUDY: 

1. To know the demographic information about the 
parents of the autistic children. 

2. To find out whether the parents of the autistic 
children are in need of social workers to up bring 
their children. 

3. To know how far social workers work with patients 
and their families. 

4. To build knowledge of the social worker among the 
parents of autistic children. 

5. To give some suggestions regarding the 
importance of social worker and parents of autistic 
Parents. 
 

III. NEED OF THE STUDY 
The study is descriptive in nature and it is a quantitative 
research. Parents with the autistic child have more stress 
than the parents having a normal child.  A Social worker 
helps the parents to reduce their stress. This study has 
been done to find out how far the parents with the autistic 
child  has awareness about the social worker, how they 
strengthens the network of support to patients and how the 
social worker  plan and conduct programs to prevent 
substance abuse or improve health and consulting in the  
community . 

 
 
 

IV. PERIOD OF THE STUDY 
The study has covered the time period of 4 months from 
January 2019 – May  2019. 

 
V. AREA OF THE STUDY 
The decisive factor for the choice of the respondents for the 
study was the parents of Autism children in Karur District of 
Tamilnadu. The study area covered 8 blocks in Karur 
district, namely Karur, Thanthoni, Aravakurichi, 
K.Paramathy, Kulittalai, Krishnarayapuram,  Kadavur and 
Thogaimalai.  

 
VI. LIMITATIONS AND IMPLICATIONS FOR 
FUTURE RESEARCH 
Due to time constraints the present research has the 
following limitations  
1. The study has been confined to Karur Taluk of Karur 

district only and it can be extended further by carrying 
out a related study incorporating other  districts of Tamil 
Nadu and other states in India as well. 

2. The present study intends to survey only with the parents 
of Autism children in the Karur Taluk of Karur district. 

 
VII. REVIEW OF LITERATURE 
(1) Soumen Acharya (2018) has done his research work 

about the medical social worker and how the problem 
faced by patients has been changed by the medical 
social service officer in AIIMS. The social workers 
provide services to meet the complex psychosocial 
needs of patients, their family and careers in hospitals.  
The social workers do their social services aiming to 
minimize the impacts of illness and hospitalization.  

(2) Dhavaleshwar C.U.(2016) has done his research work 
related to the   role of social worker in Community 
Development. He found that in order to improve the 
socio - economic status, and quality of life for 
community members  there is need of well qualified, 
practice oriented and committed social workers. 

(3) Rae Morris, Barbara Muskat & Andrea Greenblatt have  
done their  research work to investigate pediatric 
hospital social workers‘ experience and view when 
working with children and youth with autism and their 
families. They have interviewed 14 social workers 
working in a Canadian urban pediatric hospital. It was 
found that the pediatric social workers help  a lot for  

Page 2141 of 3066Page 2141 of 3066

http://tnmaps.tn.nic.in/blks_info.php?dcode=14&blk_name=Aravakurichi&dcodenew=17&drdblknew=3
http://tnmaps.tn.nic.in/blks_info.php?dcode=14&blk_name=Aravakurichi&dcodenew=17&drdblknew=3
http://tnmaps.tn.nic.in/blks_info.php?dcode=14&blk_name=Thanthoni&dcodenew=17&drdblknew=2
http://tnmaps.tn.nic.in/blks_info.php?dcode=14&blk_name=Thanthoni&dcodenew=17&drdblknew=2
https://www.tandfonline.com/author/Morris%2C+Rae
https://www.tandfonline.com/author/Muskat%2C+Barbara
https://www.tandfonline.com/author/Greenblatt%2C+Andrea


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 03, MARCH  2020                             ISSN 2277-8616 

783 

IJSTR©2020 

www.ijstr.org 

the family members who has autism disorder children 
to develop autism-relevant knowledge and skills. 

(4) D. E. Gray (2006) has done his research work related to 
the parents coping with autism. The Research 
methodology  used in this study is ethnographic 
methods highlight in depth interviews and participant 
observation. The sample size is 28 parents of children 
with autism. It was found that when age increases the 
parents need more emotion-focused coping strategies. 

(5) Marnie Eveslage (2012) has done their research work 
related to School Social Workers' Perspectives on 
Working with Children with Autism Spectrum 
Disorders.The social worker reported that they have 
received enough  training programs  that helped  them 
to work with this Autism Spectrum Disorders. 

 
VIII. RESEARCH METHODOLOGY 
 
RESEARCH DESIGN 
The Descriptive research design has been used in this 
study since it describes the importance of social worker 
working in the special schools. 
 
TOOLS FOR DATA COLLECTION 
An interview schedule was the main tool used to collect the 
Primary data, from the selected sample respondents.  
 
COLLECTION OF DATA  
In the initial stage the researcher met with the hospital 
authority and asked them whether they have autism center 
in their hospitals and it was found that only in few hospitals 
they have the autism center. The hospital authority directed 
the researchers to visit the special schools and they gave 
some contacts with the help of that information the 
researchers went to special schools and met the higher 
authority and spelled out about the research work and the 
researcher went to the special schools which gave 
permission to collect the data from the parent of Autism 
child and discussed with them personally regarding the 
importance of social worker.  The information collected from 
the parents of autistic parents gave an idea for the 
researcher regarding the study and also to prepare 
prevalent interview schedules. In the next stage to 
understand the importance of social worker interviewed the 
parents of the autistic child with the help of an interview 
Schedule. After this there was an informal discussion for 
half an hour with each parent of the autistic child to observe 
their feelings and note their opinions about the social 
worker questionnaire and related issues. This discussion 
also allowed the respondents to supplement their 
suggestions if they wanted to provide additional relevant 
comments. Collected data were classified and processed 
through a computer. To discuss in detail about the concepts 
and literature related to the importance of social worker the 
researcher has done an in depth reference of secondary 
sources which are already available in various sources. 

 
IX. SAMPLE UNIT 
The Data has been collected by the researchers from the 
Parents of Autistic child from the following special schools: 

1. St.Antony‘s special school, Manavadi 
2. Mother special school, Thanthondrimalai  

3. Nalam  special school, Punchathiram 
4. Government middle school, Gandhigramam 
5. ABS special school, Thanthondrimalai. 

 
X. SAMPLE SIZE 
The sample size selected was 100 autism, children‘s 
parents. All the selected respondents have at least one 
autistic child.. 
 
XI.SAMPLING METHOD 
The ‗Snowball‘ sampling method was applied to collect 
information about the importance of social workers because 
no government departments are preparing the data about 
the child with the autism and the importance of social 
worker.  It was very difficult to know the exact size of the 
universe. So, the Snowball sampling method was preferred 
instead of other methods of sample selection. 

 
XII. TOOLS FOR DATA ANALYSIS 
Simple percentage method was used to analyze the data 
collected through interview schedule. 
 

XIII. DATA ANALYSIS AND INTERPRETATION 
 

Table   I -   Autistic child - Gender 

Gender  Frequency Percentage 

Male 65 65 

Female 35 35 

Total 100 100 

 
The  Table I shows that the  Majority of the Autistic childs 
Gender is Male. 

 
Table II - Income of the Respondent 

Family Income Frequency Percentage 

Below Rs.10000 8 8 

Rs.10001 Rs..20000 72 72 

Rs.20001-Rs.30000 10 10 

Above Rs.30001 10 10 

Total 100 100 

  
The Table II shows that  the Majority of the family Income of 
the parents falls within Rs.10001 to 20000. 

 
Table III - By whom the child is as  Identified as  Autistic 

child 
Identified as an   
Autistic  child 

Frequency Percentage 

Family members 3 3 

Behavior of child 86 86 

Read in the  book 5 5 

Word-of-mouth 6 6 

Total 100 100 

  
The  Table III reveals that 86% of the respondents identified 
their child as Autistic through their child‘s behavior, 6% of 
them identified through Word-of-Mouth, 5% of them by 
reading in books and 3% of them by their family members. 
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Table IV - Whether the parents have consulted with a 
doctor about their child 

Consulted 
with a doctor 

Frequency Percentage 

Yes 95 95 

No 5 5 

Total 100 100 

 
The Table IV reveals that 95% of the respondents 
consulted the doctor after identifying their child as autistic 
and 5% of them haven‘t consulted the doctor. 
 
Table V - What type of Suggestions given to the parents by 
the doctors to improve the child’s behavior.  

Suggestions Frequency Percentage 

Consult 
Physiotherapist 

8 8 

Consult Social 
worker 

80 80 

Referred other 
hospitals 

4 4 

Others specify 8 8 

Total 100 100 

 
The Table V reveals that 80% of the doctors suggested to 
the parents of the autistic child to consult social worker, 8% 
of them suggested consulting Physiotherapist, 8% of them 
suggested other therapy and 4% of them suggested to refer 
other hospitals. 

 
Table VI -   whether the early intervention therapy will make 

progress 
Early intervention 
therapy 

Frequency Percentage 

Yes 95 95 

No 5 5 

Total 100 100 

  
 
The Table VI reveals that 95% of the respondents  reported 
that early intervention therapy will make progress in the 
child and 5% of them says that it will not make progress. 
 

Table VII - Whether the Child struggles to communicate 
Struggles to 
Communicate  

Frequency Percentage 

Yes 92 92 

No 8 8 

Total 100 100 

 
The Table VII   shows that 92% of the respondent‘s child is 
struggling to communicate and only 8% of them are not 
struggling to communicate. 

 
 

Table VIII - Whether the Stress level is higher for the 
Autistic child’s parents 

Stress level Frequency Percentage 

Yes 98 98 

No 2 2 

Total 100 100 

 
The Table  VIII reveals that 98% of the respondents have 
higher  stress level than other parents and 2% of them have 
less stress level. 

 
Table IX - Whether the parents need support from social 

workers 
Support from  
Social worker 

Frequency Percentage 

Yes 96 96 

No 4 4 

Total 100 100 

 
The  Table IX  reveals  that 96% of the respondents need 
the support from the Social worker for taking care of their 
Autistic child and 4% of the respondents said that they  
does not need the social worker support. 

 
Table X whether your children are  taken care by social 

workers 
Children are  taken 
care by social 
workers 

Frequency Percentage 

Yes 94 94 

No 6 6 

Total 100 100 

 
The  Table X  shows that 94% of the respondents reported 
that their Autistic child‘s are taken care by the social worker 
and only 6% of them are not taken care by the social work 
 

Table XI - Child taken to social worker daily 
  
 
 
 
 
 
 
The  Table XI shows that 96% of the respondents take their 
child to the social worker daily and only 4% of them does 
not take their child to social workers daily. 
 
Table XII - Reason for choosing social worker by the parent  

 
The Table XII reveals that 9% of the respondents choose 
social worker for their child to learn education, 63% of them 
to make child normal human being, 5% of them to develop 
their behavior and 23% of them to do their work by 
themselves. 

Reason for choosing social worker  Frequency Percentage 

To learn Education 9 9 

Make them normal human 63 63 

To develop their behavior 5 5 

 At least to do their work by                        
themselves 

23 23 

Total 100 100 

Child taken to social worker 
daily 

 
Frequency Percentage 

Yes 96 96 

No 4 4 

Total 100 100 
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Table XIII - What type of awareness created by social 

workers for the Parents having Autistic child 
 Frequency Percentage 

Dieted food 17 17 

Physical activities 71 71 

To give training 8 8 

Others 4 4 

Total 100 100 

 
The Table XIII  shows that 71% of the awareness created 
by social worker are doing physical activities, 17% to follow 
dieted food, 8% to give training and 4% of other activities. 

 
Table XIV – Whether Social workers as act as a better 

academic developer for their children 
Academic 
developer 

Frequency Percentage 

Yes 95 95 

No 5 5 

Total 100 100 

 
The Table XIV shows that 95% of the respondents said 
social workers act as an best academic developer and 5% 
of them are not. 

 
Table XV - Social worker acts as a stress reliever for 

parents 

Stress Reliever  Frequency Percentage 

Yes 96 96 

No 4 4 

Total 100 100 

 
The Table XV shows that 96% of the respondents said 
social workers act as a stress reliever for the parents and 
4% of them do not act as a  stress reliever . 

 
Table XVI- How far social worker provides behavioral 

support skills 
Behavioral 
support skills 

Frequency Percentage 

Rarely 0 0 

Occasionally 15 15 

Often 63 63 

Always 22 22 

Total 100 100 

  
The Table XVI   shows that 63% of the respondents Often 
receive behavioral support from social workers, 22% of 
them receive always, 15% of them receive occasional and 
none receives rarely. 

 
Table XVII -   How far social worker provides educational 

goal planning support. 

 Frequency Percentage 

Rarely 0 0 

Occasionally 26 26 

Often 49 49 

Always 25 25 

Total 100 100 

 
The Table XVII shows that 49% of the respondents often 
receive educational goal planning support, 26% of them 
receive occasionally, 25% of them receive always and none 
of them receives rarely. 

 
Table XVIII - How far social worker provides Psychotherapy 

support 

 Frequency Percentage 

Rarely 1 1 

Occasionally 26 26 

Often 46 46 

Always 27 27 

Total 100 100 

 
The Table XVIII  shows that 46% of the respondents often 
receive psychotherapy, support 27% of them receive 
always, 26% of them receive occasionally and only 1% of 
them receive rarely. 

 
Table XIX -  How far social worker provides      

 Psycho-education support 

 Frequency Percentage 

Rarely 2 2 

Occasionally 41 41 

Often 49 49 

Always 8 8 

Total 100 100 

 
The Table XIX shows that 49% of the respondents often 
receive psychotherapy, support from the social workers, 
41% of them receive occasional, 8% of them receives 
always and 2% of them receive rarely. 

 
Table XX- How far the social worker communicates with the 

parents of Autistic Child 

 Frequency Percentage 

Rarely 9 9 

Occasionally 35 35 

Often 30 30 

Always 26 26 

Total 100 100 

 
The Table XX shows that 35% of the respondents 
occasionally communicate  with social worker, 30%of the 
responds said that they communicate often, 26% of them 
communicate always and 9% of them communicate rarely. 
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Table XXI  - How far the social worker provides individual 
counseling support 

 Frequency Percentage 

Rarely 43 43 

Occasionally 25 25 

Often 17 17 

Always 15 15 

Total 100 100 

 
The Table XXI  shows that 43% of the respondents rarely 
receive family counseling from the social workers, 25% of 
them receive occasionally, 17% of them receive often and 
15% of them receive always 

 
Table XXII - whether the child behavior is better after 

consulting, social worker 

 Frequency Percentage 

Yes 98 98 

No 2 2 

Total 100 100 

 
The Table XXII  shows that  98% of the respondents said 
that their child behavior is better after consulting, social 
worker and 2% of them does not. 
 

Table XXIII -Whether Social workers in Karur district are 
sufficient 

 Frequency Percentage 

Yes 14 14 

No 86 86 

Total 100 100 

 
The Table XXIII  reveals  that 86% of the respondents said 
that social workers in Karur district are not sufficient and 
14% of them says that it is sufficient. 

 
Table XXIV-  Social worker awareness has to be created 

among public 
 Frequency Percentage 

Yes 87 87 

No 13 13 

Total 100 100 

 
The Table XXIV shows  that 87% of the respondents say 
that social worker awareness has to be created among 
public and 13% of them doesn‘t want to create the 
awareness of social worker. 
 
XIV. Results of the research work. 

1. It was found that mostly male child has born 
with autistic disorder than female. 

2. It was found that 72% of the respondent‘s 
family income are  between Rs.10,001 – 
Rs.20,000 

3. Most (86%) of the respondent have said that 
they found their child is not a normal child by 
their behavior they behave, Only 6% of the 

respondents said that the neighbors or 
relatives informed them about their child, 5% 
of the respondents found that their child has 
some disorder by reading books by 
themselves  and only about 3% of the 
respondents has said that the elders in the 
family identified. 

4. All the respondents have given their opinion 
that they have consulted the Doctor after 
identifying the changes in the behavior. 

5. 79% of the respondents have said that they 
have consulted the social worker by the 
suggestion given by the doctors. 

6. Most  (92%)  the respondents with the autistic 
child‘s parents agreed  that their child are 
struggling to communicate with them. 

7. All the respondents have given their opinion 
that they need the support of social workers 
to uplift their child. 

8. Most (93%)  of the respondents agree that 
their child‘s are taken care by social workers. 

9. About 63% of the respondents have said  that 
they have chosen their social worker to  bring 
up  their child into normal child, 23 %  of the 
respondents have said that they are in need 
of social workers help to make their child to 
perform their work regular activity  
themselves, 9% of them needed the support 
of a  social worker to educate  their child and 
5% of the respondent have stated that they 
need the social worker support to develop 
their behavior. 

10. About 70% of the respondent have said that 
the  social workers have created awareness  
how to improve the  physical activities of their 
child, 17% of  the social workers have created 
awareness about the  food items or diet  that 
should be given or followed for their children   
and 9% of them are helpful for giving training 
to their child. 

11. 95% of the respondents gave their opinion 
that  the social workers are the best academic 
developer for their child. 

12. All the respondents have replied that social 
workers act as a stress reliever for them. 

13. The Majority (98%) of the respondents has 
replied that they take their child to social 
workers daily to improve their health. 

14. 63% of the respondents have said that they 
often get behavior support skill for their child 
from their social worker. 

15. 48% of the respondents have said that they 
an idea about educational goal planning 
support from the social worker. 

16. It was found that 49% of the respondents 
often receive psycho-educational support 
from the social workers, 41% of them receive 
occasionally , 8% of them receives always 
and 2% of them receive rarely. 

17. It was found that 43% of the respondents 
rarely receive family counseling from the 
social workers, 25% of them receive 
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occasionally, 17% of them receive soften and 
15% of them receive always 

18. It was found that 51% of the respondents 
rarely receive family counseling, support, 19% 
of them receive occasional, 16% of them 
receive always and 14% of them receive 
often. 

19. Due to the relationship with the social worker 
there is a change in child behavior. 

20. 98% of the respondents agree that their 
stress level is higher than the parents of 
normal child. 

21. 95% of the respondents agree that the early 
intervention therapy will make progress for 
the Autistic child. 

22. 86% of the respondents do not find sufficient 
number of social workers in Karur district. 

23. 87% of the respondents said the awareness 
of social worker should be created among 
people.  

 
SUGGESTION 

1. The government can try to recruit social workers in  
government schools where there are special 
schools. 

2. Awareness about the social workers should be 
created by the government to the public through 
media, rally or educational Institutions. 

3. The government should take a quick decision to 
start one or more Special schools in Karur district 
for the children with autistic disorder. It will be 
helpful for the parent who has Autistic children 
since they find very difficult where to educate their 
children. 

4. The Government can implement some schemes or 
financial support for the parents who have the 
autistic child in order to  bring  up their children.  

5. In future a separate autism center can be created / 
developed by the government in Karur district since 
the parents are finding difficult to go to special 
schools since they have only limited social workers 
in special schools. 
 

CONCLUSION 
The service of Social Worker in comparison with other 
professions is so different. Social Workers have greater 
responsibility in the process of developing the lives of the 
Autistic child. Hand by hand support of the social worker 
can contribute to  the welfare of the Autistic child. From this 
research , we conclude with an suggestion of incorporating 
separate Autism cure center and some special schools for 
autistic child.  The Government of Tamil Nadu can also try  
to increase the number of social workers to take care of the 
Autistic child.  
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Abstract 

Everyone in this world is looking for change in their family life. In olden days women’s position is home carer 

were she looked after her children and cooked food for her family. But now the women have entered mostly in all 

the fields and they have achieved a lot. In order to satisfy both work life and family life they face so many 

difficulties and also try to overcome the problems and run their family happily. This paper explores the difficulties 

faced by the working women before going to their job. This paper discusses mainly on several activities of 

working women which they feel difficult and stressful and which activity affects their job performance. The results 

indicates that the working women find extremely difficult   for preparing breakfasts, lunch and dinner, making 

their children to get ready for school, cross checking their home work, children in care of others, dropping their 

children in school, driving in the morning traffic, catching the institution vehicle or other means of transport in 

order to reach their work station, purchasing household items like vegetables, fruits, pulses etc., and working 

beyond working hours , most of them undertake several activities which tend to have an impact on their work 

schedule for the day. 

 

Keywords:  Working women, Difficulties, Stress, Work Life Balance, and Working Schedule. 
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Post –modern world is looking at the transformation of family life, as we know it. In  an earlier age to an 

increasingly urbanized environment in which people move away from living in small rural communities to a 

concrete jungle, of ghetto –like isolation within the maze ,is the feature of our society now. The earlier scene of a 

pastoral past, of a happy hunter and a home care who looked after the children and cooked the food for the family, 

in an idyll like picture still adorn the manteltree. It actually window dressed a stark reality of death in the hunt, 

most often that of the hunter the terrible beasts had more power and were savage in their attack and the picture of a 

wailing community grieving over the death of young men in their prime. Now the actual picture is that of young 

men caught under the wheels of public transport, millions of them crisis crossing our roads, our transport system 

groaning under the weight of mass movement. 

Old people put away in what are also euphemistically called “homes” young ones either in the crèche or at school. 

The woman has also to go hunt. It takes two to tango –two to win the family bread, so that the whole family can be 

secure, consumerist culture where everything is a must have for all .Greed and the fear of losing out in the rat race 

is the curse of our modern times .Work is work for the most, play also work for some, the new mantra is work is 

worship of the capitalist gods, or shall we say goods.  Aspiration is the new word for greed. But on the flip side, it 

can be something about empowerment of two –thirds of a community. 

Scientific studies of pre-historic communities rate women as the older of the species and hence are not prone or 

susceptible  to common infections , their physique more supple and frame elastic ,admirably suited to child bearing 

and verbal and non-verbal communications, skills. Scary at the top of their voice and can literally raise the roof 

when they crank up decibels, the modern woman is no poor cousin of the older version. She also packs a lunch. 

She is not only the home executive, she doubles up as the executive in office and takes orders, shows remarkable 

patience and organization  two eminently adorable qualities needed in assembly like automation, the real picture of 

our modern offices, the work passing the buck.  In the class room ,in the boardroom she is  no less disposable or  is 

indispensable to the market ,always the right barometer of skills ever hungry for more, the two at the yoke – 

pulling but also sharing the work load for the common good is the picture of  ours times. 

 

Review of Literature  

 (Campbell et al, 1994) Several authors have said that the effects of family life on women's job performance and 

work attitudes. The result revealed that women with children were significantly lower in occupational commitment 

relative to women without children; contrary to expectation, women with younger children outperformed women 

with older children.  

(Makowska, 1995) He has studied psychosocial determinants of stress and well-being among working women.  

(Doress-Wortes PB, 1994) In his study he has found that multiple role-playing has both positive and negative 

effects on the mental health and well-being of professional women. In certain instances, women with multiple roles 
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reported better physical and psychological health than women with less role involvement. In other words, they 

cherished motivational stimulation, self-esteem, a sense of control, physical stamina, and bursts of energy. 

(Hughes DL, Glinsky E. Gender, 1994) –Several studies explored that multiple roles have also been found to 

cause a variety of adverse effects on women's mental and physical health, including loss of appetite, insomnia, 

overindulgence, and back pains. 

(Greenhaus, J. H. & Beutell, N. J., 1985) They have found that workplace characteristics can also contribute to 

higher levels of Work family conflict. Researchers have found that the number of hours worked per week, the 

amount and frequency of overtime required, an inflexible work schedule, unsupportive supervisor, and an 

inhospitable organizational culture increase the likelihood that women employees will experience conflict between 

their work and family role. 

 (Kandel et al, 1985) Several authors have investigated the nature of specific strains and stresses among married 

women in their marital, occupational and house work roles. They found that strains and stresses are lower in family 

roles than in occupational and household roles among the married women. These have more severe consequences 

for the psychological well-being of women than occupational strains and stresses. Strains predicted distress 

through role-specific stress, with strains deriving from contribution of role-specific stress.  

(Kirchmeyer & Cohen, 1999) This study has revealed that because of family –work conflict the main problems 

are job dissatisfaction, being late for work, absenteeism and poor performance. 

(Girdano, D. A. and Evarly, G. S., 1986, House, J.S., 1981 and Repetti, R. L., Matthews, K. A. and Waldron, 

I. 1989), this study states that the various types of target (e.g.  Multiple tasks, time demands) can also create stress.
 

 (Pahl & Pahl, 1971)He has found financial difficulties among working women family. 

(Jain, 1988) He has 
 
found that employed women face difficulties in performing her household chores .Often she 

has conflicting demands but she is not ready to quit her job as an alternative she finds some other adjustments in 

her family life. 

 In some studies, family-work conflict affects health and well-being status of the worker (Beauregard, 2006; 

Peeters et al., 2005). At the end of family- work conflict, the problems rises as conflicts of the individual with the 

family, lack of support from spouse, and more responsibilities at home, presence of a baby at home can cause 

problems at work (Greenhaus & Beutell, 1985) 

(Kossek & Özeki, 2001)
 
They have said that home life and work life are two important fields affecting one 

another. In the researches, it was seen that work life is affected by variables related to the family (number and age 

of children and support of the spouse) and at the same time, home life is affected by the requirements of work life. 

 

RESEARCH METHODOLOGY  

Descriptive Research design has been used in this study. It helps to know the particular situation prevailing among 

working women in Karur district. Convenient Sampling method has been used. The sample size is 120 respondents 
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who are working in organized sectors were selected for this study.  The designation of the respondents is teachers, 

software engineers, Doctors, Nurses, lawyers, Bank Employees and chartered accountant. Respondents age is 

between 18 – 45 years with at least one child were selected for this study. The study was conducted by using 

structured questionnaire. The questionnaires were filled by respondents in the presence of the researcher.  

Data Analysis and Interpretation 

From the Table: 1 it is clear that 43.33 % of the women employees have servant maid for help to do their kitchen 

work. While the remaining 56.67 % of the respondents do not   have servants for help, they do their work by 

themselves. 

From the  Table  : 2 ,it is clear that  majority of the respondents designation is teacher (30.83%), about 21.67 % of 

the respondents are software engineers’, 11.67 % of the respondents designation are nurses, 10.83 % and 10 % 

respondents designation are bank employees and doctors respectively. About 9.167 % respondent’s designation is 

lawyer and the remaining 5.83 % are chartered accountant 

From the Table : 3, it is clear that 23.07 % of the teachers ,30.76 % of the soft ware engineers, 15.38 % of doctors, 

13.46 %, of bank employees ,7.69 % of lawyers ,5.765  % of chartered accountant, and 3.84%  of nurses have 

appointed servant maid for house help. 

From the Table: 4 it is clear that 100 % of the nurse’s, 37.5 % of the doctors and 37.5 % of the software engineers 

find very difficult to give instruction to the house help. 37.5 % of the doctors, 33.33 % of chartered accountant, 25 

% of teachers said that they find difficult to give instruction to the house help. 66.67 % of chartered accountant, 

57.14 % of Bank employees, 50 % of lawyers and software engineers said that they find somewhat difficult to give 

instruction to the house help. Only 33.33 % of the teachers, 42.85 % of bank employees and 50 % of the lawyers 

said that they do not find difficult to give instruction. The respondents find difficult with this activity due to their 

working hours of their job. Doctors have to do their service without considering working hours, Software engineers 

and nurses have to work in shift bases. 

From the Table: 5, it was found that, Software Engineers (53.84 %), Nurses (50 %) Doctors   (41.67 %),Teachers 

(24.32 %) and bank employees (15.38 %) said that they find extremely difficult to prepare breakfast and lunch. It 

was found that doctors (58.33 %), Nurses (50 %), Software Engineers (46.15 %), Bank Employees (23.07 %) and 

teachers (16.2%) said that they find very difficult to prepare food for the family. It was found that bank employees 

(61.53 %), Chartered Accountant (57.14 %), teachers (45.94 %), lawyers (45.45%) find difficult to prepare 

breakfast and lunch. It was found that lawyers (54.54 %), chartered accountant (14.28 %) and teachers (13.51%) 

find somewhat difficult to prepare breakfast and lunch. Only 28.57% of the chartered Accountant said that they do 

not find difficult to prepare breakfast and lunch. Majority of the respondents said that they lost interest in preparing 

food since they have to concentrate more on their job performance.  

From the Table : 6 it was found that, Nurses (50 %), Software Engineers (46.15 %), Doctors   (41.66%), bank 

employees (23.07%) and Teachers (8.10%) said that they find extremely difficult to make their children to get 
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ready to school, to cross check their homework and to drop their kids in school. .It was found that, Doctors 

(58.33%)  Software Engineers (53.84%), Nurses (50%) Lawyers (36.36%), bank employees (30.76%) and 

Teachers (18.91%) said that they find very difficult to make their children to get ready to school, to cross check 

their homework and to drop their kids in school. It was found that, Lawyers (63.63%), Teachers (62.16%) and 

bank employees (41.15%) said that they find difficult to make their children to get ready to school, to cross check 

their homework and to drop their kids in school. It was found that, chartered accountant (71.42%), and Teachers 

(10.81%) said that they find somewhat difficult to make their children to get ready to school, to cross check their 

homework and to drop their kids in school.  

From the Table: 7 it was found that only 29.72 % of the teachers, 100 % of the chartered accountant, doctors and 

lawyers ,46.15 % of the bank employees, 69.92% of the software engineers go to their work station by their own 

vehicle and they drive themselves .Majority of the teachers (70.27 %), Nurses (100 %) ,53,84% of bank employees  

and 30.76% of software engineers said that they go to their work station by their institution vehicle or other means 

of transport. 

 From the Table: 8, it was found that all the doctors, 61.11 % of the software engineers, 45.45 % of the Teachers 

and 42.85 % of the chartered accountant find extremely difficult to drive in the morning traffic. Teachers (54.54 

%), chartered accountant (57.14 %), Lawyers (100 %), Bank Employees (100 %), Software engineers (38.88 %) 

said that they very difficult to drive in the morning traffic. All the respondents said that sometimes they may not 

reach to their work station or office on time due to traffic or accident. 

 From the Table: 9 it is clear that mostly all the working women finds extremely difficult to catch the institution 

vehicle on time. It is a challenge for them to catch the vehicle on time daily. They said that they are stressful with 

this activity. 

 

Chi Square Test 

Table: 10 To test association between Designation and children in care of others. 

Null Hypothesis (H0): 

There is no significant association between designation and children in care of others.  

Alternative Hypothesis (H1):  

There is significant association between designation and children in care of others. 

Degree of freedom: 24; Chi-Square =41.07433 

For significant at the 5% level, chi-square should be greater than or equal to 36.415.The distribution is not 

significant. Hence χ2 value is greater than the table value we reject the null hypothesis and conclude that there is 

significant association between and designation and children in care of others. 

Table: 11 To test association between Designation and purchasing household items. 

Null Hypothesis (H0): 
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There is no   significant association between designation and purchasing household items   

Alternative Hypothesis (H1):  

There is significant association between designation and purchasing household items   

Degree of freedom: 24; Chi-Square =59.21268. 

For significant at the 5% level, chi-square should be greater than or equal to 36.415.The distribution is not 

significant. Hence χ2 value is greater than the table value we reject the null hypothesis and conclude that there is 

significant association between designation and purchasing household items like vegetables, fruits and other things 

needed to the family. 

Table: 12 To test association between Designation and working beyond working hours 

Null Hypothesis (H0): 

There is no significant association between designation and working beyond working hours. 

Alternative Hypothesis (H1):  

There is significant association between designation and working beyond working hours. 

Degree of freedom: 24; Chi-Square = 39.33077. 

For significant at the 5 % level, chi-square should be greater than or equal to 36.415.The distribution is not 

significant.Hence χ2 value is greater than the table value we reject the null hypothesis and conclude that there is 

significant association between and designation and working beyond working hours. 

Table: 13 To test association between Designation and giving instruction to house help. 

Null Hypothesis (H0): 

There is no significant association between designations and giving instruction to the house help. 

Alternative Hypothesis (H1): There is significant association between designation and giving instruction to the 

house help. 

Degree of freedom: 24; Chi-Square = 33.847. 

For significant at the 5% level, chi-square should be greater than or equal to 36.415.The distribution is not 

significant. Hence χ2 value is less than the table value we accept the null hypothesis and conclude that there is no 

significant association between designation and giving instruction to the house help. 

Table: 14 To test association between Designation and making their children to get ready to school, cross 

checking their homework’s and dropping kids in school   

Null Hypothesis (H0): 

There is no significant association between designation and making their children to get ready to school, cross 

checking their homework and dropping kids in school. 

Alternative Hypothesis (H1): There is significant association between designation and making their children to 

get ready to school, cross checking their homework and dropping kids in school. 

Degree of freedom: 24; Chi-Square = 104.77 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IV, April-2020

ISSN NO: 1781-7838

Page No:67
Page 2152 of 3066Page 2152 of 3066



 
 
 
For significant at the 5% level, chi-square should be greater than or equal to 36.415.The distribution is not 

significant. Hence χ2 value is greater than the table value we reject the null hypothesis and conclude that there is 

significant association between designation and making their children to get ready to school and cross checking 

their homework. 

 

Table: 15 To test association between Designation and preparing breakfast and lunch. 

Null Hypothesis (H0): 

There is no significant association between designation and preparing breakfast and lunch. 

Alternative Hypothesis (H1):  

There is significant association between designation and preparing breakfast and lunch. 

Degree of freedom: 24; Chi-Square = 117.73789 

For significant at the 5% level, chi-square should be greater than or equal to 36.415.The distribution is not t 

significant. Hence χ2 value is greater than the table value we reject the null hypothesis and conclude that there is 

significant association between designation and preparing breakfast and lunch. 

Findings: 

1.43.33% of the women employees have servant maid for help to do their kitchen work. The remaining 56.67% of 

the respondents do not have servants for help they do their work by them self. 

2. Majority of the working women’s designation is   teacher. 

3. 23.07% of the teachers and 30.76% of the soft ware engineers, 15.38% 0f doctors, 13.46%, of bank employees, 

7.69% of lawyers, 5.765 of chartered accountant, and 3.84% of nurses have appointed servant maid for house help. 

100% of the nurse’s, 37.5% of the doctor’s and 37.5% of the software engineers find very difficult to give 

instruction to the house help. 

4. It was found that, Software Engineers (53.84%), Nurses (50%) Doctors (41.67%), Teachers (24.32%) and bank 

employees (15.38%) said that they find extremely difficult to prepare breakfast and lunch.  

5. It was found that, Nurses (50%), Software Engineers (46.15%), Doctors   (41.66%), bank employees (23.07%) 

and Teachers (8.10%) said that they find extremely difficult to make their children to get ready to school , cross 

check their homework and to drop their kids in school.   

6. it was found that only 29.72 % of the teachers, 100 % of the chartered accountant, doctors and lawyers, 46.15 % 

of the bank employees, 69.92% of the software engineers go to their work station by their own vehicle and they 

drive themselves .Majority of the teachers (70.27 %), Nurses (100 %) ,53,84% of bank employees  and 30.76% of 

software engineers said that they go to their work station by their institution vehicle or other means of transport. 

7. It was found that all the doctors, 61.11%of the software engineers, 45.45% of the Teachers and 42.85% of the 

chartered accountant find extremely difficult to drive in the morning traffic. All the respondents said that 

sometimes they may not reach their work place or office on time due to traffic or accident. 
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8.  Majority of the respondents finds extremely difficult to catch the vehicle on time. It is a challenge for them to 

catch the vehicle on time daily. They said that they are stressful with this activity.  

9. According to the chi-square analysis, it is found that, there is significant association between designation and 

children in care of others. 

10.  According to the chi-square analysis, there is significant association between and designation and purchasing 

household items like vegetables, fruits and other things needed to the family. 

11. According to the chi-square analysis,   there is significant association between and designation and working 

beyond working hours. 

12. According to the chi-square analysis, there is no significant association between designation and giving 

instruction to the house help. 

13. According to the chi-square analysis, there is significant association between designation and making their 

children to get ready to school and cross checking their homework. 

14. According to the chi-square analysis, there is significant association between designation and preparing 

breakfast and lunch. 

15. Mostly all respondents replied that their job performance is affected due to sudden illness of their children and 

elders in home. Sometimes conflict with their spouse and when they miss their institutions’ vehicle in the morning 

hours.  

Suggestion 

1. Day care institution should emerge like foreign countries so that the working mothers will be free from 

bringing up their children, they would concentrate in their work, and they need not depend on others. If day 

care system is adopted, families struggling with child care problems can get help from a representative of day 

care council. 

2. In the work places there should be proper babysitting and child care centers so that the working mothers can 

keep their jobs without having to choose between their job and child care. Employed couples will benefit a lot 

and many conflicts can be avoided. 

3. There is a need to reform maternity leave rule  .it should not  create any adverse circumstances that directly or 

indirectly force pregnant employees to quit from the job during pregnancy. 

4. Group Discussions and Brain Storming have merit for women employees. It can be organized in their 

institution or through clubs. They can gain from interacting with others having similar pressures 

/interest/problems; it gives an opportunity to derive their own creative solutions. 

5. Children might appropriately be given suggestions on how they can share the domestic workload. 

6. They should plan to finish their household chores before half an hour. For this the family members should 

support them. It may help them to catch the institution vehicle on time or  they can drive their vehicle without 

tension 
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7. Employers can provide special working arrangements for employees who are caring for young children or 

relatives (i.e.) allow staff members with responsibilities for child-rearing or caretaking to work shorter hours, 

or at hours that are conducive to their particular arrangement.  

8. Establish a flextime program where employees can work extra hours during the week to receive a day off 

every other week, or a half day every week. (Work an extra hour Monday to Thursday and have a half day on 

Friday). This gives employees an opportunity to have a day off to accomplish personal tasks, spend time with 

family, or go on vacation for a long weekend.  

9. For many people most of the stress they feel comes from simply being disorganized and procrastinating. Learn 

to set more realistic goals and deadlines and stick to them. 

10. Get your partner or other family members to help you with all your family/personal responsibilities. Taking 

care of the household, children, or parents should not be the responsibility of just one person. This concept 

should also be applied to the workplace. If you need help or feel overwhelmed with tasks at work, speak with 

your manager about disseminating a portion of your work load.  
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Table 1 Respondent’s opinion regarding servant 

Whether the respondents have servant in their home for help. 
Total 

Particulars Yes % No % 

Do you have servants 

for help  in your home 
52 43.33 68 56.67 120 

 

Table 2 Respondents Designation 

S.No Designation Frequency % 

1 Teachers 37 30.83 

2 Chartered Accountant 7 5.833 

3 Doctors 12 10 

4 Nurses 14 11.67 

5 Bank Employees  13 10.83 

6 Software Engineers (IT) 26 21.67 

7 Lawyers  11 9.167 

Total 120 100 
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Table 3 Respondent’s opinion regarding house help 

S.No Particulars  
No. of. House help  % 

1 Teachers 12 23.07 

2 Chartered Accountant 3 5.76 

3 Doctors 8 15.38 

4 Nurses 2 3.84 

5 Bank Employees 7 13.46 

6 Software Engineers (IT) 16 30.76 

7 Lawyers 4 7.69 

Total 

 

52 99.96 

 

 

 

 

Table 4 Respondent’s opinion regarding giving instruction to the house help 

 

Designation 

Respondents opinion regarding giving instruction to the house help 

Not at  all 

Difficult 

Somewhat                    

Difficult 

Difficul

t 

Very 

Difficult 

Extremely 

Difficult 

 

Total 

Teachers 
4                          

33.33% 

5        

41.67% 

3    

25% 
0 0 12 

Chartered 

Accountant 
0 

2         

66.67% 

1   

33.33% 
0 0 3 

Doctors 0 2        25% 
3     

37.5% 

3     

37.5% 
0 8 

Nurses 0 0 0 
2     

 100% 
0 2 

Bank 

Employees 

3           

42.85% 
4       57.14% 0 0 0 7 

Software 

Engineers (IT) 
0 8          50% 

2      

12.5% 
6   37.5% 0 16 

Lawyers 2       50% 2       50% 0 0 0 4 

Total 9 23 9 11 0 52 

 

 

 

 

 

 

 

 

 

 

 

 

 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IV, April-2020

ISSN NO: 1781-7838

Page No:72
Page 2157 of 3066Page 2157 of 3066



 
 
 

 

Table 5 Respondents opinion regarding Preparing breakfast and lunch. 

 

Designation 

Respondents opinion regarding Preparing breakfast and lunch 

Not at  all 

Difficult 

Somewhat                    

Difficult 
Difficult 

Very 

Difficult 

Extremel

y 

Difficult 

 

Total 

Teachers 0 
5 

13.51 % 

17 

45.94 % 

6 

16.2 % 

9 

24.32 % 
37 

Chartered 

Accountant 

2 

28.57% 

1 

14.28% 

4 

57.14% 
0 0 7 

Doctors 0 0 0 
7 

58.33% 

5 

41.67 % 
12 

Nurses 0 0 0 
7 

50% 

7 

50 % 
14 

Bank 

Employees 
0 0 

8 

61.53% 

3 

23.07% 

2 

15.38% 
13 

Software 

Engineers (IT) 
0 0 0 

12 

46.15% 

`14 

53.84% 
26 

Lawyers 0 
6 

54.54% 

5 

45.45% 
0 0 11 

Total 2 12 34 37 35 120 

 

 

Table 6 Respondent’s opinion regarding making your children to get ready to school, cross checking their home 

works and dropping kids in school. 

 

Designation 

Respondent’s opinion regarding making your children to get ready to school, 

cross checking their home works and dropping kids in school. 

Not at  

all 

Difficult 

Somewhat                    

Difficult Difficult  

Very 

 Difficult  

Extremely 

 Difficult 

 

Total 

Teachers 0 
4 

10.81 % 

23 

62.16 % 

7 

18.91 % 

3 

8.10 % 
37 

  Chartered 

Accountant 
0 

5 

71.42% 

2 

28.57% 
0 0 7 

Doctors 0 0 0 
7 

58.33% 

5 

41.66% 
12 

Nurses 0 0 0 
7 

50% 

7 

50% 
14 

Bank 

Employees  
0 0 

6 

46.15% 

4 

30.76% 

3 

23.07% 
13 

Software 

Engineers (IT) 
0 0 0 

`14 

53.84% 

12 

46.15% 
26 

Lawyers  0 0 
7 

63.63% 

4 

36.36% 
0 11 

Total 0 9 38 43 30 120 
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Table 7 Respondents Opinion regarding how they travel 

 

Designation 

No. of. Respondents 

go by their own vehicle(self 

driving)  

No. of. Respondents 

Catch institution vehicle or 

other means of transport Total 

Teachers 
11 

(29.72%) 

26 

(70.27%) 
37 

Chartered 

Accountant 

7 

(100%) 
0 7 

Doctors 
12 

(100%) 
0 12 

Nurses 0 
14 

(100%) 
14 

Bank Employees  
6 

(46.15%) 

7 

(53.84%) 
13 

Software 

Engineers (IT) 

18 

(69.92%) 

8 

(30.76%) 
26 

Lawyers  
11 

(100%) 
0 11 

Total 65 55 120 

 

 

 

 

 

 

Table 8 Respondent’s opinion about self driving    in the morning traffic 

 

    

Designation 

Respondent’s opinion regarding driving in the morning traffic. 

Not at  all 

Difficult 

Somewhat                    

Difficult 

Difficul

t  

Very 

 Difficult  

Extremely 

 Difficult 

 

Total 

Teachers 
0 0 0 

6 

54.54% 

5 

45.45% 

      11 

 

       

Chartered 

Accountant 0 0 0 

4 

57.14% 

3 

42.85% 

       7 

 

Doctors 
0 0 0 0 

12 

100% 

      12 

 

Nurses 0 0 0 0 0 0 

Bank 

Employees  0 0 0 

6 

100% 0 

       6 

 

Software 

Engineers 

(IT) 0 0 0 

7 

38.88% 

11 

61.11% 

 

18 

 

Lawyers  

0 0 0 

 

11 

100% 0 

 

11 

 

Total 0 0 0 34 31 65 
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Table 9 Respondent’s opinion about catching institution vehicle or other means of transport 

Designation 

Respondent’s opinion about catching institution vehicle or other means 

of transport 

Not at  all 

Difficult 

Somewhat                    

Difficult 

Difficu

lt 

Very 

Difficult 

Extremely 

Difficult 
Total 

Teachers 0 0 0 o 26 26 

Chartered 

Accountant 
0 0 0 0 0 0 

Doctors 0 0 0 0 0 0 

Nurses 0 0 0 0 14 14 

Bank 

Employees 
0 0 0 0 7 7 

Software 

Engineers (IT) 
0 0 0 0 8 8 

Lawyers 0 0 0 0 0 0 

Total 0 0 0 o 55 55 

 

 

 

 

 

 

 

 

 

Table 10 Designation and children in care of others 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Designation 

Respondent’s opinion regarding children in care of others.  

Not at  all 

Difficult 

Somewha

t                    

Difficult Difficult  

Very 

 Difficult  

Extremely 

 Difficult 

 

Total 

Teachers 0 0 0 12 25 37 

      Chartered 

Accountant 
0 0 2 2 3 7 

Doctors 0 0 0 7 5 12 

Nurses 0 0 7 3 4 14 

Bank 

Employees  
0 0 6 4 3 13 

Software 

Engineers 

(IT) 

0 0 4 12 10 26 

Lawyers  0 0 
5 

 

6 

 
0 11 

Total 0 0 24 46 50 120 
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Table 11 Designation and purchasing household items 

Designation 

Respondents opinion regarding purchasing household items like 

vegetables, fruits and other things needed to family. 

Not at  all 

Difficult 

Somewhat                    

Difficult 
Difficult 

Very 

Difficu

lt 

Extremel

y 

Difficult 

 

Total 

Teachers 0 26 11 0 0 37 

Chartered 

Accountant 
7 0 0 0 0 7 

Doctors 
1 

 
5 6 0 0 12 

Nurses 2 7 5 0 0 14 

Bank 

Employees 
5 6 2 0 0 13 

Software 

Engineers (IT) 
8 4 14 0 0 26 

Lawyers 6 5 0 0 0 11 

Total 29 53 38 0 0 120 

 

 

 

 

 

 

 

Table 12 Designation and Working beyond working hours 

 

Designation 

Respondents opinion regarding working beyond working hours 

Not at  

all 

Difficult 

Somewhat                    

Difficult 
Difficult 

Very 

Difficult 

Extremely 

Difficult 

 

Total 

Teachers 0 
10 

27.02% 

12 

32.43% 

12 

32.43% 
3 37 

Chartered 

Accountant 
0 

2 

28.57% 

5 

71.42% 
0 0 7 

Doctors 0 0 
5 

41.67% 

6 

50% 

1 

8.33% 
12 

Nurses 0 0 
4 

28.57% 

7 

50% 

3 

21.42% 
14 

Bank Employees 0 
3 

23.07% 

5 

38.46% 

3 

23.07% 

2 

15.38% 
13 

Software 

Engineers (IT) 
0 0 

8 

30.76% 

13 

50% 

5 

19.23% 
26 

Lawyers 0 
6 

54.54% 

5 

45.45% 
0 0 11 

Total 0 21 44 41 14 120 
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Table 13 Designation and Giving instruction to the house help. 

 

                      

Designation 

 

Respondents opinion regarding giving instruction to the house help 

Not at  all 

Difficult 

Somewhat                    

Difficult Difficult  

Very 

 

Difficult  

Extremel

y 

 Difficult 

 

Total 

Teachers 
4                          

33.33% 

5       

  41.67% 

3    

 25% 
0 0 12 

Chartered 

Accountant 
0 

2         

66.67% 

1 

   

33.33% 

0 0 3 

Doctors 0 
2       

  25% 

3    

  37.5% 

3      

37.5% 
0 8 

Nurses 0 0 0 
2      

100% 
0 2 

Bank 

Employees  

3           

42.85% 

4        

57.14% 
0 0 0 7 

Software 

Engineers (IT) 
0 

8         

 50% 

2     

  12.5% 

6    

37.5% 
0 16 

Lawyers  2       50% 
2      

  50% 
0 0 0 4 

Total 9 23 9 11 0 52 

 

 

Table 14 Designation and making their children to get ready to school and cross checking their homework’s  

and dropping kids in school 

 

Designation 

Respondent’s opinion regarding making your children to get ready to 

school and cross checking their home works and dropping kids in 

school. 

Not at  all 

Difficult 

Somewhat                    

Difficult Difficult  

Very 

 Difficult  

Extremel

y 

 Difficult Total 

Teachers 0 
4 

10.81% 

23 

62.16% 

7 

18.91% 

3 

8.10% 
37 

  Chartered 

Accountant 
0 

5 

71.42% 

2 

28.57% 
0 0 7 

Doctors 0 0 0 
7 

58.33% 

5 

41.66% 
12 

Nurses 0 0 0 
7 

50% 

7 

50% 
14 

Bank 

Employees  
0 0 

6 

46.15% 

4 

30.76% 

3 

23.07% 
13 

Software 

Engineers 

(IT) 

0 0 0 
`14 

53.84% 

12 

46.15% 
26 

Lawyers  0 0 
7 

63.63% 

4 

36.36% 
0 11 

Total 0 9 38 43 30 120 
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Table15 Designation and preparing breakfast and lunch. 

 

Designation 

Respondents opinion regarding Preparing breakfast and lunch 

Not at  all 

Difficult 

Somewhat                    

Difficult 
Difficult 

Very 

Difficult 

Extremely 

Difficult 
Total 

Teachers 0 
5 

13.51% 

17 

45.94% 

6 

16.2% 

9 

24.32% 
37 

Chartered 

Accountant 

2 

28.57% 

1 

14.28% 

4 

57.14% 
0 0 7 

Doctors 0 0 0 
7 

58.33% 

5 

41.67% 
12 

Nurses 0 0 0 
7 

50% 

7 

50% 
14 

Bank 

Employees 
0 0 

8 

61.53% 

3 

23.07% 

2 

15.38% 
13 

Software 

Engineers (IT) 
0 0 0 

12 

46.15% 

`14 

53.84% 
26 

Lawyers 0 
6 

54.54% 

5 

45.45% 
0 0 11 

Total 2 12 34 37 35 120 
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Abstract: Liquidity and Profitability management is of crucial importance in financial management decision. This study deals with the 

impact of liquidity management on profitability in Indian Overseas Bank. The study is descriptive in nature. The secondary data is used for 

this study and taken from the annual reports for the period of 2015-2019. The liquidity ratios are current ratio, cash ratio, quick ratio, loan 

to deposit ratio, cash reserve ratio, interest coverage ratio and capital adequacy ratio, while Return on Equity (ROE) and Return on Assets 

(ROA), Earnings Per Share (EPS) were the proxies for profitability. Ratio analysis, Trend analysis, Descriptive Statistics and Correlation 

Analysis has been used to analyze the relationship between liquidity and profitability. The results shows that the Liquid ratios have weak 

strong relationship on Profitability Ratios. 

 

Index Terms - Liquidity Management, Profitability, Liquidity Ratios, Profitability Ratios, Analysis. 

I. INTRODUCTION 

Liquidity Management is an idea which has severe attention everywhere in the earth especially with the financial situations and the state 

of the economy. Liquidity means an immediate capacity to fulfill one’s financial needs. Bank Liquidity means the flexibility of the bank to 

take care of sufficient funds to pay money for its maturing obligations. Every bank wants to deploy maximum funds in advances and 

investments in hope of getting maximum possible returns. If all the funds available with any bank are lent or invested, there is also possibility 

that such funds don’t seem to be recovered by the bank immediately and also the bank is not able to meet its obligations towards its 

customers so as to retain the customer base the banks must adopt a liquidity/investment policy to be ready to repay to depositors on demand. 

Incase bank deploys its maximum funds in loans/investment without caring for the requisite amount of liquidity ready to meet the immediate 

financial requirements particularly towards demand depositors, it’s going to tarnish its image which might be a fatal event for any bank. In 

banking sector the liquidity management is critical element which will be considered to evaluate the bank’s profitability. Banks 

maintain their liquidity primarily from deposits made by their customers. Liquidity management may be a crucial part of asset-liability & 

risk management framework of the Banking system.  It is a process of constructing proper & timely bridge of Bank’s sources & uses of 

funds at reasonable cost at all times. Liquidity means its ability to fulfill its current liabilities and is typically measured by different financial 

ratios. The profitability of a company can by described as its ability to come up with income which surpasses its liabilities. Profitability is 

typically measured by different ratios like ROA and ROE. Efficient liquidity management involves planning and controlling current assets 

and current liabilities in such a manner that eliminates the risk of the inability to meet due short-term obligations. Every bank should have 

sufficient liquidity to meet the contractual obligations as and when they arise without any delay.  

Objectives 

Primary 

 To Analyze the Effect of Liquidity on Profitability of Indian Overseas Bank 

Secondary 

1. To analyze the Liquidity Ratios. 

2. To analyze the Profitability Ratios. 

3. Analyzing the relationship between Liquidity and Profitability. 

Need of the Study 

 The aim is to see the effect of liquidity management on the performance to attain both corporate goals of maintaining high level 

of liquidity and profitability. Liquidity is the life blood of a banking setup. 

Scope of the Study 

This study aimed at understanding the liquidity management in Indian Overseas Bank. This study try to address the issues in Indian 

Overseas Bank. 

Limitations 

The study is confined to 5 years of balance sheet from 2014-2015 to 2018-2019. 

The changes that took place before and after this period were not taken into consideration. 

Period 

This study covers the period of four months.  Page 2164 of 3066Page 2164 of 3066
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II. REVIEW OF LITERATURE 

Abdulla Ibrahim Aziz, Atheer Anwar Sharif, Delan Ghafoor Salih (2017) has undergone a study on the effect of Liquidity Management 

and Profitability in Islamic Banks of Kurdistan Region of Iraq. The results showed profitability ratios were very responsive to changes in 

current and quick ratios. Pearson correlation was used in analyzing this relationship. 

Ali Abdi Sheikhdon, Stanley Kavale (2017) has analyzed the effect of Liquidity Management on financial performance of commercial 

banks in Mogadishu, Somalia. The results established that liquidity management drivers were found to significantly and positively influence 

financial performance. ANOVA and Regression is used for analysis. 

Ali Sulieman Alshatti (2015) has analyzed the effect of the liquidity management on profitability in the Jordanian Commercial banks and 

found that increase in the investment ratio, capital ratio and quick ratio leads to an increase in profitability by rising the Return on Equity 

(ROE) and Return on Assets (ROA). Correlation is used to analyze the data. 

Dr. Amalendu Bhunia, Mr. Islamuddin Khan, Mr. Somnath Mukhuti (2011) has studied about managing Liquidity. The study shows that 

correlation and regression results are significantly positive associated to the firm profitability. Descriptive Statistics, Correlation, Regression 

is used for analysis of data. 

Dr. Munther Al Nimer, Dr. Lina Warrad, Dr. Rania Al Omari (2015) has undergone a study on the Impact of Liquidity on Jordanian Banks 

Profitability through Return on Assets. The result shows profitability in Jordanian banks is significantly influenced by liquidity. ANOVA 

and simple regression is used for analysis. 

 Muhammad Nabeel, Sobia Muhammad Hussain (2017) has undergone a study on Liquidity Management and Its Impact on Profitability: 

A Perspective of Pakistan. The result shows that most liquidity ratios has positively related with bank’s profitability. The data is analyzed 

using correlation and regression. 

Olagunju, Adebayo, Adeyanju Olanrewaju David, Olabode Oluwayinka Samuel (2011) has undergone a study on Liquidity Management 

and Commercial Banks’ Profitability in Nigeria. The study shows that that there is significant relationship between liquidity and 

profitability. Pearson Correlation analysis is used. 

Rizwan Ali Khan & Mutahhar Ali (2016) has studied the Impact of Liquidity on Profitability of Commercial Banks in Pakistan. The result 

shows that liquidity has positive relationship with profitability. With the growing liquidity level to ascertain the limit the profitability also 

increases. Correlation, Regression, Descriptive Statistics is used for analysis of data. 

Sunny Obilor Ibe (2013) examined the effect of liquidity management on the profitability of the banks in Nigeria. It is concluded that for 

banks to resolve the liquidity/ profitability there is need for banks to determine its optimal liquidity position. Regression is used to analyze 

the data. 

Tarek A. Elsharif (2017) has analyzed the impact of Liquidity on Profitability. This study has examined the impact of the liquidity 

management on the Profitability of firms and banks. The results were varied, where some result of them positive and the other was negative. 

Correlation and Regression is used for analysis of data. 

III. RESEARCH METHODOLOGY 

3.1 Meaning of Research 

Research is the process of solving problems and finding facts in an organized way. Research is a process step used to collect and 

analyse information to increase the understanding of a topic or issue. It refers to a search for knowledge. It is a movement from known to 

unknown. 

3.2 Research Type  

The study is Descriptive in nature because it gives better and deeper understanding of a phenomenon on the basis of an in depth 

study of phenomenon and provides a basis for decision making.  

3.3 Data Collection 

The data is collected using secondary sources. The secondary data are collected from company’s annual report and company’s 

website. 

3.4 Tools used 

Ratio analysis, Trend analysis and Descriptive Statistics and Correlation Analysis is used to analyse the relationship between 

liquidity and profitability. Descriptive Statistics and Correlation Analysis is run through Microsoft Excel 2013. 

IV. DATA ANALYSIS 

Data analysis is a method in which data is collected and organized so that one can derive helpful information from it. The data analysis 

and Interpretation is a process representing the application of deductive and inductive logic to the research and data analysis. 

4.1 RATIO ANALYSIS 

 A ratio is an expression of the quantitative relationship between two numbers. Ratio Analysis is a quantitative method of gaining 

insight into a company’s liquidity, operational efficiency and profitability by studying its financial statement such as the balance sheet and 

income statement. Ratio Analysis can mark how a company is performing over time, while comparing a company to another within the 

same industry or sector. 

4.1.1 Current Ratio 

 Current Ratio is the most common measure for measuring liquidity. Current Ratio measures the ability of the organisation to repay 

its short term debts within the period of one year. It shows the relationship between total current assets and current liabilities. Current ratio 

is also called as working capital ratio or banker’s ratio.   

Current Ratio= Current Assets / Current Liabilities 

4.1.2 Liquid Ratio 

 The liquid ratio is an indicator of a company’s short term liquidity position and measures a company’s ability to meet its short 

term obligations with its most liquid assets. It indicates the company’s ability to instantly use its near cash assets to pay down its current 

liabilities. It is also called as Acid Test Ratio. The higher the ratio result, the better company’s liquidity and financial health, the lower the 

ratio the more likely the company will struggle with paying debts. It is also called as Quick Ratio. 

Liquid Ratio = Liquid Assets / Current Liabilities 
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4.1.3 Cash Ratio 

 Cash ratio is a liquidity metric that deals with the company’s capacity to pay off short term debt obligations with its cash and cash 

equivalents. It is more conservative measure since only cash and cash equivalents i.e., a company’s most liquid assets are used for 

calculation. It is used to value the current assets that could quickly be turned into cash and what percentage of the company’s current 

liabilities these cash and near cash assets could cover 

Cash Ratio = Cash + Bank Balance / Current Liabilities 

4.1.4 Loan to Deposit Ratio 

 The Loan to Deposit Ratio (LDR) is used to assess a bank’s liquidity by comparing a bank’s total loans to its total deposits for the 

same period. The LDR is expressed as percentage. If the ratio is too high, it means that the bank may not have enough liquidity to cover 

any unforeseen fund requirements. Conversely, if the ratio is too low, the bank may not be earning as much as it could be. A ratio of 100% 

or less shows that the bank is funding all its loan from deposits rather than relying on wholesale funding (funding from capital markets or 

other banks). 

Loan to Deposit Ratio = Total Loans / Total Deposits 

4.1.5 Capital Adequacy Ratio 
 Capital Adequacy Ratio (CAR) is critical measure to ensure that banks have enough cushion to absorb a reasonable amount of 

losses before they become insolvent. CAR is used by regulators to determine capital adequacy for banks and to run stress tests. It is decided 

by central banks and bank regulators to prevent commercial banks from taking excess leverage and becoming insolvent in the process. It 

helps in protecting depositors and promote stability and efficiency in the financial system 

4.1.6 Interest Coverage Ratio 

 The Interest Coverage Ratio is a debt ratio and profitability ratio used to determine how easily a company can pay interest on its 

outstanding debt. It is used to determine a company’s riskiness relative to its current debt or for future borrowing. The ratio is used by 

creditors and prospective lenders to assess the risk of lending capital to a firm. An interest coverage ratio of at least 2 is considered the 

minimum acceptable amount. In contrast, a coverage ratio below one indicates the bank cannot meet its current interest payment obligations 

and therefore it is not in good financial health. 

Interest Coverage Ratio = Profit before income & tax / Total        interest expenses 

4.1.7 Debt Equity Ratio 

 The Debt to Equity Ratio is used to evaluate a company’s financial leverage. It is a measure of the degree to which a company is 

financing its operations through debt versus wholly owned funds. It reflects the ability of shareholder equity to cover all outstanding debts.  

Debt Equity Ratio = Current Liabilities / Shareholder’s Equity 

4.1.8 Return on Capital Employed 

 Return on Capital Employed is a profitability ratio that measures how efficiently a company can generate profits from its capital 

employed by comparing net operating profit to capital employed. It shows how efficiently assets ate performing while taking into 

consideration long term financing. 

Return on Capital Employed = (Operating Profit / Capital Employed) * 100 

4.1.9 Return on Shareholder’s Investment 

 Return on shareholder’s investment ratio is a measure of overall profitability of the business. The ratio is expressed in percentage. 

The ratio also indicates the efficiency of the management in using the resources of the business. Higher ratio means higher return on 

shareholder’s investment.  

Return on Shareholder’s Investment = (Net income before interest & tax / Shareholder’s Equity)*100 

4.1.10 Return on Equity 

 Return on Equity (ROE) is a measure of financial performance. Shareholder’s equity is equal to a company’s assets. ROE is 

considered a measure of how efficiently management is using a company’s assets to create profits.  

Return on Equity = Net Income / Owner’s Equity 

4.1.11 Return on Assets 

 Return on Assets (ROA) is an indicator of how profitable a company is relative to its total assets. ROA gives a manager, investor 

or analyst an idea as to how efficient a company’s management is at using at its assets to generate earnings. The higher the return the more 

productive and efficient management is in utilizing economic resources. 

4.1.12 Earnings per Share 

 Earnings per Share (EPS) is calculated as a company’s profit divided by the outstanding shares of its common stock. The resulting 

number serves as an indicator of a company’s profitability. EPS indicates how much money a company makes for each share of its stock 

and is a widely used metric for corporate profits. A higher EPS indicates more value because investors will pay more for a company with 

higher profits.  

4.1.13 Cash Reserve Ratio 

The Cash Reserve Ratio in India is decided by RBI’s monetary policy committee in the periodic monetary and credit policy. The 

lower the CRR, the higher liquidity with the banks, which in turn goes into investment and lending. 

Cash Reserve Ratio = (Reserve maintained with central bank / Bank deposits) * 100 

4.2 TREND ANALYSIS 

 Trend analysis is a technique used in technical analysis that attempts to predict the future stock price movements based on recently 

observed trend data. Trend analysis is based on the idea that what has happened in the past gives traders an idea of what will happen in the 

future. Trend Analysis is the process of comparing business data over time to identify any consistent results or trends. Trend Analysis helps 

to understand how business has performed and predict where current business operations and practices will take you. 

4.3 DESCRIPTIVE STATISTICS 

 Descriptive Statistics provide simple summarises about the sample and about the observations that have been made. Such 

summarises may be either quantitative, i.e. simple to understand graphs. These summarises may either form the basis of initial description 

of the data as part of a more extensive statistical analysis, or they may be sufficient in and of themselves for a particular investigation. 

4.4. CORRELATION ANALYSIS 

 Correlation analysis is a statistic that measures the degree to which two variables move in relation to each other. The 

correlation coefficient values ranges between -1.0 and 1.0. A perfect positive correlation means that the correlation coefficient is exactly 1. 

Page 2166 of 3066Page 2166 of 3066



www.ijcrt.org                                                                         © 2020 IJCRT | Volume 8, Issue 7 July 2020 | ISSN: 2320-2882 

IJCRT2007069 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 698 
 

Abbreviation  

ROA  - Return on Assets  

ROE  - Return on Equity 

EPS  - Earnings per Share 

LR  - Liquidity Ratio 

CR  - Current Ratio 

CASR   - Cash Ratio 

ICR  - Interest Coverage Ratio 

CADR - Capital Adequacy Ratio 

Tables 

Table 1 Current Ratio 

Year Current Assets Current Liabilities Ratio 

2014-15 1,96,65,456.68 2,51,76,355.5 0.78 

2015-16 1,83,10,690 23,158,764 0.79 

2016-17 1,63,68,166 2,64,22,065 0.62 

2017-18 1,59,03,380 2,25,46,597 0.71 

2018-19 1,63,48,913 2,27,50,160 0.72 

          Source: Secondary Data 

Interpretation 

A current ratio indicates high liquidity position and low current ratio indicates low liquidity position of the company. Generally, 

a standard current ratio of 2:1 is considered desirable. From the above Table clearly indicates that the current ratio has not touch the standard 

current ratio for the past five years, and it falls from 0.78 to 0.72. 

Table 2 Liquid Ratio 

Year Liquid Assets Current Liabilities Ratio 

2014-15 4,60,93,569.91 2,51,76,355.5 1.83 

2015-16 4,34,80,445 2,31,58,764 1.88 

2016-17 3,91,12,196 2,64,22,065 1.48 

2017-18 3,85,09,369 2,25,46,597 1.70 

2018-19 3,92,16,925 2,27,50,160 1.72 

          Source: Secondary Data 

Interpretation 

 A high liquid ratio indicates high liquidity position and vice versa. Generally, a standard liquid ratio of 1:1 is desirable. That means 

liquid assets must be equal to liquid liabilities. From the above Table it is clear evidence that the liquid ratio has not been in a healthy trend 

for the past five years. It was 1.83 percentage in the year of 2014-2015 and decreased to 1.72 in the year of 2018-2019 and higher (1.88) in 

the year 2015-2016. 

Table 3 Cash Ratio 

Year Cash Current Liabilities Ratio 

2014-15 24,89,854.62 2,51,76,355.5 0.099 

2015-16 22,24,623 2,31,58,764 0.096 

2016-17 23,22,304 2,64,22,065 0.088 

2017-18 26,54,499 2,25,46,597 0.118 

2018-19 30,89,150 2,27,50,160 0.136 

 Source: Secondary Data 

Interpretation 

 The cash ratio above 1 means that the company can easily pay off its debts, ratio of not lower than 0.5 to 1 is usually preferred. 

From the Table in the financial year 2014-2015 the cash ratio is 0.099 which is decreased to 0.096 in the financial year 2015-2016, and 

increased to 0.118 in the year is 2017-2018 and increased to 0.136 in the financial year 2018-2019. 

Table 4 Loan to Deposit Ratio 

Year Total Loans Total Deposits Percentage (%) 

2014-15 1,71,75,602.06 2,46,04,872.15 70 

2015-16 1,60,86,067 2,24,51,424 72 

2016-17 1,40,45,862 2,11,34,263 66 

2017-18 1,32,48,881 2,16,83,181 61 

2018-19 1,32,59,763 2,22,53,408 60 

          Sources: Secondary Data 

Interpretation 

 The above table shows the current ratio for the period from 2014-2019. It was 70 percentage in the year of 2014-2015 and decreased 

to 60 in the year of 2018-2019 and higher (72) in the year 2015-2016. Since all the values are less than 100%, it shows that bank rely upon 

deposits for providing loans to the customers. 
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Table 5  Capital Adequacy Ratio 

Year Ratio 

2014-15 10.11 

2015-16 9.66 

2016-17 10.50 

2017-18 9.25 

2018-19 10.21 

Interpretation 

 The above table shows the capital adequacy ratio for the period from 2014-2019. It was 10.11 percentage in the year of 2014-2015 

and increased to 10.21 in the year of 2018-2019 and higher (10.50) in the year 2016-2017. 

Table 6 Interest Coverage Ratio 

Year PBIT Total interest expenses Ratio 

2014-15 11,143 23,93,833 0.05 

2015-16 -3,72,811 23,51,729 -0.16 

2016-17 -3,38,093 19,71,861 -0.17 

2017-18 -8,63,170 17,91,521 -0.48 

2018-19 -5,96,054 17,63,126 -0.34 

Interpretation 

 The above table shows the interest coverage ratio for the period from 2014-2019. It was 0.05 percentage in the year of 2014-2015 

and decreased to -0.34 in the year of 2018-2019 and higher (0.05) in the year 2014-2015. Since all the values are in negative it indicates 

that the bank is not in good financial health. 

 

Table 7 Debt Equity Ratio 

Year Current Liabilities Shareholder’s Equity Ratio 

2014-15 2,51,76,355.5 15,64,101.77 16.10 

2015-16 2,31,58,764 15,66,581 14.78 

2016-17 2,64,22,065 13,74,455 19.22 

2017-18 2,25,46,597 13,27,398 16.99 

2018-19 2,27,50,160 16,35,988 13.91 

Interpretation 

 The above table shows the debt equity ratio for the period from 2014-2019. It was 16.10 percentage in the year of 2014-2015 and 

decreased to 13.91 in the year of 2018-2019 and higher (19.22) in the year 2016-2017. 

Table 8 Return on Capital Employed 

Year Operating Profit Capital Employed Percentage 

2014-15 3,32,234 15,64,102 21.24 

2015-16 2,88,545 15,66,581 18.42 

2016-17 3,65,020 13,74,455 26.56 

2017-18 3,62,908 13,27,397 27.34 

2018-19 5,03,384 16,35,989 30.77 

Interpretation 

 The above table shows the return on capital employed ratio for the period from 2014-2019. It was 21.24 percentage in the year of 

2014-2015 and decreased to 30.77 in the year of 2018-2019 and higher (30.77) in the year 2018-2019. 

Table 9 Return on Shareholder’s Investment 

 Year Net income after interest & tax Shareholder’s Equity Percentage 

2014-15 -45,433 15,64,101.77 -3 

2015-16 -2,89,733 15,66,581 -18 

2016-17 -3,41,674 13,74,455 -25 

2017-18 -6,29,949 13,27,398 -47 

2018-19 -3,73,788 16,35,988 -23 

Interpretation 

 The above table shows the return on shareholder’s investment ratio for the period from 2014-2019. It was -3 percentage in the 

year of 2014-2015 and decreased to -23 in the year of 2018-2019 and higher (-3) in the year 2014-2015. 

Table 10 Return on Equity 

 Year Net Income Owner’s Equity Ratio 

2014-15 26,07,693 15,64,101.77 1.67 

2015-16 26,04,555 15,66,581 1.66 

2016-17 23,09,125 13,74,455 1.68 

2017-18 21,66,165 13,27,398 1.63 

2018-19 21,83,758 16,35,988 1.33 

Interpretation 

 The above table shows the return on equity ratio for the period from 2014-2019. It was 1.67 percentage in the year of 2014-2015 

and decreased to 1.33 in the year of 2018-2019 and higher (1.68) in the year 2016-2017. 
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Table 11 Return on Assets 

 Year Ratio 

2014-15 -0.16 

2015-16 -0.97 

2016-17 -1.21 

2017-18 2.33 

2018-19 1.35 

Interpretation 

 The above table shows the return on assets ratio for the period from 2014-2019. It was -0.16 percentage in the year of 2014-2015 

and increased to 1.35 in the year of 2018-2019 and higher (1.35) in the year 2018-2019. 

Table 12 Earnings per Share 

 Year Ratio 

2014-15 -3.68 

2015-16 -19.86 

2016-17 -15.78 

2017-18 -23.25 

2018-19 -6.83 

Interpretation  

 The above table shows the earnings per share for the period from 2014-2019. It was -3.68 percentage in the year of 2014-2015 and 

decreased to -6.83 in the year of 2018-2019 and higher (-3.68) in the year 2014-2015. 

 

 

 

Table 13 Cash Reserve Ratio 

Year Reserve maintained with 

central bank 

Bank deposits Percentage 

2014-15 12,63,777.47 2,46,04,872.15 5.13 

2015-16 14,03,349 2,24,51,424 6.26 

2016-17 11,49,997 2,11,34,263 5.44 

2017-18 11,57,945 2,16,83,181 5.34 

2018-19 10,29,253 2,22,53,408 4.62 

Interpretation 

 The above table shows the cash reserve ratio for the period from 2014-2019. It was 5.13 percentage in the year of 2014-2015 and 

decreased to 4.62 in the year of 2018-2019 and higher (6.26) in the year 2015-2016. 

Table 14 Trend Analysis 

 Year Current Assets Current Liabilities 

Amount Trend % Amount Trend % 

2014-15 1,96,65,456.68 100 2,51,76,355.5 100 

2015-16 1,83,10,690 93 2,31,58,764 92 

2016-17 1,63,68,166 83 2,64,22,065 105 

2017-18 1,59,03,380 81 2,25,46,597 89 

2018-19 1,63,48,913 83 2,27,50,160 90 

Interpretation 

 The above table shows that the current assets have decreased to 83% over the five years period and current liabilities has also 

decreased to 90% but it was higher in the year 2016-2017 with 105%. The trend percentages reflect an unfavorable impact on net income. 

Table 15 Descriptive Statistics 

Variable Mean Maximum Minimum Standard Deviation 

Current Ratio 0.71 0.79 0.62 0.069761 

Cash Ratio 0.0475 0.06 0.04 0.009574 

Quick Ratio 1.695 1.88 1.48 0.164418 

Capital Adequacy Ratio 9.905 10.5 9.25 0.558599 

Return on Equity 1.575 1.68 1.33 0.164620 

Return on Assets 0.375 2.33 -1.21 1.741062 

Interest Coverage Ratio -0.2875 -0.16 -0.48 0.152616 

Earnings Per Share -6.5 19.86 -23.25 18.811693 

Interpretation  

This table shows the liquidity position and profitability position of the bank. Capital Adequacy Ratio has the highest average value 

while Earnings per Share has the lowest average value. This descriptive statistics table also shows that standard deviation is highest for 

Earnings per share whereas cash ratio has the lowest standard deviation value. 
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Table 16 Correlation Analysis 

Variable ROA ROE EPS QC CR CASR ICR CADR 

ROA 1        

ROE -0.4983 1       

EPS -0.5513 0.0658 1      

QC 0.0723 -0.0265 0.70081 1     

CR 0.0357 0.00543 0.69672 0.99679 1    

CASR -0.1648 0.49010 0.66808 0.77666 0.76409 1   

ICR -0.7588 0.42804 0.47843 0.26185 0.32963 0.19362 1  

CADR -0.5602 -0.1826 -0.0201 -0.4818 -0.4374 -0.6699 0.51654 1 

Interpretation 

 The correlation analysis shows that some of the liquid ratios like quick ratio and current ratio have positive relationship on 

profitability ratios like Return on Assets while some of the liquid ratios have negative relationship on profitability ratios. 

V. RESULTS AND DISCUSSION 

Results 

 The Liquidity ratios such as Current Ratio, Cash Ratio, Quick Ratio, Loan to Deposit Ratio and Profitability Ratios such as Return 

on Assets, Return on Equity, Earnings per Share, Return on Capital Employed has been decreased throughout the study period. 

 The Trend Analysis value of current assets was 100% in the year 2014-2015 and it decreased to 83% in the year 2018-2019. 

 The Trend Analysis value of current liabilities was higher in the year 2016-2017 as 105% and it decreased to 90% in the year 

2018-2019. 

 The Descriptive Statistics analysis shows the liquidity position and solvency position of the bank during the period. It is found 

that Capital Adequacy Ratio has highest average value while Earnings per Share has the highest standard deviation. 

 The Correlation analysis shows that liquid ratios such as Quick Ratio has positively correlated with Return on Assets and Earnings 

per Share while negatively correlated on Return on Equity. 

 The Correlation analysis shows that liquid ratios such as Current Ratio has positively correlated on all the profitability ratios such 

as Return on Assets, Earnings per Share and Return on Equity. 

 The Correlation analysis shows that liquid ratios such as Cash Ratio has positively correlated on the profitability ratios such as 

Earnings per Share and Return on Equity while negatively correlated on Return on Assets. 

 The Correlation analysis shows that liquid ratios such as Interest Coverage Ratio has positively correlated on the profitability 

ratios such as Earnings per Share and Return on Equity while negatively correlated on Return on Assets. 

 The Correlation analysis shows that liquid ratios such as Capital Adequacy Ratio has negatively correlated on all the profitability 

ratios such as Return on Assets, Earnings per Share and Return on Equity. 

Discussion 

 The results of this study shows that liquidity management is a crucial problem in the Indian Overseas Bank. The liquidity was 

decreasing in the study period.  

 They should adopt a general framework of liquidity management to ensure sufficient liquidity for executing day-today 

operations and to achieve the balance between sources of funds and uses of funds. 

 They should identify the factors that affect liquidity and liquidity management and it helps in increasing the liquidity of the 

bank. 

 The bank can use their sources of funds in an effective way to make profit in the upcoming years. 

 To avoid liquidity risk the bank should maintain proper cash flow. 

 Efforts should be taken to get better return out of the investment made. 

Conclusion 

 This research aims at investigating the effect of liquidity on profitability in Indian Overseas Bank. The results shows that both the 

liquidity and profitability for the year 2015-2019 is decreasing. It is concluded that the bank should maintain adequate liquidity to increase 

the profitability of the bank. There is a need for optimum utilization of the available liquidity in various investment to increase the profit of 

the banks. When banks hold adequate liquid assets their profit would improve. Thus adequate liquidity helps in minimizing liquid assets 

and financial crisis. 
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Abstract--- Women affects from various discrimination, and it is thought this is heightened due to a lack of 

access to information. Information communication and technology (ICT) is a potential tool that can reach rural 

women and enrich their knowledge. This Study discusses women’s empowerment in terms of perceptual change in 

rural areas of Karur District after ICT intervention has been introduced. The study was undertaken in Karur 

district, Tamil Nadu with the sample size of 100 women who are in the rural areas. Data has been collected through 

questionnaire which was later evaluated using AMOS (Analysis Moment Structure) software to validate the 

conceptual framework. The variables taken for the study is 1. Purpose of Use & Level of Access of ICT tool, 

2.Gained Skills and knowledge from the ICT tool and 3.Women empowerment. The variables Purpose of Use & 

Level of Access and ICT Tool have positive impacts on Gained Skills and knowledge with the beta values of 0.33, 

0.511 respectively. Gained Skills and knowledge have positive influence on Women Empowerment (beta=0.623). 

Keywords--- ICT Tool, Role of ICT, Women Empowerment. 

I. INTRODUCTION 

Across the globe, nations have perceived Information and Communication Technology (ITC) as a viable 

instrument in catalyzing the economic activity in proficient administration, and in developing human resources. 

Information and communication technologies (ICTs) are technological device and resources to make, circulate, 

store, bring value-addition and oversee information. The ICT segment embraces different sections for example 

telecommunications, TV, and radio broadcasting, computer hardware, software and services and electronic media 

etc. ICTs are mounting as a powerful tool for gender empowerment in a developing nation like India. Information 

and communication technologies can be powerful tools for progressing economic and social advancement through 

the arrangement of new sorts of economic activity, work openings, upgrades in human service conveyance and other 

services, and the expansion of networking, participation and advocacy within society.  

Empowerment of women in the context of knowledge societies involves developing the capacities and abilities 

of women to get knowledge into the issues influencing them and furthermore developing their ability to voice their 

interests. It involves building up the abilities of women to conquer social and institutional barriers and reinforcing 

their interest in the economic and political processes to create a general improvement in their quality of life. 

Knowledge networking catalyzes the process of women’s empowerment by opening up opportunities for women to 

freely well-spoken and exchange their thoughts, concerns and information, making the chance of their further 
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advancement. By the utilization of ITC women can expand the extent of their activities and address issues 

previously beyond their capacity. There is a growing body of evidence on the use of ITC to empower women all 

over the world. It examines the fundamental difficulties and obstructions faced by women, prescribe strategies to 

address those difficulties and approaches to develop the conditions leading to women’s empowerment. 

II. OBJECTIVE 

 To Identify the factors affecting women’s empowerment;  

 To Find out the potential of ICT for women’s empowerment;  

 Implement a model for measuring empowerment; and  

 Identify any perceptual change due to intervention activities 

III. LITERATURE REVIEW 

ICTs are continually hailed as one of the best devices for economic advancement. An ITU study (2005) portrays 

ICTs as possibly powerful “development enablers:” They are cost-effective with critical transformative force, permit 

creating nations to face a few phases of the improvement process and, in furnishing individuals straightforward with 

tools for self-empowerment, keep away from top-substantial and degenerate organizations (Heeks, 1999; Karake 

Shalhoub & Al Qasimi, 2006). 

Empowerment refers to the capacity of individual to control their own predeterminations according to others in 

the society (Mason, 2005). There is no general meaning of women’s empowerment as elements such as socio-

cultural, geological, ecological, political and economic, as well as numerous different parts of nations and areas, 

impact it. Empowerment as “the development in individual’s capacity to make vital life decisions in a setting where 

this capacity was recently denied to them (Kabeer, 1994). Another space of women’s empowerment is innovative 

empowerment, which is as significant as the other interrelated spaces (Lennie, 2002). Moves in spaces are firmly 

associated with changes in the micro, meso and macro environments, both backward and forward. For that reason, 

women’s empowerment should to be estimated in all three dimensions and all spaces of women’s life (Charmes and 

Wieringa, 2003). 

data is noted as an essential for empowerment, while cooperation drives empowerment by urging women to be 

effectively engaged in the advancement process, contribute thoughts, step up to the initiative to articulate needs and 

problems and assert their autonomy (Obayelu and Ogunlade, 2006). Women’s full and equal access to ICT-based 

economic and instructive activities bolster women’s commitment in business and home-based activities and support 

women to become more empowered. By getting information, women can improve and upgrade their quality of life. 

The literature on the enormous opportunities ICTs provide for women’s empowerment is vibrant and wide ranging. 

Kelker and Nathan (2002) have argued that ITs have the potential to “redefined traditional gender roles” and that 

“the spread of IT-enabled services has been enormously helpful to both women and men, particularly those who 

have constrained abilities or lack of resources to invest in higher education. 

Women entrepreneurship is legitimately associated with women empowerment and it is an essential problem of 

many developing nations. The benefits of women entrepreneurship are numerous however women entrepreneurs are 
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as yet not engaged. Various reasons urged men to start new pursuits, however, on the other hand, there exist few 

factors that constrained women to become entrepreneurs.  

There are alternate points of view in regards to the very requirement for empowerment. For instance, Mosedale 

(2003) has expressed that if women were to be empowered, at that point it ought to be comprehended that currently 

they are disempowered, for example impeded by the way power relations shape their decisions, openings and 

prosperity. As indicated by Mosedale (2003) empowerment can’t be offered by an outsider however should be 

guaranteed by those looking for empowerment through on progressing procedure of reflection, analysis and activity. 

Kabeer (1999) brings up that women need empowerment as they are compelled by “the standards, convictions, 

customs and qualities through which societies separate among women and men, and accordingly, it is the process by 

which the individuals who have been denied the capacity to settle on vital life decisions procure such a capacity”, 

where strategic life choices are “basic for individuals to live the lives they need”. According to Rao and Keller 

(1995), women empowerment is characterized as “the capacity of women to be economically independent and 

confident with power over decisions influencing their life options and freedom from violence.  

Empowerment of women in the context of knowledge societies entails developing the skills and capabilities of 

women to gain information into the issues impacting them and also building up their ability to voice their concerns. 

In this context ICTs are rising as an amazing tool for gender empowerment in several developing nation. There has 

been a quick development in the ICT sector since the late 1980s and the use of ICT has drastically extended since 

the 1990s. According the World Bank, tele – density in India had reached 3.8 percent of the population by 2001 

(Jain, 2006). 

IV. CONCEPTUAL FRAMEWORK  

 

4.1 Hypothesis  

H1 – there is a significant impact of Purpose of Use and Level of Access on ICT Tool 

H2 – there is a significant impact of ICT Tool on Gained Skills and knowledge 

H3 – there is a significant impact of Gained Skills and knowledge on Women Empowerment  
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V. RESEARCH METHODOLOGY 

Data collection process took place in Karur districts and 000 samplings were collected to women’s through 

questioner later which was tested by AMOS software to validate the structural equation model. Employees’ 

organizational commitment, Employees’ Eco-Friendly Behavior and Business Environmental Performance 

were involved in the model. The methodological approach of this research study allowed the researcher to explore 

research question being presented and evaluate and analyze data with respect to the research hypotheses. 

VI. ANALYSIS AND INTERPRETATION  

6.1. Structural Equation Model 

 

Goodness of Fit Statistics  

Model Chi- square/ df GFI AGFI NFI CFI RMSEA 

Hypothesized Model 1.624 0.987 0.934 0.963 1.00 0.62 

Bentler, P.M. and Bonnet, D.C. (1980) study indicate the model fit can be checked by RMSEA which is less than 

0.08 has a good fit and less than 0.05 has a closer fit. Chin and Todd (1995) study proposed that for goodness of 

model fit GFI (Goodness of Fit Index) and NFI (Normed Fit Index) should be above 0.9 and AGFI (Adjusted 

goodness-of-fit Index) should be above 0.8. Bentler (1990) study suggests for good model fit CFI (Comparative Fit 

Index) should be greater than 0.9. These values are revealing the results in respect of the validity of the proposed 

model. Few out of these indices fall within the generally accepted limits. This confirms that the available data set 

moderately fits into the proposed structural model.  

Path Estimate S.E. C.R. P 

Purpose of Use & 

Level of Access 

 Gained Skills and 

knowledge 

0.333 0.029 4.809 *** 

ICT Tool  Gained Skills and 

knowledge 

0.511 0.031 7.175 *** 

Gained Skills and 

knowledge 

 Empowerment 0.623 0.162 4.227 *** 

* 5 % level of significance 
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Above table shows causal relationships between ICT Tool with Gained Skills & Knowledge and Empowerment. 

From the table, beta value, error value and p-value corresponding to the causal relationship between ICT Tool with 

Gained Skills & Knowledge and Empowerment. 

Purpose of Use & Level of Access and ICT Tool factor have positive impacts on Gained Skills and knowledge 

with the beta values of 0.33, 0.511 respectively. Gained Skills and knowledge have positive influence on Women 

Empowerment (beta=0.623). 

VII. SUGGESTIONS AND CONCLUSION  

Women ought to be empowered by improving their abilities, skills and access to information technology. This 

will reinforce their capacity to battle negative depictions of women globally and provincially to challenge 

occurrences of malpractices of the intensity of an undeniably significant industry. Women should be engaged with 

decision-making in regards to the advancement of the new technologies in order to participate completely in their 

development and effect. Governments and others should promote an active and noticeable approach of 

mainstreaming a gender perspective in strategies and projects to address the issue of the assembly of the media. 

Currently, information technology has changed the communication paradigm, making it no longer difficult to 

reach a numerous number of persons more or less at the unique time; and that too empower them to respond, 

connect as well as get a copy of the data within a low cost. The utilization of ICT helps to assess the gap between 

women’s opportunities for enrichment in the informal economy and the developed sectors of the nation’s economy. 

In an informal sector, women’s can gain simple access to the net by way of tele-centers and get data about markets 

or administrative process, and to publicize their works to a wider clientele. It can be concluded that the women of 

Tamil Nadu is empowered by way of the help of information and communication technology. It has altered their 

position from previous. Tamil Nadu as a technologically advanced state in India is also doing a lot of projects for the 

women in city and village and un-educated women in specific. It has also taken numerous actions and developed 

various actions and processes along with government of India to overcome poverty and bring the women into the IT 

related industry. NGOs working in the field, multinational agencies and other private concerns have also expanded 

their help to develop IT among the women. The advancement of IT has empowered the women section to participate 

in the daily affairs of the state, which range from the household work to local governance. 
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Abstract: 
The students use social media sites for various purposes such as for communication, 

sharing their knowledge, ideas, thoughts and connect with the people those who are 

under his/her circle.  The goal of the present research is to examine the adaptation of 

social media in academic to develop collaborative learning in students’ of higher 

education.  Technology Acceptance Model (TAM) is utilized to explore the effect of 

characteristics of the students on actual use of social media networking sites. The 

research was undertaken in Viruthunagar district, Tamil Nadu with the sample size of 

150 students who are using social media sites. Data collected from a survey through 

questionnaire which is later evaluated by using AMOS (Analysis Moment Structure) 

software to validate the conceptual framework. The study finding shows that the TAM 

factors impact has occurred indirectly through its “Perceived easy to use” and 

“Perceived Usefulness” and is directly effects on “Attitude”. Students’ attitude has 

changed into intention to utilize social media. And the motive is positively effects on 

the students’ collaborative learning. 

 

Keywords: Collaborative Learning, Effects of Social Media, Social Media, Students’ 

Learning, TAM Model. 

 

 

1. Introduction  

In this examination the researchers expand on the 

point of view that social media networking sites 

get from the technology innovation development 

and along these lines explore the determinants of 

appropriation community taking of such stages 

from a reception of collaborative learning between 

higher education students. The Technology 

Acceptance Model (TAM) effectively clarifies the 

reception of various telecommunication 

modernism instruments. As per Davis et al. 

(1989), the present miniature anticipates the 

probability of another telecommunication being 

maintained within an association of people or 

associations. The motivation behind the 

examination is twofold. To begin with, we hope to 

affirm the elevation of utilization of social media 

networks and examine a few attributes of its end 

user. Next, we intend to analyze the significance 

of TAM inside the setting of advanced 

technological stage, just like social media 

networking. Given that ultimate technological 

contemplated still comprise of business relevant 

instruments, this will establish a trial of this 

analysis in an alternate setting and add to the 

comprehension of appropriate motivation of 

online social media networks. Basically social 

media networking sites are used as a 

communication device; scholastic research here is 

still in its earliest stages. Studies tending to online 

social networking sites from an instructive 

viewpoint have recently started to discover 

significance of training for collaborative learning, 

specifically respective motivation of appropriate 

web-based social networking. 
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2. Technology Acceptance Model 

 This examination takes an interest in this 

exertion, theoretically  and for all intents and 

purposes, by embracing the Technology 

Acceptance Model (TAM) as a base instrument 

which is the most generally utilized and approved 

model and have been connected in a few research 

teach crosswise over different advancements of 

technology. The TAM expands on the Theory of 

Reasoned Action (TRA). TRA has its underlying 

foundations in social brain science and endeavors 

to clarify why people draw in into deliberately 

proposed practices. The straightforwardness of 

this study and its usability build it exceptionally 

prominent and appropriate to several investigation 

frameworks in which expectation of conduct is the 

real reason for the specialist in this exploration to 

enhance collaborative learning with higher 

education students. In TAM, a user's inspiration to 

receive advanced technology can be clarified by 

three develops: perceived ease of use (PEU), 

perceived usefulness (PU), attitude towards usage 

of social media and intention to using of social 

media for collaborative learning. Both PEU and 

PU are convictions affecting on attitude towards 

usage of social media, while PEU has additionally 

an immediate impact on PU. A more recent 

advancement of TAM incorporated the CL to 

utilize as another factor that would be 

straightforwardly impacted by PU and intention to 

use social media. 

3. Review of Literature 

Venkatesh and Davis (2000) attempted to increase 

the version via calculate extra specifications. The 

advanced version is called TAM2. The elements 

that specified and affecting “perceived ease of 

use” and “perceived usefulness” are social have an 

impact on consideration and intellectual device 

determinants. Further in particular, those variables 

are instinctive criterion, work applicability, output 

satisfactory, outcome verifiable, and perceived 

ease of use and perceived usefulness. 

Park (2009) utilized an enlarged TAM version in 

an investigation carried out in Korea. A pattern 

subsisted of college students. From the provincial 

college who had visited at the last one direction of 

e-learning. The desire of the study concentrated 

on analyzing the popularity of e-gaining 

knowledge of direction and what factors have an 

effect on the very last acceptance of such 

publications via college students. It passed out 

that self adequacy turned into the component that 

utmost impacts the physiological purpose 

accompanied by means of social impact, which 

defines by way of the inducement theory of 

students who have a chief have an impact on even 

if he will utilize a path of e-mastering. 

In some other examine (Saadé, Nebebe & Tan, 

2007) utilized TAM and took part intentionally 

362 college students of Concordia University in 

Canada who participating programs in multimedia 

learning machine and stuffed out a survey. The 

cause of this study was to assess students’ comfort 

with this multimedia device using TAM. In view 

of various TAM is utilized, it termed MAM 

(Multimedia Acceptance Model). Established on 

this theoretical version, and that was build up for 

the cause of study, it changed into proven that 

"perceived usefulness" has a extensive effect on 

mindset to the usage of MML and for this reason, 

"attitude" plays an crucial function within the 

usage of behavioral intentions. Nonetheless, it has 

verified a terrible courting among "perceived 

usefulness" of the scheme and the “behavioral 

intention" but additionally among “perceived ease 

of use” and “mind-set”. 

In addition, Dasgupta, Granger and Mcgarry 

(2002) tried to research the end user popularity of 

digital collaboration innovation through the use of 

a program control device. For the motive of the 

research they utilized a prolonged TAM and 
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participated sixty two students who had 

participated at three publications and utilized this 

device in a single course. The recommendations 

suggests that perceived usefulness had as a 

fantastic effect on perceived usefulness rather than 

usefulness, in sequence, has a terrible courting 

with gadget usage. However, gadget usage should 

affect scholar activities inside the direction. 

Placed on TAM one more associated take a look 

at (Hsu & Chang, 2013) befell in Taiwan, which 

motive was to search the recognition of Moodle 

through the use of a prolonged TAM. In this 

investigation every other issue changed into 

brought, the perceived comfort as an outside 

variable. In this have a look at participated forty 

seven university students and thirty five elder 

excessive faculty students. The recommendations 

proven that perceived accessibility may want to 

impact perceived usefulness and attitude into the 

usage of Moodle and upload to this, perceived 

usefulness impacted the mindset towards the use 

of Moodle. 

Liaw (2008) stated that attempted to research 

novices’ pride, behavioral intentions, and 

capability of the slate e-getting to know program 

and provide comment about the motives which 

disenchanted a few newcomers. He took feedback 

from 424 college students and utilized an 

incorporated TAM primarily positioned on social 

intellectual concept and concept of deliberate 

conduct. The recommendations advocate that 

there was a notably connection among behavioral 

aim of students to take part in e-getting to know 

and efficiency of e –learning, recognized self-

efficiency is the greatest powerful component that 

have an effect on rookies’ delight with the 

Blackboard e-studying machine, and recognized 

delight and capability might be afflicted by 

behavioral purpose via the utilization of e-

studying. 

Sun, Ray, Glenn, Yang and Dowming (2008) 

attempted to analyze the variables causing user 

pride in e-learning due to it is shown that various 

end users forestall their on-line studying later their 

preliminary involvements. In this study become 

utilized an incorporated TAM and involved 295 

students from Universities of Taiwan. The 

outcomes revealed that user PC tension, teachers 

mindset towards e-Learning, e-Learning path 

affability, e-Learning direction exceptional, 

perceived usefulness, perceived ease of use, 

assortments in tests are the variables impacting 

newcomers’ recognized delight and this outcomes 

could help the establishments of e-gaining 

knowledge of situations to enhance user pride and 

certainly the efficacy of e-getting to know 

structures. 

In a examine of Valenzuela et al. (2009), people 

pronounced that the primary purpose why they 

joined Facebook was to hold in touch with old 

buddies and support the relationships with 

coworkers. Valenzuela et al. (2009) observed two 

differences among Facebook users and nonusers. 

First, they concluded that adoption of Facebook 

was not random, due to the fact that they found 

demographic variations between respondents. 

Younger girls were much more likely to be users 

than older adult males. Secondly, they concluded 

that Facebook attracted college students who had 

been greater civically engaged. 

4. Perceived Usefulness  

 “Perceived Usefulness” is nothing but 

obtaining helpful sources from the different 

systems or methods which is straightforward and 

requires no efforts. One of the essential segments 

of TAM is seen helpfulness which has been 

utilized by numerous data framework scientists.  

Perceived Usefulness can be characterized as how 

a man can use a distinct framework would 

develop his or her academic activities. In other 

word e-learning positively gives impact on the 
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execution to the students, in this way they are 

more viable while utilizing mobile networks. 

5. Perceived Ease of Use  

 Seen usability is characterized as how 

much a man trusts that utilizing a definite 

framework would be a free of exertion. At the end 

of the day, the students who get the training on the 

web, it is normal that they are ready with the 

utilization of mobile networks. Nowadays the 

students are very well disposed with mobile 

networks like social media sites since they 

regularly utilize it. It reflects the goal of the 

students towards the use of mobile networks. 

 The significance of usability connotes how 

much a development is seen not to be hard to 

comprehend, learn, or work shown that a simple 

to utilize site can improve the user’s encounter. In 

a state of harmony with these perceptions it can be 

fought that if an online networking page/s is 

anything but difficult to utilize; education services 

experts can improve persistent encounter through 

online social media networking sites towards 

education. 

6. Attitude towards Usage  

 The elements foresee states of mind of 

clients toward the framework. Encourage 

demeanor saw value impact clients to utilize the 

framework. The utilization of framework can be 

anticipated by behavioral expectation state of 

mind towards learning can be characterized as 

your response and correspondence toward the e 

learning sites. It demonstrates your enthusiasm 

towards e learning sites and furthermore your 

introduction of utilizing sites and online networks. 

State of mind is characterized as a man's certain or 

negative feeling about playing out the objective 

conduct. Mindfulness obliges state of mind and 

"inspirational mentality towards Information and 

Communication Technology (ICT) is broadly 

perceived as an important condition for the viable 

execution", expressed that e-learning achievement 

is influenced by various sorts of components 

including clients' demeanors towards e-learning 

and additionally their fulfillment with utilizing 

innovation amid educating/learning background.   

7. Intention to Use Social Media  

 The aim towards web-based social 

networking system among the students in 

community oriented learning holds the key factors 

in structure innovation utilize models with the 

hypotheses expanded frame the central standards 

of TRA. Such standards consider expectation to 

utilize the framework as the capacity of demeanor 

towards person conduct and subjective standards 

that were stretched out to Theory of Planned 

Behavior (TPB). In such manner, asserted that 

people who discover happiness in utilizing a web 

framework will see constructive communications 

and shape more prominent behavioral aim to 

utilize it.  

8. Using Social Media for Collaborative 

Learning 

 An awesome and broad acknowledgment 

and incorporation of online networking has been 

accomplished into educational perspectives in the 

last years. All things considered, the online 

networking viability in upgrading scholastic 

execution regarding community oriented learning 

has been noted to have expanded. As indicated by 

surviving examinations, web-based social 

networking is an important apparatus that makes 

strides students' scholastic exhibitions. Also, 

collective learning with the help of online 

networking like Facebook, Hangout, twitter, etc., 

energize learning and learning sharing among the 

students, educators, and teachers alike, all things 

considered conditions.   
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9. Objectives  

1. To identify the usefulness of social media for 

students  

2. To find the attitude of the students to use social 

media  

3. To identify the intention of the students towards 

use social media  

4. To analysis the use of social media towards 

collaborative learning of students  

10. Conceptual frame work  

 

Figure 1. Conceptual frame work 

11. Research methodology  

 Data has been collected through 

questionnaire which is later evaluated by using 

AMOS (Analysis Moment Structure) software to 

validate the conceptual framework. Sampling size 

of the research is 150. The samplings are collected 

from the students those who are studying under 

graduation. The methodological approach of this 

research study allowed the researchers to explore 

research question being presented and evaluate 

and analyze data with respect to the research 

hypotheses 

 Therefore, the research hypotheses are 

improved based on TAM model hypotheses 

Hypothesis 1: There is a significant impact of 

Perceived usefulness on Attitude towards usage of 

social media 

Hypothesis 2: There is a significant impact of 

Perceived ease of use on Attitude towards usage 

of social media 

Hypothesis 3: There is a significant impact of 

Attitude towards usage of social media on 

Intention to use social media 

Hypothesis 4: There is a significant impact of 

Intention to use social media on Collaborative 

learning 

12. Analysis and Interpretation 

 

 

 

 

 

 

Figure 2. Proposed Conceptual Model 

Table 1: Model fit statistics 

Model fit 

statistics 

Suggested 

value 

Actual 

value 

Chi square/df ≤ 5.00 4.852 

Goodness of Fit 

Index (GFI) 

≥ 0.90 0.981 

Adjusted 

Goodness of Fit 

Index (AGFI) 

≥ 0.80 0.944 

Comparative Fit 

Index (CFI) 

≥ 0.95 1 

Root Means 

Square of 

Approximate 

(RMSEA) 

≤ 0.08 0 

 

Bentler and Bonnet (1980) study on model fit 

indicates that it can be checked by RMSEA (Root 

Means Square of Approximate) which is less than 

Page 2182 of 3066Page 2182 of 3066



 

January - February 2020 
ISSN: 0193 - 4120 Page No. 6106 - 6112 

 
 

6111 
 

Published by: The Mattingley Publishing Co., Inc. 

0.08, has a good fit and less than 0.05 has a 

nearest fit. The Joreskog and Sorbom (1988) 

research propose that GFI (Goodness of Fit Index) 

should be more than 0.9 and AGFI (Adjusted 

Goodness of Fit Index) should be greater than 

0.80. Bentler research suggests that CFI 

(Comparative Fit Index) should be more than 0.9. 

The value of AGFI (0.944) and CFI (1.000) 

indicate the adequate among the structural model 

and sample data. The GFI of 0.981 and RMSEA 

of 0.000 revealed the goodness of fit. This 

confirms that the available data set moderate the 

fits into the proposed structural model.  

 

Table 2: Path Analysis for the Proposed 

Conceptual Model 

Table 2 shows causal connections among 

Perceived Usefulness and Perceived Ease of Use 

with  Attitude towards use of social media and the 

table shows causal relationships between Attitude 

towards use of social media with Intention to use 

social media and Collaborative learning. From the 

table, beta value, error value and p-value 

corresponding to the causal relationship between 

all the variables.   

 All the social media dimensions 

(Perceived Usefulness and Perceived Ease of Use 

) have positive effects on Attitude towards usage 

of social media and their beta values are 0.211, 

0.036 respectively.  

 The variable Attitude towards usage of 

social media have positive impacts on Intention to 

use social media (beta=0.26) 

 And Intention to use social media have 

positive influences on Collaborative learning 

(beta=0.78). 

13. Discussion and Conclusion 

 This investigation examines the functions 

of social media sites in the learning purposes. 

Media could broaden learning through offering 

new open doors like working with outside 

specialist and accepting convenient criticism, 

cooperative utilization of social media. Creating 

express procedures to help and instruct the 

students to cooperate collaboratively. The result 

shows that the social media effects the variable 

collaborative learning in a positive way, by this 

result the researcher advice that if we utilize social 

media for academic in a right direction it is very 

useful to the collaborative learning of the students. 

TAM is a pre-defined model. It is the right tool to 

adopt social media in collaborative learning of the 

students.  It is suitable to utilize social media 

educational institutions, when there are clear 

connections with the education modules and when 

techniques are utilized to encourage coordinated 

efforts and achieve the development of the 

students’ unique commitments. 
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Abstract  

Building and developing brand loyalty are one of the points of convergence of the exploration 

for businesses for a quite some time. Marketers have utilized diverse plans to keep up the brand 

loyalty of their users. One of the recent strategies is the social media advertising. Objective of 

this study is to examine the consequences of social media marketing on brand loyalty of the 

buyers; the data were gathered through organized questionnaire with a sample of 100 

individuals later assessed by utilizing AMOS (Analysis Moment Structure) software to validate 

the organized structure. The analysis finding discloses that the brand involvement and brand 

communication with social media have positive effect on brand trust with the beta value of 0.281 

and 0.565. Brand trust has positive effect on brand loyalty with the beta value of 0.184 

Key words: Social Media, Brand Trust, Brand Loyalty`  

I.INTRODUCTION 

Brand loyalty can be conceived as the terminal component of buyer brand reverberation 

representing the consumer’s definitive connection and level of recognizable proof with a brand [14]. 

As brands increase selective, positive and conspicuous significance in the thoughts of an enormous 

customer, they become powerful, and indispensable, and achieve the reliability of the users. Brand 

loyalty, consequently guide disposals, incomes, trading’s, benefit to the organizations, and assist them 

develop otherwise possibly keep up users in the commercial center [14, 1, 11]. Creating and 

possessing brand loyalty are one of the central points of analysis for publicists for an exceptionally 

significant time-frame [21, 6, and 4]. 

The development of social media encourages a scope of innovative intents to impart, connect, 

and include clients [20], and it helps esteem co-creation [26]. These days, consumers can make online 

brand networks, which may have an impact on bits of knowledge with respect to brand [18]. With 

social networking sites, users can connect effectively with one another in web brand networks and can 

exchange tales regarding the brand [9]. Continuously, online sites on social media sites are giving a 

stage to participants to coordinate and mutually add to the procedure of creation [26]. 

The ideas of social media and brand loyalty reach at a significant moment: group or 

communal. The idea of brand communal currently caught the consideration of a few promoting 

scientists and professionals [5, 10, and 25]. Business can advance goods and services, provide 

immediate help, or potentially make an online network of brand lovers by way of  all types of social 

media for example social media sites, content networks, virtual words, websites, blogging sites, web 
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based game sites, bookmarking sites, news pages, and more than that [24, 12,  23]. Furthermore social 

media empowers buyers to share data to their companions about the product and service brands [22, 

17]. Therefore, it tends to be said that social media support enterprises to assemble brand loyalty by 

way of online, discussion, and communal creation [19]. 

Objectives 

 To identify the effect of social media on brand loyalty 

 To assess the impacts of social media on brand trust 

 To identify the correlation between brand involvement and brand communication 

 To examine the importance of social media on branding 

II.REVIEW OF LITERATURE 

Social media empowers buyers to share data to their companions about the product and 

service brands [17]. These discussions among the friends give organizations another financially savvy 

approach to build brand mindfulness, help brand acknowledgement and review, and increase brand 

loyalty. Hence, it tends to be told that media supports enterprises to create brand loyalty by way of 

web, discussion, and network creation. [3] Through their examination guaranteed that brand loyalty 

has either instinct and conduct components, or it is dictated by the quality of the connection among 

connective disposition and frequent promotion‖. 

[8] Built up a theoretical structure of brand loyalty dependent on relative mentality and 

repeated support. As indicated by them, mentality used to assess an item/ brand setting on a 

continuum praising, so brand disposition go from high grade to low grade. A buyer may have an 

effective or ineffective point of view about a brand, yet in uncommon circumstance clients may 

disparage a brand for which they have ineffective viewpoint. An affordable method to build brand 

awareness, brand recognition and brand loyalty is through social media. It tends to be said that social 

media assist organizations with making brand loyalty through networking, discussion and socializing 

[7].  

Web based social networking are as a set of internet-based instruments settled regarding web 

development and ideological reasoning engaging customers to make substance and exchange it [12]. 

Social improvements root in their destinations and think locally, while act comprehensive and 

experience owners of force rising in communication space and overall frameworks. Modeling a self-

choosing communication is a brilliant gadget for social turns of events and individual deconstruction 

against wining talks and authority foundations [15]. 

Buyers observe social media sites as helping sites where they can take part in actual 

information of organizations. Clients learn toward utilizing social media to see developed substance 

[16]. Yet quick exchange of alterations so as to refresh systems memory data is one of the new 
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creative points of interest, we trust that social sites liked subjects will be tale and improvised quickly. 

New advancements of update improvements and alterations of consumer’s requests and needed items 

quickly, therefore, let them conclude as indicated by current conditions [16], customers’ loyalty is a 

way to business achievement. Thus, this examination planned to explore the impact of social media 

marketing on customers’ brand loyalty. In such manner, an organized structure which thought about 

promoting effort, giving significant substance, updating content, giving well known content among 

peers, and giving appropriate projects as advertising lists in social media is presented [2]. 

 

 

III. Conceptual Framework  

 

 

 

 

 

 

Fig 1. Conceptual framework  

Hypothesis  

H1: there is a relationship between brand involvement on social media and Brand Trust  

H2: There is a relationship between brand communication on social media and Brand Trust 

H3: There is a relationship between Brand Trust and Brand Loyalty  

III.RESEARCH METHODOLOGY 

The data was collected randomly among Social media end user communal, by posting 

questioner through net to gather the personal thoughts from the respondents. Non probability 

sampling method is utilized to gather the data. The population total is social media user community, 

but to gather the efficient data the sampling is mannered to the target populace like youngsters. The 

sampling size is 100 later evaluated using AMOS (Analysis Moment Structure) software to validate 

the conceptual framework. 
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IV.ANALYSIS AND FINDINGS 

Structural Equation Model  

 

  

 

 

 

 

 

 

Fig. 1: Structural Equation Model 

 

Table 1: Path  

* 5 % level of significance 

Table 2: Goodness of fit statistics 

Model 
Hypothesized 

Model 

Df 3 

GFI 0.991 

AGFI 0.970 

NFI 0.966 

CFI 1.00 

RMSEA 0.000* 

 

Path Estimate S.E. C.R. P 

Brand Involvement 

on Social Media 
 Brand Trust 0.281 0.043 3.957 *** 

Brand Communication 

on Social Media 
 Brand Trust 0.565 0.034 7.946 *** 

Brand Trust  
Brand 

Loyalty 
0.184 0.115 2.039 .041* 
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Bentler, P.M. and Bonnet, D.C. (1980) analysis indicate the model fit can be evaluated by 

RMSEA which is below than 0.08 has a good fit and less than 0.05 has a closer fit.  According to Chin 

and Todd (1995) for goodness of model fit GFI (Goodness of Fit Index) and NFI (Normed Fit Index) 

should be above 0.9 and AGFI (Adjusted goodness-of-fit Index) should be more than 0.8. Bentler (1990) 

study suggests for good model fit CFI (Comparative Fit Index) should be greater than 0.9.  These values 

are showing the outcomes in respect of the validity of the proposed model.  Some these indices fall within 

the generally accepted limits. This reveals that the available data set moderately fits into the proposed 

structural model.   

V.DISCUSSION AND CONCLUSION 

The principal purpose of the analysis was to comprehend the impact of social media on brand 

loyalty. The outcome of the research are obtained to put noteworthy involvement to prepare and writing 

since social media marketing can be specified as other, yet faster improving levels for creating 

connections with users and forming effective creature of the brands in their views. This investigation 

shows that beneficial campaigns on social media are the most analytical operators of brand loyalty 

followed by importance of the content, prevalence of the content between friends, and looking up on 

numerous social media sites and giving applications. Above all else, organizations that need to run 

successful social media sites should take into considerate the advantages, beliefs, benefits they provide to 

the buyers in their battles. 

To extent that a brand loyalty dependent via social media acts to give advantages to its members, 

to encourage data sharing and to upgrade customer’s bonds to one another. It cements the customer’s 

associations with the brand, the item, and the organization and different users. These improved 

associations bring about upgraded brand loyalty, yet we indicated that brand trust has a totally mediating 

activity in this process. Findings show how social media could be a stage for brands to accomplish the 

equivalent wanted results from their brand network activities that is having progressively loyal clients. 
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Abstract : This study examines the HR practices on employee retention. Effective human resource practices can reduce turnover and 

increase retention within a company. Key employees are the instrument for overall growth and development of a company. This study 

focuses on telecom sector of Pakistan. The foremost important human resource practices are identified with the assistance of literature. 

These practices are training and development, compensation and culture. Compensation and culture includes a positive relationship with 

employee retention whereas training and development includes a negative one. A questionnaire was developed during this study with the 

assistance of literature to live the identified human resource practices and employee retention. Compensation and culture includes a positive 

relationship with employee retention whereas training and development includes a negative one. 

     This study guides the management to plan the effective strategies to enhance the worker retention. HRM practices are called of key 

importance among several factors that are suggested to be helpful in retaining employees. Organizations must use proper HRM practices 

performance appraisal, promotional opportunities and job security so as to boost employee’s retention. The sample size of this study was 

110 employee and analysis by simple random Sampling   

Keywords: Employee Retention,Training and Development , Compensation  , Organization Culture Retention 

I. INTRODUCTION 

Employee retention refers to the flexibility of a company to retain its employees. Employee retention will be represented by an 

easy statistic (for example, a retention rate of 80% usually indicates that a company kept 80% of its employees in a very given period). 

However, many consider employee retention as referring to the efforts by which employers try and retain the workers in their 

workforce. During this sense, retention becomes the strategies instead of the end result. 

        A distinction should be drawn between low-performing employees and top performers, and efforts to retain employees should be 

targeted at valuable, contributing employees. ratio could be a symptom of deeper issues that haven't been resolved, which can include low 

employee morale, absence of a transparent career path, lack of recognition, poor employee-manager relationships or many other issues. A 

scarcity of job satisfaction and commitment to the organization may cause an employee to withdraw and start trying to find other 

opportunities. Pay doesn't always play as large a job in inducing turnover as is usually believed. In a business setting, the goal of 

employers is typically to decrease ratio, thereby decreasing training costs, recruitment costs and loss of talent and organizational 

knowledge. By implementing lessons learned from key organizational behavior concepts, employers can improve retention rates and 

reduce the associated costs of high turnover. However, this is not always the case. Employers can seek "positive turnover" whereby they 

aim to take care of only those employees whom they bear in mind to be high. This study focuses on textile Industry of Karur Export 

Company. Hence the retention of the worker is vital of the organization accustomed track. 

II. REVIEW OF LITERATURE 

Jeet & Sayeeduzzafar, Human Resource Practices refers to the management of people within the internal environment of organizations, 

comprising of activities, policies, and practices involved in planning, obtaining, developing, utilizing, evaluating, maintaining, and retaining 

the appropriate numbers and skill mix of employees to achieve the organization’s objectives  

Kundu & Lata,  Recruitment and selection are linked with retention of employees and selecting the right talent is another way of reaching 

competitive advantage through employees and to reduce employee turnover The effectiveness of recruitment practices of an organization 

can be measured through the extent which organization attract committed and well-qualified employees who remain with the organization 

for a longer period  

Chiekezie, Emejulu, & Nwanneka, Implementing good reward and compensation policies allows to retain talented employees within the 

organization because when employee  are more satisfy with the organization they will stay in the organization for a longer time 

period .Human needs are different form one another so if organizations needs to retain their employees so in order to retain employees 

within the organization employers should understand them and should establish effective compensation and reward system.    

Olaniyan & Ojo, Training & development refers to a systematic development of the knowledge, skills and attitudes required by employees 

to perform a given task or job adequately different models have developed in order to design effective training programs. Training programs 

increase personnel efficiency, professional growth, and smooth and more effective organization’s operations also the same study reveals 

that training plays a vital role in the success of an organization as it provides the employees an opportunity to improve their competencies. 

Chukwuka posits that Human resource management considers people dimension in management since every organization constitute 

people, acquiring their services, fine-tuning their skills, motivating them to higher levels of performance and ensuring that they continue to 

maintain their commitment to the organization are prerequisites to achieving organizational objectives. Employee retention is keeping the 

capable well-performing employees in the organization for a longer period to achieve competitive advantage 

Mitchell et al., Retention of good employees in an organization is one of the biggest challenges, which the companies’ now-a-days are 

facing. Management, top-level executives and HR departments of the companies are splitting their sweat and blood, spending their time, 

effort, and money to stop turnover and to retain key employees. There are innumerable reasons regarding voluntarily good-bye of the people 

from their organizations in which they work.  

Syed & Yan it needs to essentially analyze the role of HR policies to enhance employee loyalty. The factors that enhance the relationship 

are employee empowerment, job rotation (knowledge, skills and abilities boost), Merit based promotions and performance based pay are 

surely related with employee job satisfaction.  

Azeez believe that employee retention is the exertion by a business to keep attractive laborers with a specific end goal to meet business 

targets.  Employee turnover is a symptom of deeper issues that have not been resolved, which may include low employee morale, absence 
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of a clear career path, lack of recognition, poor employee-manager relationships or many other issues. A lack of satisfaction and 

commitment to the organization can also cause an employee to withdraw and begin looking for other opportunities 

Marescaux, De Winne, & Sels, HR practices are designed in a way to achieve organizational goals, to have positive employer employee 

relationship and to create value to the organization  Flexible and innovative HR practices are helping to gain competitive advantage through 

employees. Present study focuses about Recruitment and Selection, Performance management, Compensation and rewards management 

and Training and development which are considered as main four HR practices.  

Lardner, a general compensation system consists of three main components including a base compensation, indirect compensation and 

rewarding incentives. Having an organized and transparent reward system may help to attract, engage and retain key staff of an organization 

which finally helps to achieve higher organizational financial performances.  

III.RESEARCH METHODOLGY 

          The research process used to collect the information and data for purpose of making business decisions. Research methodology is 

the specific procedures or techniques used to identify, select, process, and analyze information about a topic.  

3.1 DATA COLLECTON METHOD 

PRIMARY 
To explore the relationship of HRM practices and employee commitment To explore the relationship of HRM practices and 

employee retention 

SECONDARY 
To examine the relationship of HRM practices and loyalty To relationship of loyalty and employee retention  

3.2 POPULATION 

The population of the study is 245. 

3.3 SAMPLE SIZE 

The essential information is collected through structured questionnaire from 110 employees of Karur Exports Company. In this 

study random sampling technique has been adapted. 

3.4 TOOLS USED 

 The tools used in this research for analysis is Descriptive Statistics, T-Test and ANOVA. 

IV.ANALYSIS AND INTERPRATATION 

4.1 PERCENTAGE ANALYSIS: It is normally used for inferring the results in quantitative terms. In this study, percentage analysis was 

used to measure the percentage of demographic profile. 

 

Demographic profile Category 
Number of responders 

N=110 
Column N % 

Age >25 2 1.8% 

25-35 29 26.4% 

35-45 44 40.0% 

<45 35 31.8% 

Total 110 100.0% 

Gender Male 59 53.6% 

Female 50 45.5% 

3.00 1 0.9% 

Total 110 100.0% 

Educational Qualification SSLC 29 26.4% 

HSC 55 50.0% 

Diploma 25 22.7% 

Graduate 1 0.9% 

Total 110 100.0% 

Marital status Married 108 98.2% 

Unmarried 2 1.8% 

Total 110 100.0% 

Job experience in years 1.00 13 11.8% 

2.00 21 19.1% 

3.00 34 30.9% 

4.00 22 20.0% 

5.00 8 7.3% 

6.00 8 7.3% 

7.00 4 3.6% 

Total 110 100.0% 

Salary >10000 12 10.9% 

10000-15000 66 60.0% 

15000-20000 30 27.3% 

<20000 0 0.0% 
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6.00 2 1.8% 

Total 110 100.0% 

Nature of job Permanent 110 100.0% 

Temporary 0 0.0% 

Total 110 100.0% 

Area of residence Rural 43 39.1% 

Semi Urban 34 30.9% 

Urban 33 30.0% 

Total 110 100.0% 

Do you have  any children Yes 109 99.1% 

No 1 0.9% 

Total 110 100.0% 

what is your daily travel 

distance 

6.00 42 38.2% 

8.00 34 30.9% 

10.00 34 30.9% 

Total 110 100.0% 

Table No 4.1 

INFERENCE 

          The above table shows the clear understanding of demographic profile of the respondent studied. It encloses the descriptive statistics 

of Gender, Age, Marital Status, Job experience in years , Area of residence , daily travel distance in the company, extra work. The profile 

reveals that majority of them are male. Majority of the respondents are between 35-45Age.  

          The study shows that 98.2% of them are married. The study shows that 53.6% of them are Male. About 31.4% of the employees are 

from less than 20 Km only 0.5% from 130-150 Km. About 60.0% employees are working  salary in that company 10000-15000 only  Most 

of the employee are coming in rural side39.1%.Employee daily travel distance  show that 30.9% 

4.2 T TEST 

Hypothesis for t-Test:  

Null Hypothesis (Ho): There is no significant difference between the actual value and expected value 

Alternate Hypothesis (Ha): There is a significant difference between actual value and expected value 

If Sig. (P) is less than 0.05 then Accept Alternate Hypothesis 

If Sig. (P) is above than 0.05 then failed to reject null hypothesis.    

 

Variables Gender  N Mean Std Deviation T Df Sig 

Employee Retention 
Male 

59 4.2983 .44933 
.979 107 .330 

Female 50 4.2200 .37307 

Training and 

Development 

Male 
59 2.8271 .35323 

-1.123 107 .264 

Female 
50 3.6720 5.77182 

Compensation 
Male 59 

4.2576 .48715 
-834 107 .406 

Female 50 
4.3280 .37419 

Organization Culture 

Retention 

Male 59 
4.2983 .44933 

.979 107 .330 

Female 50 
4.2200 .37307 

Table 4.2 

INFERENCE 

 Since the calculated P value is more than 0.05 level of significance, it is inferred that there is no significance difference between 

Gender and Employee Retention,Training and Development, Compensation, Organization Culture Retention.  
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4.3 Results of ANOVA of the study  

 

Demographic 

Profile 

 

Category 

Employee Retention 

Count Mean 
Standard 

deviation 
F Sig 

Age 

>25 4.30 2 .42 

.018 .997 
25-35 4.25 29 .38 

35-45 4.26 44 .46 

<45 4.27 35 .40 

Educational 

Qualification 

SSLC 4.22 29 .44 

.556 .645 
HSC 4.24 55 .39 

Diploma 4.33 25 .45 

Graduate 4.60 1 . 

Salary 

>10000 4.25 12 .44 

.359 .783 

10000-15000 4.23 66 .40 

15000-20000 4.33 30 .44 

<20000 . 0 . 

6.00 4.20 2 .57 

Area of 

residence 

Rural 4.27 43 .41 

.043 .958 Semi Urban 4.26 34 .40 

Urban 4.24 33 .45 

Table 4.3 

INFERENCE 

ANOVA Table 4.3 reveals that the perception of employees towards satisfaction variables were not significantly differ among the 

following demographic variables namely: Age, Mode of transport, Traveling distance, Tenure in the company, Worked in other companies, 

Extra work timing which gives similar difference in the Satisfaction mean score. The outcome also reveals that Satisfaction variables were 

not significantly differ with respect to other demographic variables namely Age (p =.997) Educational Qualification (p=.645) Salary 

(p=.783) Area of residence (p=.958) which is above 0.05. This shows there is no significance difference between the satisfaction variable 

and demographic variables.  

V. FINDING, SUGGESTIONS AND CONCLUSION 

 Majority 40.0% of the respondent’s age are 35-45 years.  

  Majority 53.6% of the respondent’s genders are male and 45.5% are Female.  

 Majority 26.4% of the respondent’s educations are below SSLC and SSLC and  50.0%  are HSC 

 Majority 98.2% of the respondent’s marital status are married.  

  Majority 39.1% of the respondent residences are rural and 30.9% are semi urban and 30.% are urban 

 Majority 50% of the respondent’s job experience are 3-4 year.  

 Majority 60% of the respondent salaries are Rs 10000-15000.  

 Majority 36% of the respondent works for this company are 2-5 year and more than 10 year.  

 Majority 38.2% of the respondent’s daily travel distance are 6KM and 30.9% are 8KM and 30.9% are 10KM. 

SUGGESTIONS  
Employee should be given proper training which are linked with their career development. Employee should be 

appreciated permanently work. Employee should be given proper training .Employee should be appreciated permanently will. Employee 

should be motivated to welcome the change. To boost employee retention, one must understand what they value the foremost. There are 

two things that are critical in achieving the target of keeping the rate of attrition in restraint and increasing  the degree of employee retention, 

they  are right people must be hired for the correct job with a stress of following the correct procedure and specialize in their development 

needs like training etc. Right reason on why the staff leaves the organization must be discovered and addressed so on prevent such a 

turnover. 

CONCLUSION 
         The process of retention isn’t a straight forward task’s there are such a large amount of tactics and techniques utilized by the 

organization to retain the worker the fundamental purpose of those strategies is to extend the worker satisfaction boost employee morale 

and hence achieve employee retention Employers who are able to minimize their ratio during this recession period are visiting emerge from 

it stronger and healthier than those companies whose employee have defected. Do everything you'll to create sure that you just keep your 

employees happy, engaged and productive. Employees are the main assets of any organization .An organization must word hard towards 

retaining those that really are important for the organization. Motivated employees initiate with new ways of doing jobs. 
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Abstract:AnEffectsonEmployeeEngagementtomaintainacompetitiveadvantagefirmsneedtobalancetheresources

availabletothefirm toachievethedesiredresultsofprofitabilityandsurvival.Theissuesraisedintheearlierpartsclearly

depictanydefectinemployeeengagementandselfefficacyonjobperformancewouldinpoorperformanceandachievement

onthepartoftheemployees.Thegeneralobjectiveofthisistoidentifytheeffectofself-efficacyandemployeeengagementon

jobperformance.Toidentifytherelationshipbetweenself-efficacyonjobperformance.Toidentifythe relationshipemployee

engagementandJobperformanceToinvestigatetherelationshipbetweenemployeeengagement,jobperformanceand

organizationalcommitment.Tosuggestbestpracticesneededtoimproveemployeeengagementandaddressthesocalled

engagement–gapinAdityaBirlaworkingculture.ThatthismaterialwillbehelpfulintheimplementationoftheHRpracticesin

theorganization.Itcanalsobeusedasasourceinplanningfuturestrategies.Theresearchwillhelptocreatetheknowledge

andtheinformationfortheotherresearcherisontheeffectofself-efficacyandemployeeengagementonjobperformance.

Thesamplingsizetakenthestudy107.Thefindingsofthisstudyarehasrecommendationsforpractice.Theimplications

showareasofinterventiontoimprovethemostemployeeengagement.

KEYWORDS–EmployeeEngagement,Self-Efficacy,JobPerformance.

I.INTRODUCTION

Astheeconomicclimatewherethisglobalmarketoperatesisbecomingmorechallengingorganizationsnow more

thaneverarethedecidingtorestructureandresize,whichinturnresultedinorganizationinvestigatingnew approachesto

maintainandincreaseemployeesjobperformance.Onatypicaldayata workemployeesoftenobstaclesandexperienced

whentryingtocompletetheirdutiesand taskssomebecomediscouragedandgiveup.Selfefficacyisthebelieforconfidence

thatonecansuccessfullyexecuteabehaviourrequiredtoproduceanoutcomesuchthatthehigherthelevelorselfefficacythe

moreanindividualbelievesheorshecanexecutethebehaviournecessarytoobtainaparticularoutcome.Thisisthereforeone

tendstoavoidsituationsbelievedtoexceedhisorher.A centralideaposedinsocialcognitivetheoryinthatsuccess

experienceraiseselfefficacybutrepeatedfailureslowereselfefficacy.Moreoverenhancedself-efficacysecondarytorepeated

successoftenorganizationtonew situations.Employeeengagementastheindividualinvestmentofhiscompleteselfintoa

role.Employeeengagementisapositiveattitudewhereanindividualgoesaboveandbeyondthecallofduty,soashighestthe

levelofownership,andthesofurtherthebusinessinterestoftheorganizationaswhole.Moreoveritisalsodiscretionaryeffort

oraform ofin–roleeffortorbehaviourchangeandpracticallyaffectstheemployeemoraleproductivity,commitmentloyaltyto

internalandexternalcustomers,employeeabsenteeism andturnoverintheorganization.Engagementlevelsvaryaccordingto

seniority,occupationandlengthofserviceinanorganisation,butnotbysector.Themoresenioranindividual’srole,thegreater

thechanceofbeingengaged.Presidentsandvicepresidents,managers,andoperationalhands‐onstafftendtobethemost

engaged,andprofessionalsandbackroom supportstafftheleast,butthisvariesbetweenorganisations.Despitethelink

betweenengagementandseniority,ingenerallevelsofengagementdeclinewithincreasinglengthofservice.
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II.REVIEW OFLITERATURE
EntissarNuru(2017)Thisstudyexploredawideverityofissuesrelatedtotheeffectofselfefficacyandengagement

andjobperformanceamongtheemployeesengagementstatements,employeesstatementstothelowlevelagreement.

MahaAhmedzakiDajani(2015)EmployeeEngagementisapositiveattitudeheldbytheemployeestowardsthe

organizationsanditsworkingculture.Thisstudyexploredtheimportanceofemployeeengagement..

ThomasKalliath(2017)Thiswasconductedtoexploretheunderlyingrealationshiplinkingselfefficacytoworklife

balance and ultimatelyworkengagement.which isultimatelycontributeto employeesworklife balanceand employee

engagement.

Prernachandel(2012) ThisstudywasconductedtheEmployeeengagementintoidentifytherelationshipbetween

employeesengagementandonthecommitmentsofthejobjobperformance,sagepublication(2012).

NG Kim –Soon(2015) The components of employee engagementare the transformationalleadership,employee

communication,organizationalcommunicationandemployeesinvolvement.

W.RichardCarter(2017)Thisstudystronglysuggestapositiveandimportantrelationshipbetweeneach ofself

efficacyandemployeeengagementwiththejobperformance.

Fransicopalaci(2014)Thisstudyexploredabouttheimportanceofemployeeengagementandtheselfefficacyofthe

jobperformanceanditsconfinedabouttherelationshipbetweentheemployeesandthejobperformance.

LisaJackson(2014)Theworkengagementandjobperformancerealationship betweenengagedemployeestowards

theorganizationsandthejobperformance.

MarisaSalanova(2013)Theemployeesengagementandtheirjobperformancetowardstheorganizationsandtheimpactand
effectsontheemployeeengagementandselfefficacy
III.RESEARCHMETHODOLOGY

A Researchdesignisaplantoansweryourquestionnaire.A methodisastrategyusedtoimplementthatplan.

Researchdesignandmethoddifferentbutcloselyrelated,becausegoodresearchdesigntheyouobtainwillhelpyouanswer

yourresearchquestionnaire.

APopulationisalltheorganismsofthesameparticulargeographicarea.andhavethecapabilityemployeesworkinginAditya

BirlaCapitalis160.Asampleisdefiniteplanobtainingforagiventechniqueortheresearcherwouldadoptinsample.Sampling

unitsisisAdityaBirlaCapitalEmployersandEmployees.Percentageanalysis,T-TEST,ANOVA,FactorAnalysisused.

METHODOFDATACOLLECTION
Therearetwotypesofdatacollection.Theyare:

PRIMARYDATA
 Primarydatareferstothepureandthefreshdatawhicharecollectedforthefirsttime.
 Theprimarydatawascollectedfrom theresponseoftheemployeeusingquestionnaireforthisstudy.

SECONDARYDATA:
 Secondarydatareferstothedatawhicharealreadycollectedbysomeresearchersinthepastandisavailablein

publishedorunpublishedform.
 Thesecondarydataforthisstudyhasbeenobtainedfrom internationaljournalsandcompanywebsites.

SAMPLESIZE
Thesamplesizeforthepresentstudyis120

TOOLSUSED
 MeanAnalysis
 T–TestAnalysis
 RegressionAnalysis
 ANOVAAnalysis

IV.DATAANALYSISANDINTERPRETATION DATA
ANALYSIS

Dataanalyticsisthescienceofanalyzingrawdatainordertomakeconclusionsaboutthatinformation.Manyofthe
techniquesand

processesofdataanalyticshavebeenautomatedintomechanicalprocessesandalgorithmsthatworkoverrawdataforhuman
consumption.Dataanalyticstechniquescanrevealtrendsandmetricsthatwouldotherwisebelostinthemassofinformation.
Thisinformationcanthenbeusedtooptimizeprocessestoincreasetheoverallefficiencyofabusinessorsystem.
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Percentageanalysis Count ColumnN%

Gender
MALE 54 50.5%

FEMALE 53 49.5%

Positioninorganization

GENERALMANAGER 0 0.0%

HRMANAGER 3 2.8%

QUALITYMANAGER 2 1.9%

MARKETINGMANAGER 18 16.8%

FINANCEMANAGER 6 5.6%

OTHER 78 72.9%

Educationdegree

DIPLOMAORBELOW 44 41.1%

BACHELOR 41 38.3%

MASTER 21 19.6%

Experience

LESSTHAN2YEAR 32 29.9%

2-5YEAR 25 23.4%

6-9YEAR 27 25.2%

10-13YEAR 23 21.5%

Salary

10K-20K 19 17.8%

20K-30K 43 40.3%

30K-40K 41 38.3%

40K-50K 4 3.7%

TheaboveTable6.1showsaclearunderstandingofdemographicprofileoftherespondentsstudied.Itenclosesthe

descriptivestatisticsofGender,Designation,EducationQualification,ExperienceinOrganization,Salary.Theprofilerevealsthat

themajorityoftherespondentsaremale.Thestudyshowsthat72.9%oftherespondentsarebelongtoothercategories,16.8%

areMarketingManager,5.6%areFinanceManager,8.3%areManager.2.8%areHRManageronly1.9%therespondentfrom

qualitydepartment.Thestudyfoundthat41.1%oftherespondentswerehavinguniversityleveleducationasDiplomaorbelow,

38.3%asBachelordegreeonly19.6%werehavingMasterdegreeastheireducationlevel.Largelytherespondents29.9%were

havingexperienceasLessthan2yearsand only21.5% werehavingexperienceasGreaterthan15years.40.3% of the

employeesstatedthattheygettingsalaryof20k-30k,38.3%of employeesas30k-40k,17.8%ofemployeesas10k-20kand

only3.7%oftheemployeesassalaryof40k-50k.

T-TEST

D.V CATEGORIES
SES

N Mean Std.Deviation Std.ErrorMean t Df Sig

GENDER
MALE 54 3.5123 .42154 .05736

.064 105 .949
FEMALE 53 3.5073 .38950 .05350

Abovet-testTable6.2revealsthatthereisnothavinganydifferenceamonggenderbecausebothmaleandfemaleperceivessame

abouttheSESwhichsupportsthenullhypothesisi.e.,thereisnosignificantdifferencebetweenSESandgender.Itclearsthatgender

hassameperceptionamongSES.Sincethesignificantvalueis(P>0.05)wefailedtorejectthenullhypothesis.
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ANOVA

ANOVABetweenGroups

Position in

Organization Educationdegree

Working in this

organization Salary

Factor F Sig F Sig F Sig F Sig

EmployeeEngagement 0.754 0.558 0.041 0.989 0.345 0.793 1.341 0.265

Self-Efficacyscale 0.829 0.510 2.702 0.049 1.633 0.186 0.173 0.915

Taskperformance 1.006 0.408 1.989 0.120 0.853 0.468 0.594 0.620

Jobperformance 1.310 0.271 1.759 0.160 0.628 0.568 0.678 0.567

ToexplorethestatisticaldifferencebetweenthegivenfactorEmployeeEngagementamongthedemographicvariablesinthe

table6.3clearlyshowsthat(P>0.05)thereisnosignificantdifferencebetweentheEmployeeEngagementanddemographic

variables(PositioninOrganization,Educationdegree,workinginthisorganization,Salary)theyaresignificantlysameaboutJob

performance.ToexplorethestatisticaldifferencebetweenthegivenfactorSelf-Efficacyscaleamongthedemographic

variablesinthetable4.5clearlyshowsthat(P>0.05)thereisnosignificantdifferencebetweentheSelf-Efficacyscaleand

demographicvariables(PositioninOrganization,Educationdegree,workinginthisorganization,Salary)theyaresignificantly

sameaboutJobperformance.

HIRERACHICALREGRESSION

Model
UnstandardizedCoefficients

Standardized

Coefficients T Sig.

B Std.Error Beta

1

(Constant) 2.343 .486 4.823 .000

X1 .098 .110 .087 .892 .375

X2 .226 .102 .214 2.210 .029

2

(Constant) 2.521 .506 4.977 .000

X1 .094 .110 .083 .860 .392

X2 .254 .105 .242 2.431 .017

X3 -.073 .060 -.118 -1.208 .230

a.DependentVariable:JP

BeforeAddingMultipleRegression

Themultiplecorrelationcoefficientis0.247measuresthedegreeofrelationshipbetweentheactualvaluesandthe

predictedvaluesoftheAdjustment.BecausethepredictedvaluesareobtainedasalinearcombinationofS1(X1),SES(X2),

TP(X3)thecoefficientvalueof 0.247 indicatesthattherelationship between S1 and theSES strong and positive.The

CoefficientofDetermination measuresthegoodness-of-fitoftheestimatedSampleRegressionPlane(SRP)intermsofthe

proportionofthevariationinthedependentvariablesexplainedbythefittedsampleregressionequation.Thus,thevalueofR

squareis 0.061simply.Meansthatabout0.893%ofthevariationinadjustmentisexplainedbytheestimatedSRPthatuses

S1(X1),SES(X2),TP(X3)astheindependentvariablesandRsquarevalueissignificantat1%level.

Theregressionequationis

Y=2.343+0.486
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HerethecoefficientofX1 0.098is representsthepartialeffectofjobperformance onemployeeengagementandself

efficacyscale,holdingothersasconstant.Theestimatedpositivesignimpliesthatsucheffectispositivethatjobperformance

wouldincreaseby0.098foreverynewimplementationofemployeeengagementactivitiesinselfefficacy andthiscoefficient

valueisnotsignificantat5% levelsincethereisrelationshipbetweenemployeeengagement andjobperformance.The

coefficientofX2is-0.254representsthepartialeffectRSonjobperformance,holdingothersasconstant.Theestimated

negativesignimpliesthatusingJPwithoutfollowinggreenpolicieswouldreducethejobperformance scorewoulddecrease

by-0.254 andthiscoefficientvalueissignificantat1%level,SincethereisnorelationshipbetweenJobperformanceandself

efficacyscale.

AfteraddingMediatingvariable:

HerethecoefficientofX1 0.094 is representsthepartialeffectofjobperformance onemployeeengagementandself

efficacyscale,holdingothersasconstant.Theestimatedpositivesignimpliesthatsucheffectispositivethatjobperformance

wouldincreaseby0.094 foreverynewimplementationofemployeeengagementactivitiesinselfefficacy andthiscoefficient

valueisnotsignificantat2% levelsincethereisrelationshipbetweenemployeeengagement andjobperformance.The

coefficientofX2is-0.254representsthepartialeffectonjobperformance,holdingothersasconstant.Theestimatednegative

signimpliesthatusingJPwithoutfollowinggreenpolicieswouldreducethejobperformance scorewoulddecreaseby-0.254

andthiscoefficientvalueissignificantat1%level,SincethereisnorelationshipbetweenJobperformanceandselfefficacy

scale.ThecoefficientofX3-0.073 isrepresentsthepartialeffectofTaskperformanceonjobperformance,holdingothersas

constant.Theestimatednegativesignimpliesthatsucheffectisnegativethatjobperformancewoulddecreaseby-0.073for

nonimplementationofgoinTPandthiscoefficientvalueissignificantat1%level,Sincethereisnorelationshipbetweenjob

performanceandemployeeengagement.

IV.FINDING,SUGGESTIONSANDCONCLUSION

FINDINGS

Theultimategoalofthisstudyisrelationship between theemployeeengagementand selfefficacyscaleon thejob

performance.Inordertothetestofpotentialmediatingoftraitofjobperformance.Itwasnecessarytofirstestablishwork

engagementandbothrelationshipbetweenengagementandroleinwhileholdingworkengagementandwouldsignificant

relationshipbetweenworkenggagmentinroleandboththeresultsstudiesthemediatorofthethrougheffectivelymanaging

one’semotion.Thisstudyemphasizedtheimportanceofemployeeengagementandidentifiedthekeydriversthathave

significanteffectonit.Italsosuggestedthatemployeeengagementforeffectivemanagersorganizationaljusticerankedthe

secondimportantpredictoroftheemployeeengagement.Compensationandbenefitsandworkpolicesandproceduresranked

thethirdofthepredictorbecausetheemployeesshouldtakecareoftheorganizationsstructureandtheorganizationculture

and organization rules and organization working policies.While adding the new awareness oforganization employee

engagementandtheselfefficacytheyincreasingthe10to15percentproductivityofanorganization.Thethingtobenotedfrom

ANOVAanalysisAndFactorAnalysiswillhelptotheemployeeengagementandselfefficacyscaleeffectivelyworksonjob

performance.

SUGGESTION

ThesampleofthestudylimitedonlyAdityabirlaonly,However,despitethelimitationsmentionedtheresearcherhas

mitigatedtheproblemsusingdifferentmechanismsinordertogetinformationandmanagedthesubjectunderstudy.This

studyexploredawideverityofissuesrelatedtotheeffectsofselfefficacyandengagementonjobperformanceinthecaseof

AdityaBirlaCapital.Basedonthefindingsdiscussedearlierthefollowingitshasbeenconcludethethatthereispositive

relationshipbetweenself-efficacyandjobperformanceaswellasemployeeengagementandthejobperformance.Getting

peoplewhattheyalsobelieveinthat10to20percenttoincreasingtheproductivityandrevenues.Finallytheemployeeoverall
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setgoalsselfefficacymeasurestatementsshowsemployeesselfefficacyarethebeyondthemoderatelevel.

CONCLUSION

Finallyconcludetothishashighlevelofconfidenceintheirproblem solvingabilitytocopingthetrainingonperformance

throughincreasesonproductivitiesemployeejobeffectivenessandinnovativeness.Theimpactoftrainingperformanceofan

organizationcannotbeoveralthoughemployeesinthestudyrevealsthatemployeestraining leads toanincreasein

employeesjobPerformance.Compensationandbenefitsandworkpolicesandproceduresrankedthethirdofthepredictor

becausetheemployeesshouldtakecareoftheorganizationsstructureandtheorganizationcultureandorganizationrulesand

organizationworkingpolicies.Whileaddingthenewawarenessoforganizationemployeeengagementandtheselfefficacy.

REFERENCES:

1) ThomasKalliath(2017)Thiswasconductedtoexploretheunderlyingrealationshiplinkingselfefficacytoworklife

balanceandultimatelyworkengagement.whichisultimatelycontributetoemployeesworklifebalanceandemployee

engagement,FranciscoJosseyBoss.

2) Prernachandel(2012)ThisstudywasconductedtheEmployeeengagementintoidentifythe relationship

betweenemployeesengagementandonthecommitmentsofthejobjobperformance,sagepublication(2012).

3) NGKim –Soon(2015) Thecomponentsofemployeeengagementarethe transformationalleadership,employee

communication,organizationalcommunicationandemployeesinvolvement.

4) W.RichardCarter(2017)Thisstudystronglysuggestapositiveandimportantrelationshipbetweeneachofselfefficacy

andemployeeengagementwiththejobperformance.

5) Fransicopalaci(2014)Thisstudyexploredabouttheimportanceofemployeeengagementandtheselfefficacyofthe

jobperformanceanditsconfinedabouttherelationshipbetweentheemployeesandthejobperformance.

6) LisaJackson(2014)Theworkengagementandjobperformancerealationship betweenengagedemployeestowards

theorganizationsandthejobperformance.

7) MarisaSalanova(2013)Theemployeesengagementandtheirjobperformancetowardstheorganizationsandthe

impactandeffectsontheemployeeengagementandselfefficacy.

8) MichaelFrese(2012)Theselfefficacyconfinedabouttheimportanceofemployeeengagementandcommitmentsofthe

jobperformance,sagepublication,California.

9) CarterW.RNebsitp.lBadham ,R.Rrajesh,S.K.Sung(2014)sagepublications,California.

10)Robbins,Stephens,OrganizationalBehaviour,Singapore:pearson.

Page 2203 of 3066Page 2203 of 3066



ISSN: 2455-2631                                                    © July 2020 IJSDR | Volume 5, Issue 7 

IJSDR2007100 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 1 
 

A Study on the Relationship between workforce Age 

and Job Satisfaction towards Mental Strain 
 

R.Praveen1, Dr.K.Ramprathap2 

 
1II MBA, 2Assistant Professor, 

Department of Management, 

M. Kumarasamy College of Engineering, Karur, Tamil Nadu, India. 

 

Abstract: This is an analysis of the job satisfaction and mental strain of employees in T&I Projects Ltd. It addresses the 

question whether there is a any Disturbance occurring due to the mental strain in their workplace. Old age employees suffer 

significantly more often from emotional exhaustion, even after controlling for various demographic and work-related third 

variables. Therefore, the employee can’t concentrate on his work due to the mental strain, through this study we can identify 

the workers who having mental strain and we can solve their mental strain by giving proper counseling to the worker by 

which we can increase the company productivity and profit. 

 

Keywords: Emotional Exhaustion, Job satisfaction, mental strain. 

 

INTRODUCTION 
          Workforce age and job satisfaction are the two most important factors which highly influences the organization’s Performance 

and Productivity. Hence this study was carried out to investigate the relationship between workforce age and job satisfaction towards 

mental strain among the employees of T & I projects ltd. The concept of job satisfaction was first developed by Elton Mayo at the 

Hawthorne Plant of the western electric company, from the Hawthorne studies of the late 1920’s and early 1930’s in Chicago .And 

the result was that the emotions of workers highly influences their working behaviors .Social relationships and psychological factors 

are the two main causes of job Satisfaction. There are numerous theories that attempt to explain job Satisfaction, but two Conceptual 

frameworks seem to be more prominent in the literature .They are Content theories and Process theories .Content  theory says that 

job satisfaction is gained when an employee feels that his job gives him the sense of growth and Self actualization. And in process 

theory, Job Satisfaction is explained by the extent to which an individual’s expectations and values are met in a job. Aging workforce 

is a part of working individuals who has reached a certain age and beyond it is used to be defined as those who are 40 years or Elder 

than that. Also to say that age has a curvilinear relationship to Satisfaction is to assert that satisfaction increases or decreases at a 

changing rate for individuals of different ages. Mental strain/job strain is a form of psychosocial stress that occurs in the workplace 

mostly for the people who are not satisfied with their job or who are unable to balance their Work life and Personallife. It is one of 

the most common forms of stress, characterized by combination of low salaries, high demands and low levels of control along with 

raises and paid time off regarding the job. The happier people are within their job, the more satisfied they are said to be. Descriptive 

research design was adopted in this study. Totally 120 randomly selected employees from various departments has been selected as 

respondents to fill the questionnaire for this study. Findings of this study are only related to the employees of T & I projects ltd. 

 

REVIEW OF LITERATURE 
          David Drabe, Sven Hauff, Nicole Franziska Richter (2019) believes that the aging workforces in many developed countries, 

age diversity management will become a major dispute in human resource management. To effectively handle an ageing workforce, 

it is essential to know how different aged employees can be encouraged. This study analyses age’s moderating part in the 

relationship between job characteristics and its satisfaction level. And to control the potential pressure of the cultural and 

institutional context, we have used data sources from U.S., Japan, and Germany. Results show that aged employees’ job satisfaction 

is determined by different factors than young workers: aged employees put more prominence on healthy relationships with co-

workers, while payment, improvement opportunities, job security, and having a motivating job are less important. However, these 

factors are mainly nation-dependent, which defines the significance of conducting cross-cultural or cross-national aging research. 

According to Paul D. Bliese University of South Carolina and Jeffrey R. Edwards University of North Carolina (2015),Project 

defines the various forms, study on stress and welfare has been a major part of the Journal of Applied Psychology (JAP) since its 

initiation. From this study, we can clearly define 3 eras: a 50 year-era from 1917 to 1966, and a 30-year era from 1967 to 1996 

finally a 20-year era from 1997 to the present. Each era is distinct from one other in terms of the number of articles published .We 

explain that advances in hypothesis are a major impulsion underlying research topics and the number of publications of the research. 

Our study suggests that articles increasingly tend to reflect the broader events happening in the public such as recessions and changes 

in workforce. We terminate by submission of ideas about the opportunity of stress and well-being research 

Kevin Claassen (2019) in his article analysed the mental strain/stress of employees in Germany. It raises the question that whether 

there is a gender based rise in emotional exhaustion in the working context. 3000 employees were asked by means of an online 

access panel in the year of 2019. Female employees who suffer significantly from emotional exhaustion, even after controlling for 

various demographic and occupational third variables. The result is independent of migration experiences. Satisfaction of income 

appears to be the strongest predictor of emotional collapse .Having children is a major risk factor. Hence, the adjusted gender pay 

gap has to be stopped, while the compatibility of family and career needs to be made stronger on the levels of management and 

public. Finally there would be some improvements from which female employees with and without movement background would 

benefit to the same extent. 
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Kevin Claassen Horst Christoph Broding (2018) stated that the incapability to work due to reported psychological strain and 

psychiatric disorders is increasing in Germany these times. In the meantime the nation’s net relocation is optimistic. While there is 

experimental proof for a healthy wanderer effect regarding the substantial health in the beginning, the psychological physical 

condition of migrants remains partly understudied. Hence to evaluate the migrant’s share in the increase of reported mental stress 

in European country. 3000 workers were surveyed by means of an online admittance panel. About 17 percent of them exposed a 

immigration background. Their Copenhagen Burnout Inventory (CBI) score is somewhat yet drastically above the German 

autochthonous’ one both using bi- and multivariate analysis, representing that there is a specific susceptibility rather than a strong 

migrant effect regarding psychological strain at work. 

Jitendra Kumar Singh Dr. Mini Jain (2014) strongly believes that happy employees are productive employees and productive 

employees are likely to be happy. Workers job satisfaction is important to face the energetic and ever-increasing challenges of 

maintaining efficiency of the institute by keeping their workers constantly occupied and motivated. Additionally, ecological 

pressures, increasing wellbeing costs and various needs of the work environment also pose a challenge for the organization. This 

could be overcome by creating a working environment that maintains workers job satisfaction and also encourages people towards 

outstanding performance at the organization, achieving balance in the work-life. This article outlines the wide contours of different 

variables responsible for workers fulfillment and various ways by which one can maximize the level of employee satisfaction 

Sadegh Rast (2013),the main purpose of this research is to determine the level of employees’ job satisfaction and to examine the 

effect of gender on workers job satisfaction. Some important factors that have an impact on job fulfillment are supervision, 

connection with co-working employees, work nature and chances for promotion. Information for this research was gathered from 

workers of three private airline companies in Iran. Descriptive analysis was carried-out to determine employees’ level of job 

fulfillment. In addition to that, independent-sample t-test was used to empirically examine the relationship between workers job 

satisfaction and their gender. Results of the study show that workers are moderately fulfilled with their work and there is no major 

difference between female and male employees’ job satisfaction. 

 

RESEARCH METHODOLOGY 
 Research methodology is a way to analytically solve the research problem. And Clifford woody stated research as the methodology 

which defines and redefines problem, formulates hypothesis or suggested solution followed by collection, organization and 

evaluation of data, and decision making and generate conclusions to find out whether they fit the formulating hypothesis .This study 

attempts to analyze the relationship between the workforce age and job satisfaction towards mental strain. The essential data 

required for the study were collected through structured questionnaire. Descriptive research design was used for the study. And the 

research depends on primary and secondary data 

 

DATA SOURCES  

PRIMARY DATA 
It is the information/data collected through first-hand research. It was collected from the respondents through personal interview by 

circulation of questionnaires among high level and low level employees. The primary data were collected from the employees of 

T&I projects limited, Coimbatore. 

SECONDARY DATA 
It is the data which has been gathered in the past by some other researchers from various sources such as books, magazines, journals, 

company records and websites. 

SAMPLE SIZE  

The essential information is collected through structured questionnaire from 150 low, middle level and higher level employees of 

T&I projects limited. In this study Stratified Random Sampling technique has been adapted. 

 

PROPOSED MODEL 
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DATA ANALYSIS PART 

DESCRIPTIVE STATISTICS 

This chapter deals with the descriptive and statistical analysis of the primary data collected from the employee who working in the 

organization. The hypotheses drawn by the researcher are confirmed with the support of statistical tools and results are inferred. 

Percentage analysis is a simple statistical instrument which is widely used in analysis and interpretation of primary data. It deals 

with the number of Respondents’ reply to a questionnaire in percentage attained from the total population nominated for the study. 

It is one of the simple forms of analysis which helps the researcher to realize the outcome of the research. 

It is normally used for inferring the results in quantitative terms. In this study, percentage analysis was used to measure the 

percentage of demographic profile of those employees who participated in the study on various aspects.                               

Table 4.1 

Demographic profile Count Column N % 

GENDER Male 132 88.0% 

Female 18 12.0% 

EDUCATION SSLC 5 3.3% 

HSC 19 12.7% 

ARTS 47 31.3% 

BE 56 37.3% 

MBA 23 15.3% 

DESIGNATION GROUND STAFF 22 14.7% 

SUPERVISOR 52 34.7% 

ACCOUNTANT 71 47.3% 

HR 5 3.3% 

MARITAL  STATUS SINGLE 13 8.7% 

MARRIED 135 90.0% 

DIVORCED 2 1.3% 

AGE 18-24 14 9.3% 

24-35 29 19.3% 

35-45 40 26.7% 

45-60 62 41.3% 

ABOVE 60 5 3.3% 

ANNUAL INCOME 1 LAKH 8 5.3% 

2 LAKH 40 26.7% 

3 LAKH 68 45.3% 

4 LAKH 29 19.3% 

ABOVE 5 LAKH 5 3.3% 

EXPERIENCE 0-1 22 14.7% 

>2 YRS 33 22.0% 

>5 YRS 66 44.0% 

>10 YRS 26 17.3% 

>20 YRS 3 2.0% 

 

Description: The above Table shows a clear understanding of demographic profile of the respondents studied. It encloses the 

descriptive statistics of Gender,Education,Designation, Marital Status,Age, Income of the Employees and Experience of the 

employees working in T& I Pvt Ltd. The profile reveals that majority of the respondents are male.  

The study shows that about 3.3% of the respondents has educational qualification of SSLC,12.7% has completed HSC, 31.3% has 

completed Arts, 37.3% has completed B.E, 15.3% has completed MBA. About 14.7% are working as Ground Staff,34.7 are working 

as Supervisor,47.3are working as Accountant and 3.3% are as HR Managers. About 9.3% of the respondents are from age 18 to 24, 

19.3% are from age 24 to 35, 26.7% are from age 35 to 45, 41.3% are from age 45 to 60 and 3.3% are above age 60, 88.0% of the 

respondents are male, 12.0% of the respondents are female in the organization. About 90.0% have stated marital status as married, 

8.7 % of the respondents are single and 1.3% of the respondents are divorced. About 14.7% of the respondents have experience of 

below 1 year, 22.0 % of the respondents has experience less than 2 years, 44.0% of the respondents has experience less than 5 years, 

17.3% of the respondents has experience less than 10 years and 2.0% of the respondents has experience less than 20years. About 

5.3% of the respondents gets salary of 1,00,000, 26.7% gets salary of 2,00,000, 45.3% gets salary of 3,00,000, 19.3 % gets salary 

of4,00,000 and 3.3% gets salary above 5,00,000 
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Table 4.2 

 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

Table-02 Revealed that the mean score of Orientation and training during the study ranges 1.55 to 1.95 and the standard deviation 

score varies between 0.74 to 0.96 among the orientation and training, the statement availability of clear the job for your position 

scores lower mean and higher standard deviation. The statement of Communication of expectation about your job performance 

scores higher mean and lower standard deviation score which reveals the effect of consistency on perception among the 

orientation and training. 

Table 4.3 

 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

Table-03 revealed that the mean score of Compensation and Benefitsduring the study ranges from 1.69 to 1.90 and the standard 

deviation scores varies between 0.68 to 1.14 among theCompensation and Benefits. The statement Company policy regarding 

Eligibility scores lower mean and higher standard deviation. The statement ‘Paid time off your duties’scores higher mean and lower 

standard deviation score which reveals the effect of consistency on perception among theCompensation and Benefits. 

 

 

 

 

 

 

 

 

 

 

 

Orientation and Training 

 

 

STRONGLY 

DISAGREE DISAGREE NEUTRAL AGREE 

STRONGLY 

AGREE Total 

Count 

Row N % 

Count 

Row N % 

Count 

Row N % 

Count 

Row N 

% 

Count 

Row N % Mean 

Standard 

Deviation 

AVAILABILITY OF CLEAR 

JOB FOR YOUR POSITION 

94 

62.7% 

33 

22.0% 

20 

13.3% 

2 

1.3% 

1 

0.7% 

1.55 .82 

COMMUNICATION OF 

EXPECTATION ABOUT 

YOUR JOB PERFORMANCE 

39 

26.0% 

86 

57.3% 

19 

12.7% 

6 

4.0% 

0 

0.0% 

1.95 .74 

COMPLETENESS AND 

TIMELINE OF 

ORIENTATION 

56 

37.3% 

68 

45.3% 

24 

16.0% 

2 

1.3% 

0 

0.0% 

1.81 .75 

SUFFICIENT TRAINING 

MATERIALS AND 

TRAINING 

OPPORTUNITIRS 

62 

41.3% 

63 

42.0% 

17 

11.3% 

6 

4.0% 

2 

1.3% 

1.82 .88 

AVAILABILITY OF 

FOLLOW UP TRAINING 

57 

38.0% 

60 

40.0% 

24 

16.0% 

5 

3.3% 

4 

2.7% 

1.93 .96 

Compensation and 

Benefits 

 

STRONGLY 

DISAGREE DISAGREE NEUTRAL AGREE 

STRONGLY 

AGREE Total 

Count 

Row N % 

Count 

Row N % 

Count 

Row N % 

Count 

Row N 

% 

Count 

Row N % Mean 

Standard 

Deviation 

RATE OF PAY FOR 

WORK 

75 

50.0% 

51 

34.0% 

11 

7.3% 

1 

0.7% 

12 

8.0% 

1.83 1.14 

PAID TIME OFF YOUR 

DUTIES 

49 

32.7% 

75 

50.0% 

20 

13.3% 

4 

2.7% 

2 

1.3% 

1.90 .83 

COMPANY POLICY 

REGARDING 

ELIGIBILITY 

64 

42.7% 

68 

45.3% 

18 

12.0% 

0 

0.0% 

0 

0.0% 

1.69 .68 

BENEFITS RECEIVED 

BY EMPLOYEES 

53 

35.3% 

68 

45.3% 

22 

14.7% 

6 

4.0% 

1 

0.7% 

1.89 .84 

COMPANY POLICY 

RGARDING 

ELIGIBILITY 

53 

35.3% 

74 

49.3% 

18 

12.0% 

2 

1.3% 

3 

2.0% 

1.85 .83 
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Table 4.4 

 

 

 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

Table-04 revealed that the mean score of Supervision during the study ranges from 1.69 to 2.08 and the standard deviation scores 

varies between 0.81 to 1.07among the Supervision. The statement ‘Availability of supervisor to answer your Queries’scores lower 

mean and higher standard deviation. The statement ‘Feedback and evaluation’scores higher mean and lower standard deviation 

score which reveals the effect of consistency on perception among theSupervision. 

 

Table 4.5 

 

Other Aspects 

 

 

STRONGLY 

DISAGREE DISAGREE NEUTRAL AGREE 

STRONGLY 

AGREE Total 

Count 

Row N % 

Count 

Row N % 

Count 

Row N % 

Count 

Row N 

% 

Count 

Row N % Mean 

Standard 

Deviation 

YOUR SCHEDULE 63 

42.0% 

70 

46.7% 

11 

7.3% 

4 

2.7% 

2 

1.3% 

1.75 .81 

ACCESS TO INTERNAL 

JOB 

59 

39.3% 

68 

45.3% 

16 

10.7% 

4 

2.7% 

3 

2.0% 

1.83 .87 

OPPORTUNITIES FOR 

ONGOING 

58 

38.7% 

59 

39.3% 

27 

18.0% 

5 

3.3% 

1 

0.7% 

1.88 .87 

DEGREE TO EMPOYEES 

SKILLS ARE USED 

67 

44.7% 

61 

40.7% 

16 

10.7% 

5 

3.3% 

1 

0.7% 

1.75 .83 

RELATIONSHIP WITH 

YOUR COEMPLOYEES 

55 

36.7% 

64 

42.7% 

24 

16.0% 

3 

2.0% 

4 

2.7% 

1.91 .92 

RELATIONSHIP WITH 

SUPERVISOR MANAGER 

54 

36.0% 

63 

42.0% 

28 

18.7% 

4 

2.7% 

1 

0.7% 

1.90 .84 

 

 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

Table-05 revealed that the mean score of other aspectsduring the study ranges from 1.75 to 1.91 and the standard deviation scores 

varies between 0.81 to 0 .92 among the other aspects. The statement ‘your schedule’ scores lower mean and higher standard 

deviation. The statement Relationship with your co-employees scores higher mean and lower standard deviation score which reveals 

the effect of consistency on perception among theother aspects. 

 

 

 

 

 

 

 

 

 

Supervision 

 

 

STRONGLY 

DISAGREE DISAGREE NEUTRAL AGREE 

STRONGLY 

AGREE Total 

Count 

Row N % 

Count 

Row N % 

Count 

Row N % 

Count 

Row N 

% 

Count 

Row N % Mean 

Standard 

Deviation 

AVAILABILITY OF 

SUPERVISOR TO ANSWER 

YOUR QUERIS 

75 

50.0% 

53 

35.3% 

17 

11.3% 

3 

2.0% 

2 

1.3% 

1.69 .85 

FEEDBACK AND 

EVALUATION 

47 

31.3% 

69 

46.0% 

17 

11.3% 

9 

6.0% 

8 

5.3% 

2.08 1.07 

RECOGNITION GIVEN BY 

SUPERVISOR 

58 

38.7% 

68 

45.3% 

19 

12.7% 

4 

2.7% 

1 

0.7% 

1.81 .81 

AVAILABILITY OF 

EMPLOYMENT 

OPPORTUNITIES 

56 

37.3% 

63 

42.0% 

27 

18.0% 

2 

1.3% 

2 

1.3% 

1.87 .85 

RELATIONSHIP WITH 

YOUR SUPERVISOR 

62 

41.3% 

60 

40.0% 

20 

13.3% 

5 

3.3% 

3 

2.0% 

1.85 .92 
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Table 4.6 

 

 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

Table-06 revealed that the mean score of Job satisfaction during the study ranges from 1.87 to 2.11 and the standard deviation scores 

varies between 0.80 to 1.22 among the Job satisfaction. The statement Little change for promotion on my job  scores lower mean 

and higher standard deviation. The statement Many of our roles and procedures make doing good job scores higher mean and lower 

standard deviation score which reveals the effect of consistency on perception among the Job satisfaction. 

 

Table 4.7 

 

 

 

 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

Table-07 revealed that the mean score of Mental strainduring the study ranges from 2.05 to 3.36 and the standard deviation scores 

varies between 1.29 to 1.68 among the Mental strain. The statement ‘Able to Concentrate’ scores lower mean and higher 

Job Satisfaction 

 

 

STRONGLY 

DISAGREE DISAGREE NEUTRAL AGREE 

STRONGLY 

AGREE Total 

Count 

Row N % 

Count 

Row N % 

Count 

Row N % 

Count 

Row N 

% 

Count 

Row N % Mean 

Standard 

Deviation 

LITTLE CHANVE FOR 

PROMOTION ON MY JOB 

52 

34.7% 

71 

47.3% 

21 

14.0% 

6 

4.0% 

0 

0.0% 

1.87 .80 

QUITE COMPONENT IN 

DOING JOB 

62 

41.3% 

58 

38.7% 

16 

10.7% 

9 

6.0% 

5 

3.3% 

1.91 1.03 

I AM NOT SATISFIED THE 

BENEFITS I RECEIVE 

53 

35.3% 

64 

42.7% 

26 

17.3% 

3 

2.0% 

4 

2.7% 

1.94 .92 

WHEN I DO GOOD JOB I 

RECEIVE THE 

RECOGINITION 

56 

37.3% 

60 

40.0% 

24 

16.0% 

6 

4.0% 

4 

2.7% 

1.95 .97 

MANY OF OUR RULES 

AND PROCEDURES MAKE 

DOING GOOD JOB 

46 

30.7% 

63 

42.0% 

28 

18.7% 

4 

2.7% 

9 

6.0% 

2.11 1.07 

I SOMETIMES FEEL MY 

JOB MEANINGLESS 

57 

38.0% 

60 

40.0% 

11 

7.3% 

9 

6.0% 

13 

8.7% 

2.07 1.22 

Mental Strain 

 

STRONGLY 

DISAGREE DISAGREE NEUTRAL AGREE 

STRONGLY 

AGREE Total 

Count 

Row N % 

Count 

Row N % 

Count 

Row N % 

Count 

Row N 

% 

Count 

Row N % Mean 

Standard 

Deviation 

ABLE TO 

CONCENTRATE 

64 

42.7% 

54 

36.0% 

10 

6.7% 

5 

3.3% 

17 

11.3% 

2.05 1.29 

LOSS OF SLEEP 40 

26.7% 

43 

28.7% 

11 

7.3% 

5 

3.3% 

51 

34.0% 

2.89 1.66 

CAPABE OF MAKING 

DECISINS 

39 

26.0% 

45 

30.0% 

13 

8.7% 

1 

0.7% 

52 

34.7% 

2.88 1.65 

FELT CONSTANTLY 

UNDER STRAIN 

47 

31.3% 

47 

31.3% 

10 

6.7% 

7 

4.7% 

39 

26.0% 

2.63 1.59 

OVERCOME THE 

DIFFICULTIES 

49 

32.7% 

36 

24.0% 

16 

10.7% 

7 

4.7% 

42 

28.0% 

2.71 1.63 

ABLE TO ENJOY DAY 

TO DAY A 

43 

28.7% 

52 

34.7% 

10 

6.7% 

5 

3.3% 

40 

26.7% 

2.65 1.58 

ABLE TO FACE 

PROBLEM 

37 

24.7% 

43 

28.7% 

11 

7.3% 

6 

4.0% 

53 

35.3% 

2.97 1.66 

FEELING UNHAPPY 34 

22.7% 

40 

26.7% 

15 

10.0% 

8 

5.3% 

53 

35.3% 

3.04 1.63 

LOSING CONFIDENCE 31 

20.7% 

30 

20.0% 

13 

8.7% 

6 

4.0% 

70 

46.7% 

3.36 1.68 

THINKING OF SELF 

WORTHLESS 

36 

24.0% 

41 

27.3% 

15 

10.0% 

7 

4.7% 

51 

34.0% 

2.97 1.63 
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standard deviation. The statement Losing Confidence scores higher mean and lower standard deviation score which reveals the 

effect of consistency on perception among the Mental strain. 

 

2. INDEPENDENT SAMPLE T TEST 

Null Hypothesis (Ho):There is no significant difference between Gender and Mental Strain 

Alternate Hypothesis (Ha): There is a significant difference between Gender and Mental Strain 

Table 4.8 

Above T -Test table reveals the perception of employees towards Mental Strain that is generated as an impact of workforce, 

appearance variables were not having any difference among gender because both male and female perceives same about theMental 

Strain supports the null hypothesis i.e., there is no significant difference between  gender with Mental Strain. The null hypothesis was not 

supported for gender and Mental Strain variables. 

Table 4.9 

Demographic Question 

Compensation and Benefits 

Count Mean Standard Deviation t df Sig 

GENDER Male 132 1.80 .47 -2.165 148 .164 

female 18 2.07 .60 

 

Above T -Test table reveals that the perception of employees towards C o m p e n s a t i o n a n d  B e n e f i t s  appearance 

variables were not having any difference among gender because both male and female perceives same about The Compensation 

and Benefits supports the null hypothesis i.e., there is no significant difference between  gender withCompensation and Benefits. The 

null hypothesis was not supported for gender and Compensation and Benefits variables. 

Table 4.10 

Above T -Test table reveals that the perception of employees towards Orientation and Training appearance variables were not 

having any difference among gender because both male and female perceives same about the Orientation and Training supports the 

null hypothesis i.e., there is no significant difference between  gender with Orientation and Training. The null hypothesis was not 

supported for gender and Orientation and Training variables. 

Table 4.11 

Above T -Test table reveals that the perception of employees towards job satisfaction appearance variables were not having any 

difference among gender because both male and female perceives same about the job satisfaction supports the null hypothesis i.e., 

there is no significant difference between  gender with job satisfaction. The null hypothesis was not supported for gender and job 

satisfaction variables. 

3. Anova Test 

 

Erceg-Hurn & Mirosevich (2008) suggested that the homogeneity of variances assumption is most important in research which 

cannot be taken for granted while carrying out a statistical test like ANOVA. So to assess the equality of variance for two or more 

groups, Levene test was used and the result shows there is significance difference in the variance (P>0.05) in all the cases. 

 

Table 4.12 

 

Mental Strain 

Count Mean Standard Deviation F Sig 

AGE 18-24 14 2.80 1.12  

0.263 

 

0.901 24-35 29 2.77 .91 

35-45 40 2.93 1.47 

45-60 62 2.87 .89 

ABOVE 60 5 2.46 .56 

 

Demographic Question 

Mental strain 

Count Mean Standard Deviation 

  

 T 

Df Sig 

GENDER 

 

Male 132 .345 2.85 -0.31 148 .345 

female 18  2.86 

 

Orientation and Training 

Count  Standard Deviation t df Sig 

GENDER Male 132 1.82 .42 .596 148 .552 

female 18 1.76 .49 

 

         Job Satisfaction 

Mean Count Standard Deviation T df Sig 

GENDER Male 2.04 132 .99 .282 148 .784 

Female 1.97 18 .71 
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Above ANOVA table reveals that the Mental Strain is not significantly differ among the following demographic variable namely: 

Age (p= 0.901)which is above 0.05. 

 

Table 4.13 

 

Mental Strain 

Count Mean Standard Deviation f Sig 

ANNUAL INCOME 1 LAKH 8 2.45 1.08  

 

1.034 

 

 

.392 
2 LAKH 40 2.89 .93 

3 LAKH 68 2.99 1.24 

4 LAKH 29 2.57 .89 

ABOVE 5 LAKH 5 2.92 .65 

  

Above ANOVA table reveals that the Mental Strain is not significantly differ among the following demographic variable namely: 

Annual Income (p= 0.392)which is above 0.05. 

 

Table 4.14 

 

Above ANOVA table reveals that the job satisfaction is not significantly differ among the following demographic variable 

namely: Age (p= 0.727)which is above 0.05 

Table 4.15 

 

 

Above ANOVA table reveals that the Job Satisfaction is not significantly differ among the following demographic variable namely: 

Annual Income (p= 0.550) which is above 0.05. 

Table 4.16 

 

Orientation and Training 

Count Mean Standard Deviation F sig 

AGE 18-24 14 1.51 .34 2.079 0.087 

 24-35 29 1.89 .46 

35-45 40 1.83 .32 

45-60 62 1.84 .47 

ABOVE 60 5 1.76 .43 

  

Above ANOVA table reveals that the Orientation and Training is not significantly differ among the following demographic variable 

namely: Age (p= 0.087) which is above 0.05 

Table 4.17 

 

Supervision 

Count Mean Standard Deviation f Sig 

EXPERIENCE 0-1 22 1.95 .50 .170 .953 

>2 YRS 33 1.90 .67 

>5 YRS 66 1.85 .51 

>10 YRS 26 1.83 .61 

>20 YRS 3 1.93 .12 

 

Job Satisfaction 

Count Mean Standard Deviation 

f Sig 

AGE 18-24 14 1.86 .48  

 

0.512 

 

 

0.727 
24-35 29 1.97 .51 

35-45 40 2.20 1.62 

45-60 62 2.01 .60 

ABOVE 60 5 1.83 .47 

 

Job Satisfaction 

Count Mean Standard Deviation f sig 

ANNUAL INCOME 1 LAKH 8 1.65 .42  

 

0.764 

 

 

0.550 
2 LAKH 40 2.06 .52 

3 LAKH 68 2.12 1.29 

4 LAKH 29 1.86 .60 

ABOVE 5 LAKH 5 2.27 .43 
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Above ANOVA table reveals that the Supervision is not significantly differ among the following demographic variable namely: 

Experience (p= 0.953) which is above 0.05. 

 

FINDINGS  

1. It was found that majority 85.0% respondents are Married 

2. And remaining 15% of the respondents are single. 

3. About 40% of the respondents are in the age of 40 - 50 

4. More than half (39.0%) of the respondents in the study are graduates and More than half (60%) of the respondents in 

the study are married. 

5. More than half (43.0%) of the respondents in the study are supervisor and More than half (31.0%) of the respondents 

in the study have 5 - 10years experience. 

6. More than half (30.0%) of the respondents in the study get 2 to 3 lakhs pay per year. 

7. It was found that 46% of employees are agreed with the affects the mental strain at T&I projects has made feel completely 

involved in my work provided in the organization. 

8. It was found that 36 % of employees are satisfied towards the orientation and training 

9. It was found that 39 % of employees are satisfied towards the compensation and benefits 

10. It was found that 40 % of employees are satisfied towards the Rewards in Satisfaction with recognition on good 

performance provided in the organization. 

11. From the percentage analysis it is found that majority of the employees (82%) are male category. 

12. About 12% of the respondents are female in the organization. 

13. It was found that majority 50% of respondents are in the Income of 26000 – 35000 

14. It was found that majority 40.8% of respondents are having 2 – 5 years of experience 

15. The most important drivers of job satisfaction the age groups are interesting job and good relationships with 

management. 

16. Hence, these job characteristics are not culture-specific, although employees in the place more emphasis on good 

relationships with managers than on interesting job. In descending order, these are: job security, good relationships with 

colleagues, income, and advancement 

 

SUGGESTIONS 

1. The organizational goals and policies should be informed to all the categories of employees 

2. Prevailing culture should be maintained without any compromise in future. 

3. In order to bring loyalty and develop interpersonal relationship with co-worker the concept of co-workers participation 

management to be implemented 

The study has revealed that only 12% of the respondents belong to female category so, it is to be improved 

4. To develop the job performance through the employer of the company. 

5. To develop the environment of the company. 

6. To increase the employee performance of the company will get more profit. 

7. Give more rewards to increase the Mental Stability of the employee. 

8. This research paper has several limitations. First, this study considered only few factors of job satisfaction like job performance, 

supervision, job security. 

9. To develop the employee skill and mental stability. 

10. Secondly, the sample size of the study is small which should be increased in order to understand the most important 

determinants at more generalized level. 

11. Thirdly, the data is collected from a particular group of people. In future, the light should shed on other variables like reward 

and recognition, training and development, and organizational commitment, which need to be discussed for further 

understanding of job satisfaction 

 

CONCLUSION 

1) These findings show that older employees’ job satisfaction is partially driven by different factors than that of younger 

employees. Except for the findings regarding job security, the respective differences can be explained through the assumptions 

outlined in the theories on age’s influence on personal needs, values, or goals. 

2) Male employees suffer significantly more often from emotional exhaustion, both before and after adjusting for further 

characteristics. Partially gender-based differences could not be explained by confounders, which could be attributable to the fact 

that men are less aware of mental issues, seek help later in the process and use rather distractive and depersonalizing coping 

styles. For that reason, public health surveillance and efforts as well as psychiatry and psychotherapy have to pay close attention 

to gender differences regarding cognition, emotion and behavior, instead of focusing on one group exclusively. These differences 

are also present within the working context. 

3) Having children (younger than 16 years) is another highly significant risk factor. Meanwhile, the distribution of 

custody and care work is still disfavor of women. Therefore, the compatibility of family and career needs to be strengthened 

further. 

4) The relationship between situational job characteristics and job satisfaction as well as age’s moderating role are 

strongly influenced by national surroundings and culture. 

5) The ninety percentage aged employees are affected to mental strain. 
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Abstract: Performance of organization employees is very much affected by various work place factor. To complete the 

assignment within the defined time frame, performance is one of the key skill necessitated. There are numerous of aspects 

that have impact on the work performance of employees. The main theme of this research revolves around studying factors 

affecting work performance of employees and to study the influence of emotional intelligence on work performance of 

employees. So it is required for every employee to be mature in emotional sense. Emotional Intelligence is set of 

competencies, which direct and control one’s feelings towards work and performance. These set of competencies are the 

ability of the individual to control and manage his or her moods and impulses on the job. Knowing one‟s emotions and 

feelings as they occur, and tuning one’s say to the changed situations, requires the emotional competency, emotional 

maturity and emotional sensitivity that are demanded on the job. In a working situation, performance of the employees 

depends upon your working with groups of people, with different ideas, suggestions, opinions and expectations. There by 

an analysis of the tested results help in understanding the various competencies (self-awareness, self-management, social 

awareness, relationship management) that ever used to develop emotional intelligence. The results of the study helps in 

understanding the impact of emotional intelligence on work places and suggests the way that how the performance of the 

employees can be increased at the work place. The result of the study also suggests that emotional intelligence role in order 

to achieve productivity, performance, interpersonal effectiveness and teamwork. 

 

Keywords: emotional intelligence, work performance, organization, employees. 

 

I. INTRODUCTION 

 

Nowadays emotional intelligence is gaining traction in the public and private sphere particularly since the relationship between 

emotional intelligence and effective employee's performance has been clearer than ever. Emotional Intelligence is an indispensable 

factor liable for determining triumph in life and psychological health seems to play an essential part in shaping the contact between 

employees in their working environment. In the complicated environment of private and public organizations, change has to be 

managed in a careful manner. Managers benefit greatly from Emotional Intelligence in coping with such unpredictable situations 

in the work place. States that managers are able to better understand and read emotions in others through the use of emotional 

intelligence. Emotional intelligence affects organizational areas as varied as selection of employees, teamwork, employee 

development. The Human being is the one that can express feelings and thoughts, which result in behavior verbally. Emotions have 

effect, which can influence all of one’s behavior at each stage of his life. For long time, it is seen that within the studies concerning 

intelligence, emotions have not been taken into consideration. However, the impact of emotions upon intelligence and behavior is 

begun to be discussed with emerge of the term emotional intelligence. Emotional intelligence is the “something” in each of us that 

is a bit intangible. It affects how we manage behavior, navigate social complexities, and make personal decisions that achieve 

positive results. Emotional intelligence is made up of four core skills that pair up fewer than two primary competencies: personal 

competence and social competence. Personal competencies made up of your self- awareness and self-management skills, which 

focus more on you individually than on your interactions with other people. Personal competence is your ability to stay aware of 

your emotions and manage your behavior and tendencies. The communication between your emotional and rational “brains” is the 

physical source of emotional intelligence. 

 

II. LITERATURE REVIEW 

 

According to Reza Gharoie Ahangar in," Emotional Intelligence: The Most Potent Factor of Job Performance Among Executives 

",A significant positive correlation was expected between EI and performance. The result that EI has a predictive effect on job 

performance concurs with the findings of the previous researchers (Goleman, 1995). 

 

According to Fredrick M. Nafukho (2009)," Emotional Intelligence and Performance: Need for Additional Empirical Evidence", 

Issue of low correlations between EI and performance or leadership effectiveness has been established by empirical studies. In 

addition, several researchers argue that there is no statistical significance between EI and performance, because EI lacks 

psychometric measurement properties (Conte, 2005; Matthews et al., 2002; Van Rooy&Viswesvaran, 2004). This finding brings us 

to a very important discussion of statistical significance versus practical significance, which researchers on EI must be willing to 

address 
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According to Gunu&Oladepo, (2014)," Impact of Emotional Intelligence on Employees‟ Performance and Organizational 

Commitment: A Case Study of Dangote Flour Mills Workers", There is a significant relationship between employees‟ emotional 

intelligence and organizational commitment. Employees‟ performance can be achieved through their intelligence, and also through 

empowerment of the employees. The application of managers‟ emotional intelligence will increase employees‟ performance 

through an organized self-managed development scheme. It is established that there is a relationship between emotional intelligence, 

organizational commitment and employees‟ performance. Employees who are empowered and are involved in innovation become 

more satisfied with their jobs and therefore more productive. 

 

III. OBJECTIVES OF THE STUDY PRIMARY OBJECTIVES 

To analyse the impact of Emotional Intelligence in employees performance. 

 

SECONDARY OBJECTIVES 

 

 To Measure the Emotional Intelligence of Employees‟ and their Performance level. 

 To find out the relationship between Employees‟ performance and their Emotional Intelligence. 

 

IV. RESEARCH METHODOLOGY 

 

RESEARCH DESIGN 

 

The type of research chosen for the study is descriptive research. In descriptive research various parameters will be chosen and 

analyzing the variations between these parameters. This was done with an objective to find out the organizational effectiveness 

through competency mapping. 

 

SAMPLE UNIT, SAMPLE SIZE, POPULATION, SAMPLING METHOD 

Sampling unit of the study was Employees of the VKA Polymers Pvt.Ltd. The sample size for the present study is 150. Population 

of the study was 300 employees. Sampling method of the study was Stratified random sampling method. 

 

TOOLS USED 

 

 Simple Percentage Analysis, 

 Chi-square, 

 Correlation & 

V. Regression 

 

DATA ANALYSIS AND INTERPRETATION 

 

REGRESSION FOR STRONG RELATIONSHIP AND SELF-CONTROL 

 

ANOVA 

 

Model 

Sum of 

Squares 
 

Df 

Mean 

Square 
 

F 
 

Sig. 

1 Regression 22.925 1 22.925 39.016 .000b 

Residual 86.377 147 .588   

Total 109.302 148    

a. Dependent Variable: relationship 

b. Predictors: (Constant), selfcontrol 

 

INTERPRETATION 

 

The above table show that the depicts that the P value is less than 0.05.so there is a significant different two group between 

relationship and Self-control of the respondents. P is less than 0.05 we reject the null hypothesis . 
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CORRELATION BETWEEN EMPLOYEE LOYALTY AND EMPLOYEE COMMITMENT 

 

Correlations 

 Employee 

loyalty 

commitme 

nt 

Employee 

loyalty 

Pearson 

Correlation 

1 .229** 

Sig. (2-tailed)  .005 

N 150 150 

Commitment Pearson 

Correlation 

.229** 1 

Sig. (2-tailed) .005  

N 150 150 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

INFERENCE 

 

Correlation was applied to find whether there is any inter connection between Employee loyalty and employee commitment. Since 

the calculated P value is less than the 5% level of significance, we reject the Null hypothesis. So we can choose alternative 

hypothesis. Hence it is conclude that there is a inter connection between the Employee loyalty and employee commitment. 

 

CHI SQUARE TEST FOR ORGANIZATIONAL CULTURE AND PRODUCTIVITY 

 

Chi-Square Tests 

  

 

Value 

 

 

df 

Asymptotic 

Significance (2-

sided) 

Pearson Chi-Square 60.820a 9 .000 

Likelihood Ratio 65.672 9 .000 

Linear-by-Linear 

Association 

9.056 1 .003 

N of Valid Cases 150   

 

INFERENCE 

Chi Square test was applied to find whether there is any significant relationship between Culture and Productivity. Since the 

calculated P value less than the 5% level of significance, we reject the Null hypothesis. So we can choose alternative hypothesis. 

Hence it is inferred that there is a significant relationship between the Culture and Productivity. 
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DESCRIPTIVE STATISTICS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

DEMOGRAPHIC PROFILE OF THE RESPONDENTS 

The above table shows that 18.7% of the respondents age are below 30,43.3% of the respondents age are between 30- 35, 20% of 

the respondents age are between 36-40 and 12% of the respondents age are between 41-45, 6% of the respondents age are above 

45. The table shows that 52.7% of the respondents are Male, 47.3% of the respondents are Female. The study shows that 6% of the 

respondents have completed matriculation, 4% of INFERENCE 

 

The above table shows that 52% of the respondents are highly disagree with social, followed by 38% of the respondents are disagree 

and remaining 10% are neither agree position. The above table shows that 20.7% of the respondents are highly disagree with 

productivity, followed by 53.3% of the respondents are disagree, 23.3% are neither agree and remaining 2.7% are agree position. 

The above table shows that 36% of the respondents are highly disagree with culture , followed by 32.7% of the respondents are 

disagree, 24% of the respondents are neither agree and remaining 7.3% are agree position. The above table shows that 31.3% of the 

respondents are highly disagree the respondents have completed graduate, 0.7% of the respondents have completed post-graduation 

and remaining 89.3% of the respondents completed their other education. The above table shows that 94% of the respondents‟ 

designation is workers and the remaining 6% of the respondents‟ designation is staff. About 100% of the respondents have their 

working experience is 0- 10 years .The above table shows that 96% of the respondents total pay is below 200000 and 4% of the 

respondents total pay ranges between 200000 to 300000 per year. 

 

 

 

 

 

 

 

 

 

Demographic Profile of the 
Respondents 

 

Count 
Column N 
% 

 

 
 

Age 

Below 30 28 18.7% 

30-35 65 43.3% 

36-40 30 20.0% 

41-45 18 12.0% 

Above 45 9 6.0% 

Total 150 100.0% 

 

 

Gender 

Male 79 52.7% 

Female 71 47.3% 

Total 150 100.0% 

 
 

Education 

Matriculation 9 6.0% 

Graduate 6 4.0% 

Post Graduate 1 0.7% 

Others 134 89.3% 

Total 150 100.0% 

 
Designation 

Worker 141 94.0% 

Staff 9 6.0% 

Executive 0 0.0% 

Total 150 100.0% 

 
Service 

0-10 150 100.0% 

MoreThan 10 0 0.0% 

Above 20 0 0.0% 

Total 150 100.0% 

 

 

Salary 

Below 200000 144 96.0% 

200000-300000 6 4.0% 

300000-400000 0 0.0% 

Above 400000 0 0.0% 

Total 150 100.0% 
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SIMPLE PERCENTAGE ANALYSIS FOR ORGANIZATIONAL SYSTEM 

Organizati 

onal 

system 

 

Highly 

Disagree 

 

disagr 

ee 

neith 

er 

agre e 

 

Agre e 

high 

ly 

agre e 

 

Me 

an 

Standar d 

Deviati 

on 

 

Social 

78 

52.0% 

57 

38.0% 

15 

10.0 

% 

0 

0.0 

% 

0 

0.0 

% 

 

1.58 
 

.67 

Producti 

vity 

31 

20.7% 

80 

53.3% 

35 

23.3 

% 

4 

2.7 

% 

0 

0.0 

% 

 

2.08 
 

.74 

 

Culture 

54 

36.0% 

49 

32.7% 

36 

24.0 

% 

11 

7.3 

% 

0 

0.0 

% 

 

2.03 
 

.95 

 

Climate 

47 

31.3% 

45 

30.0% 

35 

23.3 

% 

23 

15.3 

% 

0 

0.0 

% 

 

2.23 
 

1.06 

Competit 

ive 

22 

14.7% 

56 

37.3% 

49 

32.7 

% 

23 

15.3 

% 

0 

0.0 

% 

 

2.49 
 

.92 

 

with climate , followed by 30% of the respondents are disagree, 23.3% of the respondents are neither agree and remaining 15.3% 

are in agree position. The above table shows that 14.7% of the respondents are highly disagree with competitive , followed by 

37.3% of the respondents are disagree, 32.7% of the respondents are neither agree and remaining 15.3% are in agree position.. The 

above table revealed that the mean score of health facilities ranges from 1.58 to 2.49 among the employees. The statement Social 

scores lowest mean. The statement competitive scores highest mean among all. 

 

VI. FINDINGS OF THE STUDY REGRESSION 

The above table show that the depicts that the P value is less than 

0.05.so there is a significant different two group between relationship and  Self-control  of the respondents.P   is   less than 

0.05 we reject the null hypothesis. 

 

CORRELATION 

 

 Correlation was applied to find whether there is any inter connection between Employee loyalty and employee 

commitment. Since the calculated P value is less than the 5% level of significance, we reject the Null hypothesis. So we can choose 

alternative hypothesis. Hence it is conclude that there is a inter connection between the Employee loyalty and employee 

commitment. 

 Correlation was applied to find whether there is any inter connection between loyalty and Leadership. Since the calculated 

P value is higher than the 5% level of significance, we accept the Null hypothesis. Hence it is conclude that there is no inter 

connection between the loyalty and leadership. 

 Correlation was applied to find whether there is any inter connection between Employee performance and employee 

initiative. Since the calculated P value is less than the 5% level of significance, we reject the Null hypothesis. So we can choose 

alternative hypothesis. Hence it is conclude that there is a inter connection between the Employee performance and employee 

initiative. 

 Correlation was applied to find whether there is any inter connection between utilization of manpower and positive 

outcome. Since the calculated P value is less than the 5% level of significance, we reject the Null hypothesis. So we can choose 

alternative hypothesis. Hence it is conclude that there is a inter connection between the utilization of manpower and positive 

outcome. 

 

CHI SQUARE TEST 

 

 Chi Square test was applied to find whether there is any significant relationship between Culture and Productivity. Since 

the calculated P value less than the 5% level of significance, we reject the Null hypothesis. So we can choose alternative hypothesis 

Hence it is inferred that there is a significant relationship between the Culture and Productivity. 

 Chi Square test was applied to find whether there is any significant relationship between Job Performance and Appraisal. 

Since the calculated P value less than the 5% level of significance, we reject the Null hypothesis. So we can choose alternative 

hypothesis. Hence it is inferred that there is a significant relationship between the Job Performance and Appraisal. 

 Chi Square test was applied to find whether there is any significant relationship between Performance and 

Adaptability. Since the calculated P value less than the 5% level of significance, we reject the Null hypothesis. So we can choose 

alternative hypothesis. Hence it is inferred that there is a significant relationship between the Performance and Adaptability. 
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SIMPLE PERCENTAGE ANALYSIS 

 

 43.3% of the respondent‟s age is 30-35. 

 52.7% of the respondents Gender are Male 

 89.3%   of   the respondents education are other Education. 

 94% of the respondents designation are worker. 

 100% of the respondents service is 0-10 years. 

 96% of the respondents salary is below 200000. 

 52% of the respondents are highly disagree with social. 

 53.3% of the respondents are disagree with productivity. 

 36% of the respondents are highly disagree with culture. 

 31.3% of the respondents are highly disagree with climate. 

 52.7% of the respondents are disagree with appraisal. 

 46.7% of the respondents are neither agree with psychology. 

 36.7% of the respondents are disagree with soft skill. 

 36% of the respondents are highly disagree with decision making 

 79.3% of the respondents are highly disagree with adaptability. 

 56.7% of the respondents are disagree with work attitude. 

 39.3% of the respondents are highly disagree with performance. 41.3% of the respondents are disagree with work 

appreciation. 

 42.7% of the respondents are highly disagree with self- motivation. 

 71.3% of the respondents are highly disagree with efficient performance. 

 58% of the respondents are disagree with employee initiative. 

 37.3% of the respondents are neither agree with attention. 

 40.7% of the respondents are disagree with inspiration. 

 36% of the respondents are neither agree with creativity. 

 80.7% of the respondents are highly disagree with supervisor behavior. 

 52% of the respondents are disagree with positive outcome. 

 44.7% of the respondents are disagree with ability. 

 32.7% of the respondents are highly disagree with empathy. 

 74% of the respondents are highly disagree with leadership. 

 47% of the respondents are disagree with self control. 

 38.7% of the respondents are neither agree with work commitment. 

 34% of the respondents are disagree with Team building. 

 42% of the respondents are highly disagree with loyalty. 

 78% of the respondents are highly disagree with employee loyalty. 

 44% of the respondents are disagree with commitment. 

 40.7% of the respondents are highly disagree with environment. 

 36.7% of the respondents are disagree with capital. 

 32% of the respondents are disagree with task. 

 68.7% of the respondents are highly disagree with emotion. 

 52% of the respondents are disagree with intelligence. 

 51.3% of the respondents are highly disagree with relationship. 

 45.3% of the respondents are disagree with parental warmth. 

 41.3% of the respondents are disagree with collective goal. 

 

VII. SUGGESTIONS 

 To Introduce an incentive schemes to encourage employees for come to work. 

 To Give training programme for the employees to improve their skills and knowledge. 

 The Organization may focus on the motivation of individual performance which transforms to a good leader. 

 

VIII. CONCLUSION 

 

Results of the current study imply that emotional intelligence factors have direct influence on employee's job performance. Top 

management must positively resolve the conflicts and maintain and generate a sense of trust andcooperation. Positive attitude and 

thinking can lead to the ideas generation to resolve disagreements, ensure trust and cooperation throughout an organization. 

 

Different aspectsof various studies have also been reviewedin this study which is valuablefor the future researchers.In addition, the 

recommendation may inspire new studies that can advance theunderstanding on Emotional Intelligence. After analyzingthe 

literature on Emotional Intelligence we can conclude that there is an impact of Emotional Intelligence on Employee performance. 

From the above studies it canbe concluded that Emotional Intelligence is a key analyst for employees to supervise their own 
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emotions as. These studies have shown that employees with high Emotional Intelligence competencies have better job performance 

than employees with low Emotional Intelligence competencies. 
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Abstract: This study mainly focuses in implementing 5S technology. 5sis a systematic Japanese technology namely the five basic 
elements of 5s are Seiri (Sorting and Prioritizing), Seiton (Set in order), Seiso (Shining), Seiketsu (Standardize), Shitsuke (Self 
Discipline).Which is implemented in an organization to increase the productivity, performance level, minimizing the wastage 
produced in an organization and improving the total quality of products and services. And its main task is to create an highly 
efficient and clean environment in an organization. The study also analysis the 5s standard implemented in an organization and 
the effectiveness to increase the overall productivity and quality of products. It also involves Measuring the organizational 
factors that influences the effectiveness of 5s audit. And also identifying the factor affecting the job performance. 
Keywords: 5s, Job performance, Total quality Management,  

I. INTRODUCTION 
The 5s technology came from Japan it is a collection of 5simple rules and same time it is a tool that allows you to control the 
workplace visually.  
Its comes under five basic Japanese name Seiri, Seiton, Seiso, Seiketsu, Shitsuke. This are all the five steps which is implemented in 
an organization to control and reduce the waste of product. Better way to supply a product regular and without reducing the quality 
of product to the customer. 

A. Seiri 
In an organization Seiri is process of removing the unnecessary item if not needed in the workplace. Storing is an important 
technique to transform cluttered workplace layout into an effective area. In industry if an item is not needed remove that thing and 
provide some area to place it. It may improve efficiency and safety to an organization and reduce working time. 

B. Seiton 
Seiton is process of keep an certain document in particular order. And allocate required space to keep the tool. An order of arrange 
necessary item in specified marked places it may easily and return after use. It may useful for employee working in an organization 
and easy to do an routine work regularly. The main benefit is the searching time will be reduce and there is no human energy waste 
or inventory.  
Speed identification of objects can be obtained by labelling in all the area and drawing line and also outlining the highlight area.  

C. Seiso 
It helps to keep the place clean and neat. In an organization while end of each shift each and every machinery should cleaned as per 
the schedule. Using that schedule timing cleaning process will done day by day. It may create the effective environment and 
increases the safety of employee. Daily cleaning floor, machinery and equipment benefit to employee health condition. 

D. Seiketsu 
It refers employee to maintain standard of organization by keeping everything clean and orderly at all times. Standardize work 
practices or operation in a consistent and standardized level. Adequate cleaning tool evident to clean the organization with shiny 
clean and free of waste. And visualizes the set of photographs to set standards. 5s audits to drive success in an organization. 
Standards should be very communicative, clear and easy to understand. Its aim of assuring all the easy access, obligatory standards 
should be found in constant and visible places.  
For Example: Book – keeping, customer service, human resources. 
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E. Shitsuke  
It is an implementing the idea of 5s concept of self-discipline connected with implementing and work under obeying rules not 
harmful to anyone and to maintain proper order follow the process and also be open to improvement. Complete related to goal-
oriented process and resulting feedback is necessary in monthly bases in an organization. And it increases in awareness among the 
employee, decrease of errors and wastage and improvement in communication among staff and employee relations in an 
organization. 

II. REVIEW OF LITERATURE 
Shanmuganathan, S. ThiriveniSripriya, A.S.Sathishkumar(2014) has done their research on Employee option towards 5S  
Implementation in PGC Textiles Corporation (p) limited, Thirupur.  The study is focused on various activities adopted during 
implementation of 5S with the contribution and support by their employees.  The research is done through questionnaire method by 
considering major factors such as productivity, environmental performance, quality improvement and health and safety standards in 
the work place.  The evaluation of 5S practice enables each company to  identify their potential level of quality improvement and 
success factors for their sustainability in a competitive global market The researcher demonstrates clearly that the 5S practice  is 
seen as an effective technique and also the full benefits of the 5S cannot be  experienced in the manufacturing sector until all the 
obstacles associated with implementation of the technique are recognized and understood fully. 
Ravi Chourasia, Dr. ArcharaNema  (2016)  has reviewed the implementation of 5S methodology in the service sector and it is 
concluded  that efficient use of 5S in an organization  provides  a safe environment.  Optimal utilization of space and leads to 
improved quality.   
The researchers that various service industries such as hospitals, hotels, banks and higher education have utilized the principles and 
tools of loan to increase their competitiveness.  The study reveals that 5S technology reduces the service time and increase customer 
satisfaction and also helps to increase the coordination between employees and improvement of staff productivity. The 5S describes 
now items are stored and how the new order is maintained.  The 5S methodology provides a basis to create an organizational culture 
and start working with continuous improvement criteria.  The study has also reviewed that the success of the 5S program can be 
attributed to the strong cooperation and active involvement of all staff members of the organization. 
Richa Sharma, Jagtar Singh (2015) has studied the “Impact of implementing Japanese 5S practices on total productive maintenance.  
5S technique helps to organize a work place for efficiency and decrease wasting and optimize quality and productivity  via 
monitoring an organized environment .  5S execution is an essential prerequisite of implementation of Total Productive 
Maintenance.  This study explicate the relation between 5S and pillars of TPM. 
5S is an effective total which strongly supports the objectives of TPM implemented organization to achieve continuous 
improvement and higher performance.  The study also demonstrates that there are obstacles in the effective implementation of the 
5S in TPM implemented industries the most significant barriers identified are related to lack of communication and gap between the 
top management and shop floor employees and also the lack of training and consciousness will influence the poor results in 
managing the resources.  The researchers concludes in this study that all 5S principles affects TPM directly or indirectly. 
ShekharSahu, Lakhanpatidar, Pradeep kumarSoni (2015) done an analysis on “5S Transfusion to Overall Equipment Effectiveness 
(OEE) for enhancing manufacturing productivity “.  Integrated concept is used in this study with an objective to create a systematic, 
clean and tidy workplace and improve overall equipment effectiveness, quality, Employees satisfaction so that manufacturing 
productivity of increasing can be improved.  The researchers contributed to identify the relationship among 5S, OEE and 
manufacturing productivity as a conceptual model.  This model will help industry to have better model understanding on the 
relationship between three techniques and step by step implementation to improve manufacturing productivity.  The researchers 
used three hypotheses regarding the relation among 5S, overall equipment effectiveness and manufacturing productivity.  Also 
researchers expect this study as a seed to investigator for successful implementation of  OEE  in large as well as small industries. 

III. OBJECTIVE OF THE STUDY 
A. Data Sources 
1) Primary Objective: To Evaluate the effectiveness of 5s technology implemented in Enbest pumps private limited. 
2) Secondary Objective 
a) To identify the benefits gained by implementing 5s technology  
b) To define and study the nature of 5s technology.  
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IV. RESEARCH METHODOLOGY 
The Research Methodology is a way to solve a research problem systematically it Is a science of studying how research is done 
scientifically.  It is the procedure by whichthe researcher go about their work of describing evaluating and predicting phenomenon.  
It aims to give the work plan of research. Research methodology marks but the technique used for the study. Which includes source 
and method of a date collection and tool used for analysis. 
This chapter describe the details of methodology which has been applied to known the effectiveness of 5s technology 
implementation in Besten pumps. 
The research process consists of the number of selected steps, which are essentially independent. The collection of facts and 
information will be followed by processing using scientific technique and tools to survive at a reasonable conclusion. The research 
design used in the study in descriptive in nature. 

A. Research Design  
A research design is the arrangement of conditions for the collection and analysis of data in a manner that aims to combine 
relevance to the research purpose with economy in procedure. In fact the research design in the conceptual structure with in which 
research in conducted. There are many research design and this research is based on descriptive research design.  
A descriptive research design has been undertaken in order to ascertain and be able to descriptive the effectiveness of 5s technology 
implemented in Enbest Pumps Private Limited. 

B. Data Sources 
1) Primary Data: Primary data are those which are collected a fresh and for the first time and thus happen to be original in 

character. Primary data can be collected after either through experiment or though survey.  
2) Secondary Data: The Secondary data on the other hand are those which have already been collected by someone else and which 

have already been passed through the statistical process. The secondary data was collected through company profile, website 
and other databases of the company. 
 

C. Population, Sample Unit, Sample Size 
There are over 850 people are in Enbest Pumps (India) Private Limited. The data has been collected by the researcher from the 
employee working in Enbest pumps Private Limited. Sample Size mean the number of individual taken for the observations used in 
the survey or experiment. The sample size selected was 120. 

D. Tools For Data Analysis.  
An interview schedule was the main tool used to collect the primary data from the selected sample respondents.  
Simple percentage method was used to analyze the data collected through interview schedule. 

V. DATA ANALYSIS AND INTERPRETATION 
A. Descriptive Statistics  
This chapter deals with the descriptive and statistical analysis of the primary data collected from the customer who visited apparel 
retail store. The hypotheses drawn by the researcher are confirmed with the support of statistical tools and results are inferred.  
Percentage analysis is a simple statistical instrument which is widely used in analysis and interpretation of primary data. It deals 
with the number of Respondents’ reply to a questionnaire in percentage attained from the total population nominated for the study. It 
is one of the simple forms of analysis which helps the researcher to realize the outcome of the research. 

Demographic Profile Count Column N % 

Age 

Below 25 17 14.2% 
26-35 32 26.0% 
36-45 33 27.0% 
46-55 23 19.2% 

Above 56 16 13.3% 

Gender 
Male 84 70.0% 

Female 35 29.2% 
Marital Yes 100 83.3% 

Page 2225 of 3066Page 2225 of 3066



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 8 Issue VIII Aug 2020- Available at www.ijraset.com 
     

©IJRASET: All Rights are Reserved 904 

Status No 20 16.7% 

Year of 
Experience 

Below 1 Year 8 6.7% 
2-5 year 25 20.8% 
6-10 year 32 26.7% 
11-15 year 24 20.0% 

Above 15 year 31 25.8% 

Monthly 
Income 

Below 10000 10 8.3% 
11000-15000 24 20.0% 
16000-25000 31 25.8% 
21000-25000 24 20.0% 
Above 25000 31 25.8% 

 

  Table 4.1 Shows that, 27.0% of the respondents belongs to be age group between 26-35 years and 36-45 year 13.3% of the 
respondents belongs to the age group 55. Shows that 70.8% of the respondents are male and 29.2% of the respondents are female. 
27% of the respondents have experience of 6-7 years, 26% of the respondents have experience above 15 year, 21% of the 
respondents have experience of 11-15 years, 6% of there have experience below 1 year. 26% of the respondents belongs to monthly 
income of 16000-20000 and above 25000, 20% of the respondents belongs to monthly income of 11000-15000 and 10000-25000 
8% of them belongs to below 10000. 48% of the respondents agree, 37% of the respondents are very good, 14% of the respondents 
are Average and 1% of the respondents bad that the floor are is free from unwanted item. 

B. Simple Percentage Analysis 

First 'S' Seiri VB 
% 

B 
% 

A 
% 

G 
% 

VG 
% 

X 
 

∑ 

The floor area is free from 
unwanted items? 

% 17 
0.8 
% 

57 
47.5 
% 

45 
47.5 
% 

45 
37.5 
% 

4.00 .71 

Tops and insides of all cupboards, 
shelves, tables, etc. free from 
unwanted items? 

2 
1.7 
% 

5 
4.2 
% 

19 
15.8 
% 

53 
44.2 
% 

41 
34.2 
% 

4.00 .91 

All the items stored according to 
frequency of use? 

0 
0.0 
% 

1 
0.8 
% 

11 
9.2 
% 

64 
53.3 
% 

44 
36.7 
% 

4.00 .65 

All the walls are free from old 
posters, calendars, notices, etc.? 

0 
0.0 
% 

2 
1.7 
% 
 

11 
9.2 
% 

55 
45.8 
% 

52 
43.3 
% 

4.00 .71 

General clutter free appearance. 1 
0.8 
% 

3 
2.5 
% 

9 
7.5 
% 

57 
47.5 
% 

50 
41.7 
% 

4.00 .71 

Unused machines or other 
equipment around is removed. 

1 
0.8 
% 

2 
1.7 
% 

20 
16.7 
% 

48 
40.0 
% 

49 
40.8 
% 

4.00 .83 

Obvious items have been marked as 
unnecessary. 

0 
0.0 
% 

2 
1.7 
% 

34 
28.3 
% 

46 
38.3\ 
% 

38 
31.7 
% 

4.00 .82 

.  
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1) Inference: Table 4.2 Shows that, 47.5% of the respondents says good , 37.5% of the respondents are very good, 14.2% of the 
respondents are Average and 0.8% of the respondents bad that the floor are is free from unwanted items. 34.2% of the 
respondents are very good, 15.8% of the respondent are average, 0.8% of the respondents are bad and none of the respondents 
are very bad that tops and insides of all cupboards, shelves, tables are free from unwanted items. 53.3% of the respondents says 
good, 36.7% of the respondents are very good, 9% of them are told average, 0.8% of them bad and none of them are very bad in 
condition that all the items are stored according to the frequency of use.  46% of the respondents are says very good in 
condition, 44% of the respondents says good, 9% of them are average, 1% of them are bad and none of them very bad that all 
the walls are free from old posters, calendars, pictures and notices. 47% of the respondents were says good, 42% of the 
respondents says very good in condition, 7% of them are says average, 3% of them says bad and 1% of them told very bad in 
condition that general cuttler free is appeared. 41% of the respondents told very good in condition,40% of the respondents are 
says good, 17% of the respondents are average, 1% of them bad and 1% of them are very bad in condition that was unused 
machine or other equipment around are removed. 38% of the respondents are good, 32% of the respondents were says very  
good in condition, 28% of them are average, 2% of them says bad in condition and none of them says very bad in condition that 
items marked as unnecessary is obvious. 
 

C. CHI Square Test for Storage of Materials According to Frequency of Use and General Clutters Free Appearance. 

Chi-Square Tests 

 Value df Asymptotic Significance (2-
sided) 

Pearson Chi-Square 22.798a 12 .029 
Likelihood Ratio 16.485 12 .170 

Linear-by-Linear Association .098 1 .754 
N of Valid Cases 120   

 

1) Inference: Since the calculated value (P) is less than the level of significance (5%), we reject null hypothesis and accept 
alternative hypothesis. Hence it is inferred that there is a significant relationship between storage of material according to 
frequency of use and general clutter free appearance.  
 

D. Correlation Between Standardization of 5S and Regular Inspect of 5S. 
Correlations 

 Are all 5 S 
procedures 
standardiz

ed. 

Standard check lists used to 
regularly inspect 5 S. 

Are all 5 S 
procedures 
standardized 

Pearson 
Correlation 1 .228* 

Sig. (2-tailed)  .012 
N 120 120 

Standard check 
lists used to 
regularly 
inspect 5 S. 

Pearson 
Correlation 

.228* 1 

Sig. (2-tailed) .012 Sig. (2-tailed) 
N 120 120 

 
1) Inference: Since the calculated value (P) is less than the level of significance, we reject null hypothesis and accept alternative 

hypothesis. Hence it is inferred that there is a inter connection between standardization of 5s procedures and regular impact of 
5s. 
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E. Regression 
Display of Machines and Tools Cleaning Schedule & Display of Regular Cleaning Schedules 

ANOVA 
Model Sum of Squares Df Mean Square F Sig. 

1 

Regression 1.460 1 1.460 3.956 .049b 

Residual 43.532 118 .369   

Total 44.992 119    

a. Dependent Variable: Cleanliness and maintenance schedules of Machines, equipment, tools, furniture maintained at a high level 
of displayed? 

b. Predictors: (Constant), Cleaning schedules are available and displayed? 

 
1) Inference: Since the calculated value (P) is less than the level of significance (5%), we reject null hypothesis and accept 

alternative hypothesis. Hence it is inferred that there is a impact between display of machines & tools cleaning schedule and 
display of regular cleaning schedules. 
 

F. Weighted Average 

Rank VG G A B VB Total Weighted Average 
2 5.513308 3.878327 0.570342 0.038023 0 526 4.383 
3 5.029014 4.255319 0.638298 0.077369 0 517 4.308 
4 5.339806 3.495146 1.165049 0 0 515 4.291 

Overall opinion of the factor: Statistically Average 

Inference: The above table shows that the weighted score overall total for rank 2 is 526 in that 5.5% of the respondents says very 
good opinion, 3.8% of them says good, 0.5% of the respondents says average opinion and none of the respondents says bad or very 
bad opinion and 4.38 is an overall weighted average for rank 2. 

VI. FINDING OF THE STUDY 
A. Percentage Analysis 
1) It was found that 27% of the respondents belong to the age group of 26-45 
2) It was found that most 71% of the respondents of Enbest pumps private limited are male 
3) 84% of the respondents working in Enbest pumps private limited are married 
4) 27% of the respondents have work experience of 6-10 years  
5) It was found that 26% of the respondent monthly income is Between 16000-20000 and above 25000. 
6) 48% of the respondents says good  that the floor area is free from unwanted items. 
7) 44% of the respondents says good that all cupboards, helves, table are free from unwanted items  
8) It was found that 53% of the respondents says good that items are stored according to the frequency of use. 
9) 46% of the respondents says very good in conditions of walls are free from old posters, calendars pictures. 
10) 47% of the respondents says good opinion that general cultter free is appeared in organization. 
11) It has found that 41% of the respondents were told very good opinion that the unused machines or other equipment around them 

are removed. 
12) 38% of the respondents says Good that the item that has been marked as unnecessary is obvious. 
13) Most 46% of the respondents says good that direction indicators are available to facilitate from the entrance onwards. 
14) It was found that 43% of the respondents says very good opinion that items of equipment have identification labels 
15) Above 55% of the respondents says good that all rooms, cubicles and similar areas are clearly numbered for easy identification. 
16) Most 53% of the respondents says Good that specific areas have been demarcated for garbage or rejected items. 
17) 46% of the respondents says Good that all switches, fans, regulators, control are labels for easy accessibility.  
18) 48% of the respondents says good opinion that the color coding method is used effectively for easy identification 
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19) Mostly 41% of the respondents says good opinion that the general orderliness of the materials is appeared respectively. 
20) 39% of the respondents says very Good and that the documents are identified without delay as it arranged by SEITON 

technique. 
21) Most 45% of the respondents says very good that the schedules for cleaning is available and displayed. 
22) Most of the respondents (45%) says very good that the floor, walls are maintained at a high level of cleanliness  
23) Only 47% of the respondents says very Good opinion that the cleanliness and maintenance schedules of machines, equipment 

are displayed. 
24) About 48% of the respondents says very Good that general cleanliness is appeared  
25) It was found that 41% of the respondents says good opinion that adequate were use of cleaning tools are evident. 
26) 46% of the respondents says Good that the floors of their surroundings are kept shiny clean and free of waste, water, oil. 
27) It is found 85% of the respondents says good that there is a person for overseeingthe cleaning operation. 
28) Most 47% of the respondents are saysgood that all the 5S procedures are standardized in the organization for its effective 

functioning. 
29) Almost 53% of the respondents says Good that standard checklist are followed regularly to inspect 5s for its updating. 
30) It was inferred that 52% of the respondents says good that the labels, notices of besten pumps are standardized  
31) It was found that 47% of the respondents says Good that the isles/gangways have a standard size and color. 
32) It was found that 47% of the respondents says Good that pipes are cable used for the manufacturing process are color coded. 
33) Most 44% of the respondents says very good opinion that the standard procedures are documented clearly and used actively as 

per SEIKETSU technique. 
34) 42% of the respondents says good opinion that the besten pumps organization has a system for how and where the 5s activities 

will be implemented. 
35) About 48% of the respondents says very good opinion that management provides support to 5s programme by recognition, 

resources, and leadership. 
36) It was found that 45% of the respondents says very good opinion that the first 3S of has become a part of the daily work in the 

organization. 
37) Mostly 92% of the respondents says good that the employee of besten pumps private limited shows positive interest in 5s 

activities. 
38) Only 45% of the respondents says very good opinion that the 5s posters and 5s points of work reminders are displayed all over 

the organization. 
39) 46% of the respondents says very Good that activity board is updated and reviewed regularly 
40) Whereas 37% of them says good and none of them says bad that updating of activity board. 

 
B. Suggestion 
From this research, it is suggested that the organization have to install a mechanism for evaluating the performance of the 5S 
initiatives among various teams and departments. 
The organization has to be aware with the factors that influence the employee's active involvement in 5S programme. 

VII. CONCLUSION 
5S techniques can be applied in any organization as it is simple and easy recognition. The Frist S makes assure that unwanted items 
are eliminated and reduce the searching time. It increases the space utilization and improve working environment. Second S result 
the easy way of storage and retrieval of the items. Third S helps the environment to be clean, safe and makes good impression for 
the visitors. Forth S gives the better workplace standards and visual control systems. Fifth S gives the achievement in development 
of team spirit and discipline. From this research it is revealed that 5S implementation is very useful, beneficial and applicable. 
According to the result from this research, performed in Beaten Pumps Private Limited, it is concluded that the implementation of 
5S technique is very effective and also improves the quality, efficiency and productivity of the organization. 
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Abstract: Retention strategies is the most important factor which highly influences the organization’s Performance and 

Productivity. Long term health and success of any organization depends upon the retention of key employees. Hence this 

study was carried out to investigate the how retention strategies plays a vital role among the employees of T & I projects 

ltd. According to Maertz & Campion (1998) stated “relatively less turnover research has focused specifically on how an 

employee decides to remain with an organization and what determines this attachment retention process should be studied 

along with quitting processes. Organization are facing the challenge of employee retention due to increased competition in 

the market. It is crucial for organization to hire competent employees to gain a competitive advantage in the market. 

However, retaining competent employee is more important than hiring. The decision of an employee to stay in the 

organization is effected by number of factors depending on a various elements like age, family situation, career and learning 

opportunities, mentoring and the external job market. Talented employees are asset of an organization .Retaining them is 

highly important for the long term growth of the organization, but the retention of employees has become the major problem 

in many of the organization. The cost of hiring new employee varies and it includes a wide variety of expenses such as 

advertisements, recruiter’s salaries and reimbursements of candidates’ expenses. Casual research design was adopted in 

this study. Totally 120 randomly selected employees from various departments has been selected as respondents to fill 

the questionnaire for this study. Findings of this study are only related to the employees of T & I projects ltd. 

 

Keywords: HR Practices, Employee Performance, Retention strategies. 

 

I. INTRODUCTION 

Retention strategies is the most important factor which highly influences the organization’s Performance and Productivity. Long term 

health and success of any organization depends upon the retention of key employees. Hence this study was carried out to investigate 

the how retention strategies plays a vital role among the employees of T & I projects ltd. According to Marts& Campion (1998) 

stated “relatively less turnover research has focused specifically on how an employee decides to remain with an organization and 

what determines this attachment retention process should be studied along with quitting processes. Organization are facing the 

challenge of employee retention due to increased competition in the market. It is crucial for organization to hire competent 

employees to gain a competitive advantage in the market. However, retaining competent employee is more important than hiring. 

To minimize employee attrition, confronted with problems of employee attrition, management has several policy options viz. 

changing (or improving existing) policies towards recruitment, selection, induction, training, job design and wage payment. Policy 

choice, however, must be appropriate for the precise diagnosis of the problem. Employee attrition attributable to poor selection 

procedures, for example, is unlikely to improve where the policy modification to focus exclusively on the induction process. 

Equally, employee attrition attributable to wage rates, which produce earnings that are not competitive with other firms in the local 

labour market is unlikely to decrease where the policy adjustment merely to enhance the organization’s provision of on-the job 

training opportunities. Effective employee retention is a systematic effort by employers to create and foster an environment that 

encourages current employees to remain employed by having policies and practices in place that address their diverse needs. In 

prominent Indian metros at least, there is no dearth of opportunities for the best in the business, or even for the second or the third 

best. Retention of key employees and treating attrition troubles has never been so important to companies. It is a fact that, retention 

of key employees is critical to the long-term health and success of any organization. The performance of employees is often linked 

directly to quality work, customer satisfaction, and increased product sales and even to the image of a company. Whereas the same 

is often indirectly linked to, satisfied colleagues and reporting staff, effective succession planning and deeply embedded 

organizational knowledge and learning. Given that there is increase in and indirect costs of labour attrition, therefore, management 

is frequently exhorted to identify the reasons why people leave organization’s so that appropriate action is taken by the management. 

 

II. Review of Literature 

(IzidorNwokocha& E. B. J. Iheriohanma 2012) Conducted study on Emerging Trends in Employee Retention Strategies in a 

Globalizing Economy in Nigeria. The paper argues that globalization has enhanced the mobility of labor, and has also accelerated 

the rate of employee turnover in organizations in Nigeria. This paper identifies the reasons for employee turnover of an organization. 

This study took into consideration the competitive business environment that is occasioned by globalization. The study proposes 
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that organizations in Nigeria should adopt certain critical sustainable trends in employee retention such as, establishment of strategic 

retention plan, involvement of employees in decision- making process, personalized compensation plan, career planning, training 

and development and creation of work flexibility and outsourcing. This is pertinent if these organizations want to catch up with 

the current demands of global economic needs which require the use of talented workforce to drive the fundamental changes and 

production processes that are taking place in work organizations globally. 

(Ahmed Imran Hunjra, Hassan Raza 

Irfan Ullah Munir 2014) conducted a study on The Role of Employee Retention and Employee Productivity on the Performance 

of Oil & Gas Sector of Pakistan. The objective of this study is to examine the association between the employee retention, and 

employee development along with organizational performance. this study provide the managerial professionalism which can be 

linked with the systems and its implementation is important for supporting the employees who belong to good environments and 

reveal that how can the system become more influential for the employees outcomes in terms of employee retention, productivity 

of employees for organizational performance and better outcomes. The employees’ outcomes can serve as a valuable predictor to the 

employee satisfaction for organization. It is compulsory that study is relevant to significant relationships to the employees retention, 

employees productivity concerning to organizational performance and outcomes. Employee retention as well as employee 

productivity is significantly related to organizational performance. 

(Harsimranjeet Kaur 2019) Conducted a study on Retention strategies: A Key to Improve Productivity. This paper is to critically 

analyze the past literature available related to retention strategies in an organisation and also discuss about the retention techniques. 

To increase the productivity of the organizations, the employers need to retain their best employees in the organization. As the cost 

on retaining the employees is less as compared to the cost of recruitingnew employees and training them. It has been recognized 

that there is a great deal of research hole inthe investigation identified with maintenance systems and profitability. 

(Diwakar Singh 2019) He reviewed a Literature Review on Employee Retention with Focus on Recent Trends. The objective of 

this study is to critically analyze the various works done in the field of employee retention and highlight factors responsible for 

employee departure and retention initiatives followed to retain them. As the study is descriptive in nature, a number of secondary 

sources are explored to synthesize the fragmented knowledge and present the literature review in a concise format. The literature 

review will present traditional retention techniques followed as well as contemporary techniques used to retain the employees. Also, 

more emphasis will be put on the factors such as leadership style of superiors, ability to exercise control with respect to decision-

making and problem-solving, desire for career advancement and skills development, flexible working and ever increasing aspiration 

on retention of key employees. 

(Ikechukwu Emmanuel IRABOR, Ugo Chuks OKOLIE 2019) Conduct a study on A Review of Employees’ Job Satisfaction and 

Its Affect on Their Retention. They says Securing and retaining skilled workforce play an important role for any organization, 

because the knowledge and skills of employees have become highly essential in gaining competitive advantage in today’s business 

environment. The objective of this paper was to examine the factors which affect the job satisfaction of employees. Determine the 

affect of job satisfaction on employees’ retention and suggest recommendations on possible ways to improve employees’ retention. 

And the essential of having a retention strategy, which is based on a well enunciated human resource management system. They 

stated main role of HR is to understand the critical issues of employee retention. factors that make them committed to serve their 

present organization. The findings of the study revealed positive correlation between employee retention and supervisor support, 

reward & recognition and work-life policies. The success and prosperity of an organization is hidden in its committed and dedicated 

employees. The analysis of the selected variable and their impact on employee retention will help organizations to implement and 

practice such factors to hold back its talent for a longer period of time. It was indicated in this research that all the chosen variables 

have a positive influence on employee retention. 

(Michael O. Samuel &CrispenChipunza 2009) Conducted a research on Employee retention and turnover: Using motivational 

variables as a panacea. The objective of this research is identify and establish the key intrinsic and extrinsic motivational variables 

being used by selected public and private sector organisations in retaining their employees; determine the extent to which the 

identified intrinsic and extrinsic motivational variables are influencing employees’ retention and turnover in the selected 

organisations; and make recommendations to management of the selected organisations on how to effectively retain employees and 

reduce turnover. The study adopted the cross-sectional survey research design, investigating the extent to which selected 

motivational variables influence employees’ decision to either remain or quit an organisation. The findings of the study suggest that 

certain variables are crucial in influencing employees’ decision to either leave or remain in an organisation. Such variables include 

training and development, recognition/reward for good performance, a competitive salary package and job security. 

(Melissa Rodrigues Ataide Silva 2019) Determinants of Employee Retention: A Study of Reality in Brazil the statistical findings 

have shown that in this sector the employee is better paid 
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(Shuana Zafar Nasir, Nasir Mahmood 2018) Conducted a study of Effect of Employee Retention on Organizational Competence. 

This study has been conducted to identify the impact of HRM practices on employee retention in higher education sector in Pakistan. 

The questionnaire was distributed to collect primary data, and it is directly conducted from the employees to identify the as he gains 

experience, and that the probability of friction is very high. Age and educational qualifications are relatively significant factors for 

retaining employees, and marital status had an expressive result in a third of respondents. Fair wages and performance- related 

incentives were the factors that emerged as most important in employee retention, as well as non-monetary factors related to 

organizational values and beliefs. 

III. OBJECTIVE OF THE STUDY PRIMARY OBJECTIVE 

The objective of the study is to know the role of retention strategies in employees performance among the employers of T&I projects 

limited. 

SECONDARY OBJECTIVE 

To identify the impact of work life policy in employee retention. 

To reveal the role of compensation in employee retention 

To exhibit the role ambiguity in employee retention. 

IV. RESEARCH METHODOLOGY Population 

There are over 350 people in T&I projects limited, Coimbatore. 

 

Sample Unit: 

 

The sample unit for the study is the employees of HR, Purchase, Marketing, Production departments in T&I projects limited, 

Coimbatore. 

Sample Size: 

 

I have taken totally 150 samples for the Research Study. 

Sampling Method: 

 

In this Project we are used in Stratified Random Sampling Method. Stratified random sampling is a method of sampling that involves 

the division of a population into smaller groups known as strata. In stratified random sampling or stratification, the strata are formed 

based on members' shared attributes or characteristics. 
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V. DESCPTIVE ANALYSIS 

 

Table 4.1.1 Demographic Profile. 

Demographic Profile Count Column N 

% 

 

 

Age 

Below 30 44 29.3% 

30-35 56 37.3% 

36-40 24 16.0% 

41-45 13 8.7% 

Above 45 13 8.7% 

Total 150 100.0% 

 

Gender 
Male 118 78.7% 

Female 32 21.3% 

Total 150 100.0% 

 

 

Salary 

10-15 K 12 8.0% 

15-20 K 33 22.0% 

20-25 K 84 56.0% 

25K Above 21 14.0% 

Total 150 100.0% 

 

 

Year of experience in 

this company 

0-3 Years 97 64.7% 

4-6 Years 44 29.3% 

7-10 Years 8 5.3% 

Above 10 

Years 
1 0.7% 

Total 150 100.0% 

 

 

Total work experience 

0-3 Years 45 30.0% 

4-6 Years 67 44.7% 

7-10 Years 31 20.7% 

Above 10 

Years 

7 4.7% 

Total 150 100.0% 

 

Interference: 

 

The above Table 4.1.1 shows a clear understanding of demographic profile of the respondents studied. It encloses the descriptive 

statistics of Age, Salary, Gender, Year of experience in this company, Total work experience of the T&I Projects Private Limited. 

 

The study shows that 37.3% of the respondents are 30-35 age group of the people, 29.3% of the respondents are below 30 age group 

of the people, 16% of the respondent 36-40 age group of the people, 8.7% of the respondent of the respondent are 41-45 age group 

of the people, Finally 8.7% of the respondents are 41-45 age group of the people working their organization, To be found that 78.7% 

of the respondents are male, 21.3% of the respondents are female in the organization. Then to finding 56% are the respondent was 

20-25 K bought the salary and 22% of the respondents are bought the salary 15K- 20K and 14% of the respondent are 25Above 

bought the salary, Finally 8% of the respondent was 10K-15K bought the salary from the organization. To finding the experience is 

64.7% are 0-3 Years and 29.3% are the respondent was 4-6 Years and 5.3% are the respondent was 7-10 years, Finally 0.7% of the 

respondents are Above 10 years working the experience, To be finding the total work experience 44.7% are 4-6 Years and 30% are 

the respondent was 0-3 Years and 20% are the respondent was 7-10 years, Finally 4.7% of the respondents are Above 10 years 

working the experience in their organization 
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Table 4.1.2 - Organizational Strategies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interference: 

 

Table 4.1.2 revealed that the mean score of Organizational Strategies during the study ranges from 3.77 to 4.74 and standard 

deviation score varies between 0.52 and 1.21 among the Organizational Strategies. The statement ‘Organizational Culture’ scores 

lower mean and higher standard deviation. The statement ‘Leadership and Retention’ scores higher mean and lower standard 

deviation score which reveals the effect of consistency on perception among the Organizational Strategies. 

 

ANOVA TEST 

 

ANOVA 

Job satisfaction 

 Sum of 

Squares 

Df Mean 

Square 

F Sig. 

Between 

Groups 
22.638 4 5.659 6.957 .000 

Within 

Groups 

117.955 145 .813   

Total 140.593 149    

 

Inference: 

Above the tables showed significant value is less than 0.05, So there is no significant relationship between Job satisfaction 

Variables. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Organization

al Strategies 

HD 

% 

D% N% 
 

S % 

 

HS 
% 

   

Σ X 

 

Leadership 

and Retention 

0 

0.0% 

1 

0.7 

% 

3 

2.0% 

30 

20.0 

% 

116 

77.3 

% 

 

4.7 

4 

 

.52 

 

Opportunity 

for Growth 

1 

0.7% 

1 

0.7 
% 

17 

11.3 
% 

109 

72.7 
% 

22 

14.7 
% 

 

4.0 

0 

 

.59 

 

Reward and 

Recognition 

0 

0.0% 

2 

1.3 

% 

31 

20.7 

% 

56 

37.3 

% 

61 

40.7 

% 

 

4.1 

7 

 

.80 

 

Job 

satisfaction 

2 

1.3% 

13 

8.7 
% 

38 

25.3 
% 

58 

38.7 
% 

39 

26.0 
% 

 

3.7 

9 

 

.97 

 

Organizationa 

l Culture 

14 

9.3% 

6 

4.0 
% 

28 

18.7 
% 

54 

36.0 
% 

48 

32.0 
% 

 

3.7 

7 

 

1.2 

1 
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CORRELATION TEST 

 

Correlations 

 Understanding 

the Employees 

needs 

Training and 

Development 

Opportunities 

Understanding 

the Employees 

needs 

Pearson 

Correlation 
1 .091 

Sig. (2- 

tailed) 

 .268 

N 150 150 

Training and 

Development 

Opportunities 

Pearson 

Correlation 

.091 1 

Sig. (2- 

tailed) 

.268  

N 150 150 

 

Inference: 

 

Above the tables showed significant value is more than 0.05, So there is significant relationship between Understanding the 

Employees needs and Training and Development Opportunities. 

REGRESSION 

Table. 4.4.1 

ANOVAa 

Model Sum of 

Squares 

df Mean 

Square 

F Sig. 

1 Regression 1.152 1 1.152 .969 .326 

Residual 175.941 148 1.189   

Total 177.093 149    

a. Dependent Variable: Promotions 

b. Predictors: (Constant), Challenging work Environment 

 

 

Coefficientsa 

 

 

Model 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

 

t 

 

 

Sig. 

B Std. 

Error 

Beta 

1 (Constant) 3.218 .424  7.583 .000 

Challenging 

work 

Environment 

.097 .099 .081 .984 .326 

a. Dependent Variable: Promotions 

Inference: 

 

Above the tables showed significant value is more than 0.05, So there is significant relationship between Promotions and 

Challenging work Environment variables. 

VI. CHAPTER Findings 

To be found that 37.3% of the respondents are 30-35 age group of the people, 29.3% of the respondents are below 30 age group of 

the people, 16% of the respondent  36-40  age respondent are 41-45 age group of the people, Finally 8.7% of the respondents are 

41-45 age group of the people working their organization. To be found that 78.7% of the respondents are male, 21.3% of the 
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respondents are female in the organization. To finding 56% are the respondent was 20-25 K bought the salary and 22% of the 

respondents are bought the salary 15K- 20K and 14% of the respondent are 25Above bought the salary, Finally 8% of the respondent 

was 10K-15K bought the salary from the organization. To finding the experience is 64.7% are 0-3 Years and 29.3% are the 

respondent was 4-6 Years and 5.3% are the respondent was 7-10 years, Finally 0.7% of the respondents are Above 10 years working 

the experience, To be finding the total work experience 44.7% are 4-6 Years and 30% are the respondent was 0-3 Years and 20% 

are the respondent was 7-10 years, Finally 4.7% of the respondents are, Above 10 years working the experience in their organization. 

 

To find that the mean score of Organizational Strategies during the study ranges from 3.77 to 4.74 and standard deviation score 

varies between 0.52 and 1.21 among the Organizational Strategies. The statement ‘Organizational Culture’ scores lower mean and 

higher standard deviation. The statement ‘Leadership and Retention’ scores higher mean and lower standard deviation score which 

reveals the effect of consistency on perception among the Organizational Strategies. 

 

To find that significant value is more than 0.05, So there is significant relationship between Encourage Learning and Development 

variables. 

Suggestion 

Based on the study the following suggestions are made the employees are not satisfied with recognition and performance appraisal 

provided by the organization. So, they should give some importance towards it. The group of the people, 8.7% of the respondent of 

the organization    must    give    proper    remuneration to the employees in order to retain them for a long period of time. 

The employees are feeling over burden towards the workload. Thus, the organization should focus on their smooth workload to 

reduce the stress on the employees. The relationship between employees and management has to improve. 

Conclusion 

Given the growing needs for organizations to retain its best employees in the face of competition, the findings of the study suggest 

that certain variables are crucial in influencing the employees’ decision to either leave or remain in an organization. Such variables 

include training and Development, recognition/reward for good performance, a competitive salary package and job security. 

Nonetheless, the importance of other variables should not be Under- estimated when formulating a retention policy. It is only a 

comprehensive blend of intrinsic and extrinsic motivational variables that can enhance retention and reduce the high rate of employee 

turnover in our various organizations. 
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Abstract : This study will examine the emotional imbalance of employee due to multi – role inconsistency and quality of work life balance 

of employees those who are working in TNPL, Karur. Q.W.L is any conscious effort for improving working conditions, work content, and its 

safety, security, wages and benefits, etc. Q.W.L can be said to be all the original inputs which aim at improving the employees’ satisfaction 

and enhancing organizational effectiveness Q.W.L is a concern not only to improve life at work, but also life outside work It is nothing but 

having a work environment where an employee’s activities become more important. The data has been collected from the women employees 

those who are working in TNPL, Karur with the sample size of 133 through Questionnaire method later the collected data were analysed 

using SPSS. The study found that the main purpose of work life balance of women employees is to boost them up to do their work effectively 

and efficiently. It is the employer’s responsibility to provide the good environment to the employees, which could not affect  them physically 

and mentally. 

KEYWORDS – QWL, Women Employees, Paper industry. 

I. INTRODUCTION 

Quality of work life refers to the level of happiness or dissatisfaction with one's career. Those who enjoy their careers are said to have a high 

quality of work life, while those who are unhappy or whose needs are otherwise unfilled are said to have a low quality of work life. Quality 

of working life has been differentiated from the broader concept of quality of life. To some degree, this may be overly simplistic, as Elizur 

and Shye, (1990) concluded that quality of work performance is affected by quality of life as well as quality of working life. However, it will 

be argued here that the specific attention to work-related aspects of quality of life is valid. 

Whilst quality of life has been more widely studied, quality of working life, remains relatively unexplored and unexplained. A review of the 

literature reveals relatively little on quality of working life. Where quality of working life has been explored, writers differ in their views on 

its core constituents. 

It is argued that the whole is greater than the sum of the parts as regards quality of working life, and, therefore, the failure to attend to the 

bigger picture may lead to the failure of interventions which tackle only one aspect. A clearer understanding of the inter-relationship of the 

various facets of quality of working life offers the opportunity for improved analysis of cause and effect in the workplace. This consideration 

of quality of working Life as the greater context for various factors in the workplace, such as job satisfaction and stress, may offer 

opportunity for more cost-effective interventions in the workplace. The effective targeting of stress reduction, for example, may otherwise 

prove a hopeless task for employers pressured to take action to meet governmental requirements. 

Quality of Work Life A multi-faceted concept It means having a work-environment where an employee’s activities become more important 

by implementing procedures or policies that make the work less routine and more rewarding for the employee There exists a relationship 

between Q.W.L and productivity  

Quality of Work Life Simply speaking, through Q.W.L the people involved get a sense of satisfaction in their work. Work then becomes not 

a burden but a means by which the abilities of a person can find expression Q.W.L is just humanizing the work Q.W.L = The sum total of 

physical (working conditions), psychological and economic factors which affect the job. 

II. REVIEW OF LITERATURE 

Explores the interface between work and family at different types of institutions from the perspective of women faculty who are on the tenure 

track and who are mothers of young children. Such a perspective provides insight into institutional variation on academic life in general, and 

for new faculty as mothers, in particular. A macro-view of the findings points to two major concerns, namely, time (and lack thereof) and its 

impact on the ideal worker norms that shape what it means to be a good mother and good professor at different institutional types, as well as, 

the idea of ‘choice’ as an illusion.  

Found that making use of at least one work-family policy helped academic mothers increase their productivity (without increasing their hours 

of work). But it also appears that this help is not treated as a needs-based entitlement.   

The presence of work-related stress and strain is viewed as a serious concern for faculty, particularly, newer and female faculty. It examined 

differences in levels of occupational stress and personal strain experienced by new and experienced female and male faculty. Results on the 

negative impact of role overload and avoiding coping on measures of personal strain are consistent with the literature and suggest the need 

for promoting different coping strategies in the academic workplace as well as working with faculty to help them prioritize and balance their 

daily workloads.  

Found that retention of female faculty is an important issue for higher education institutions aiming for excellence and diversity. The first 

step in understanding retention is to examine what contributes to career satisfaction for academic women.  

Model for conceptualizing faculty job satisfaction, the study identifies domains of environmental condition, departmental climate and 

demographics play a role in female faculty's overall career satisfaction. The Sultanate of Oman has a long-standing policy of human resource 

development through education and training, although the Omani higher education system is relatively young and is in its juvenile stages of 

development. The government is taking steady strides to enhance the quality, pervasiveness and robustness of the education system in the 

Page 2238 of 3066Page 2238 of 3066

http://www.ijrar.org/


© 2020 IJRAR August 2020, Volume 7, Issue 3                                  www.ijrar.org  (E-ISSN 2348-1269, P- ISSN 2349-5138) 

IJRAR19S1483 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org 828 
 

Sultanate. Although, a large number of studies are available on the growth and development of the higher education system, minimal 

research has been found on the human resource management issues related to teachers.   

Studied job satisfaction and organizational citizenship behaviour both from private as well public sectors in Oman. Another study  

Concluded that certain demographic variables such as age, tenure have bearing on job satisfaction and organization commitment.  

Conducted a study in Oman to test job satisfaction among school teachers of Oman, and in the school, turnover problems were checked.  

However, the researchers did not find any studies on work-life balance in Oman that focused specifically on the higher education sector. 

They have identified that higher education and training and development are the key to success. Human resource development is at the heart 

of the major strategies considered critical to the realization of the ‘Vision for Oman’s National Economy: Oman 2020’, which is the vision 

laid by the Sultanate. 

  
III. RESEARCH METHODOLOGY 

The research used in the project is Empirical method of research. The study used both primary as well as secondary data. The primary data 

was collected from the labour of TNPL. The study was conducted with the help of field survey technique among 133 employees in TNPL at 

Karur. The respondents were selected by simple random sampling. Well structured questionnaires were prepared and circulated among 

selected respondents 

METHOD OF DATA COLLECTION 

          There are two types of data collection. They are:  

 PRIMARY DATA  

 Primary data refers to the pure and the fresh data which are collected for the first time.  

 The primary data was collected from the response of the employee using questionnaire for this study. 

 SECONDARY DATA: 

 Secondary data refers to the data which are already collected by some researchers in the past and is available in published or 

unpublished form.  

 The secondary data for this study has been obtained from international journals and company websites. 

SAMPLE SIZE 

 The sample size for the present study is 120 

 TOOLS USED 

 Mean Analysis 

 Correlation Analysis  

IV. DATA ANALYSIS AND INTERPRETATION  

DATA ANALYSIS 

DESCRIPTIVE STATISTICS  

Table No. 5.1 Demographic Profile 

Demographic Profile Categories Number  Percentage 

Age 

18-25 years 22 16.5% 

26-35 years 42 31.6% 

36-45 years 38 28.6% 

46-55 years 25 18.8% 

56-65 years 6 4.5% 

Marital Status 

Single 38 28.6% 

Married 81 60.9% 

Separated 4 3.0% 

Widowed 10 7.5% 

Number of Children 

0 children 49 36.8% 

1 children 18 13.5% 

2 children 47 35.3% 

3 children 16 12.0% 

3 & Above 3 2.3% 

Designation 

Manager 13 9.8% 

Supervisor 42 31.6% 

Employee 53 39.8% 

Foreman 25 18.8% 

Experience 

Below 1 year 14 10.5% 

1-2 years 43 32.3% 

2-3 years 43 32.3% 

Above 3 years 33 24.8% 

  

The above table shows that, 31.6% of the respondents are Age group between 26-35 years, 28.6% of the respondents are Age group 

between 36-45 years, 18.8% of the respondents are Age group between 46-55 years, 16.5% of the respondents are Age group between 18-25 

years and remaining 4.5% of the respondents are Age group of 56-65 years. It is majority 31.6% of the respondents are Age group between 

26-35 years. The above table shows that, 60.9% of the respondents are Married person, 28.6% of the respondents are Single person, 7.5% of 

the respondents are widowed person and remaining 3% of the respondents are Separated category.  The above table shows that, 36.8% of the 

respondents are having No children, 35.3% of the respondents are having 2 children’s, 13.5% of the respondents are having 1 children, 

12.0% of the respondents are having 3 children’s and remaining 2.3% of the respondents are having 3 & Above children’s. It is  Majority 

36.8% of the respondents are having No children. The above table shows that, 39.8% of the respondents are Employee, 31.6% of the 

respondents are Supervisor, 18.8% of the respondents are Foreman and remaining 9.8% of the respondents are Manager. It is Majority 39.8% 
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of the respondents are Employee. The above table shows that, 32.3% of the respondents are 1-2 year experience, 32.3% of the respondents 

are 2-3 year experience, 24.8% of the respondents are Above 3 year experience and remaining 10.5% of the respondents are Below 1 year 

experience. It is Majority 32.3% of the respondents are 1-2 years and 2-3 year experience. 

 

CORRELATION ANALYSIS  

Table No 5.2 Work Life Balance Benefits 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The table below shows the correlation value among independent, mediating and dependent variables indicate a substantial significant 

relationship with each other. It can be found that Family demand is highly influenced by Work wanted with a correlation value of 0. 375. 

Doing things work have a 0.427correlation on working time. Lowest correlation value in the table is between Work wanted and Working 

time with -0.210. 

  Table No 5.3 Work-Family Conflict 

 

The table below shows the correlation value among independent, mediating and dependent variables indicate a substantial significant 

relationship with each other. It can be found that Job taking time is highly influenced by Family Duties with a correlation value of 0.326. 

Work inter fear demand have a 0.320correlation on Working time. Lowest correlation value in the table is between Work inter fear demand 

and Plan Change with -0.003. 

 

 

 

 

 

 

 

 

 

Correlations 

 Family 

demand 

Doing 

things work 

Work 

wanted 

Working 

time 

Job 

related 

duties 

Family demand 

Pearson Correlation 1 .117 .375** .026 -.044 

Sig. (2-tailed)  .181 .000 .765 .619 

N 133 133 133 133 133 

Doing things work 

Pearson Correlation .117 1 -.095 .427** .025 

Sig. (2-tailed) .181  .279 .000 .775 

N 133 133 133 133 133 

Work wanted 

Pearson Correlation .375** -.095 1 -.210* -.022 

Sig. (2-tailed) .000 .279  .015 .806 

N 133 133 133 133 133 

Working time 

Pearson Correlation .026 .427** -.210* 1 -.021 

Sig. (2-tailed) .765 .000 .015  .810 

N 133 133 133 133 133 

Job related duties 

Pearson Correlation -.044 .025 -.022 -.021 1 

Sig. (2-tailed) .619 .775 .806 .810  

N 133 133 133 133 133 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

Correlations 

 Work inter fear 

demand 

Job taking 

time 

Job demand Fulfill 

Family 

Duties 

Plan 

Change 

Work inter 

fear demand 

Pearson Correlation 1 .103 .320** .067 -.003 

Sig. (2-tailed)  .239 .000 .445 .977 

N 133 133 133 133 133 

Job taking 

time 

Pearson Correlation .103 1 -.044 .326** .292** 

Sig. (2-tailed) .239  .612 .000 .001 

N 133 133 133 133 133 

Job demand 

Pearson Correlation .320** -.044 1 -.271** .138 

Sig. (2-tailed) .000 .612  .002 .114 

N 133 133 133 133 133 

Fulfill Family 

Duties 

Pearson Correlation .067 .326** -.271** 1 -.032 

Sig. (2-tailed) .445 .000 .002  .714 

N 133 133 133 133 133 

Plan Change 

Pearson Correlation -.003 .292** .138 -.032 1 

Sig. (2-tailed) .977 .001 .114 .714  

N 133 133 133 133 133 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table No 5.4 Work Satisfaction 

Correlations 

 Happy with 

work 

Leaving the job Satisfied my 

work 

Happy with work 

Pearson Correlation 1 .098 .112 

Sig. (2-tailed)  .264 .199 

N 133 133 133 

Leaving the job 

Pearson Correlation .098 1 .097 

Sig. (2-tailed) .264  .267 

N 133 133 133 

Satisfied my work 

Pearson Correlation .112 .097 1 

Sig. (2-tailed) .199 .267  

N 133 133 133 

 

The table below shows the correlation value among independent, mediating and dependent variables indicate a substantial 

significant relationship with each other. It can be found that Happy with work is highly influenced by Satisfied my work with a correlation 

value of 0. 112 Leaving the job have a 0.098correlation on Happy with work. lowest correlation value in the table is between Leaving the job 

and Satisfied my work 0.097. 

 

 

Table No 5.5 Psychological Health 

The table below shows the correlation value among independent, mediating and dependent variables indicate a substantial 

significant relationship with each other. It can be found that Lost much sleep is highly influenced by constant strain with a correlation value 

of 0.461 constant strain have a 0. .214 correlation on Enjoy day to day activities. Lowest correlation value in the table is between Losing 

confidence and Worthless person 0.029 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correlations 

 Lost much 

sleep 

Constant 

strain 

Enjoy day2 

day activities 

Losing 

confidence 

Worthless 

person 

Lost much sleep 

Pearson 

Correlation 
1 .461** .263** .164 -.173* 

Sig. (2-tailed)  .000 .002 .060 .047 

N 133 133 133 133 133 

constant strain 

Pearson 

Correlation 
.461** 1 .214* .279** .044 

Sig. (2-tailed) .000  .014 .001 .618 

N 133 133 133 133 133 

enjoyday2dayacti

vities 

Pearson 

Correlation 
.263** .214* 1 -.098 .118 

Sig. (2-tailed) .002 .014  .261 .174 

N 133 133 133 133 133 

Losing 

confidence 

Pearson 

Correlation 
.164 .279** -.098 1 -.029 

Sig. (2-tailed) .060 .001 .261  .740 

N 133 133 133 133 133 

Worthless person 

Pearson 

Correlation 
-.173* .044 .118 -.029 1 

Sig. (2-tailed) .047 .618 .174 .740  

N 133 133 133 133 133 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table No 5.6 Family-Work Conflict 

Correlations 

 Family demand Doing 

things work 

Work wanted Working time Job related 

duties 

Family demand 

Pearson Correlation 1 .117 .375** .026 -.044 

Sig. (2-tailed)  .181 .000 .765 .619 

N 133 133 133 133 133 

Doing things work 

Pearson Correlation .117 1 -.095 .427** .025 

Sig. (2-tailed) .181  .279 .000 .775 

N 133 133 133 133 133 

Work wanted 

Pearson Correlation .375** -.095 1 -.210* -.022 

Sig. (2-tailed) .000 .279  .015 .806 

N 133 133 133 133 133 

Working time 

Pearson Correlation .026 .427** -.210* 1 -.021 

Sig. (2-tailed) .765 .000 .015  .810 

N 133 133 133 133 133 

Job related duties 

Pearson Correlation -.044 .025 -.022 -.021 1 

Sig. (2-tailed) .619 .775 .806 .810  

N 133 133 133 133 133 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

The table below shows the correlation value among independent, mediating and dependent variables indicate a substantial significant 

relationship with each other. It can be found that Doing things work is highly influenced by working time with a correlation value of 0. 427. 

Work wanted have a 0.375 correlation on Family demand. Lowest correlation value in the table is between Working time and Job related 

duties -0.021 

 

Table No 5.7 Family Satisfaction 

 

Correlations 

 
Way of 

Family life 

Family life 

Conditions 

Satisfaction of 

Family life 

Important 

Thinks 
Live Family life 

Way of Family 

life 

Pearson Correlation 1 .122 .518** .168 .174* 

Sig. (2-tailed)  .163 .000 .053 .045 

N 133 133 133 133 133 

Family life 

Conditions 

Pearson Correlation .122 1 .098 .431** .207* 

Sig. (2-tailed) .163  .264 .000 .017 

N 133 133 133 133 133 

Satisfaction of 

Family life 

Pearson Correlation .518** .098 1 .134 .379** 

Sig. (2-tailed) .000 .264  .124 .000 

N 133 133 133 133 133 

Important 

Thinks 

Pearson Correlation .168 .431** .134 1 .146 

Sig. (2-tailed) .053 .000 .124  .094 

N 133 133 133 133 133 

Live Family life 

Pearson Correlation .174* .207* .379** .146 1 

Sig. (2-tailed) .045 .017 .000 .094  

N 133 133 133 133 133 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

The table below shows the correlation value among independent, mediating and dependent variables indicate a substantial significant 

relationship with each other. It can be found that Way  of Family life is highly influenced by Satisfaction of Family life with a correlation 

value of 0.518 Important Thinks have a 0.431correlation on Family life Conditions. Lowest correlation value in the table is between Family 

life Conditions and Satisfaction of Family life 0.098 
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IV.  SUGGESTIONS AND CONCLUSION 

SUGGESTION 

 The compensation package must be improved further  

 It should be given opportunities to develop their career  

 Organization should give proper instruction to complete the job effectively 

 There must be improvement in rewarding and awarding policies.  

 It must be introducing of promotion policy at operation level. 

 It needs to provide high motivation from the top management of the company. 

 There must be mutual relationship with co-workers  

 It needs to provide special training from the company to their job during work period. 

 The company should discuss with the women employees in taking any important decision that makes them to involve in 

their work fully. 

 Work pressure given to employees should be at the normal. 

CONCLUSION  

In every organization, Human Resource is the vital resource which could raise the productivity, goodwill and quality of standards of the 

company. The main purpose of work life balance of women employees is to boost them up to do their work effectively and efficiently. It is 

the employer’s responsibility to provide the good environment to the employees, which could not affect them physically and mentally. A 

magnificent building is strong if a foundation is strong, so also company performance depends upon the contribution made by its employees 

with an esteemed and well established name, and it is widely found obstacle such as with commitment and determination of the TNPL Mill at 

Karur can successfully overcome this obstacle to attain success. This research highlights some of the small gaps in employee’s satisfaction 

towards the TNPL Mill at Karur. The company aims to promote the peaceful industrial relations and good organization which is highlighted 

by management and the employees. Since employees are the backbone of the company, company should satisfy them in order to improve the 

business in the higher competitive market of the liberalized economy. 
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Abstract: Demonetization is the act of stripping a money unit 

of its position as legal tender. It is essential, whenever there is 

a change of national money. The older unit of money must be 

retired and replace with a new money unit. This paper 

suggest the positive impact of Demonetarization on Electronic 

payment by providing numerical data on how the volumes of 

transaction increased during the period in which 

Demonetarization was implemented in India. 
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I. Introduction 

 
Electronic payment system refers to the mode of payment of 

which does not include physical cash or cheque. It includes 

debit card and credit card, smart card, e-wallet, etc. Both 

consumers and service providers can benefits from E Payment 

system leading to increase national competitiveness in long 

run. The successful implementation of electronic payment 

system depends on how the security features are provided by 

the service provider and protects the consumer from loss of 

personal data and fraudulent activities. 
 
E-Commerce is the procurement and transaction of things and 

services,the distribution of money’s or report, over an online 

network, primarily the internet. These Business dealings take 

place either as Business to Business (B2B), Business to 

Consumer (B2C), Consumer to Consumer (C2C) and 

Consumer to Business (C2B). The terms e-commerce, online 

commerce, internet commerce are various terms that are used 

interchangeably. 
 
E-Business is the behaviour of business dealings on the 

internet. These online business dealings include procurement 

and transaction crop, servicing consumers; processing 

payment; handling and manufacture control; cooperating with 

business collaborators; distribution of knowledge; passing 

automatic worker services; employing and more. 
 
The leverage of online payments is not only for E-Business but 

also for economy where demonetization has been implemented 

online payment comes as rescue. Demonization is an essential 

monetarist stair in which a money unit’s status as a legal tender 

 
 
 
is inveterate unacceptable. This is regularly done whenever, 

there is a change of national money, exchanging the old unit 

with a new one. For suchstep, were taken in few countries for 

example India, Europe and Singapore. 
 
Review of Literature 
 
(Jiaqin Yang, 2005) This paper discusses the current trend and 

improvement of online-banking for small and group of people 

banks in rural areas through a case study. The purpose of online-

banking of several local banks in rural areas are successfully 

careful and observed. The searching of objective is to examine the 

trends and level of the occurrence of online banking mainly 

focusing on some increasing argument and challenge. 
 
(Pawar, Jan 2017) E-Commerce marketplace is amazingly 

increasing all over the world. Due to enlarge in online business 

operation, Debit or Credit card fraud and Personal Information 

and safety measuresare major concern for customers, merchants 

and banks. This paper presented a new progress for offering 

limited announcement only that is required for fund transfer 

during online shopping thereby preserves the customer data, 

improving customer assurance, avoiding identity and theft. A 

novel family of graphical password systems built on top of 

CAPTCHA (Completely Automated Public Turing test to tell 

Computers and Humans Apart) technology. It addresses a number 

of security problems on the whole, such as online estimating 

outbreak. The method uses blend of application of CAPTCHA 

and visual cryptography for this purpose. 
 
(Venkateswaran2, 2014) A fast growth in E-Commerce 

market is seen in current time throughout the world. With ever 

rising respect of online shopping, Debit or Credit card fraud 

and individual information security are major concerns for 

customers, merchants and banks specifically in the case of 

CNP (Card Not Present). This paper presents a latest method 

for offering limited report only that is necessary for cash move 

during online shopping thereby safeguard customer data and 

communal customer self-assurance and preventing identity 

theft. The method uses shared claim of steganography and 

visual cryptography for this reason. 
 
(Banphot Vatanasombuta, 2008) The spread of the Internet has 

not only allowable businesses to plan their yield and 

conveniences through web-based applications, but it has also 
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broken their talent to maintain their clienteles. It has decreased 

search costs, opened up obstacles to entry, and weakened 

individuality of fiirms. Actual investment of customers allows 

fiirms to raise in size and acceptance, thereby communal their 

profiitability. We extended responsibility–Trust theory, a 

probability –confiirmation model, and technology approval 

theory to get better a model of IS protraction purpose of 

consumers of web-based applications. Connection promise 

and trust were found to be central to IS protraction purpose. 
 
(Abeer Musa, 2015) This paper analyzes the issues that 

change the purchasers reason in adjusting Mobile Payment 

Device technology in a low-cost. To consider the results 

reveal that training opportunity, group of people incentive, and 

seeming communication protection have straight important 

assets on purchaser’s behavioural purpose to adapt the MPD. 

 

III. Discussion 
 

E-commerce sites make use of online payment, where the 

online payment refers to paperless monetary transactions. 

Online payment has altered the business special consideration 

by lessening the official procedure, operation costs, and 

employees cost. Being customer friendly and less time-

consuming than guide allowance, it helps business association 

to enlarge its market reach / development. Listed below are 

some of the modes of online payments: 
 
Among the world nation India falls much below in volume of 

Cashless Transaction when compared to other developed 

economies as stated in the chart below (ref Fig. 1). This also 

makes it clear that the step taken by the government for 

demonetarization could further help in improving the usage of 

online payment.  
 
 
 
 
 
 
 
 
 
 
 

 

Source: Business Today, Mastercard Advisors 
 

Fig. 1 
 

A. Credit Card 

 

Payment using credit card is one of the majority communal mode 

of online payment. Credit card is a small plastic card with a 

unique number permanent with an account. It has a magnetic strip 

surrounded in it that is used to study the credit card via card 

readers. When a purchaser procurements a product via credit card, 

the credit card issuer bank pays on behalf of the consumer and the 

buyer has a short period after which he/she  

 
 

can pay the credit card bill. It is frequently in the credit card 

monthly payment cycle. 
 
Example: Visa or Master Card. 
 
 

B. Debit Card 

 

Debit card, also look like as credit card and it is a small plastic 

card having the UID (Unique Identification Number) is attached 

with separate bank account number. The purchaser need not carry 

the money thereby, they can buy the goods easily. The major 

variation of debit and credit card is that the constraints of using 

the amount is high in credit card but the purchaser can use the 

amount only with the total sum exists in debit card. 

 

C. Smart Card 

 

Smart card is also just as a credit card or a debit card in its 

look, and little micro processor attached in it. In smartcard, the 

possibility of storing individual and customer’s work related 

information is possible. This is one of the major advantages in 

Smart card. The bank generally allocates PIN number for 

security purpose and the same have to be given while 

operating the personal transactions. Smart Mondex and Visa 

Cash cards are some of the examples of smart cards 

 

D. E-Money 

 

E- Money dealings is quite popular pertaining to transfer the 

money from one financial body to another. This saves 

considerable amount of time thereby the transactions can be 

carried out quickly and easily. This is the reason E-Money 

transactions are preferred by business people to a greater extent. 

In addition to E-Money E-Money transactions, e-cash also 

becoming one of the channels for exchanging the currency. 

 

E. Electronic Fund Transfer 

 

In general, there are two possibilities of transfer the money 

i.e., Intra bank and interbank transfer. Due to the advancement 

of technology, the applications of online banking have 

widespread among the business and society. NEFT and RTGS 

are the two ways through which transfer of money is quite 

easy for business people and fulfils the deviation of society’s 

purpose. Operation charges are also reasonably meager by 

adopting of mobile banking. 

 

F. Mobile Banking 

 

In present scenario the role of mobile banking occupies 

predominant position in everyone’s life. The customers are 

generally prefers for many reasons pertaining to the applications 

and usage of mobile banking. Besides there are various 
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benefits offered by various banks in par with one another due 

to hectic competition prevails in the sector. The simplicity, 

free maintenance and easy operability of mobile banking are 

the some major reasons which incline the customer towards 

acceptability of mobile banking.  
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 2 
 
The above statistical figure indicates that debit & credit card 

usage at point of sales machines in 2016 and its value in Rupees 

(in billion). There has been a increase in the usage of Debit and 

credit card in the month of Oct 2016 to as much as Rs.485 Bn. 

However, there has been a drop to around Rs.429 Bn in the 

following month and further steep drop in December to 330 Bn.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Reserve Bank of India 
 

Fig. 3 
 
This explains that since demonetization Growth in Digital 

Payment following: 

 

Immediate Payment Service (IMPS) 
 

IMPS is an immediate real-time inter-bank electronic funds 

transfer system in India. IMPS recommend an inter-bank 

electronic fund transfer service through mobile phones. 

 

Unified Payments Interface (upi) 
 

UPI is a payment system initiate by National Payments 

Corporation of India and regulated by the Reserve Bank of 

India which assist the immediate fund transfer between two 

bank accounts on the mobile platform.  

 
 

The data illustrate a vital move towards new mobile-based 

payment method, with older forms of non-cash payment, like 

debit and credit cards, viewing less uptake (see Fig. 1). Card 

payments spiked 51 percent in December 2016 before 

declining in the following months, with latest data viewing 

them up a modest 10 percent overall since demonetization. 
 
Recent financial inclusion efforts have considerably improved 

card payment to 869 million as of the end of February, yet 

monthly card dealings averaged 244 million over the past few 

months. This means the vast majority of cards are dormant. By 

comparison, according to 2015 data from the Federal Reserve, 

Americans made an average of 8.6 billion card dealings per 

month, more than 40 times the recent Indian average despite a 

US population approximately one-quarter India’s size. Card 

payment, long ubiquitous as cash alternatives in the developed 

world, have had uneven achievement in India due to the 

inadequate number of point-of-sale (pos) terminals that make 

cards useful. Such payment communications is particularly 

lacking in the countryside because, at least according to 

payment operators like visa, their cost is greater than the 

operation fees the market support. India’s secretary for 

information technology stated the government is targeting the 

addition of 2 million new POS terminals by September 2017. 

Even though, if this goal is met, newer digital payment tools 

offer a cheaper, simpler choice. 

 

IV. Conclusion 

 

The electronic payment systems like Debit cards, Credit cards, 

Electronic Fund Transfer, Direct credits and Internet Banking 

truth in banking sector. These new methods of dealings have 

made it easier for banks operations to cut on capital costs, 

achieve many customers irrespective of distance, improve 

security while transacting large amounts of sums, easier 

monetary packages group customization with the end outcome 

being elevated income stream for the banks. Visibly every 

place income are involved, a small number of challenge will 

forever pop up. 
 
The obstacles that banks should address in order to continue 

benefiting from e-payment systems relate to factors like lack 

of e-payment systems trust by majority of bankers, incidences 

of online fraud, difficulty in usability of a few technologies 

therefore need for highly trained practical employees, high 

operation costs due to double taxations and fear for high risk 

savings. 
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Managing working capital is an important metric for all businesses,regardless of their size and it is a signal 

of a company’s operating liquidity. The purpose of the study is to maximize the productivity and profit in  

employment of capital for the smooth and rapid flow of fund is maintained and the efficiency working capital 

or profitability is enhanced.To answer the research question the study is setupwith Etexproinde.To test the 

hypothesis ratio analysis, working capital turnover, accounts receivable was applied. The study attempt 

maximizes the productivity and profits in the employment of capital. 

 

Keywords: Working Capital Management, Financial Management, Financial Performance. 

 
 

I. INTRODUCTION 

Working capital management is very 

important because it is responsible for the liquidity 

and profitability of a company. It deals with current 

assets and current liabilities. The half of the total 

asset of the manufacturing company is current 

liabilities. Level of current assets helps for a easy 

result in a firms realizing a substandard return on 

assets, however firms with low current assets 

suffer shortages and difficulties for maintaining 

smooth operations and it ensures a company has 

enough cash flow that commit to meet its short 

term debt and its operating expenses. 

A firm should maintain a balance between 

liquidity and profitability while conducting its 

regular operations. Amanagerial accounting 

strategy mainly focusing on both current assets 

and current liabilities. Simultaneous competitive 

business demands the efficient use of resource that 

underscores the importance of the working capital 

management. It is largely accepted that the 

profitability that determine the manner in which its 

working capital is managed the inadequate 

management of working capital not only reduce 

profitability and it leads to financial crisis in an 

organization.  

II. REVIEW OF LITERATURE 

Srinivasan  (2001)8suggested in his study that 

the opportunity for using by predicts molasses, 

which will be available in increasing quantities’, for 

producing industrial and potable alcohol, 

alcohol-based chemicals and ethanol should be 

fully utilized.  There is also scope for adopting 

co-generating system on ambitious lines for 

generating power and producing steam with the 

use of bagasse in high pressure boilers’.  Any 

surplus power can be sold to Tamil Nadu 

Electricity Board Grids at price advantage to both 

parties.  These measures can help in reducing all 

manufacturing costs noticeably. 

ABSTRACT 
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Jadhaw(2001)told that approximately 70 

percent of total world sugar production is 

consumed domestically in the countries of origin 

and about 25 percent is exported to other 

countries.  It has been found form the study that 

the cost reduction is a continuous process of follow 

up.  It needs evaluation, redesigning and 

re-evaluation.  It is difficult to suggest “Universal 

Cost Reduction Techniques”.  To achieve cost 

reduction, it is necessary to follow the below 

mentioned steps: 

1. Establishing our own standards. 

2. Measuring performance against these 

standards and  

3. Corrective deviation from standards. 

It is also pointed out that the trust areas for cost 

reduction are improvements of efficiency and 

productivity along with reducing wastage of man – 

hour materials and energy. 

Pokharkar, kasar and shinde (2001)10have 

pointed out that basic objectives of the study has 

been to examine low productivity of sugarcane and 

profitability for different planting types in different 

recovery zones in Maharashtra.  It has been 

concluded that there is a need to popularize the 

improved crop production technology among the 

sugarcane growers.  It will ensure reduction in a 

cost of cultivation on one hand and maintain the 

productivity of sugarcane.  The inputinfrastructure 

has to be properly developed to that crucial would 

be available to the growers in time to improve 

productivity.  

Samar K. data (2001)11 computed and 

presented the growth rates of production and yield 

of sugarcane in this study, based on the source 

from Ministry of Agriculture, Government of India.  

Agriculture statistics at a glance, 2001. It has been 

found that the compound growth rate of 

production of sugarcane was only 2.70 and yield of 

sugarcane was only 0.82 during 1991-92 to 

2000-01.  

Bhattacharyya  (2002)12discussed in his 

study, the negative export growth of sugar and 

molasses during 1995-96 to 1999-2000.  It showed 

that it was 151.62 in 1995-96 in 1996-97, 68.68 in 

1997-98, 5.81 in 1998-99 and 8.74 in 1999-2000.  

However, during 1999-2000, more than 70 percent 

of India agriculture exports have shown positive 

growth trend, while only 27 percent of agro exports 

(including sugar and molasses), and have shown a 

negative trend. 

It is established by many empirical studies that 

the performance of firms can be prejudiced by 

many factors, one of which is working capital 

management. Working capital is observed as a 

measurement of both firms’ liquidity and 

effectiveness.  

In the world, many observed researches have 

been conducted in order to study the impact of 

working capital management on firm’s financial 

performance. Most of the trainingsdetermined that 

working capital management expressively 

influences firm’s profitability. However, the specific 

relationship between the two factors 

differentallowing to countries and markets.  

The influence of working capital management on 

firm performance was encouraging in a number of 

studies. One of them is Asaduzzaman and 

Chowdhury (2014) in Bangladesh, an empirical 

study which was constructed upon the data from 

Bangladeshi Textiles firms. The authors found 

aimportant relationship between working capital 

management and profitability, using four dealings, 

Days of Inventory Outstanding (DIO), Days of Sales 

Outstanding (DSO), Cash Conversion Cycle (CCC), 

and Days of Payables Outstanding (DPO) to signify 

working capital management. While DPO exhibited 

a negative impact on profitability, the rest specified 

a positive correlation with firms’ profitability. 

Another experimental research from Nigeria, 

Imeokparia (2015) has also found a confident 

relation between working capital management and 

firms’ presentation. In addition, Akoto et al. (2013) 

had inspected the impact by using the data from 

Ghanaian companies, and the results advocated 

that working capital management (as measured by 

CCC) positively prejudiced firms’ profitability as 

measured by net operating profits. 

On the other hand, many researches provision the 

traditional belief of a undesirable relationship 

between working capital management and firms’ 

performance; that is increasing working capital 

investment by floatingquantity of current assets in 

total assets would harmfully affect the profitability 

of firms. Using the same four processes of working 

capital management as the Asaduzzaman and 

Chowdhury (2014), Javid and Zita (2014) found 

aundesirable relationship between working capital 

management and profitability. Similarly, Padachi 

(2006), studying small-scale manufacturing 

enterprises in Mauritius for the period 1998-2003, 

presented that CCC is harmfully related to firm 

performance (as represented by ROA), and that 

high level of investment in inventories and account 

receivables is connected with low profitability. 

Raheman and Nasr (2007) in Pakistan, 
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Garcia-Teruel and Solano (2007) in Spain and 

Kaddumi and Ramadan (2012) in Jordan all came 

to the conclusion that managers can produce more 

value by shortening CCC. 

Develops the suggestion between present 

resources and present debts. Routinely, high 

existing extent is believed to be ansuggestion of 

cash related quality. It is the symbol of the 

organization's capability to quickly encounter its 

temporary debts. (Ftc 2008) Sets up ansuggestion 

between expedient assets and prevailing debts. 

Anbenefit is fluid in case it can be changed over 

into money instantly fast deprived of gone regard. 

Cash is the maximum liquid asset (Ftc, 2008). The 

amount of times stock renewed in a year. It is an 

reminder between typical stock at cost and cost of 

goods sold (Shim &Siegal , 1998). In this study 

financial performance measured finished the 

profitability of firm. Advantage is undisputable get 

from a business operation in the wake of 

subtracting for all expenses. The word advantage in 

aoverall sense got from the word "profectus" plans 

to advancement. Advantage is designated in two 

obvious highways, one is for bookkeeping and 

alternative one for monetary issues, and here just 

bookkeeping description is taken (Moffatt, 2002). 

Measuring productivity stays the same as 

measuring the achievement of a business. A wage 

proclamation demonstrates a breakdown of salary 

and costs amongst the business year. One measure 

of an organization's productivity is the profit 

proportion. Gainfulness scopes investigate the 

budgetary strength of a business. A gainfulness 

quantity takes a gander at how benefit was received 

in connection of deals, complement up to resources 

and total assets. In this study profitability of a firm 

is to be unrushed through the following ratios. 

Effectiveness is studied as the expenses and costs, 

and it is poor down nosily with resources to 

perceive how dangerous an affiliation is in 

distribution central focuses for make transactions 

and as time goes on benefits. The term return in 

the ROA degree when in uncertainty infers a net 

favourite standpoint or net remuneration, the 

measure of benefit from deals after all costs, costs 

and expenses. The more resources an affiliation 

has amassed, the more courses of achievement and 

possibly more preferences the affiliation may make. 

As economies of scale help chop down expenses 

and increase edges, return may make at a speedier 

rate than resources, at long last evolvingbenefit for 

resources. ROE is arange that stresses an 

association's reverence holders.since it gages their 

capability of picking up return on their esteem 

theories. ROE may augment absolutely with no 

esteem development when it can fundamentally 

benefit by a higher return helped by a greater asset 

base. As an association accumulates its favorable 

position evaluate and makes better return with 

higher edges, esteem holders can hold an awesome 

piece of a landing enhancement when additional 

assets are the result of commitment use. The gross 

net income looks of ainvention vended as a level of 

offers. It shows the financial health of an 

organization. Gross profit margin is aalteration 

between the cost of goods sold and revenue of a 

firm. Operating expenses are not a share of gross 

profit margin. While running an indispensable 

productivity range calculation net overall revenue 

is the as often as imaginable an edge extent used. 

The net income designates the how much a firm 

produced after abstracting all costs including 

expenses. 

III. RESEARCH  METHODOLOGY 

3.1 RESEARCH DESIGN 

The evaluation of the study is based on the 

secondary data collected from the annual reports , 

journals and magazines. The analysis drawn and 

recommendations made are based on the facts , 

graphs and diagrams which are given to represent 

statistical data of the study . 

3.2 METHOD OF  DATA COLLECTION  

PRIMARY DATA: 

   Primary data is first time (directly) collected data. 

SECONDARY DATA : 

The information is already collected from following: 

4. Company’s annual report . 

5. Company’s websites. 

6. Manual. 

3.3  TOOLS FOR DATA ANALYSIS  

 Radio analysis  

 Accounts Receivable 

 Working Capital Turnover 

RATIO ANALYSIS  

             Ratio analysis is a widely-used tool of 

financial analysis . It is defined as the systematic 

use of ration to interpret the financial statements 

so that the strengths and weaknesses of the firm  

as well as its historical performance and current 

financial condition can be determined. Ratio 

analysis is a powerful tool of financial analysis . 

 Current ratio  

 Quick ratio  

 Inventory turnover ratio  
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 Fixed asset turnover ratio  

 Equity ratio.  

Current Ratio : 

The current ratio measures the ability of the firm 

to meet its current liabilities, current assets gets 

converted into cash during the  operating cycle of 

the firm and providesthe funds needed to pay 

current liabilities . So higher the current ratio , 

greater the short term solvency Current ratio 

=Current assets / currents liabilities . Current 

assets include cash ,current investment,debtors, 

inventories , loans and advances and prepaid 

expense. Current liabilities include installments of 

loans.  

Quick Ratio : 

Quick assets are defined as current assets 

excluding inventories. Quick are also called as acid 

test ratio . It is based on those  current assets 

which are highly liquid . Quick ratio =Quick assets 

/ current liabilities.  

Inventory Turnover Ratio: 

These ratios measure how fast the inventory is 

moving through the firm and generating the sales. 

Inventory turnover reflects the efficency of 

inventory management . The higher the ratio is 

more efficient the management of inventories . 

Inventory turnover ratio =Cost of goods sold / 

average inventory. 

Fixed asset turnover ratio: 

Fixed Asset Turnover (FAT) is an efficiency ratio 

that indicates how well or efficiently a business 

uses fixed assets to generate sales. This ratio 

divides net sales by net fixed assets, calculated 

over an annual period. The net fixed assets include 

the amount of property, plant, and equipment, less 

the accumulated depreciation. Generally, a higher 

fixed asset ratio implies more effective utilization of 

investments in fixed assets to generate revenue. 

This ratio is often analyzed alongside leverage and 

profitability ratios. 

Equity ratio: 

The equity ratio is an investment 

leverage or solvency ratio that measures the 

amount of assets that are financed by owners’ 

investments by comparing the total equity in the 

company to the total assets. The equity ratio 

highlights two important financial concepts of a 

solvent and sustainable business. The first 

component shows how much of the total company 

assets are owned outright by the investors. In other 

words, after all of the liabilities are paid off, the 

investors will end up with the remaining assets. 

The second component inversely shows how 

leveraged the company is with debt. 

ACCOUNTS RECEIVABLE 

Accounts receivable (AR) is the balance of money 

due to a firm for goods or services delivered or used 

but not yet paid for by customers. Accounts 

receivables are listed on the balance sheet as a 

current asset. AR is any amount of money owed by 

customers for purchases made on credit. 

WORKING CAPITAL TURNOVER  

Working capital turnover is a ratio that measures 

how efficiently a company is using its working 

capital to support a given level of sales. Also 

referred to as net sales to working capital, work 

capital turnover shows the relationship between 

the funds used to finance a company's operations 

and the revenues a company generates as a result. 

 
Gross Ratio 

Gross Profit Ratio is a profitability ratio that shows 

the relationship between gross profit and total net 

sales revenue. It is a popular tool to evaluate the 

operational performance of the business. The ratio 

is computed by dividing the gross profit figure by 

net sales  

Y e a r Rat io 

2016 -2017 0 .1 41 

2017 -2018 0 .1 06 

2018 -2019 0 .0 9 

 

 
Interpretation 

The above table shows the gross ratio for 

the period of three years. It was 0.141 in the year of 

2016-2017 and it is decreased in the value of0.106 

in the next year of 2017-2018 and continuous in 

the year of 2018-2019 gross profit ratio decreased. 

It may indicate decrease in the selling price of 

goods, without any decrease in the cost of goods 

sold. 

 

0

0.05

0.1

0.15

2016-2017 2017-2018 2018-2019

Gross Ratio
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Net Profit Ratio 

Profit margin,net margin,net profit margin 

or net profit is a measure of profitability .It is 

calculated by finding the net profit as percentage of 

the revenue  

Y e a r Rat io 

2016 -201 7 0 .0 5 

2017 -201 8 0 .0 1 

2018 -201 9 0 .0 1 

 

 
Interpretation 

The above table shows the net profit ratio 

for the period of three years. It was 0.05 in the year 

of 2016-2017 and it is decreased in the next year to 

0.01 during the year of 2017-2018 and next year 

the value remain same 0.01 in the year of 

2018-2019  and the current year indicates the 

decline in performance and profitability levels of 

the company. 

Working Capital Turnover Ratio 

The Working Capital Turnover Ratio 

measures how well a company is utilizing its 

working capital to support a given level of sales .A 

high turnover ratio indicates that management is 

being extremely efficient in using a firms short 

term assets and liabilities of support sales  

Y e a r Rat io 

2016 -201 7 8 . 9 

2017 -201 8 11 .62 

2018 -201 9 3 . 9 

 

 
 

Interpretation 

The above table shows the working capital 

turnover ratio for the period of three years. It was 

8.9 in the year of 2016-2017 and it is increased in 

the next year to 11.62 during the year of 

2017-2018. A high turnover ratio shows 

management is being very efficient in using a 

company short term assets and liabilities for the 

supporting sales. In 2018-2019 the ratio decreased 

to 3.9 and the decrease in the turnover ratio 

indicates inefficient utilization of working capital 

during the period. 

Current Ratio 

The Current Ratio is a liquidity ratio that 

measures whether a firm has enough resources to 

meet its short term obligations.It compares a firms 

current assets to its current liabilities.It is a 

indication of a firms liquidity 

Y e a r Rat io 

2016 -2017 1 .2 9 

2017 -2018 1 . 3 

2018 -2019 1 . 5 

 

 
Interpretation 

The above table shows the current ratio for 

the period of three years. It was 1.29 in the year of 

2016-2017 and it is decreased in the next year to 

1.3 during the year of 2017-2018.  A  increase in 

the current ratio indicates a company is growing 

into its capacity. In 2018-2019 the ratio increased 

to 1.5 its shows that current ratio of a company is 

able to meet its short term obligations. 

Current Asset Turnover Ratio 

Current Asset Turnover Ratio current 

indicates that the current assets are turned over in 

the form of sales more than number of times. A 

high Current Assets Turnover Ratio indicates the 

capability of the organization to achieve maximum 

sales with the minimum investment in current 

assets 

Y e a r Rat io 

2016 -2017 2 

2017 -2018 3 .0 6 

2018 -2019 3 .8 6 
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Interpretation 

The above table shows the current asset 

turnover ratio for the period of three years. It was 2 

in the year of 2016-2017 and it is increased in the 

next year to 3.06  during the year of 2017-2018. A 

high current assets turnover ratio indicates the 

capability of the organization to achieve maximum 

sales with the minimum investment in current 

assets. In 2018-2019 the ratio increased to 3.86 its 

indicates a more efficient use of assets. 

Fixed Asset Turnover Ratio 

Fixed Asset Turnover is the ratio of sales to 

the value of fixed assets. It indicates how well the 

business is using its fixed assets to generate sales  

Y e a r Rat io 

2016 -201 7 39 .38 

2017 -201 8 8 2 . 7 

2018 -201 9 1 1 8 . 2 8 

 

 
Interpretation 

The above table shows the fixed asset 

turnover ratio for the period of three years. It was 

39.38 in the year of 2016-2017 and it is increased 

in the next year to 82.7 during the year of 

2017-2018.  A high fixed asset turnover ratio 

indicates the firm effectively and efficiently uses its 

assets to generate revenues. In 2018-2019 the ratio 

increased to 3.86 its indicates the company is 

efficiently employ its assets to generate sales. 

Stock to W.C Ratio 

Inventory to working capital ratio is defined 

as a method to show what portion of a companys 

inventories is financed from its available cash.This 

is essential to businesses which hold inventory and 

survive on cash supplies 

Y e a r Rat io 

2016 -2017 0 .4 5 

2017 -2018 1 .9 3 

2018 -2019 0 .5 9 

 

 
Interpretation 

The above table shows the stock to working 

capital ratio for the period of three years. It was 

0.45 in the year of 2016-2017 and it is increased in 

the next year to 1.93 during the year of 2017-2018.  

In the year of 2018-2019 the ratio is decreased to 

0.59 and it indicates disability of a company to 

raise additional cash from working capital. 

Current Ratio to W.C Ratio 

The working capital ratio also caleed the 

current ratio,is a liquidity ratio that measures a 

firms ability to pay off its current liabilities with 

current assets . The working capital ratio 

transforms the working capital calculation into a 

comparison between current assets and current 

liabilities 

Y e a r Rat io 

2016 -2017 4 .4 4 

2017 -2018 3 .7 8 

2018 -2019 1 .0 3 
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Interpretation 

The above table shows the current ratio to 

working capital ratio for the period of three years. it 

was 4.44 in the year of 2016-2017 and its rapidly 

decreased in the next year to 3.78 during the year 

of 2017-2018. In the year of 2018-2019 the ratio is 

decreased to 1.03 and it indicates exceed liabilities 

and generally the higher the ratio and it will be 

better of the company. 

Trend Analysis on Sales  

Sales trend analysis is the review of 

historical revenue results to detect patterns.Sales 

trend analysis is a useful budgeting and financial 

analysis method that can indicate the onset of 

changes in the near term revenue growth rates of a 

business 

Y e a r Rat io 

2016 -201 7 1 0 0 

2017 -201 8 1 0 0 . 7 8 

2018 -201 9 1 3 4 . 3 7 

 

 
Interpretation 

The above table shows the trend analysis 

on sales for the period of three years. It was 100 in 

the year of 2016-2017 and it will be increased to 

100.78 during the year of 2017-2018. In the year of 

2018-2019 the ratio is 134.37 and its is rapidly 

increased it indicates the onset of changes in the 

near term revenue growth rates of a business. 

Trend Analysis on Current Asset  

Trend Analysis provides a means to analyze 

company data over a period of time by focusing on 

the change in specific line items within the income 

statement and balance sheet .changes are typically 

measured in dollars and percentages 

Y e a r Rat io 

2016 -201 7 1 0 0 

2017 -201 8 6 6 

2018 -201 9 7 0 

 

 
Interpretation 

The above table shows the trend analysis 

on current asset for the period of three years. It was 

100 in the year of 2016-2017 and it will be 

decreased to 66 in the year of 2017-2018. In the 

year of 2018-2019 is 70 rapidly increased and its 

shows that company’s liquidity or ability to pay off 

short term debts. 

IV. CONCLUSION 

The study conducted on ratio analysis at “ 

Etexpro Inde” gives a view if analysis evaluation of 

liquidity position of the company. Based on the 

tools used analysis and interpretation have been 

made giving way for useful and constructive 

suggestions. Thus the ratio analysis of the 

company is not satisfactory. The company should 

enhance its performance for meeting challenges 

and exploiting opportunities in future. The project 

will guide to the management to interpret its 

weakness and problems this will certainly help the 

management to taking financial decision. However 

more efforts need to be improve the financial 

position for the growth of the company. 
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The working capital management has an important role for the firm’s success or failure because of its effect 

on firm’s performance and liquidity. A well designed and implemented working capital management is 

expected to contribute positively to the creation of a firm’s value. “Working Capital” is the capital invested in 

different items of current assets needed for the business, viz, inventory, debtors, cash and other current 

assets such as loans & advances to third parties. Those current assets are essential for smooth business 

operations and proper utilization of fixed assets. The study is descriptive in nature. The secondary data is 

used for this study and four years balance sheet. The Working Capital Turnover Ratio, Current Asset 

Turnover Ratio, Probability Ratio. It was concluded that the working capital is a vital role of an organization 
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I. INTRODUCTION 

In every business an absolute best possible 

level of working capital is to be maintained for the 

function of day to day remittances. Any business 

cannot become older in absence of adequate 

working level. Working capital should ample 

sufficient to hold out the present liabilities but 

should not be a large amount more than the true 

requirement. It should be ensured by the firm‟s 

management people that the return yield through 

the funds engrossed in structuring working capital 

is no fewer than the return earns from extra 

investment alternatives. Within the situation, 

when the financial resources are insufficient and 

as a resulting cost of capital is to be enlarged, 

management of working capital becomes constant 

more crucial and important due to its deep 

influence on liquidity and profitability of the 

business. The term „Working Capital‟ may mean 

Gross Working Capital or Net Working Capital. 

Gross Working Capital means Current Assets.Net 

Working Capital means Current Assets less 

Current Liabilities. Unless otherwise specified, 

Capital means Net Working Capital. As such, 

Working Capital Management refers to correct 

management of Current Assets and Current 

Liabilities. 

 Dong (2010) reported that the firms‟ 

profitability and liquidity are affected by working 

capital management in his analysis.  Pooled data 

are selected for carrying out the research for the 

era of 2006-2008 for assessing the companies 

listed in stock market of Vietnam. He focused on 

the variables that include profitability, conversion 

cycle and its related elements and the relationship 

that exists between them. From his research it was 

found that the relationships among these variables 

are strongly negative.  
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It was examined by Bose (2013) that the 

working capital management impacts on firms‟ 

profitability. It was found in the study that in the 

electric equipment sector source of the working 

capital management components widely vary. Kaur 

and Singh (2013) study examined that the 

efficiency and profitability can be managed 

through working capital management. Their 

findings were in support to the earlier studies that 

efficient management of working capital signi- 

ficantly impacts profitability. Also Kumar and 

Ramanan (2013) supported that there has been an 

impact of working capital management on 

profitability of manufacturing firms. They found a 

positive relationship between profitability and 

debtors‟ day and inventory days. 

Akoto Richard K., Vitor Dadson A. and 

Angmor  Peter L. (2013)  closely study the 

relationship between working capital management 

policies and profitability of the thirteen listed 

manufacturing firms in Ghana. At the end of the 

study, a significantly negative relationship between 

profitability and accounts receivable days is found 

to exist. Profitability is significantly positively 

influenced by the firms cash conversion cycle 

(CCC), current assets ratio and current asset 

turnover. It is also suggested that managers can 

create value for the shareholders by creating 

incentives to reduce their accounts receivable to 30 

days. 

Joseph Jisha (2014) closely examines the 

study of working capital management in Ashok 

Leyland and points out that the liquidity and 

profitability position of the company is not 

satisfactory, and needed to be strengthened in 

order to be able to meet its obligations in time. 

Madhavi K. (2014) makes an empirical 

study of the co-relation between liquidity position 

and profitability of the paper mills in Andhra 

Pradesh. It has been observed that inefficient 

working capital management makes a negative 

impact on profitability and liquidity position of the 

paper mills. 

II. METHODOLOGY 

Research is a systematic inquiry to 

describe, explain, predict, and control the observed 

phenomenon. Research involves inductive and 

deductive methods. Secondary data is data 

gathered from studies, surveys, or experiments 

that have been run by other people or for other 

research. Secondary data is used for data 

collection. Tools used for data analysis are Ratio 

Analysis, Trend Analysis. 

III. RESULTS 

3.1 Working Capital Turnover Ratio 

The working capital turnover ratio 

measures how well a company is utilizing its 

working capital to support a given level of sales. 

Working capital is current assets minus current 

liabilities. A high turnover ratio indicates that 

management is being extremely efficient in using 

a firm's short-term assets and liabilities to 

support sales. Conversely, a low ratio indicates 

that a business is investing in too many 

accounts receivable and inventory assets to 

support its sales, which could eventually lead to 

an excessive amount of bad debts and obsolete 

inventory write-offs. Also referred to as net sales 

to working capital, work capital turnover shows the 

relationship between the funds used to finance a 

company's operations and the revenues a company 

generates as a result. 

 

Interpretation 

The above table shows the working capital 

turnover ratio for the period of four years. It was 

5.89 in the year of 2014 – 2015 and it is decreased 

in the next year to -5 during the year 2015 – 2016 

and then slowly the working capital turnover 

increased to 12.98 in the year of 2016 – 2017. A 

high turnover ratio shows management is being 

very efficient in using a company short term assets 

and liabilities for supporting sales. In 2017 – 2018 

the turnover ratio decreased to -7.5 and the 

decrease in the turnover ratio indicates inefficient 

utilization of working capital during the period 

3.2 Gross Profit Ratio 

Gross Profit Ratio is also known as Gross 

Profit Margin ratio, it establishes a relationship 

between gross profit earned and net revenue 

generated from operations (net sales). Gross profit 

ratio is a profitability ratio which is expressed as a 

percentage hence it is multiplied by 100. Net sales 

consider both Cash and Credit Sales; on the other 

hand, gross profit is calculated as Net 

Sales minus COGS. Gross profit ratio helps to 

Years Sales (Rs) 
Working Capital 

(Rs) 
Ratio 

2014 - 2015 211578 35920 5.89 

2015 - 2016 234768 -46885 -5 

2016 - 2017 1212226 93360 12.98 

2017 - 2018 334391 -46765 -7.15 
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ascertain optimum selling prices and improve the 

efficiency of trading activities. It also helps find out 

the lowest selling price of goods per unit to an 

extent that the business will not suffer a loss. 

 

 

 

 

 

 

 

 

 

Interpretation 

The above table shows the gross profit ratio 

for the period of four years. The highest value is 

7.26 during the year of 2014 – 2015 and lowest 

value is 1.08 during the year of 2015 – 2016. The 

profit ratio is an indicator of a company‟s financial 

health. The lower margin indicates a company is 

under – pricing and the higher margin indicates 

that the company can make profit on sales. 

3.3 Net Profit Ratio 

The net profit percentage is the ratio of 

after-tax profits to net sales. It reveals the 

remaining profit after all costs of production, 

administration, and financing have been 

deducted from sales, and income taxes 

recognized. As such, it is one of the best 

measures of the overall results of a firm, 

especially when combined with an evaluation of 

how well it is using its working capital. The 

measure is commonly reported on a trend line, to 

judge performance over time. It is also used to 

compare the results of a business with its 

competitors.Net profit is not an indicator of cash 

flows, since net profit incorporates a number of 

non-cash expenses, such as accrued expenses, 

amortization, and depreciation. 

      

 

Interpretation 

The above table shows the net profit ratio for the 

period of four years. It was 1.06 in the year of 2014 

– 2015 and then in the year of 2015 – 2016 it is 

1.04 and then in the year of 2017 – 2018 value of 

ratio is 4.9.Net profit ratio is useful to measure the 

overall profitability of the business. A high ratio 

indicates the efficient management of the affairs of 

business. 

3.4 Current Ratio 

The current ratio is a liquidity ratio that 

measures a company's ability to pay short-term 

obligations or those due within one year. It tells 

investors and analysts how a company can 

maximize the current assets on its balance sheet 

to satisfy its current debt and other payables. The 

current ratio is sometimes referred to as the 

“working capital” ratio and helps investors 

understand more about a company‟s ability to 

cover its short-term debt with its current assets. 

The current ratio is a financial ratio that shows the 

proportion of a company's current assets to 

its current liabilities. The current ratio is probably 

the best known and most often used of the liquidity 

ratios, which analysts and investors use to 

evaluate the firm's ability to pay its short-term debt 

obligations, such as accounts payable. 

 

Interpretation 

The table shows the current ratio for the period of 

four years. It was 0.8 during the year 2014 – 2015 

and then 0.69 in the year of 2015 – 2016 and in the 

last year it is 0.7 during the year of 2017 – 

2018.When the current ratio is high in the 

company then the company able to pay off its 

current liabilities using current assets. 

3.5 Current Asset Turnover Ratio 

Current Asset Turnover Ratio is an 

activity ratio measuring firm‟s ability of generating 

sales through its current assets (cash, inventory, 

accounts receivable, etc.). It can be calculated by 

dividing the firm's net sales by its average current 

assets, and it shows the number of turns made by 

the current assets of the enterprise. Current Assets 

Turnover Ratio indicates that the current assets 

are turned over in the form of sales more number of 

times. A high current assets turnover ratio 

indicates the capability of the organization to 

achieve maximum sales with the minimum 

investment in current assets. Higher the current 

ratio better will be the situation.  

Years 
Gross 

Profit (Rs) 

Net sales 

(Rs) 
Ratio 

2014 - 
2015 

1419164 195375 7.26 

2015 - 
2016 

238582 220637 1.08 

2016 - 

2017 
1466711 1201671 1.22 

2017 - 
2018 

1533150 311201 4.92 

Years 
Net Profit 

(Rs) 
Net Sales (Rs) Ratio 

2014 - 2015 208167 195375 1.06 

2015 - 2016 231044 220637 1.04 

2016 - 2017 239796 1201671 0.19 

2017 - 2018 1529173 311201 4.9 

Years 
Current 

Assets (Rs) 

Current 

Liabilities (Rs) 
Ratio 

2014 - 2015 153204 179701 0.8 

2015 - 2016 108830 155715 0.69 

2016 - 2017 113262 138217 0.8 

2017 - 2018 164378 211143 0.7 
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Years Sales (Rs) 
Current 

Assets (Rs) 
Ratio 

2014 - 2015 195375 153204 1.27 

2015 - 2016 220637 108830 2.02 

2016 - 2017 1201671 113262 10.6 

2017 - 2018 311201 164378 1.89 

Interpretation 

The above table shows the current asset turnover 

ratio for the period of four years. It was 1.27 in the 

year of 2014 – 2015 and then in the year of 2015 – 

2016 the ratio value is 2.02 and in the next year the 

value of ratio increased by 10.6 in the year of 2016 

– 2017.A high current asset turnover ratio 

indicates the capacity of the organization to 

achieve maximum sales with minimum investment 

in current assets. In the last year the value 

decreased by 1.89. 

3.6 Fixed Asset Turnover Ratio 

Fixed Asset Turnover Ratio is an efficiency 

ratio that indicates how well or efficiently a 

business uses fixed assets to generate sales. This 

ratio divides net sales by net fixed assets, 

calculated over an annual period. The net fixed 

assets include the amount of property, plant, and 

equipment, less the accumulated depreciation. 

Generally, a higher fixed asset ratio implies more 

effective utilization of investments in fixed assets to 

generate revenue. This ratio is often analyzed 

alongside leverage and profitability ratios. The 

fixed asset balance is used as a net of 

accumulated depreciation. A higher fixed asset 

turnover ratio indicates that a company has 

effectively used investments in fixed assets to 

generate sales. 

 

Interpretation 

The above table shows the fixed asset turnover 

ratio for the period of four years. It was 1.53 during 

the year of 2014 – 2015 and then in the year 2015 – 

2016 the ratio value is 1.78 and in the year of 2017 

– 2018 the value of ratio is 8.5. A higher ratio 

implies that management is using its fixed assets 

more effectively. In the last year the ratio value is 

3.04 during the year 2017 – 2018. 

3.7 Trend Analysis of Current Asset 

Trend analysis is also known as Horizontal 

analysis is a financial statement analysis 

techniques that shows the changes in the amounts 

of corresponding financial statement items over a 

period of time. It is very useful tool to evaluate the 

trend situations. 

Years Amount (Rs) Trend (%) 

2014 - 2015 153204 100 

2015 – 2016 108830 71 

2016 – 2017 113262 73 

2017 – 2018 164378 107 

Interpretation 

The above table shows that the trend 

analysis of current asset for the period of four 

years. It was 100% in the year of 2014 - 2015 and 

the current asset increased to 107 in the year of 

2017 – 2018. 

3.8 Trend Analysis of Sales  

Sales trend analysis is the review of 

historical revenue results to detect patterns. 

Sales trend analysis is a useful budgeting 

and financial analysis method that can indicate 

the onset of changes in the near-term revenue 

growth rates of a business. It is rarely adequate 

to simply plot the total sales of a business on 

a trend line and expect to obtain any significant 

information from it. Most organizations sell 

many products to a variety of customers, and in 

many regions, which means that sales can be 

broken down into a number of sub-groups and 

then reviewed on a trend line. 

Years Amount (Rs) Trend (%) 

2014 – 2015 211578 100 

2015 – 2016 234768 110 

2016 – 2017 1212226 572 

2017 – 2018 334391 158 

Interpretation 

The above table shows the trend analysis of 

sales for period of four years. It was 100% in the 

year of 2014 – 2015 and the sales trend increased 

to 158% in the year of 2017 – 2018. 

IV. DISCUSSION 

Findings 

 The working capital ratio in the year 2014 – 

2015 is 5.89 and in the final year it is decreased 

to – 7.5. 

 Gross profit ratio in the year 2014 – 2015 is 

7.26 and then in the year of 2017 – 2018 the 

value is decreased to 4.92. 

Years 
Total Sales 

(Rs) 

Total Net fixed 

Assets (Rs) 
Ratio 

2014 – 2015 211578 137672 1.53 

2015 – 2016 234768 131681 1.78 

2016 – 2017 1212226 142107 8.5 

2017 – 2018 334391 109852 3.04 
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 Net profit ratio in the year 2014 – 2015 is 1.06 

and then in the year 2017 – 2018 the ratio 

value is increased to 4.9. 

 Current ratio in the year 2014 – 2015 is 0.8 and 

then the ratio value is decreased to 0.7 in the 

year 2017 – 2018. 

 Current asset turnover ratio is 1.27 in the year 

2014 -2015 and the value is increased in the 

year 2016 – 2017 and ratio value is 10.6. 

 Fixed asset turnover ratio in the year 2015 – 

2016 is lowest ratio and then the highest value 

is 8.5 in the year 2016 – 2017. 

 The trend analysis of current asset it was 100% 

in the year of 2014 - 2015 and the current asset 

increased to 107 in the year of 2017 – 2018. 

 The trend analysis of sales it was 100% in the 

year of 2014 – 2015 and the sales trend 

increased to 158% in the year of 2017 – 2018. 

Suggestions 

 Try to provide some motivational factors to 

employees to increase their performance. 

 Cash management in the organization has been 

streamlined by proper planning and control. So 

that optimum cash balance will be maintained 

 The company should try its best to increase 

sales and profit. 

 Comparing the current assets and current 

liabilities there was a increase and there is 

increase in current liabilities. The company 

should manage to improve the current assets 

and decrease in liabilities by increasing sales 

and high profit. 

V. CONCLUSION 

The management of working capital plays 

important roles to ensure the sustainability of the 

company in maintaining the business with an 

increase performance. The improper management 

of working capital wills results on the inefficient 

asset utilization and the investment for the short 

term will be decrease. In addition, the company 

wills loss a lot of opportunities to expand the 

business since they will suffer short-term liquidity 

crisis and downgrading the company‟s rating. 
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 Financial Performance in broader sense refers to the degree to which financial objectives being or has been 

accomplished and is an important aspect of financial growth. It is the method of calculating the results of a 

firm's policies operations in monetary terms. The main objective of financial performance analysis to know 

the financial health undertaking and to know the earning performance of the organization and to provide the 

company with appraise for investment opportunity or potentiality. This analysis is from the secondary data 

collected from the annual report. This project deals with the financial performance to know the growth rate for 

the past five years. The ratio analysis, comparative analysis and trend analysis are the tools to analyze the 

financial performance of the company Pupa home care pvt.ltd. 
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I. INTRODUCTION 

Financial statements contain a wealth of 

information, which if properly read, analyzed or 

interpreted can provide valuable insights into a 

firm’s performance and position. Also it is the 

starting point for making plan, before using any 

sophisticated forecasting and planning procedure. 

By analyzing these statements, firm can evaluate 

its past, present, projected performance etc. 

Usually management would be particularly 

interested in knowing the financial strength of firm 

to make their best use and to be able to spot out 

the financial weakness of the firm to take suitable 

corrective action. The future plan of the firm 

should be laid down in view of the firm’s financial 

strength and weakness. In short, through financial 

analysis and interpretation it helps effectively the 

user for decision-making process. 

II. REVIEW OF LITERATURE 

Campbell (2008) constructed a multivariate 

prediction model that estimates the probability of 

bankruptcy reorganization for closely held firms. 

Six variables were used in developing the 

hypotheses and five were significant in 

distinguishing closely held firms that reorganize 

from those that liquidate. The five factors were firm 

size, asset profitability, the number of secured 

creditors, the presence of free assets, and the 

number of under-secured secured creditors. The 

prediction model correctly classified 78.5% of the 

sampled firms. This model is used as a decision aid 

when forming an expert opinion regarding a 

debtor’s likelihood of rehabilitation. No study has 

incorporated the financial performance analysis of 

the central public sector enterprises in Indian drug 

& pharmaceutical Industry. Nor has any previous 

research examined the solvency position, liquidity 
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position, profitability analysis, operating efficiency 

and the prediction of financial health and viability 

of public sector drug & pharmaceutical enterprises 

in India. 

Satyanarayana Chary and Sampath Kumar 

(2011) discussed in their article that working 

capital is one of the vital decisions of financial 

management function. Profitability and working 

capital relationship is frequently emphasized for 

deciding on the level of investment in working 

capital. All manufacturing firms need to 

understand the association between these two 

variables to arrive at optimal financial decisions. 

Though theories exist on the topic, empirical 

methods are inadequately focused in arriving at 

conclusions. Use of statistical methods in 

understanding the relationship is systematic and 

scientific, which may provide better insight for 

decision making. 

III. METHODOLOGY 

Research design 

 This study is based on secondary data. Data 

pertaining behaviour of profitability position of the 

company by using the balance sheet and profit & 

loss account of Pupa Homecare pvt.ltd. 

Nature of data 

 The data required for the study has been 

collected from secondary data from the annual 

report. 

Tools applied 

The following tools were made for the study: 

Trend analysis 

Ratio analysis 

Comparative statement   

Limitations of the study 

The analysis was made with the help of the 

secondary data collected from the annual report 

company. 

All the limitations of ratio analysis, common-size 

statement, comparative statements, and trend 

analysis and interpret are applicable to this study. 

The study is only 5 years from 2014-2015 to 

20018-19. 

 

IV. DATA ANALYSIS AND INTERPRETATION 

4.1 Current Ratio  

 Current ratio may be defined as the relationship 

between current assets and current liabilities it is 

the most common ratio for measuring liquidity. It is 

calculated by dividing current assets and current 

liabilities. Current assets are those, the amount of 

which can be realized with in a period of one year. 

Current liabilities are those amounts which are 

payable with in a period of one year. 

Table No. 4.1 Current Ratio 

Year Current 

Asset 

Current 

Liabilities 

Ratio 

2014-2015 3634315.50 3662645.02 0.99 

2015-2016 2910844.42 4344770.10 0.66 

2016-2017 8096618.55 3055104.10 2.65 

2017-2018 10853034.28 5037069.34 2.15 

2018-2019 8940249.18 1852936.59 4.82 

 

Source: Secondary Data 

Interpretation: 

The above table shows that the current ratio in the 

year 2014-15 was 0.99 and then it decreased to 

0.66 in the year 2015-2016, further increased to 

2.65 in the year 2016-2017 and 2017-2018 it 

slashed down to 2.15 and finally in the year 

2018-2019 it increases to 4.82. The normal current 

ratio is 2:1. The above table shows the last three 

years the current ratio is normal. This shows that 

the company is enjoying credit worthiness. 

4.2 Quick Ratio 

This ratio is also known as Quick Ratio or Acid Test 

Ratio. This ratio is calculated by relating liquid or 

quick assets to current liabilities. Liquid assets 

mean those assets which are immediately 

converted into cash without much loss. All current 

assets except inventories and prepaid expenses are 

categorized as liquid assets. 

Where, 

Quick Asset = (Current Asset- Stock – Prepaid 

Expenses) 

 

Table No. 4.2 Quick Ratio 

Year Quick Asset Current 

Liabilities 

Ratio 

2014-2015 3393305.5 3662645.02 0.92 

2015-2016 1804032.42 4344770.10 0.41 

2016-2017 2821907.55 3055104.10 0.92 

2017-2018 7100883.38 5037069.34 1.40 

2018-2019 5591324.59 1852936.59 3.01 

 

Source: Secondary Data 

Interpretation: 

The above table shows that the current ratio in the 

year 2014-2015 was 0.92 and then it decreased to 

0.41 in the year 2015-2016, further increased to 

0.92 in the year 2016-2017 and 2017-2018 it 

increased to 1.40 and finally in the year 2018-2019 

it increases to 3.01. The normal Quick ratio is 1:1. 
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The above table shows the last two years the quick 

ratio is normal. This shows that the company is 

reasonably good. 

4.3 Gross Profit Ratio 

 Gross profit ratio expresses the relationship of 

gross profit to net sales or turnover. Gross profit is 

the excess of the proceeds of goods sold and 

services rendered during a period over their cost, 

before taking into account administration, selling 

and distribution and financing charges. 

Table No. 4.3 Gross Profit Ratio 

Year Gross 

Profit 

Net Sales Ratio 

2014-2015 4318748.88 8464089.6 51.02 

2015-2016 5089777.05 9441608.5 53.90 

2016-2017 7964501.19 12748568.6 62.47 

2017-2018 6545834.87 18142652.7 36.07 

2018-2019 6302965.76 15870708.6 39.71 

 

Source: Secondary Data 

Interpretation: 

The above table and shows the relationship 

between the gross profit and net sales in 

percentage. During 2014-2015 the gross profit 

position was 51.02% and in the very next year 

2015-2016 it increased to 53.90% and again in the 

year 2016-2017 it raised to 62.47% and since then 

2017-2018 it was decreasing and reached the 

lowest to 36.07% in the year 2018-2019 and it was 

again increasing and finally reached 39.71%. 

However it can be noticed that the gross profit 

increase in the year 2016-2017 when compared to 

previous years. 

4.4 Operating Profit Ratio 

The ratio of all operating expenses (i.e., materials 

used, labor, factory overheads, and office and 

selling expenses) to sales is the operating ratio. A 

comparison of the operating ratio would indicate 

whether the cost content is high or low in the figure 

of sales. If the annual comparison shows that the 

sales have increased, the management would be 

naturally interested and concerned to know as to 

which element of the cost has gone up. It is not 

necessary that the management should be 

concerned only when the operating ratio goes up. If 

the operating ratio has fallen, though the unit 

selling price has remained the same, still the 

position needs analysis as it may be the sum total 

of efficiency in certain departments and 

inefficiency in others. A dynamic management 

should be interested in making a fuller analysis. It 

is, therefore, necessary to break up the operating 

ratio into various cost ratios. The major 

components of cost are: material, labor and 

overheads. Generally all these ratios are expressed 

in terms of percentage. They total up to the 

Operating Ratio. This, deducted from 100 will be 

equal to the Net Profit Ratio. If possible, the total 

expenditure for effecting sales should be divided 

into two categories, viz., fixed and variable-and 

then ratios should be worked out. The ratio of 

variable expenses to sales will be generally 

constant; that of fixed expenses should fall if sales 

increase; it will increase if sales fall.  

Where, 

Operating Profit = Gross Profit – Operating 

Expenses 

Table No. 4.4 Operating Profit Ratio 

Year Operating 

Profit 

Net Sales Ratio 

2014-2015 39015.69 8464089.6 0.46 

2015-2016 164371.01 9441608.5 1.74 

2016-2017 308882.80 12748568.6 2.42 

2017-2018 114927.70 18142652.7 0.63 

2018-2019 253165.16 15870708.60 1.59 

 

Source: Secondary Data 

Interpretation: 

The above table and shows the relationship 

between the operating profit and net sales in 

percentage. During 2014-2015 the operating profit 

position was 0.46% and in the very next year 

2015-2016 it increased to 1.74% and again in the 

year 2016-2017 it raised to 2.42% and since then 

2017-2018 it was decreasing to 0.63% in the year 

2018-2019 and it was again increasing and finally 

reached 1.59%. 

4.5 Net Profit Ratio 

 One of the components of return on capital 

employed is the net profit ratio. It indicates the net 

margin earned in a sale of ̀ 100. Net profit is arrived 

at from gross profit after deducting administration, 

selling and distribution expenses; non-operating 

incomes, such as dividends received and 

non-operating expenses are ignored, since they do 

not affect efficiency of operations. 

Table No. 4.5Net Profit Ratio 

Year Net Profit Net Sales Ratio 

2014-2015 75607 8464089.6 0.89 

2015-2016 165831..01 9441608.5 1.75 

2016-2017 279629.32 12748568.6 2.19 

2017-2018 310297.70 18142652.7 1.71 

2018-2019 263752.36 15870708.60 1.66 
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Source: Secondary Data 

Interpretation: 

The above table and shows the relationship 

between the net profit and net sales in percentage. 

During 2014-2015 the net profit position was 

0.89% and in the very next year 2015-2016 it 

increased to 1.75% and again in the year 

2016-2017 it raised to 2.19% and since then 

2017-2018 it was decreasing to 1.71% in the year 

2018-2019 and it was again decreased and finally 

reached 1.66%. 

4.6 Trend Analysis of Sales 

 Sales trend analysis is the review of historical 

revenue results to detect patterns. Sales trend 

analysis is a useful budgeting and financial 

analysis method that can indicate the onset of 

changes in the near-term revenue growth rates of a 

business. 

Table No. 4.6Trend analysis of Sales 

Year Sales Trend 

Value 

2014-2015 9206743.60 100 

2015-2016 10242150.5 111 

2016-2017 13648568.60 148 

2017-2018 19642652.70 213 

2018-2019 17306953.60 187 

 

Source: Secondary Data 

Interpretation: 

The above table and shows the trend analysis on 

sales. During 2014-2015 the value was taken as 

and in the very next year 2015-2016 it increased to 

111 and again in the year 2016-2017 it raised to 

148 and since then 2017-2018 it was increased to 

213 and in the year 2018-2019 and it was 

decreased to 187. Based on this analysis we can 

conclude that 2017-2018 the company position 

was good by 213. 

4.7 Trend Analysis of Net Profit 

 The general direction of change in net profit over 

the period of time covered by the net profit trend 

analysis indicates the profitability progress. An 

increasing trend indicates that profits are rising 

and operational efficiency may be improving. 

Table No. 4.7 Trend analysis of Net Profit 

Year Net Profit Trend 

Value 

2014-2015 75607 100 

2015-2016 165831.01 219.33 

2016-2017 279629.32 369.84 

2017-2018 310297.70 410.40 

2018-2019 263752.36 348.84 

 

Source: Secondary Data 

Interpretation: 

The above table and shows the trend analysis on 

net profit. During 2014-2015 the value was taken 

as 100 and in the very next year 2015-2016 it 

increased to 219..33 and again in the year 

2016-2017 it raised to 369.84 and since then 

2017-2018 it was increased to 410.40 and in the 

year 2018-2019 and it was decreased to 348.84.  

Table No. 4.8 

Comparative Balance sheet for the year of 

2014-15 & 2015-2016 

Partic

ulars 

2014-1

5 (Rs) 

2015-1

6 (Rs) 

Increase/D

ecrease 

Percen

tage 

(%) 

Paid 

up 

capital 

30000

0.00 

30000

0.00 

0 0 

Reserv

es & 

Surplu

s 

15023

1.36 

31606

2.37 

165831.01 110 

Total 

reserve

s & 

capital 

45023

1.36 

61606

2.37 

165831.01 36.83 

Curren

t asset 

36343

15.50 

29108

44.42 

-723471.08 -19.90 

Fixed 

asset  

47876

2.88 

17332

08.88 

1254446 262.01 

Total 

asset 

41130

78.38 

46440

53.3 

530974.92 12.90 

Total 

curren

t 

liabiliti

es 

36626

45.02 

43447

70.10 

682125.08 18.62 

 

Source: Secondary Data 

Interpretation: 

The comparative balance sheet of the year 2014-15 

and 2015-16 is as follows. The paid up capital of 

the company has remain constant. The total 

reserves & surplus increased by 36.83% and it is 

good for the company growth. The current assets of 

the company has decreased by 19.90% and the 

fixed asset value increased by 262.01%.The 

liability value also increased by 18.62%. The 

company should concentrate on decreasing the 

liability value. 
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Table No. 4.9 Comparative Balance sheet for the 

year of 2015-16 & 2016-2017 

Partic

ulars 

2015-1

6 (Rs) 

2016-1

7 (Rs) 

Increase/D

ecrease 

Percen

tage 

(%) 

Paid 

up 

capital 

30000

0.00 

30000

0.00 

0 0 

Reserv

es & 

Surplu

s 

31606

2.37 

59569

1.69 

279629.32 88.47 

Total 

reserve

s & 

capital 

61606

2.37 

89569

1.65 

279629.28 45.38 

Curren

t asset 

29108

44.42 

80966

18.55 

5185774.13 178.15 

Fixed 

asset  

17332

08.88 

17991

47.15 

65938.27 3.80 

Total 

asset 

46440

53.3 

98957

65.7 

5251712.4 113.08 

Total 

curren

t 

liabiliti

es 

43447

70.10 

30551

04.10 

-1289669 -29.68 

 

Source: Secondary Data 

Interpretation: 

The comparative balance sheet of the year 2015-16 

and 2016-17 is as follows. The paid up capital of 

the company has remain constant. The total 

reserves & surplus increased by 88.47% and it is 

good for the company growth. The total assets of 

the company has increased by 113.08%.The 

liability value decreased by 29.68%.The liability 

value is lower than the previous year. It shows that 

company is in good position. 

Table No. 4.10 Comparative Balance sheet for 

the year of 2016-17 & 2017-2018 

Partic

ulars 

2016-

17 (Rs) 

2017-1

8 (Rs) 

Increase/D

ecrease 

Perce

ntage 

(%) 

Paid 

up 

capital 

30000

0.00 

300000

.00 

0 0 

Reserv

es & 

Surplu

s 

59569

1.69 

905989

.39 

310297.7 52.09 

Total 

reserv

es & 

capital 

89569

1.69 

120598

9.39 

310297.7 34.64 

Curre

nt 

asset 

80966

18.55 

108530

34.28 

2756416.1

3 

34.04 

Fixed 

asset  

17991

47.15 

200912

3.15 

209976 11.67 

Total 

asset 

98957

65.7 

128621

57.43 

2966391.7

3 

29.97 

Total 

curren

t 

liabiliti

es 

30551

04.10 

503706

9.34 

1981965.2

4 

64.87 

 

Source: Secondary Data 

Interpretation: 

The comparative balance sheet of the year 2016-17 

and 2017-18 is as follows. The paid up capital of 

the company has remain constant. The total 

reserves & surplus increased by 34.64% and it is 

good for the company growth. The total assets of 

the company has increased by 29.97%.The liability 

value increased by 64.87%. The company should 

concentrate on decreasing the liability value. 

Table No. 4.11 

Comparative Balance sheet for the year of 

2017-18 & 2018-2019 

 

Source: Secondary Data 

Interpretation: 

The comparative balance sheet of the year 2017-18 

and 2018-19 is as follows. The paid up capital of 

the company has remain constant. The total 

reserves & surplus decreased by 2.33%. The total 

assets of the company has decreased by 16.32%. 

The company reserves & surplus and total asset 

value was not good. The liability value is lower than 

the previous year with 63.21% and it good for the 

company. 

 

V. FINDINGS & SUGGESTION 

FINDINGS 

1. The normal current ratio is 2:1. The company 

last three year was more than 2%. This shows 

that company is enjoying credit worthiness. 

2. The normal Quick ratio is 1:1. The company 

last two year quick ratio is normal. This shows 

that the company is reasonably good. 

3. During the year 2016-17 gross profit ratio was 

increased to 62.47. Last two year the ratio was 

Page 2265 of 3066Page 2265 of 3066



 

 
105     International Journal for Modern Trends in Science and Technology 

 

 

N Indhu and K Malarkodi, “Study on Financial Performance Analysis at Pupa Home Care Pvt. Ltd” 

decreased. The company should focus on 

increasing the gross profit. 

4. The operating profit position of the company 

has higher expenses than the profit. 

5. The net profit and cash ratio was good in the 

year 2016-2017 by 2.19% and 0.15. 

6. Fixed asset turnover ratio was higher in the 

year 2014-15 by 17.67 and it gets decreased in 

the following years. 

7. The Return on asset ratio shows 2018-19 was 

performed well with 4.17. 

8. Trend analysis of sales and net profit shows 

that 2017-2018 company value is higher than 

the other four years by 213 and 410.40. 

9. Balance sheet shows paid up capital remains 

constant with 300000. 

10. Comparative balance sheet of the year 2014-15 

& 2015-16 shows asset and liability position 

was not good and  reserves & capital increased 

by 36.83%.  

11. Comparative balance sheet of the year 2015-16 

& 2016-17 shows asset and liability position 

was good and reserves & capital increased by 

45.38% and it is good for the company. 

12. Comparative balance sheet of the year 2016-17 

& 2017-18 shows asset position was good and 

liability position was not good and  reserves & 

capital increased by 34.64% . 

13. Comparative balance sheet of the year 2017-18 

& 2018-19 shows asset was not good and 

liability position was good because it decreased 

by 63.21% and  reserves & capital decreased by 

2.33% . 

SUGGESSITION: 

1. Last 3 year current ratio was more than 2:1 so 

the company should maintain same value. 

2. The company should reduce their operating 

expenses such as administrative expenses, 

financial expenses to increase the net profit. 

3. The cash ratio position of the company is not 

satisfactory for the last five years. It is 

fluctuating over the years and there is no 

standard ration maintained. So the 

management should take steps to improving 

the cash position of the company. 

4. Sales value was good in all the year so the 

company can maintain the same in future 

years. 

VI. RESULTS 

The main objective of the present study is to 

identify the financial performance and weakness of 

Pupa Home Care Pvt.Ltd. The company should 

concentrates on its operating expenses, 

administrative and selling expenses for more profit. 

The study reveals that performance was increasing 

upto the year 2017-18 after it start decreasing its 

profit and sales. Because of this study I have learnt 

about practical knowledge on financial 

calculations such as ratio analysis, trend analysis 

and comparative balance sheet.  
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Abstract: Global issues have increased the environmental troubles, this study is to know about implementation of Green HRM 
practices in Retail Industry. The combination of EM into HRM practices is called GHRM. The main objectives is to assess the 
GHRM Practices in the organization and to Identifying the viewpoint of the organization regarding drivers, barriers and 
expected benefits of GHRM practices.  To establish a better connection among the environment and employees, and to help the 
firm in understanding how they can improve their environmental performance working through human Resource. thus the 
sampling size was 100, data were collected using questionnaire method among the employees in the organization. Percentage 
Analysis, T-Test, ANOVA, Multiple regression were used for Analytical purpose. in Analysis it has been founded that the 
company has their own formal Environment system according to (ISO14001) and also ready to implement new green policies at 
any period without any restrictions. The mainly observed factor is that the employees are aware of GHRM and ready to accept 
the change for preserving the environment, thus using the ANOVA test it is to be confirmed that Employees position is affecting 
their thought about GHRM practices they are found to be similar. The thing to be noted from ANOVA analysis that every aged 
and each level of employees know their own roles and responsibilities to preserve the environment. 
Keywords: Green HRM, Retail Industry, Employee Performance 

I. INTRODUCTION 
This examine discusses the position of GHRM in developing a inexperienced tradition and attaining EM goals with a purpose to 
improve EP. The results of hypotheses checking out display that there's a statistically considerable courting between GHRM 
practices and EP.  In addition, this research identifies the variables that could affect GHRM implementation with the aid of helping 
or hindering and the expected benefits of GHRM implementation from the point of view of the focused groups. The effects of the 
descriptive analysis show that the main driving force of GHRM is “Environmental considerations”, the primary barrier of GHRM is 
“cost of enforcing GHRM programs” and the principle anticipated benefit of GHRM is “promotes social responsibility in the 
direction of surroundings amongst employees”. 
Eventually, the findings of this studies are anticipated to offer beneficial facts for destiny studies instructions 

II. REVIEW OF LITERATURE 
These days both advanced and growing countries have become greater concerned approximately the importance of the 
environmental troubles and sustainable improvement (Sharmin, 2015). Specially after the consolidation of the industrial revolution; 
the expansion of the tiers of manufacturing and intake in the global has been intensified inflicting an increment in degradation of the 
environment (Jabbour and Santos, 2008a).  
The increased focus for surroundings has paved the way for establishing green standards into numerous issues consisting of 
inexperienced  cities, green meals, inexperienced schooling, inexperienced ethics and philosophy (Firdaus and Udin, 2014). The 
green motion inculcated enterprise and industry to expand and use green management by means of adopting environmental friendly 
practices and merchandise (Prasad, 2013). Haden et al. (2009) clarified green control through the method of the usage of innovation 
business enterprise-extensive 
Inside the past, economic and economic status of an corporation became vital for organization success and progress (Kapil, 2015a). 
However now shareholders are expecting businesses to consciousness on minimization of ecological footprints and accelerated 
interest to social and environmental components (Sudin, 2011). Inside the company world these days the idea of sustainable 
improvement has turn out to be a first-rate recognition and interest (Venkatesh et al., 2014).  
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The main influential idea changed into defined via the world fee on environment and improvement (1987) as "improvement which 
meets the desires of the existing without compromising the capacity of destiny generations to meet their personal desires". Within 
the environmental  literature, the concept of ecologically sustainable improvement may be defined as the need for stability among 
industrial increase for wealth introduction and safeguarding the herbal environment (each day and Huang, 2001). It have become 
clean that sustainability within the agency and its Environmental overall performance (EP) are crucial factors for agency's survival 
and competitiveness (Lee, 2009).  
As a result, an effective implementation of EM has grow to be important for the enterprise's’ survival and accomplishing 
Sustainability (Preston, 2001 Hussain, 2013); which has grown the need to undertake a terrific Environmental management system 
(EMS). 
 Since the Nineties, EMSs have stood out as one of the most effective tools to achieve sustainable development (Chan, 2011) 
through integrating factors of EM into company choice-making (Wagner,2014). Wagner (2013) defined EMS as a fixed of common 
‘inexperienced’ practices geared toward improving EP. 
 The maximum popular environmental-associated standard is the ISO 14001 popular. However, EMS could be insufficient to 
remedy the complexity of environmental problems, based on the truth its effectiveness in large part relies upon on informal 
voluntary tasks that are tough to manipulate (Boiral, 2009; daily et al., 2009) and if company did no longer don't forget a basic 
method wherein employees and other stakeholders receive trade it can fail in imposing EMS (Ronnenberg et al., 2011).  
Both every day and Huang (2001) and Renwick et al. (2012) agreed at the concept that HRM might be important to a success EMS 
implementation. It could only be correctly carried out if the organizations have the right human beings with the proper talents and 
talents (day by day and Huang 2001). 
Yet the problem of how to gain sustainability thru the inexperienced management motion in an individual organisation or complete 
society is still controversial and unclear. Consequently, research to assist commercial enterprise to beautify sustainability via green 
management initiatives is vital (Prathima and Misra, 2013; Sudin, 2011).  

III. OBJECTIVES 
A. Primary 
1) To assess the GHRM Practices in the organization  

 
B. Secondary 
1) To Identifying the viewpoint of the organization regarding drivers, barriers and expected benefits of GHRM practices 
2) To establish a better connection among the environment and employees 
3) To help the firm in understanding how they can improve their environmental performance working through human Resource     

    
IV. RESEARCH METHODOLOGY 

 The methodology involves the way of the project carried out. Research methodology is way to solve the problem systematically. 
The main function of the research is to provide for the collection of relevant evidence with minimal expenditure of effort, time and 
study.  100 Employees from retail industry chosen as sample they will represent the whole population. Percentage Analysis, 
independent T- test, ANOVA, Multiple Regression are used as the analytical tools for this study 

V. CONCEPTUAL FRAMEWORK 
Companies are concerned and interested in monitoring their EP. Furthermore, they agree with that human elements have a major 
role in affecting the surroundings, even though none of them showed the popularity of the idea of GHRM. Because of this, a clear 
guide for making use of GHRM is needed to guide top control in achieving EM desires via the use of personnel. It has been shared 
with a set of experts inside the place to judge on its realism and flexibility. The organization had one executive supervisor and a 
couple of HR managers from three exclusive groups. All in their notes were taken into consideration and a few adjustments had 
been made. Primarily based on literature opinions and findings of this research, a conceptual model has been advanced that 
illustrates a few doubtlessly productive GHRM practices for inexperienced corporations. The model is intended to be a guide to help 
managers to apply GHRM on the way to improve EP. Therefore, , the version consists of 6 GHRM practices organized in four 
levels, the first one is “green management of organizational way of life” followed via “green recruitment and choice” then inside the 
third stage “green education and development” and “green overall performance management and appraisal”. Sooner or later, “green 
employee empowerment and participation” and “reward and compensation” inside the fourth level. 

Page 2269 of 3066Page 2269 of 3066



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 8 Issue VIII Aug 2020- Available at www.ijraset.com 
     

©IJRASET: All Rights are Reserved 495 

 

 

 

 

 

 

 

 

 

VI. ANALYSIS & INTERPRETATION 
A. T-Test  
Hypothesis  
1) HO : There is significant relationship among gender and recruitment and selection 
2) H1 : There is no significant relationship among gender and recruitment and selection 
Since the significant value is (P>0.05) we failed to reject the null hypothesis  

Dp Categories 
RS 

Count Mean 
Standard 
Deviation Df F Sig 

Gender 
Male 77 4.24 .67 

-0.386 98 0.496 
Female 23 4.35 .53 

 

Above t-test Table  reveals that there is not having any difference among  gender because both male and female perceives same about the 
Recruitment and selection which supports the null hypothesis i.e., there is no significant difference between RS and gender. It clears that 
gender has same perception among Recruitment and Selection. 

B. Multiple Regression  
 

Variable 
Un st 
co- SE of B St-ef T P  H 

X1 .197 .081 .143 2.432 .017 YES 

X2 -.113 .062 -.101 -1.841 .069 NO 

X3 -.034 .068 -.026 -.508 .613 NO 
X4 .128 .072 .094 1.773 .079 NO 
X5 .020 .052 .018 .376 .707 NO 

X6 .533 .075 .533 7.110 .000 YES 

X7 .464 .094 .366 4.915 .000 YES 

CONSTANT -.820 .269  -3.048 .003  
 
The multiple regression equation is  
Y = -0.820+ 0.197X1-0.113X2-0.034X3+0.128X4-0.020X5+0.533X6+0.464X7 
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Here the coefficient of X1 is 0.197 represents the partial effect of GHRM on POGHRM, holding others as constant. The estimated 
positive sign implies that such effect is positive that POGHRM would increase by 0.197 for every new implementation of HRM 
activities in GHRM  and this coefficient value is not significant at 5% level since there is relationship between GHRMP and 
POGHRM.  
The coefficient of X2 is -0.113 represents the partial effect RS on POGHRM, holding others as constant. The estimated negative sign 
implies that using RS without following green policies would reduce the POGHRM  score would decrease by -0.113  and this 
coefficient value is significant at 1% level, Since there is no relationship between RS and POGHRM. 
The coefficient of X3 is -0.034 represents the partial effect of TD on POGHRM, holding others as constant. The estimated negative 
sign implies that such effect is negative that POGHRM would decrease by -0.034 for non implementation of green policies in TD 
and this coefficient value is significant at 1% level, Since there is no relationship between RS and POGHRM. 
The coefficient of X4 is 0.128 represents the partial effect of  PMA on POGHRM, holding others as constant. The estimated positive 
sign implies that such effect is positive that POGHRM score would increase by 0.128 for every new implementation of green 
policies in PMA and this coefficient value is not significant at 5% level.  
The coefficient of X5 is 0.020 represents the partial effect of RC on POGHRM, holding others as constant. The estimated positive 
sign implies that such effect is positive that POGHRM would increase by 0.020 for  implementation of each new green rewards in 
RC and this coefficient value is not significant at 5% level, Since there is no relationship between RS and POGHRM. 
The coefficient of X6 is 0.533 represents the partial effect of  EEP on POGHRM, holding others as constant. The estimated positive 
sign implies that such effect is positive that POGHRM would increase by 0.533 for every new implementation of GHRM activities 
in EEP and this coefficient value is not significant at 5% level since there is relationship between EEP and POGHRM.  
The coefficient of X7  is 0.464 represents the partial effect of  EP on POGHRM, holding others as constant. The estimated positive 
sign implies that such effect is positive that POGHRM would increase by 0.464 for every new implementation of GHRM activities 
in EP and this coefficient value is not significant at 5% level since there is relationship between EP and POGHRM.  

C. ANOVA  

ANOVA Between Groups 
Position in 

Organization Experience EMS Age 
EM into Business  

operation 
Factor F Sig F Sig F Sig F Sig F Sig 

Management by Organization  
culture 0.782 0.460 3.576 0.32 0.600 0.551 1.064 0.349 18.644 0.000* 

Green Recruitment and 
Selection 0.395 0.675 1.820 0.168 0.338 0.714 0.640 0.529 11.649 0.000* 

Green Training and 
Development 0.581 0.561 0.40 0.961 0.172 0.842 1.581 0.211 10.412 0.000* 

Green Performance 
management and 

Appraisal 2.783 0.67 2.060 0.772 1.678 0.344 0.426 0.655 11.635 0.000* 
Green Reward and 

Compensation 2.497 0.88 1.215 0301 0.732 0.483 0.635 0.532 7.526 0.000* 
Green Employee 

empowerment 0.933 0.397 1.675 0.913 0.96 0.909 2.267 0.109 112.697 0.000* 
Environmental 
Performance 1.604 0.206 3.221 0.044 5.559 0.573 0.522 0.595 103.620 0.000* 

To explore the statistical difference between the given factors among the position in the organization the table  clearly shows that 
(P>0.05) there is no significant difference between the general manager, HR manager and quality manager they are significantly 
same about GHRM 
To explore the statistical difference between the  given GHRM factors among the experience of respondent  in the organization, the 
table 4.12 clearly shows that (P>0.05) there is no significant difference between the Highly experienced and low experienced r they 
are significantly same about GHRM practices in organization 
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To explore the statistical difference between the  given GHRM factors among the EMS  in the organization, the table 4.12 clearly 
shows that (P>0.05) there is no significant difference between the implementing the new policies they are significantly same 
executing new GHRM practices in organization 
To explore the statistical difference between the  given GHRM factors among the age of employees  in the organization, the table 
4.12 clearly shows that (P>0.05) there is no significant difference between  age and GHRM factors that all aged having same 
thought  and perception of GHRM practices in organization 

VII. DISCUSSION & RECOMMENDATIONS 
It has been founded that the organization was using the GHRM practices at the medium level in order to encourage the 
Environmental concern among their employees. The finding of data analysis demonstrates the GHRM practices which are preferable 
practiced among the employees which has been done to increase the awareness of Green management and their needs. It is found 
that there is strong  relationship among 3 GHRM practices and POGHRM, The POGHRM was highly influenced by Management 
by organizational culture, Employee empowerment and Participation and Environmental performance, while Recruitment and 
selection, Training and development and  Reward and compensation have less influence on POGHRM.  
While adding some new green policies in Recruitment and selection, Training and development and Reward and compensation may 
increase the effectiveness and  helps to increase the POGHRM. It is founded that the company has their own formal Environment 
system according to (ISO14001) and also ready to implement new green policies at any period without any restrictions. The mainly 
observed factor is that the employees are aware of GHRM and ready to accept the change for preserving the environment, thus using 
the ANOVA test its to be confirmed that Employees position is affecting their thought about GHRM practices they are found to be 
similar. The thing to be noted from ANOVA analysis that every aged and each level of employees know their own roles and 
responsibilities to preserve the environment. 

The following are the recommendations : 
1) The future researchers may explore the GHRM study in IT industries and can check the effectiveness  
2) As part of business concern GHRM was implementing everywhere thus the future researcher may consider about forming new 

effective strategies to implementing GHRM in marketing sector 
3) A detailed study in Reward and Compensation can be done in order to motivate the employees to practice GHRM practices    
4) Strategies may be formed to implement new effective Green Training  policies in Training and Development  
5) Following fully digitalized working environment without paper works and printers, documents, Importance of Cloud storage in 

GHRM practices 
6) Maintaining of employee details through digital way in order to eliminate the maintaining of documents in paperback format 

and moving towards the  digital environment 
7) How technology helps the HR employees to effectively practice GHRM in their fields  

 
VIII.  CONCLUSION 

The main aim of this research is to access the GHRM practices in Retail industry, this has been done by exploring the usage of 
GHRM practices, secondly by testing Multiple Regression between GHRM practices and POGHRM and found the best Green HRM 
practices to enhance the better environmental performance. The second issue that the researcher focused on finding the variables 
that could affect the implementing of GHRM practices and exploring the expected benefit of Green HRM practices from the view 
point of the companies 
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Abstract : This paper investigates the relationship between personality and job performance of the fivefactor model with job performance. 

Personality psychology is concerned with the analysis and theories surrounded by the personality are related to the five factors. 

Conscientiousness and extraversion appear to be positively correlated with productivity and performance. Neuroticism and agreeableness are 

negatively correlated with leadership capabilities. Individuals make high performance on conscientiousness, while individuals missing 

conscientiousness and having neuroticism tend to perform poorly at work.   

 The study based on the Employee personal traits and job performance in the work place.To identify the Relationship between Personality 

Traits and Job Performance.To study impact of Personality Traits in Job Performance. To  reveal the factor of Personality Traits which leads 

for Job Performance. In statistics the frequency of an event is the number  of times the event occurred in an experiment or study.  These 

frequencies are often graphically represented in histograms.There are 150 population and Employee are the sample units.120 is my sample 

size and sampling method is judgement sampling. Tools Used for Data Analysis Percentage Analysis, T-Test, ANOVA, Multiple Regression. 

There is no significant  different between RS and Gender. It clear that Gender has same perception among Agreeableness.The significant 

different level between the factors and demographic variable  show no significant different . Based on the relationship between personality 

traits and job performance, concluded that the conscientiousness of the individuals should be initially considered in employing individuals. 

 

KEYWORDS – Job performance, Personality Traits, Work life. 

 

I. INTRODUCTION 

Personality encompasses a person‘s relatively stable feelings, thoughts, and behavioral patterns. Each of us has a unique personality that 

differentiates us from other people, and understanding someone’s personality gives us clues about how that person is likely to act and feel in 

a variety of situations. To manage effectively, it is helpful to understand the personalities of different employees. The personality variables 

that are being studied are the agreeableness, conscientiousness, emotional stability, openness to new experience and extroversion of 

employees in the workplace. These five factors are also present in the Big Five model of Personality Dimensions. In addition to this the job 

performance and job satisfaction of employees are also being studied in order to see what impact personality traits have on these two factors. 

Agreeableness is a measure of how cooperative and trusting a person is likely to be. This trait is very important when it comes to working in 

teams. Conscientiousness is concerned with how responsible and organized a person is in his or her day to day activities. A conscientious 

worker is a dependable worker. Emotional stability shows the level of self confidence and security a person possesses. Emotional stability is 

mandatory for leaders. Openness to new experience shows the amount of curiosity and imagination a person displays. Extroversion shows 

how sociable and assertive a person is likely to be. Personality is about the way individual reacting, perception, thinking, perceiving, attitude 

or behavior as a person to their environment. Personality can be defined as a dynamic or set of characteristic possessed by a person that 

influence on cognition, motivation and behavior in a variety of situation. 

II. REVIEW OF LITERATURE 

Alanoud Alsuwailem1, Dr. Amir Abou Elnaga2 states the relationship between personality traits and job performance, the managers 

should look for the methods by which the individuals are hired according to their personality traits and skills Thus, the productivity and 

efficiency in performing the job will significantly improve by considering the psychological and personality characteristics of the individuals. 

Based on the analysis of the direct and indirect impacts, it is generally concluded that the conscientiousness has the highest influence on the 

job performance and also positive related to performance in training. This is then concluded that the conscientiousness of the individuals 

should be initially considered in employing individuals. 

Abu Shoaib Khan - Personality traits typically is called the Big Five Model, or the ‘Big Five’, is an impressive dimension which 

underlies all other and encompasses most of the significant variation in human personality. Personality is an important determinant of 

performance in an organization. The workplace (organization) brings together people from different backgrounds, philosophies, cultures and 

most importantly personality. These entire factors along with the five personality traits encourage cooperation, teamwork and creative 

thinking which are very crucial to an organization. Personality differences can mean that individuals take varying approaches to work style 

and interacting with co-workers, managers, clients and competitors. Understanding how personality affects behavior in an organization can 

help determine what might be motivating workers to perform or behave in certain ways. Evidence shows that individuals who are 

dependable, reliable, careful, thorough, able to plan, organized, hardworking, persistent, and achievement oriented are positively skewed 

towards higher job performance.  

Entissar Nuru  Wagner & Harter (2006) employees who do not feel adequately recognized are twice as likely to say they will leave 

their company in the next year. They also believe that this element is responsible to 10 to 20 percent differences in productivity and revenue. 

In addition to this SAIC, 2011 argues that Workplaces that excelled in this question relied on forms of recognition that are specific, 

predictable, frequent, and instantaneous. They are known to promote a recognition-rich environment, with praise coming from every 

direction, and with everyone knowing how others like to be recognized.   

Gregory M. Hurtz ,John J. Donovan We conclude that global measures of the Conscientiousness dimension have a rather moderate 

impact on performance, al- though this validity does appear rather stable and generalizable across occupations and criteria. Although they are 

less generaliz- able, we also conclude that personality traits other than Conscien- tiousness are nearly equally important for certain 
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occupations and criteria. Our hope is that the results of this review encourage realistic expectations about the potential contribution of 

Consci- entiousness measures to selection utility and encourage further exploration of the impact of personality variables on job perfor- 

mance beyond the global Conscientiousness dimension. 

Zubair Hassan Baiduri Binti Youshan  we found that this research fulfilled its purposes by identifying the most common type of 

personality among the respondents and how it influences organizational performance. people who are more agreeable personality type tend to 

reduce personal and professional conflict by resolving the problem through cooperation and collaborations even though they did not like to 

agree. This means most cases they tend to agree for the benefit of organization rather than arguing and creating more conflict.   

The increased focus for surroundings has paved the way for establishing green standards into numerous issues consisting of 

inexperienced  cities, green meals, inexperienced schooling, inexperienced ethics and philosophy (Firdaus and Udin, 2014). The green 

motion inculcated enterprise and industry to expand and use green management by means of adopting environmental friendly practices and 

merchandise (Prasad, 2013). Haden et al. (2009) clarified green control through the method of the usage of innovation business enterprise-

extensive 

Inside the past, economic and economic status of an corporation became vital for organization success and progress (Kapil, 2015a). However 

now shareholders are expecting businesses to consciousness on minimization of ecological footprints and accelerated interest to social and 

environmental components (Sudin, 2011). Inside the company world these days the idea of sustainable improvement has turn out to be a first-

rate recognition and interest (Venkatesh et al., 2014).  

Since the Nineties, EMSs have stood out as one of the most effective tools to achieve sustainable development (Chan, 2011) through 

integrating factors of EM into company choice-making (Wagner,2014). Wagner (2013) defined EMS as a fixed of common ‘inexperienced’ 

practices geared toward improving EP. 

 
III. RESEARCH METHODOLOGY 

The research process used to collect the information and data for the purpose of making business decisions. The methodology may 

include publication research, interviews, surveys, other research techniques and could include both present and historical information 

METHOD OF DATA COLLECTION 

          There are two types of data collection. They are:  

 PRIMARY DATA  

 Primary data refers to the pure and the fresh data which are collected for the first time.  

 The primary data was collected from the response of the employee using questionnaire for this study. 

 SECONDARY DATA: 

 Secondary data refers to the data which are already collected by some researchers in the past and is available in published or 

unpublished form.  

 The secondary data for this study has been obtained from international journals and company websites. 

SAMPLE SIZE 

 The sample size for the present study is 120 

 TOOLS USED 

 Mean Analysis 

 T – Test Analysis 

 Regression Analysis  

 ANOVA Analysis 

 
IV. DATA ANALYSIS AND INTERPRETATION  

DATA ANALYSIS 

Data analytics is the science of analyzing raw data in order to make conclusions about that information. Many of the techniques and 

processes of data analytics have been automated into mechanical processes and algorithms that work over raw data for human consumption. 

Data analytics techniques can reveal trends and metrics that would otherwise be lost in the mass of information. This information can then be 

used to optimize processes to increase the overall efficiency of a business or system. 
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Table 4.1: Percentage analysis 

CATEGORIES Count Column N % 

Gender 
Female 52 43.3% 

Male 68 56.7% 

Designation 

Manager 10 8.3% 

Sub. Staff 24 20.0% 

Asst.Manager 26 21.7% 

Junior  Officer 30 25.0% 

Clerk 18 15.0% 

Others 12 10.0% 

Education Qualification 

Diploma or below 25 20.8% 

Bachelor 58 48.3% 

Master degree or Higher 35 29.2% 

Experience in Organization 

Less than 2 years 22 18.3% 

2to5 years 49 40.8% 

11-15 years 21 17.5% 

Greater than 15 years 2 1.7% 

6-10years 26 21.7% 

What is your Salary 

10k-20k 26 21.7% 

20k-30k 50 41.7% 

30k-40k 32 26.7% 

40k-50k 12 10.0% 

What is your age 

25-30 45 37.5% 

31-35 35 29.2% 

36-40 34 28.3% 

above 40 4 3.3% 

 The above Table 4.1 shows a clear understanding of demographic profile of the respondents studied. It encloses the descriptive 

statistics of Gender, Age, Designation,  Education Qualification, Experience in Organization, Salary. The profile reveals that the majority of 

the respondents are male. The study shows that 25% of the respondents are Junior Officers,  21.7% are Assist. Manager, 20.0% are Sub.Staff, 

15.0% are Clerk, 8.3% are Manager . Only 10% of the respondents belong to Other Categories. The study found that 48.3% of the 

respondents were having university level education as Bachelor’s degree, 29.2% as Master degree or Higher only 20.8% w-ere having 

Diploma or below as their education level. Largely the respondents 40.8% were having experience as 2to5 years and  only 1.7% were having 

experience as Greater than 15 years. 41.7%  of  the employees stated that they getting salary of 20k-30k,  26.7%  of   employees  as  30k-40k, 

21.7%  of  employees as 10k-20k  and only 10.0% of  the employees as salary of 40k-50k. 37.5% of the employees are aged from 25-30,  

29.2% aged from 31-35, 28.3% aged from 36-40 and only 3.3% of employees aged above 40. 

T-Test 

Hypothesis for T-Test 

Null Hypothesis (Ho): 

     There is no significant difference among gender, and Agreeableness 

Alternate Hypothesis (H1):  

 There is a significant difference between male and female with RS 

      If Sig. (P) is less than 0.05 then Accept Alternate Hypothesis 

       If Sig. (P) is above 0.05 then failed to reject null hypothesis 

Table 4.2  Independent T-Test analysis 

DP 
CATEGO

RIES 

Agreeableness 

Mean 
Standard 

Deviation 
DF F Sig 

Gender Female 3.94 .41 0.074 118 0.003 
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Male 4.16 .39 

 

Significant  

P=0.003<0.05   Above t-test Table 4.9 reveals that there is not having any difference among  gender because both male and female perceives same 

about the Agreeableness which supports the null hypothesis i.e., there is no significant difference between RS and gender. It clears that gender has 

same perception among Agreeableness 

 

Since the significant value is (P>0.05) we failed to reject the null hypothesis 

ANOVA 

Table 4.3 

ANOVA Between Groups Designation 
Education 

Qualification 

Experience in 

Organization 
Salary Age 

Factor F Sig F Sig F Sig F Sig F Sig 

Extraversion .279 .924 .416 .742 1.451 .222 2.834 0.041 1.564 .189 

Agreeableness .625 .681 .406 .749 1.561 .190 1.954 .125 1.975 0.103 

Conscientiousness 1.213 .307 .476 .700 1.089 .365 0.981 .404 .2317 0.061 

Neuroticism .383 .859 .231 .875 .278 .891 .167 .918 .463 .763 

Openness 2.033 0.079 .636 .593 2.061 .090 .138 .937 .928 .450 

Job .763 .579 .693 .579 1.431 .228 1.189 .317 .684 .604 

Performance 2.604 .029 4.521 .005 19.084 .000* 6.524 .000* 4.960 .001* 

*Indicates that there is significant difference between the factors  

          The above ANOVA Table.4.10 shows the significant difference level between the factors.  The above table shows that mostly there is 

no significant difference between Factors  and the demographic variables (Designation, Education Qualification, Experience in Organization,  

Salary, Age ) that are compared.  

 To explore the statistical difference between the  given job performance factors among the respondent  in the organization, the table 

4.10 clearly shows that (P>0.05) there is no significant difference between the Extraversion and demographic variables (Designation, 

Education Qualification, Experience in Organization,  Salary, Age ) they are significantly same about job performance in organization.  

 To explore the statistical difference between the  given job performance factors among the respondent  in the organization, the table 

4.10 clearly shows that (P>0.05) there is no significant difference between the Agreeableness and demographic variables (Designation, 

Education Qualification, Experience in Organization,  Salary, Age ) they are significantly same about job performance in organization.  

 To explore the statistical difference between the  given job performance factors among the respondent  in the organization, the table 

4.10 clearly shows that (P>0.05) there is no significant difference between the Conscientiousness and demographic variables (Designation, 

Education Qualification, Experience in Organization,  Salary, Age ) they are significantly same about job performance in organization. 

 To explore the statistical difference between the  given job performance factors among the respondent  in the organization, the table 

4.10 clearly shows that (P>0.05) there is no significant difference between the Neuroticism and demographic variables (Designation, 

Education Qualification, Experience in Organization,  Salary, Age ) they are significantly same about job performance in organization.  

 To explore the statistical difference between the  given job performance factors among the respondent  in the organization, the table 

4.10 clearly shows that (P>0.05) there is no significant difference between the Openness and demographic variables (Designation, Education 

Qualification, Experience in Organization,  Salary, Age ) they are significantly same about job performance in organization. 

 To explore the statistical difference between the  given job performance factors among the respondent  in the organization, the table 

4.10 clearly shows that (P>0.05) there is no significant difference between the job and demographic variables (Designation, Education 

Qualification, Experience in Organization,  Salary, Age ) they are significantly same about job performance in organization. 

 To explore the statistical difference between the  given job performance factors among the respondent  in the organization, the table 

4.10 clearly shows that (P>0.05) there is no significant difference between the job and demographic variables (Designation, Education 

Qualification) they are significantly same about job performance in organization.  

 It has been found that there is significant difference between job performance among the demographic variables  Experience in 

Organization,  Salary, Age. that there is no relationship between them. 
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REGRESSION ANALYSIS  

             Regression is the determination of statistical relationship between two or more variables. In simple regression two variables are used. 

One variable (independent) is the cause of the behavior of another one (dependent). When there are more than two independent variables the 

analysis concerning relationship is known as multiple correlations and the equation describing such relationship is called as the multiple 

regression equation. 

 

 

Table  4.4 Variables in the Multiple Regression Analysis 

Variables 
Un standardized 

co-efficient 
SE of B 

Standardized 

co-efficient 
t value P value Hypothesis 

X1 -.183 .126 -.148 -1.457 .148 NO 

X2 .073 .122 .056 .595 .553 YES 

X3 .341 .131 .258 2.599 .011 YES 

X4 .021 .061 .033 .339 .736 YES 

X5 .058 .059 .092 .978 .330 YES 

X6 .135 .117 .114 1.152 .252 YES 

CONSTANT 2.074 .728  2.848 .005  

 

The multiple correlation coefficient is 0.325 measures the degree of relationship between the actual values and the predicted 

values of the Adjustment. Because the predicted values are obtained as a linear combination of Job, Extraversion , Agreeableness ,Openness , 

Conscientiousness ,Neuroticism, the coefficient value of 0.325 indicates that the relationship between Performance and the six independent 

variables is quite strong and positive. 

 
 

IV. FINDING, SUGGESTIONS AND CONCLUSION 

 
FINDINGS 

 57% are respondent in Male,43% are Female respondent. 

 25% are respondent in Junior Officer,20% Sub Staff are respondent,21%are Asst  Manager respondent ,8% are Manager 

respondent. 

 48% are respondent in Bachelor,29%are Master Degree Or Higher respondent,20%are Diploma Or below respondent.  

 40.8% are respondent in 2-5years,21%are 6-10 years respondent,18% are less than 2 years respondent,17%are 11-15years  

respondent,1% are greater than 15 years respondent. 

 42%are respondent in 20k-30k salary,26%are 30k-40k respondent,21% are 10k-20k respondent,10% are 40k-50k 

respondent. 

 37% are respondent in 25-30 years,29%are 31-35 respondent,28% are 36-40 respondent,3% are above 40 respondent. 

SUGGESTION 

 The introduction of spirituality at the workplace helps the organization to promote the values and create an atmosphere 

which is conducive for the overall performance of the employees and organization. 

 The Management may focus on Workplace spirituality which helps to create conducive organization   practice and 

modifications. 

 It is founded that the company has their own formal Environment system according to (ISO14001) and also ready to 

implement new green policies at any period without any restrictions  

 While adding some new green policies in Recruitment and selection, Training and development and Reward and 

compensation may increase the effectiveness and  helps to increase the Productivity. 

CONCLUSION  

Based on the relationship between personality traits and job performance, the Organization should look for the methods by which the 

individuals are hired according to their personality traits and skills. Thus, the productivity and efficiency in performing the job will 

significantly improve by considering the psychological and personality characteristics of the individuals. Based on the analysis of the direct 

and indirect impacts, it is generally concluded that the conscientiousness has the highest influence on the job performance and also positive 

related to performance in training. This is then concluded that the conscientiousness of the individuals should be initially considered in 

employing individuals. 
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Abstract : Inventory represents an important decision variable at all stages of product manufacturing, distribution and sales, in addition to 

being a major portion of current assets of many organizations. Too much and too low inventories bring down the level of profitability of an 

organization. Inventory is the stock of any item or resource used in an organization. There are three types of manufacturing inventories: raw 

materials, work in progress and finished goods 
 

KEYWORDS – Management, Inventory, Control and Company. 

  

I. INTRODUCTION 

This study aims to identify the key factors that influence inventory management practices, investigate efficient and effective inventory 

management approaches, and examine the impact of supplier cooperation on supply chain improvement. A case study approach is used 

to identify the key factors that influence inventory management in a factory. This study provides a valuable tool for identifying the key 

factors in inventory management which can be applied to similar problems encountered in actual manufactories.  

II. REVIEW OF LITERATURE 

Inventory is a major asset and represents a sizable investment in businesses that sell or manufacture products. In extraction, manufacturing, 

wholesaling, retailing, importing/exporting, and other fields, inventory constitutes one of the largest controllable assets of a business. There 

are two major economic purposes of inventories (Thomas and Ross, 1979): they act as buffer zones in the system of production and 

distribution, and may be seen as investment or speculation.  

Inventory management involves balance between customer service, or product availability, and cost of inventory (Wisner et al., 2014). There 

are a number of factors that influence inventory decision-making. In this paper, only two will be considered: the cost factor and the 

uncertainty factor, which includes demand uncertainty and time uncertainty.  

Serhii Z (2015) according to this paper Inventories involves raw materials, work-in-progress and entirely completed goods that are in to be 

included in the firm‟s assets that are in position or would be in position for sale.   

To this end, inventory in many small business owners is one of the most visible and tangible aspects of doing business. Raw materials, goods 

in process, and finished goods all represent various forms of inventory. Each type represents money tied up until the inventory leaves the 

company as purchased products. Likewise, merchandise stocks in a retail store contribute to profits only when their sale puts money into the 

cash register. In a literal sense, inventory refers to stocks of anything necessary to do business. These stocks represent a large portion of the 

business investment and must be well managed in order to maximize profits. In fact, many small businesses cannot absorb the types of losses 

arising from poor inventory management. Unless inventories are controlled, they are unreliable, inefficient, and costly. Inventory is an idle 

stock of physical goods that contain economic value, and are held in various forms by an organization in its custody awaiting packing, 

processing, transformation, use or sale in a future point of time. 

The purpose of this research is to study the best method of inventory management in order to recommend this to company X, where they can 

practice this to have a better management and control their losses and profit. 

Inventory is a major asset and represents a sizable investment in businesses that sell or manufacture products. In extraction, manufacturing, 

wholesaling, retailing, importing/exporting, and other fields, inventory constitutes one of the largest controllable assets of a business. There 

are two major economic purposes of inventories (Thomas and Ross, 1979): they act as buffer zones in the system of production and 

distribution, and may be seen as investment or speculation.  

Safety stocks are widely used to defend uncertainty, improve service level, and increase the stability in planning and controlling systems (De 

Bodt and Wassenhove, 1983). Howard (1984) pointed out that to manage the opportunity cost of inventory control, firms must maintain a 

level of safety stock that balances the loss of sales and customer goodwill with the cost of carrying inventory. The complexity associated with 

this decision stems from the fact that both daily demand from customers and lead time from suppliers may vary. Thus, the greater the 

variability, the larger the safety stock needed.  

Beyond the quantitative method, which mainly focuses on optimizing inventory levels in departments, many manufacturers have turned their 

attention to new conceptual ideas about supply chain management, such as VMI and postponement which emphasize collaboration and 

sharing information with suppliers and customers, utilization of information technology, to reduce inventory and optimization of the whole 

supply chain.  

VMI model is designed as a powerful tool to deal with supply chain management from which suppliers can make better decisions for 

inventory replenishment. The advantages of using VMI have been extolled by several authors. Waller et al. (1999) pointed out that the main 

advantages of VMI are cost savings and customer service levels, which can be improved on both sides. Fox (1996) and Williams (2000) 

suggested that these advantages can improve the level of service, reduce uncertainty in demand, and save costs.  

Safety stocks are widely used to defend uncertainty, improve service level, and increase the stability in planning and controlling systems (De 

Bodt and Wassenhove, 1983). Howard (1984) pointed out that to manage the opportunity cost of inventory control, firms must maintain a 

level of safety stock that balances the loss of sales and customer goodwill with the cost of carrying inventory. The complexity associated with 
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this decision stems from the fact that both daily demand from customers and lead time from suppliers may vary. Thus, the greater the 

variability, the larger the safety stock needed.  

Beyond the quantitative method, which mainly focuses on optimizing inventory levels in departments, many manufacturers have turned their 

attention to new conceptual ideas about supply chain management, such as VMI and postponement which emphasize collaboration and 

sharing information with suppliers and customers, utilization of information technology, to reduce inventory and optimization of the whole 

supply chain.  

VMI model is designed as a powerful tool to deal with supply chain management from which suppliers can make better decisions for 

inventory replenishment. The advantages of using VMI have been extolled by several authors. Waller et al. (1999) pointed out that the main 

advantages of VMI are cost savings and customer service levels, which can be improved on both sides. Fox (1996) and Williams (2000) 

suggested that these advantages can improve the level of service, reduce uncertainty in demand, and save costs.  

  

III. RESEARCH METHODOLOGY  

The Descriptive type of research has been applied in the study. This research the researcher has no control over the variables. Only 

reports what has happened or what is happening. The research can only discover causes but cannot control the variables. 

METHOD OF DATA COLLECTION 

          There are two types of data collection. They are:  

 PRIMARY DATA  

 A study on Inventory management towards Salem co-operative sugar mill at Mohanur. 

 inter-department transfers within a company. 

 It provides a check against the loss of materials through carelessness or pilferage 

SECONDARY DATA: 

 To study the tools and techniques of inventory management adopted to study the inventory control measures in inventory 

management 

 To Study the demand forecast of inventory Management 

   To study how various Analysis and aging schedule is implemented in inventory Management  

  To identify problems related to inventory management and to find out suitable measures to overcome 

TOOLS USED 

 Ration analysis (inventory) and  

 Trend analysis 

 Correlation analysis 

 Compound annual growth rate 

IV. DATA ANALYSIS AND INTERPRETATION  

DATA ANALYSIS 

 

 

 

 

 

 

 

 

 

YEAR CURRENT ASSET[A] CURRENT LIABILITY[B] CURRENT RATIO = [A] / [B] 

2014-2015 1,471.64 564.55 2.61 

2015-2016 1,754.18 763.46 2.30 

2016-2017 1,707.86 924.28 1.85 

2017-2018 1,240.09 1,375.01 0.90 

2018-2019 1,171.50 1,217.66 0.96 

 

Source: Secondary data 

 
Financial ratio analysis is a qualitative technique for accessing the financial health or soundness of an enterprise from the accounting data. It 

basically gives her relationship between one items of the financial statement to another.  

Ratio analysis is one of the most powerful tools of financial analysis. It is the process of determining and interpreting the numerical 

relationship of different items of financial statements. It provides the yardstick that to measure 

 
 

Current assets 

Current Ratio =          

Current liabilities 
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IV. FINDING, SUGGESTIONS AND CONCLUSION 

FINDINGS 

From the above table indicates that the Inventory ratio of 2014-2015 were 0.53, this ratio increased in the next year were 0.60, and the ratio 

was decreased in the year of 2015-16 and then again increased to 0.63 in the year of 2018-2019. The Inventory ratio is fluctuating trend. 

From the above table shows that there is no standard ratio for the Inventory turnover ratio. In the year 2014-2015 the ratio is 3.39 times and 

in the year 2015-2016 the ratio is decreased to 1.83 and then again low in the Inventory ratio. In the year 2018-2019 the ratio is increased 

2.83. The management in the firm. If an organization experiences stock-out of a critical Inventory item, production halts could result. 

Inventory management indicates the broad frame work of managing Inventory. The Inventory management technique is more useful in 

determine the optimum level of Inventory and finding answers to problem of safety stock and lead time. Inventory management has become 

highly developed to meet the rising challenges in most Inventory management and this is in response to the fact that Inventory is an asset of 

distinct feature. 

.SUGGESTION 

1. In Inventory level of the company shows the increase of the raw materials, work-in-process and finished goods. The Inventory level 

of India synthetic sugar industry.  

2. In Inventory turnover ratio finded some problems. They want sell their product to outside also. Now they use their cement which is 

produced in India synthetic sugar industry for their own purpose. They want to sell that to others also then only the ratio will be 

increased. 

3. India synthetic sugar industry sells the 25 per cent of the cements produced, remaining they used for own purpose. For sales to 

others they allowed more days as credit to their agents. 

CONCLUSION  

The project report concludes that the Inventory management control is well maintaining by the firm and aspects of the firm are growth in 

financial position.  Then the report may be well supportive my skills, knowledge about the Inventory. 
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Abstract: Organizational culture is a system of shared assumptions, morals, beliefs and ethical values which cordially governs 

how an individual must behave within the work environment. Culture of the organization is onethat predominantly grounds 

the performance and attitude of the employees in the workplaceand has a deep impact on the employees and their 

relationship amongst themselves. Every organization has a unique culture that differentiates it from others and giving it a 

sense of direction.The culture includesOrganizational Climate, Work Group, Employee Performance, Compensations, Job 

Satisfaction, Supervisory Relationships, Leadership style etc. This study aimed at examining the effect of the organizational 

culture and its impact on Employee attitude of high level and medium level employees of paper industry. In this research 

Descriptive research design was used.Totally 120 employees from various departments has been selected as respondents to 

fill the questionnaire for this study. Findings of this study are onlyrelatedto the employees of Tamil Nadu Newsprint and 

PapersLimited. 

 

Keywords: Organizational culture, Employee attitude, Tamil Nadu Newsprint and PapersLimited. 

 

INTRODUCTION 

The culture of the organization refers to the beliefs, principles and practices followed in a an organization. And the Researcher 

Needle further stated that Organizational culture as the collective morals , beliefs and practices which is followed by the members 

in an organization and it is the combination of factors such as History of the organization, Product proposed, Technology used and 

Strategy followed, Type of employees working, style of the Management and the national culture. And the Culture represents the 

Organization's vision, mission, values, norms, systems, symbols, language, assumptions, morals, and habits etc. The Attitude of the 

employees in the working environment is known as employee’s attitude and it basicallyincludes characteristics such as interest in 

their job, working without any constant monitoring, and always taking things in a positive dimension i.e. being optimistic, always 

being ahead in the task/work and lastly employee’s eagerness to contribute to their work environment. And the relationship between 

the organization and employees is interdependent in nature where both parties may impact on each other’s ability to achieve positive 

results and organizations growth. Ever organization will have certain values, policies, rules and guidelines which help them to create 

an image of their own. Hence it is essential for the employees to understand the culture of their workplace to adjust and perform 

well. The main aim of this article is to study the different types of cultures in an organization and how does it influences the 

employee’s attitude. And the study details about the organizational culture and its impact on employees attitude among the 

employees of Tamil Nadu Newsprint and Papers Limited. The employees’ performance/behavior within the organization is the most 

important factor for the organizations growth as it leads to development. For effective functioning, the organization must believe 

the employees knowledge and skill. The cognitive systems of humans that helps in improvingthe thinking and decision making 

process were based upon the organizations culture. The endurance of culture in an organization relies upon the segregation of 

national and foreign culture as defined in culture management. 

 

REVIEW OF LITERATURE 

 

Robbins (2002) believes that stronger the culture of organization, then greater would be its impact on organizations perceptions and 

performance. Employees’ satisfaction is inclined by Different intervening variable, which in turn leads towards the performance of 

the organization. Culture changes highly influences the financial return. And in his research he found that newspaper agency with 

constructive culture relates stronger growth. Similarly on the other hand he found that retailer stores with constructive culture earned 

more revenue/Turnover. Researchers Chow, Haddad and Wu (2002) in Taiwan revealed that the performance standards of the 

organization can be uplifted by effectively managing, controlling and changing their organizations culture.According to Schmitt et 

al(2003) performancerefers to the behavior that can make a difference/change to organizational goal accomplishment. The 

performance domain embraces behaviors that might have positive outcomes and behaviors thatmight have negative outcomes on 

organizational goal accomplishment. Also he says that Performance has a wide scope when we considering themanufacturing 

organizations. Leong et al. as cited in Neely, Gregory and Platts(2005) further stated that, the manufacturing task is widely accepted 

and hence the key factors of manufacturing performance can be well defined in terms of quality, delivery speed, delivery reliability, 

price andflexibility. 

 

Soedjono (2005) in his article stated that performance is a work, and he compared it between theachievement of results in thereal 

work and the standard of work set out in the performanceof his duties as an employee.According to Waskito (2009: 265) employeeis 

aperson who works in anorganization such as Office, company and soon and gets paid for their work, theemployee is referred to as 

anemployee, labour workers. 
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Kotter et al., (1992) strongly believes that the values have been closely associated with the organizations performance over a long 

period of time. Also he says that Employees being an important organ adopts perception of the organization and performs their role 

accordingly. Every Employee/individual who works in an organization since long eitherbecomesapartofthesystemor remains 

instrumental/Unchanged in the development of the prevailing culture. However, new employees adapt to theorganizations culture 

and develop their capability accordingly. Moreover, organizations with high performance wouldtend to induct new-comers with 

demanding skills and Knowledge and expect them to excel in their work. 

 

Kilmann, Mary and Roy, (1985) stated that pragmatic stability and practices followed in the working groups/organizations are the 

mirror image of the values, which are being promoted. They provide thrust to the employees to follow. The values are transmitted 

in external atmosphere and spread around through interaction with the outer world. These values are foretelling of the organizations 

performance. People, who areexterior to the organization, would look through their perceived image and easily predicts the role 

being performed by the employees working in the organization. Successful accomplishment of policies and plans, implementation 

of goals can be possible by appropriate shaping of values/morals or cultures by implementing appropriate strategies. 

 

Schein 1989in his article stated that organizational culture as the glue that sticks on and holds organizations together a means by 

which employees mutually communicate and co-ordinate their effort-and purposefully a ring fence which separates insiders from 

outsiders. 

 

RESEARCH METHODOLOGY 

Research methodology is a way to analytically solve the research problem.And Clifford woody stated research as the methodology 

which defines and redefines problem, formulates hypothesis or suggested solution followed by collection, organization and 

evaluation of data, and decision making and generate conclusions to find out whether they fit the formulating hypothesis .This study 

attempts to analyze the different types of culture followed in an organization and to study the relationship between organizational 

culture and its impact on employees attitude. The essential data required for the study were collected through structured 

questionnaire. Descriptive research design was used for the study. And the research depends on primary and secondarydata. 

 

DATA SOURCES PRIMARY DATA 

It is the information/data collected through first-hand research. It was collected from the respondents through personal interview by 

circulation of questionnaires among high level and low level employees. The primary data were collected from the employees of 

Tamil Nadu Newsprint and Papers Limited, kagithapuram. 

 

SECONDARY DATA 

It is the data which has been gathered in the past by some other researchers from various sources such as books, magazines, journals, 

company records and websites. 

 

SAMPLE SIZE 

A Sample Size is the part of the population chosen for a survey or experiment. It is an important feature of any empirical study in 

which the goal is to make inferences about a population from a sample. The larger the sample size the more accurate the findings 

from a study. The essential information is collected through structured questionnaire from 120 middle level and higher level 

employees of Tamil Nadu Newsprint and Papers Limited. In this study convenience random sampling technique has beenadapted. 
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PROPOSEDMODEL  

 

 
 

4.2.1.DESCRIPTIVE ANALYSIS 

This chapter deals with the descriptive and statistical analysis of the primary data collected from the employee who working 

in the organization. The hypotheses drawn by the researcher are confirmed with the support of statistical tools and results are 

inferred. Percentage analysis is a simple statistical instrument which is widely used in analysis and interpretation of primary data. 

It deals with the number of Respondents’ reply to a questionnaire in percentage attained from the total population nominated for 

the study. It is one of the simple forms of analysis which helps the researcher to realize the outcome of the research. It is normally 

used for inferring the results in quantitative terms. In this study, percentage analysis was used to measure the percentage of 

demographic profile of those employees who participated in the study on various aspects 

 

Table - 4.2.1.1 - Demographic Profile of the Respondents 

Demographic Profile Categories Count Column N% 

Age 

Below 25 0 0.0% 

26-35 56 46.7% 

36-45 48 40.0% 

46-55 16 13.3% 

Above 56 0 0.0% 

Gender 
Male 73 60.8% 

Female 47 39.2% 

Marital status 
Yes 102 85.0% 

No 18 15% 

Experience 

Below 1 year 1 0.8% 

2-5 Years 55 45.8% 

6-10 Years 41 34.2% 

11-15 Years 19 15.8% 

Above 15 Years 4 3.3% 
 

 

 

Management 

Style 

Job 

Satisfaction 
 

Employee 

Performance 

Supervisory 

Relationships 

Total 

Compensation 

 

 

 

 

 

 
 

Organizational 

Culture 
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Inference 

The above Table shows a clear understanding of demographic profile of the respondents studied. It encloses the descriptive 

statistics of Age, Gender, Marital Status, Experience and Income of the Employees working in Tamil Nadu Newsprint and Papers 

Limited (TNPL). The profile reveals that majority of the respondents are male.  

The study shows that there are no respondents below age 25, 46.7% are from age 26 to 35, 40.0% are from age 36 to 45, 

13.3% are from age 46 to 55 and no respondents are above age 56, 60.8% of the respondents are male, 39.2% of the respondents 

are female in the organization. About 85.0% have stated marital status as married and 15% of the respondents are single. About 

0.8% of the respondents have experience of below 1 year, 45.8% of the respondents have 2 to 5 years of experience, 34.2% have 6 

to 10 years of experience, 15.8% have 11-15 years of experience and 3.3% have above 15 years of experience. About 29.2% of the 

respondents gets salary from 10,000 to 25,000, 40.8% gets salary from 26,000 to 35,000, 21.7% get salary from 36,000 to 45,000,8.3 

% gets salary from 46,000-55,000 and no respondents gets salary above 55,000. 

 

Table - 4.2.1.2 - Organizational Climate 

O r g a n i z a t i o n a l  C l i m a t e  

 

S D 

% 

D 

% 

N 

% 

A 

% 

S A 

% 

_ _ _ 

X Σ 

 

My work environment is free of violence and harassment  

 

0 

0 . 0 % 

 

1 

0 . 8 % 

 

1 3 

1 0 .8 % 

 

7 1 

5 9 .2 % 

 

3 5 

2 9 .2 % 

 

4 .17 

 

0 .64 

 

My department maintains a safe and healthy work environment 

 

0 

0 . 0 % 

 

1 

0 . 8 % 

 

5 

4 . 2 % 

 

7 3 

6 0 .8 % 

 

4 1 

3 4 .2 % 

 

4 .28 

 

0 .58 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

 

Inference 
The above table revealed that the mean score of Organizational Climate during the study ranges from 4.17 to 4.28 and the 

standard deviation scores varies between 0.58 to 0.64 among the climate. The statement ‘My work environment is free of violence 

and harassment’ scores lower mean and higher standard deviation. The statement ‘My department maintains a safe and healthy 

work environment’ scores higher mean and lower standard deviation score which reveals the effect of consistency on perception 

among the Organizational Climate. 

 

Chart - 4.2.1.2.1 - Organizational Climate 
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Table - 4.2.1.3 - Workgroup 

 

W o r k g r o u p 

 

 

S D 

% 

D 

% 

N 

% 

A 

% 

S A 

% 

_ _ _ 

X Σ 

My workgroup has the resources we need to d o our  job wel l 0 

0 . 0 % 

1 

0 . 8 % 

1 2 

1 0 . 0 % 

6 6 

5 5 . 0 % 

4 1 

3 4 . 2 % 

4 . 2 2 . 6 5 

The overall quality of the work performed in my workgroup is high  1 

0 . 8 % 

3 

2 . 5 % 

1 1 

9 . 2 % 

6 5 

5 4 . 2 % 

4 0 

3 3 . 3 % 

4 . 1 7 . 7 6 

My workgroup is dedicated to satisfy the expectations of customers  0 

0 . 0 % 

1 

0 . 8 % 

1 0 

8 . 3 % 

6 3 

5 2 . 5 % 

4 6 

3 8 . 3 % 

4 . 2 8 . 6 5 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

 

Inference 
       The above table revealed that the mean score of Workgroup during the study ranges from 4.17 to 4.28 and the standard deviation 

scores varies between 0.65 to 0.76 among the Workgroup. The statement ‘The overall quality of the work performed in my 

workgroup is high’ scores lower mean and higher standard deviation, The statement ‘My workgroup is dedicated to satisfy the 

expectations of customers’ scores higher mean and lower standard deviation which reveals the effect of consistency on perception 

among the workgroup . 

 

 
 

Chart - 4.2.1.3.1 - Workgroup 

 

0

10

20

30

40

50

60

70

My workgroup has the
resources we need to do

our job well

The overall quality of
the work performed in
my workgroup is high

My workgroup is
dedicated to satisfy the

expectations of
customers

SD

DISAGREE

NEUTRAL

AGREE

SAGREE

Page 2288 of 3066Page 2288 of 3066

http://www.ijsdr.org/


ISSN: 2455-2631                                                   © July 2020 IJSDR | Volume 5, Issue 7 

IJSDR2007036 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 280 
 

Table - 4.2.1.4 - Employee Performance 

 

E m p l o y e e  P e r f o r m a n c e  
 

 

S D 

% 

D 

% 

N 

% 

A 

% 

S A 

% 

_ _ _ 

X Σ 

The training opportunities developed my knowledge and skills to perform better  0 

0 . 0 % 

2 

1 . 7 % 

3 1 

2 5 .8 % 

5 0 

4 1 .7 % 

3 7 

3 0 .8 % 

4 .02 0 .80 

My department encourages continual learning and development  0 

0 . 0 % 

3 

2 . 5 % 

2 8 

2 3 .3 % 

5 4 

4 5 .0 % 

3 5 

2 9 .2 % 

4 .01 0 .79 

My department provides effective safety related training  0 

0 . 0 % 

3 

2 . 5 % 

2 3 

1 9 .2 % 

5 5 

4 5 .8 % 

3 9 

3 2 .5 % 

4 .08 0 .78 

Employees are provided with appropriate orientation when they are hired or begin a new job  0 

0 . 0 % 

4 

3 . 3 % 

3 4 

2 8 .3 % 

4 1 

3 4 .2 % 

4 1 

3 4 .2 % 

3 .99 0 .87 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

 

Inference 

        The above table revealed that the mean score of Employee Performance during the study ranges from 3.99 to 4.08 and the 

standard deviation scores varies between 0.78 to 0.87 among the Employee Performance. The statement ‘Employees are provided 

with appropriate orientation when they are hired or begin a new job’ scores lower mean and higher standard deviation. The statement 

‘My department provides effective safety related training’ scores higher mean and lower standard deviation which reveals the effect 

of consistency on perception among the Employee Performance 

 

Chart - 4.2.1.4.1 - Employee Performance 
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Table - 4.2.1.5 - Total Compensation 

 

T o t a l  C o m p e n s a t i o n 
 

 

S D 

% 

D 

% 

N 

% 

A 

% 

S A 

% 

_ _ _ 

X Σ 

Overall, I am satisfied with my total compensation  0 

0 . 0 % 

3 

2 . 5 % 

1 1 

9 . 2 % 

6 0 

5 0 . 0 % 

4 6 

3 8 . 3 % 

4 . 2 4 0 . 7 2 

I am satisfied with the medical plan carrier choices  0 

0 . 0 % 

5 

4 . 2 % 

9 

7 . 5 % 

5 6 

4 6 . 7 % 

5 0 

4 1 . 7 % 

4 . 2 6 0 . 7 7 

I am satisfied with my paid leave options (sick, vacation, holiday) 0 

0 . 0 % 

3 

2 . 5 % 

9 

7 . 5 % 

5 6 

4 6 . 7 % 

5 2 

4 3 . 3 % 

4 . 3 1 0 . 7 2 

I am satisfied with my retirement plan options  0 

0 . 0 % 

4 

3 . 3 % 

8 

6 . 7 % 

5 7 

4 7 . 5 % 

5 1 

4 2 . 5 % 

4 . 2 9 0 . 7 4 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

 

Inference 

         The above table revealed that the mean score of Total Compensationduring the study ranges from  4.24 to 4.31 and the standard 

deviation scores varies between 0.72 to 0.77 among the Total Compensation .The statement ‘Overall, I am satisfied with my total 

compensation’ scores lower mean and higher standard deviation. The statement ‘I am satisfied with my paid leave options (sick, 

vacation, holiday)’scores higher mean and lower standard deviation which reveals the effect of consistency on perception among 

the Total Compensation. 

Chart - 4.2.1.5.1 - Total Compensation 
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Table - 4.2.1.6 - Supervisory Relationships 

S u p e r v i s o r y  R e l a t i o n s h i p s 
 

 

S D 

% 

D 

% 

N 

% 

A 

% 

S A 

% 

_ _ _ 

X Σ 

My supervisor creates an atmosphere of mutual trust, respect and confidence  0 

0 . 0 % 

1 

0 . 8 % 

1 3 

1 0 . 8 % 

7 1 

5 9 . 2 % 

3 5 

2 9 . 2 % 

4 . 1 7 . 6 4 

My supervisor does a good job of sharing necessary informatio n 0 

0 . 0 % 

1 

0 . 8 % 

1 6 

1 3 . 3 % 

6 5 

5 4 . 2 % 

3 8 

3 1 . 7 % 

4 . 1 7 . 6 8 

My supervisor clearly communicates his or her performance expectations to me 0 

0 . 0 % 

4 

3 . 3 % 

1 2 

1 0 . 0 % 

6 6 

5 5 . 0 % 

3 8 

3 1 . 7 % 

4 . 1 5 . 7 3 

I receive routine feedback from my  supervisor about my job performance 0 

0 . 0 % 

5 

4 . 2 % 

2 7 

2 2 . 5 % 

4 7 

3 9 . 2 % 

4 1 

3 4 . 2 % 

4 . 0 3 . 8 6 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

 

Inference 

         The above table revealed that the mean score of Supervisory Relationships during the study ranges from 4.03 to 4.17 and the 

standard deviation scores varies between 0.64 to 0.86 among the Supervisory Relationships. The statement ‘I receive routine 

feedback from my supervisor about my job performance’ scores lower mean and higher standard deviation. The statement ‘My 

supervisor creates an atmosphere of mutual trust, respect and confidence’ scores higher mean and lower standard deviation which 

reveals the effect of consistency on perception among the Supervisory Relationships.  

 

Chart - 4.2.1.6.1 - Supervisory Relationships 
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Table - 4.2.1.7 - Leadership Style 

L e a d e r s h i p  S t y l e 
 

 

S D 

% 

D 

% 

N 

% 

A 

% 

S A 

% 

_ _ _ 

X Σ 

Managers review and evaluate the organizations progress towards meeting its goals and objectives  1 

0 . 8 % 

7 

5 . 8 % 

2 6 

2 1 . 7 % 

6 4 

5 3 . 3 % 

2 2 

1 8 . 3 % 

3 . 8 2 . 8 3 

Management promotes a culture that continually improves quality of services and products delivered  1 

0 . 8 % 

5 

4 . 2 % 

2 1 

1 7 . 5 % 

6 8 

5 6 . 7 % 

2 5 

2 0 . 8 % 

3 . 9 3 . 7 9 

Leaders generate high levels of motivation and commitment in the workforce  0 

0 . 0 % 

8 

6 . 7 % 

2 8 

2 3 . 3 % 

6 0 

5 0 . 0 % 

2 4 

2 0 . 0 % 

3 . 8 3 . 8 2 

E m p l o y e e s  u s e  e t h i c a l  p r a c t i c e s  t o  a c h i e v e  r e s u l t s 0 

0 . 0 % 

3 

2 . 5 % 

7 

5 . 8 % 

4 6 

3 8 . 3 % 

6 4 

5 3 . 3 % 

4 . 4 3 . 7 2 

Department goals and priorities are clearly communicate d  0 

0 . 0 % 

1 

0 . 8 % 

2 9 

2 4 . 2 % 

6 4 

5 3 . 3 % 

2 6 

2 1 . 7 % 

3 . 9 6 . 7 0 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

 

Inference 

         The above table revealed that the mean score of Leadership Styleduring the study ranges from 3.82 to 4.43 and the standard 

deviation scores varies between 0.70 to 0.83 among the Leadership Style. The statement ‘Managers review and evaluate the 

organizations progress towards meeting its goals and objectives’scores lower mean and higher standard deviation. The statement 

‘Employees use ethical practices to achieve results’ scores higher mean and lower standard deviation which reveals the effect of 

consistency on perception among the Leadership Style 

 

Chart - 4.2.1.7.1 - Leadership Style 

 

0

10

20

30

40

50

60

70

80

Managers review
and evaluate the

organizations
progress towards
meeting its goals

and objectives

Management
promotes a culture

that continually
improves quality of

services and
products delivered

Leaders generate
high levels of

motivation and
commitment in the

workforce

Employees use
ethical practices to

achieve results

Department goals
and priorities are

clearly
communicated

SD

DISAGREE

NEUTRAL

AGREE

S.AGREE

Page 2292 of 3066Page 2292 of 3066

http://www.ijsdr.org/


ISSN: 2455-2631                                                   © July 2020 IJSDR | Volume 5, Issue 7 

IJSDR2007036 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 284 
 

Table - 4.2.1.8 - Job Satisfaction 

J o b  S a t i s f a c t i o n 
 

 

S D 

% 

D 

% 

N 

% 

A 

% 

S A 

% 

_ _ _ 

X Σ 

I  a m  s a t i s f i e d  w i t h  t h e  j o b  I  d o  0 

0 . 0 % 

2 

1 . 7 % 

2 2 

1 8 . 3 % 

6 0 

5 0 . 0 % 

3 6 

3 0 . 0 % 

4 . 0 8 . 7 4 

I am satisfied with the recognition I receive for doing a good job  0 

0 . 0 % 

1 

0 . 8 % 

2 2 

1 8 . 3 % 

6 3 

5 2 . 5 % 

3 4 

2 8 . 3 % 

4 . 0 8 . 7 1 

I feel a great sense of personal satisfaction when I do this job well  0 

0 . 0 % 

2 

1 . 7 % 

1 7 

1 4 . 2 % 

6 2 

5 1 . 7 % 

3 8 

3 1 . 7 % 

4 . 5 7 4 . 7 0 

If I could find a job with similar compensation from another organization, I would accept that new positio n  2 1 

1 7 . 5 % 

2 9 

2 4 . 2 % 

3 5 

2 9 . 2 % 

2 5 

2 0 . 8 % 

1 0 

8 . 3 % 

2 . 7 8 1 . 2 0 

M y  w o r k l o a d  i s  r e a s o n a b l e 3 

2 . 5 % 

4 

3 . 3 % 

3 8 

3 1 . 7 % 

3 6 

3 0 . 0 % 

3 9 

3 2 . 5 % 

3 . 8 7 1 . 0 0 

*SD – Strongly Disagree, D – Disagree, N – Neutral, A – Agree, SA – Strongly Agree 

 

Inference 

     The above table revealed that the mean score of Job Satisfactionduring the study ranges from 2.78 to 4.57 and the standard 

deviation scores varies between 0.71 to 4.70 among the Job Satisfaction. The statement ‘If I could find a job with similar 

compensation from another organization, I would accept that new position’ scores lower mean and higher standard deviation. The 

statement ‘I feel a great sense of personal satisfaction when I do this job well’ scores higher mean and lower standard deviation 

which reveals the effect of consistency on perception among the Job Satisfaction. 

 

Chart - 4.2.1.8.1 - Job Satisfaction 
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4.2.2. INDEPENDENT SAMPLE T TEST 

Null Hypothesis (Ho):There is no significant difference between Gender and Organizational Climate 

Alternate Hypothesis (Ha): There is a significant difference between Gender and Organizational Climate. 

 

Table - 4.2.2.1 - T Test for equity of means of Organizational Climate and Gender 

 

Inference 

Above T -Test table reveals that the perception of employees towards Organizational Climate appearance variables were not having 

any difference among gender because both male and female perceives same about the Organizational Climate supports the null 

hypothesis i.e., there is no significant difference between  gender with Organizational Climate. The null hypothesis was not supported for 

gender and Organizational Climate variables 

Table - 4.2.2.2 - T Test for equity of means of Job Satisfaction and Gender 

 

 
Inference 

      

Above t-test Table reveals that the perception of employee towards Job Satisfaction Mean appearance variables were not having any 

difference among  gender with job satisfaction supports the  alternative hypothesis i.e., there is no significant difference between  gender 

and  job satisfaction. The null hypothesis was not supported for gender and job satisfaction variables. 

 

4.2.3. ANOVA 

Erceg-Hurn&Mirosevich (2008) suggested that the homogeneity of variances assumption is most important in research which 

cannot be taken for granted while carrying out a statistical test like ANOVA. So to assess the equality of variance for two or more 

groups, Levene test was used and the result shows there is significance difference in the variance (P>0.05) in all the cases. 
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Table - 4.2.3.1 - ANOVA Test for Comparing Means of Organizational Climate and Demographic Variables 

 

 
 

Inference 

        Above ANOVA table reveals that the Organizational Climate are not significantly differ among the following demographic 

variables namely: Age (p= 0.000), Experience (p= 0.000) and Income (p= 0.000)  

 

Table - 4.2.3.2 - ANOVA Test for Comparing Means of Job Satisfaction and Demographic Variables 

 
Inference 

Above ANOVA table reveals that the Job Satisfaction is not significantly differ among the following demographic variables namely: 

Age (p= 0.015), Experience (p= 0.094) and Income (p= 0.004) which are above 0.05 
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4.2.4. MULTIPLE REGRESSION 

 

Table - 4.2.4.1 - Multiple Regression 

 
Inference 

Regression is the determination of statistical relationship between two or more variables. In simple regression two variables are 

used. One variable (independent) is the cause of the behavior of another one (dependent). When there are more than two independent 

variables the analysis concerning relationship is known as multiple correlations and the equation describing such relationship is 

called as the multiple regression equation.Regression analysis is concerned with the derivation of an appropriate mathematical 

expression is derived for finding values of a dependent variable on the basis of independent variable. It is thus designed to examine 

the relationship of a variable Y to a set of other variables X1, X2, X3………….Xn. the most commonly used linear equation in Y=b1 

X1 + b2 X2 +……+ bnXn + b0 Here Y is the dependent variable, which is to be found. X1, X2… and Xn are the known variables with 

which predictions are to be made and b1, b2….bn are coefficient of the variables. In this study, the dependent variable is ORG, 

Independent variables are EMP and JOBSN  and analysis are discussed as follows:  

Dependent variable    :      ORG(Y) 

Independent variables:  1. EMP (X1) 

 

2. JOBSN(X2). 

 

FINDINGS 
1. From the percentage analysis it is found that majority that of the employees (60.8%) are male  category.                                           

1. About 39.2% of the respondents are female in the organization.  

2. It was found that majority 85.0% respondents are Married  

3. And remaining 15% of the respondents are single. 

4. About 46.7% of the respondents are in the age of 26-35 

5. It was found that majority 40.8% of respondents are in the Income of 26000 – 35000 

6. It was found that majority 45.8% of respondents are having 2 – 5 years of experience 

7. It is noted that the level of Personal satisfaction of the employees in their job is high and majority of respondents stated that they 

receive recognition for doing a good job  

8. It was found that more than half (50 %) of the employees have stated that their workload is reasonable 

9. It is understood that majority of the male category employees stated that the organization has a clear business goal and operational 

objectives.  

10. Further it is proved that human resources are the wealth of the concern and it should be retained forever. 

11. It was found that majority, more than (70%) of the employees stated that their supervisor creates an atmosphere of mutual trust, 

respect and confidence 

12. From the descriptive statistics analysis it is revealed that majority of the employees giving importance to involvement of work than 

other behaviors.  

13.  It is stated that there is no significant difference between demographic factors and opinion towards the interpersonal relations with 

co-worker.  

 

SUGGESTIONS 

1. The organizational goals and policies should be informed to all the categories of employees  

2. Prevailing culture should be maintained without any compromise in future.  

3. In order to bring loyalty and develop interpersonal relationship with co-worker the concept of co-workers participation management 

to be implemented  

4. The study has revealed that only 39.2% of the respondents belong to female category so, it is to be improved  

5. Formation of new strategies and developing model for organization to have friendly procedures. 

 

CONCLUSION 

The organization culture helps in internalizing joint relationship that leads to manage effective organization processes and is helpful 

in improving and providing competitive edge. The result of the study proved that there is a positive influence of Organizational 

culture on employee’s attitude .Besides, when all dimensions of organizational culture are combined together and viewed as single 

dimension, it produces positive impact on Employees Attitude. It can be concluded there is effective and healthy organizational 
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culture in the organization and it positively enhances EmployeesAttitude. 
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Abstract:  This paper analyses the level of job satisfaction among the employees of Textile Industries along with the consideration of Gender, 

Age and experiences differences. In this research paper various variables responsible for employee satisfaction has been discussed such as 

performance, supervisory, culture, resources, career. This is a descriptive study that aims to identify the satisfaction level of employees in the 

organization. Interview schedule method of questionnaire collection was developed and collected. Descriptive Statistics, T test and ANOVA 

is used in this study. This study was conducted on 593 employees. The sample size was selected based on the random sampling method.  

Keywords: Employees, Job Satisfaction, Culture, Supervisory, Resources  

I. INTRODUCTION 

Job Satisfaction could be a multi - dimensional attitude, it's made of attitude towards culture, supervision, career, performance, 

nature of labor, performance evaluation system of the corporate. Satisfaction of employees is one in every of the numerous aspects of 

organizational effectiveness. The extent of job satisfaction of the staff within the organization play vital role for the retention of the component 

human capital within the organization. A satisfied worker tends to be less absent from the task, contribute for the advantage of the corporate. 

Whereas, a dis satisfied worker prefers to stay absent and unhappy with the supervisor, tries to leaves the corporate. Therefore it's very essential 

for the organization to form employment satisfied environment within it. Employee job satisfaction is influenced by supervision, career, 

working environment, performance, culture. Job satisfaction are often a crucial indicates of how employees feel about their jobs and a 

predictor of labor behaviors like absenteeism and turnover. Knowing employee state on job satisfaction would supply useful information for 

the organizations.  

The core focus of this paper is to assess the current status of job satisfaction level of employees in Asian Fabricx and to associate the 

relations of employee’s job satisfaction with age, gender and job experience of the staff. This paper aims at assessing the task satisfaction status 

of employees and identifying the numerous factors that influence the task satisfaction of the staff at Asian Fabricx. This study also examines 

the relationships between job satisfaction and different demographic factors. 

 

II. REVIEW OF LITERATURE 

Sashikanta Khuntia and Subhodip Adhikary states job satisfaction is the extent to which one feels good about the job. Major 

constituents of the job satisfaction are salary, promotion policies, career development, work pressure, co-worker, and supervision, leave 

facilities, perform appraisal, job security. ANOVA and Regression Analysis is used in the research. Author concluded by stating that Job 

satisfaction of the employees affected by the work pressure, salary package and job security. It also observed that the employees have the fear 

of losing jobs. 

Jitendra Kumar Singh and Dr. Mini Jain states that every organization should develop strategies that strengthen the work 

environment and increase the employee’s satisfaction to enhance the productivity, which results in profits, employee satisfaction and retention. 

Correlation and regression analysis is used in this research. The author concluded by saying a good working environment and good work 

conditions will increase employee satisfaction. 

Wong Yvonne, Rabeatul Husna Abdull Rahman and Choi Sang Long conclude form the findings that there is a moderate level 

of job satisfaction among the respondents. The components used for job satisfaction are pay, promotion, supervision, fringe benefits, co-

workers, nature of works and communication.  This study also shows that employees are dis-satisfied with the fringe benefits. This study shows 

that employees are satisfied with their job particularly in the dimensions of co – workers. The respondents have highest level of satisfaction in 

the relationship with co-workers.  

D. Swaroopa and Prof. B. Sudhir conclude the employees are satisfied but the organizations need to improve some of the facilities 

so that employee would become highly satisfied and the productivity also increase. The factors used for the research is working conditions, 

recruitment process, employee stress. Work timings and welfare programmers, grievance redressed procedures, promotions, rewards and 
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recognition. Percentage Analysis and Chi-square Test analysis is used in this research. The study shows that 60% of the employees are dis-

satisfied with the promotions and hikes provided and 75% of the employees satisfied with the Grievance Handling procedure of the 

organization. 

Lai Chai Hong, Nik Intan Norhan and Norliza Mohd Salleh conclude that the job satisfaction of the employees among the 

employees are affected by the salary, work environment, promotion. These factors should be considered by the organization to increase the 

employee’s level of job satisfaction. This study shows that the employees are satisfied with the work environment, pay and salary, promotion 

factors. The employees are dis-satisfied with their benefit systems.  

 Mosammod Mahamuda Parvin concluded that work conditions, promotion and pay are the factors affecting job satisfaction of the 

employees. The author states that the good salary and a good compensation benefits will satisfy the employee satisfaction among the job. The 

work environment places a vital role in employee job satisfaction. A good working environment and working conditions can improve the job 

satisfaction and thus will increase the productivity of the organization. This study concluded by saying 61% of the employees are satisfied with 

their job and 39% of the employees are not satisfied with their job. 

 Dr. V. Lavanya states that job satisfaction is very important to promote well-being of the organization, positive attitude and behavior 

of employees towards work. Most of the employees are dissatisfied with the parking facility due to the shortage of space, no transport facilities 

are provided and no refreshments were provided especially for those who stay back often because of work. Correlation Analysis is used in this 

research. The author suggesting to improve the parking space, provide safety measures for the employees which will improve the level of 

satisfaction among employees. 

 Umar Fawad Sharif and Saqib Nazir states that satisfaction of employees leads to improves service quality and job satisfaction. 

Regression Analysis and ANOVA Analysis is used in this research. The most important factors used for the employee satisfaction are working 

environment, pay & promotion, job security, level of fairness, relationship with co-workers and relationship with supervisor. Findings of this 

study states that the pay and promotion factor helps the employees to get satisfied to their job. 79% of the employees are satisfied with the pay 

and promotion policies of the organization.  

Mushtaq Ahmad, Muhammad Qasim and Amber Ferdoos concluded that employees who are in higher levels tend to derive more 

satisfaction from intrinsic rewards while, employees who are in lower levels tend to originate more gratification with extrinsic payments. 

Monetary benefits, reward, promotion plays very significant role to satisfy, maintain and attract employees. Data was collected from 120 

employees. Further age wise sorting is 20-30 years 40% workers, 30-40 yrs 40% workers and over 40-20% workers. The author states that 

high level workers are more satisfied than the lower level workers of the organization.  

 Dr. P. Samimuthu Sait states that job satisfaction is a positive approach about one’s job regarding from a characteristics. An individual 

such a high level of job happiness holds optimistic approaches about the job. The sample size used is 150. Simple Random Sampling method is 

used in this study. ANOVA and Chi-square analysis are used for data analysis. The author concludes that the work experience of the employee 

does not have a impact on their satisfaction level. The outcome shows that level of job satisfaction of the employee be subject to on the various 

factors with Income, job liking and importance of opinions, work facilities and co - worker relationship.    

II. RESEARCH METHDOLOGY  

Research methodology is a way to analytically solve the research problem.  
3.1Population and Sample  

Population refers to the entire group of people, events or things of interest. A research population is a well-defined collection of 

individuals or objects known to have similar characteristics. All individuals or objects within a certain population usually have a common, 

binding characteristics or traits. The population of this study is the employees who working in a textile industry at Karur District. 

Simple random sampling 

 A Simple random sample is a subset of a sample chosen from a population. Each individual is chosen randomly and entirely by 

chance, such process that each individual has the same probability of being chosen at any stage during the sampling process and each subset 

of the individuals has the same probability of being chosen for the sample as any other subset of the individuals.  

3.2 Data and Sources of Data 

For this study primary data collection method is used. Interview Schedule Method is used to collect the information from the 

respondents. The secondary data has been used to get information about the company profile and industry profile through websites. 

3.3 Statistical tools used 

The tools used in this research for analysis is Descriptive Statistics, T-Test and ANOVA 

3.3.1 Descriptive Statistics 

Percentage analysis is a simple statistical instrument which is widely used in analysis and interpretation of primary data. It deals with 

the number of respondents reply to the questionnaire in percentage attained from the total population of the study. It is one of the simple form 

of analysis which helps the researcher to realize the outcome of the study.  It is normally used for inferring the results in quantitative terms. In 

this study, percentage analysis was used to measure the percentage of demographic profile. 

3.3.2 T-Test 

The Independent Sample t test compares the means of two independent groups in order to determine whether there is statistical 

evidence that is associated population means are significantly different. 

3.3.3 ANOVA 

 Analysis of variance is a collection of statistical models and their associated estimation procedures used to analyze the differences 

among group means in a sample. The one – way analysis of variance is used to determine whether there are any statistically significant 

differences between the means of three or more independent groups.  
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IV. RESULTS AND DISCUSSION 

4.1 Results of Descriptive Statics of Study Variables 

Table 4.1 – Descriptive Statistics 

  

Demographic profile  Category Number of responders N=593 Column N % 

Age 

Below 25 17 2.9% 

25-40 364 61.4% 

40-55 210 35.4% 

Above 55 2 0.3% 

Total 593 100.0% 

Gender 

Male 326 55.0% 

Female 267 45.0% 

Total 593 100.0% 

Marital Status 

Married 519 87.5% 

Unmarried 74 12.5% 

Total 593 100.0% 

How do you travel every day to 

work 

Company provided transportation 293 49.5% 

My own arrangement 142 24.0% 

Travel pool with friends 0 0.0% 

I stay close to the company and I walk 1 0.2% 

Public Transportation 157 26.4% 

Total 593 100.0% 

What is your daily travel 

distance 

Less than 20 Km 186 31.4% 

20Km - 50 Km 160 27.0% 

50km - 90 km 161 27.2% 

90Km - 120 Km 83 14.0% 

130 Km - 180 Km 3 0.5% 

Total 593 100.0% 

What is your tenure in this 

company 

0-2yrs 209 35.2% 

3-6yrs 251 42.3% 

6-10yrs 98 16.5% 

11-15yrs 24 4.0% 

16yrs and above 10 1.7% 

Total 593 100.0% 

Do you work in other 

companies other than Asian 

Fabricx? 

Yes, I work in other companies 540 91.1% 

I don’t do work in any other 

companies 
7 1.2% 

I work on housekeeping as extra 7 1.2% 

I have my own business 39 6.6% 

Total 593 100.0% 

When do you go for the extra 

work? 

Before shift starts 85 14.3% 

I take leave and go for work 1 0.2% 

I go after my shift is completed 507 85.5% 

I go on Sundays 0 0.0% 

Total 593 100.0% 

 

Table 4.1 shows the clear understanding of demographic profile of the respondent studied. It encloses the descriptive statistics of 

Gender, Age, Marital Status, Travelling distance, mode of travelling, tenure in the company, extra work. The profile reveals that majority of 

them are male. Majority of the respondents are between 20-45 Age. The study shows that 87.5% of them are married. The study shows that 

49.5% use company transportation and only 0.2% used to come by walk. About 31.4% of the employees are from less than 20 Km only 0.5% 

from 130-150 Km. About 42.3% employees are working in that company for more than 3-6yrs only 1.7% of them are working more than 

16yrs. About 91.1 % of the employees were worked in other companies and only 1.2% were not worked in other companies.  About 85.5% of 

the employees will go for extra work after their shift has completed and only 0.2% of the employee will go for over time by taking leave.  

 

4.2 Result of T Test of the study variables 

Hypothesis for t-Test:  

Null Hypothesis (Ho): There is no significant difference between the actual value and expected value 

Alternate Hypothesis (Ha): There is a significant difference between actual value and expected value 

If Sig. (P) is less than 0.05 then Accept Alternate Hypothesis 

If Sig. (P) is above than 0.05 then failed to reject null hypothesis.    
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Table 4.2 – Independent Sample T-Test 

 

 

 

Variables Gender  N Mean Std Deviation T df Sig 

PERFORMANCE 
Male 326 4.7183 .28967 

1.015 0.591 0.310 
Female 267 4.6931 .31295 

SUPERVISORY 

Male 326 4.5638 .75241 
0.985 0.591 0.325 

Female 267 4.5112 .48862 

CAREER 

Male 326 4.5023 .50554 
-0.423 0.591 0.812 

Female 267 4.5169 .95318 

CULTURE 

Male 326 4.5920 .36436 
-0.866 591 0.387 

Female 276 4.6253 .56436 

RESOURCES 

Male 326 4.6847 .65516 
-0.366 591 0.714 

Female 276 4.7004 .27605 

 

 Table 4.2 shows that the calculated P value is more than 0.05 level of significance, it is inferred that there is no significance difference 

between Gender and Performance, Supervisory, Career, Culture and Resources. 

 

4.3 Result of ANOVA of the study variables 

 

Table 4.3 ANOVA 

Demographic profile Category 

PERFORMANCE 

Mean 
Standard 

Deviation 
Count F Sig 

Age 

Below 25 4.86 .15 17 

2.192 0.88 
25-40 4.71 .29 364 

40-55 4.68 .32 210 

Above 55 4.83 .24 2 

How do you travel every day 

to work 

Company provided 

transportation 
4.72 .28 293 

1.105 0.346 

My own arrangement 4.67 .34 142 

Travel pool with friends . . 0 

I stay close to the company 

and I walk 
5.00 . 1 

Public Transportation 4.71 .30 156 

What is your daily travel 

distance 

Less than 20 Km 4.69 .32 186 

0.732 0.570 

20Km - 50 Km 4.72 .31 160 

50km - 90 km 4.73 .26 161 

90Km - 120 Km 4.68 .30 83 

130 Km - 180 Km 4.78 .25 3 

What is you tenure in this 

company 

0-2yrs 4.72 .28 209 

0.490 0.784 

3-6yrs 4.70 .31 251 

6-10yrs 4.68 .31 98 

11-15yrs 4.71 .36 24 

16yrs and above 4.80 .20 10 

Do you work in other 

companies other than Asian 

Fabricx? 

Yes, I work in other 

companies 
4.70 .30 540 

0.842 0.471 
I don’t do work in any other 

companies 
4.74 .25 7 
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Table 4.3 reveals that the perception of employees towards satisfaction variables were not significantly differ among the following demographic 

variables namely: Age, Mode of transport, Traveling distance, Tenure in the company, Worked in other companies, Extra work timing which 

gives similar difference in the Satisfaction mean score. The outcome also reveals that Satisfaction variables were not significantly differ with 

respect to other demographic variables namely Age (p =0.88) Mode of Transport (p=0.346) Distance (p=0.570) Tenure (p=0.784) Working 

(p=0.471) extra work (p=0.572) which is above 0.05. This shows there is no significance difference between the satisfaction variable and 

demographic variables.  

V.  FINDINGS, SUGGESTIONS AND CONCLUSIONS 

Table shows the demographic profile of the respondents. The table shows that 2.95 of the respondent’s age are below 25, 61.4% of 

the respondent’s age are 25-40 years, 35.4% of the respondent’s age are 40-55 years and only 0.3% of the respondent’s age are above 55. 55% 

of the respondents are male and 45% of the respondents are female. 87.5% of them are married and 12.5% of the respondents are unmarried. 

49.5% of the respondents are using the company provided transportation, 24% of the respondents are coming by their own arrangement only 

0.2% of the respondents come by walk and 26.4% of the employees come by using public transportation. 31.4% of the respondents are from 

less than 20Km, 27% of the respondents are from 20-50Km, 27.2% of the respondents are form 50-90Km, 14% of the respondents from 90-

120 Km and only 0.5% of the respondents are from 130Km – 180Km. 35.2% of the respondents are working in this organization for 0-2 years. 

42.3% of the respondents are working for 3-6 years, 16.5% of the respondents are working for 6-10 years, 4% of the respondents are from 11-

15years and only 1.7% of the respondents are working for more than 16 years. 91.1% of the respondents were worked in other companies, 

only 2.2% of the respondents were not worked in any other companies and they work on housekeeping as extra, 6.6% of the respondents were 

done their own business. 14.3% of the respondents go for extra work before their shift starts, only 0.2% of the respondents are took leave and 

go for extra work, 85.5 % of the respondents are go after their shift is completed and on respondents will go for extra work on Sundays.  

SUGGESTIONS 

Supervisors have to guide their subordinates with advices and assistance which satisfy the employees.  

The mutual cooperation between employees at work place is very important to carry out the work at the right time.  

6S framework is most expected frequency to make a work in efficient manner. 

Training programs should be conducted for both personal as well as technical development 

Management should identify abilities and encourage them to produce in the organization 

Organize trips with the employees, this will motivate to work more effectively. 

Follow some modern technologies which is highly competitive. 

Use modern machines to improve the physical environment. 

Proper guidance and counselling should be provided to the employees to improve their mental satisfaction 

Administration should provide more openings to employee in order to take part in decision making.  

CONCULSION 

 In the competitive world, satisfying their employees becomes important to the organization. A company can have advantage and be 

ahead of its competitors by having best and talented employees working with them. It becomes very important for the company to keep all the 

employees satisfied, as with the increase in employee’s satisfaction, level of productivity also increases. The satisfaction of the employees can 

be increased by giving them more wages, training, by increasing basic needs like canteen, hygienic toilet, by increasing all these the company 

can increase the satisfaction level of the present employees.  

REFERENCES 

[1] Ambeer Ferdoos, Hummayoun Naeem and Mushtaq Ahmad (2013) “Impact of Employees job satisfaction on organizational performance” 

European Journal of Business and Management Vol 5, No 5. 

[2] Jitendra Kumar Singh (2013) “A study of employees job satisfaction and its impaction on their performance” Journal of Indian Research. 

[3] Wong Yvonne and Rabeatul Husna Abdull Rahman (2014) “Employee Job Satisfaction and Job Performance: A Case study in a Franchised 

Retail Chain Organization” Research Journal of Applied Sciences, Engineering and Technology  

[4] M Nurul Kabir and Mosammed Mahamuda Parvin (2011) “Factors Affecting Employee Job Satisfaction of Pharmaceutical Sector” 

Australian Journal of Business and Management Research 

[5] Swaroopa and Prof. B. Sudhir “A study on the impact of employee satisfaction on quality and profitability of organizations” International 

Journal of Latest Trends in Engineering and Technology Vol 8 pp.342-347 

[6] Norliza Mohd Salleh (2013) “A study on the factors affecting job satisfaction amongst employees of a factory in Seremban,  Malaysia 

Business Management Dynamics Vol.3, No.1, pp.26-40 

[7] Sashikanta Khuntia and Subhodip Adhikary “A study on job satisfaction and performance of management Gurus of Management Colleges 

– with reference to Odisha”. 

I work on housekeeping as 

extra 
4.74 .21 7 

I have my own business 4.78 .33 39   

When do you go for the 

extra work? 

Before shift starts 4.69 .32 85 

0.560 0.572 

I take leave and go for work 5.00 . 1 

I go after my shift is 

completed 
4.71 .30 507 

I go on Sundays . . 0 
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Abstract: The project examined the impact of the management of accounts receivable on working capital of VKS Fabrics. To accomplish 

this research objective, data have been collected from the financial reports for the period from 2014-2015 to 2018-2019. The study used 

ratio analysis and trend analysis as tools to find out that the efficiency of receivables management during the study period. The ratios were 

Receivables to Current Assets Ratio, Receivables to Total Assets Ratio, Receivables to Sales Ratio, Receivables Turnover Ratio, Average 

Collection Period, and Working Capital Ratio, have been computed to show the impact on working capital. Data was analyzed using 

descriptive research to give results. Charts, tables and graphs were used to report findings. The study concluded that, accounts receivable 

management as practiced in VKS Fabrics was adequate. Recommendations were made to better enhance accounts receivable management 

in VKS Fabrics. Findings of the study are only related to the financial statements of VKS Fabrics. 

Index Terms - Receivables Management, Trend analysis, Ratio, working capital. 

I. INTRODUCTION 

Management of trade credit is usually referred to as Management of Receivables. Receivables is one amongst the three primary 

components of working capital, the other two being inventory and cash. Receivables occupy second important place after inventories and 

thereby constitute a considerable portion of current assets in several firms. The capital invested in receivables is nearly of the identical as 

that of the investment made in cash and inventories. Receivables thus, form about one third of current assets in India. "Accounts receivables 

are amounts owed to the business enterprise, usually by its customers. Sometimes it is broken down into trade accounts receivables; the 

former refers to amounts owed by customers, and the latter refers to amounts owed by employees and others". The receivables of any 

company if managed effectively increase the current assets of company which lead to increase in the working capital of the company on 

the other hand if the company has excess of receivables it increases the costs by blockage of funds of the company. Thus it is important to 

have proper account receivable by having reasonable collection period. Receivables management is a complex process. Prevention, as part 

of receivables management, can be considered as the most important phase, which would help to prevent the emergence of outstanding 

receivables or bad debts, thereby significantly reduce costs that relate to the process of recovery. 

Objectives 

Primary 

To analyze the credit management in VKS Fabrics. 

Secondary 

1. To find out the efficiency of Receivables Management. 

2. To examine the financial performance of the company. 

3. To ascertain the impact of accounts receivable ratio on working capital. 

Need of the Study 

The purpose of this study is to determine ways of finding an optional accounts receivable level along with making optimum use 

of different credit policies in order to achieve a maximum return at an acceptable level of risk. 

Scope of the Study 

The study aimed at understanding the effect of receivables management on working capital of VKS Fabrics. 
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Limitations 

1. The study is confined to five years of balance sheet. 

 

2. The study is only related to VKS Fabrics, Karur. 

 

3. This analysis is based on the information given by the company. 

 

Period 

The study covers the time period of four months with the five years data. 

II. REVIEW OF LITERATURE 

Okpe Innocent Ikechukwu and Duru Anastesia Nwakaego (2015) analyzed the effect of Receivable Management on the 

Profitability of Building Materials/Chemical and Paint Manufacturing Firms In Nigeria. The hypotheses were tested using multiple 

regression technique. At the end of the study, the results showed that accounts receivable had positive and significant effects with the 

profitability ratio at 1% levels of significance. This means that unit increase in the variables shall bring about corresponding increase in the 

profitability ratio. 

Divya Jindal and Simran Jain (2017) undergone a study on effect of receivables management on profitability: a study of commercial vehicle 

industry in India. This study empirically examines the effect of efficiency of receivables management, measured by debtor’s turnover ratio, 

in the commercial vehicle industry in India on the firm’s profitability. Profitability was measured using Return on Capital Employed. 

Smita Rao and Hetal Gaglani (2014) studied the impact of receivables management on working capital: a study on select cement companies. 

The result has been obtained by applying ANOVA for identifying the relationship between receivable management and working capital 

management of company. The study revealed that of all the receivables has significant contribution in current assets, total assets, sales and 

working capital of companies. 

Sunil Kumar Ritesh Srivastava and Praveen Srivastava (2015) studied the study on receivables management of Indian pharmaceutical 

industry and its impact on profitability. In this study, they used panel data regression for the investigation of the results. The panel data 

regression shows that the highly involvement in receivables are associated with highly profitability. 

Francis Kakeeto, Timbirimu Micheal, Kiizah Pastor, Olutayo K. Osunsan (2016) studied Accounts Receivable Management and 

Organizational Profitability as a Function of Employee Perception in Gumutindo Coffee Cooperative Enterprise Limited (GCCE), Mbale 

District Uganda. Likert type scale questionnaires were used to collect data from the respondents in terms of the two variables. The findings 

revealed that revealed that accounts receivable management positively affected organizational profitability (adjusted R2 =0.90; p<.01), thus 

the hypothesis was accepted. 

Siekelova A., Kliestik T., Svabova L., Androniceanu A., Schönfeld J (2017) examined the Receivables Management: the importance of 

financial indicators in assessing the creditworthiness. They tested the existence of a statistically significant relationship between the quick 

ratio and selected financial indicators. 

Hitesh and Shukla J (2007) examined the Receivable Management of sample companies using working capital ratios and ANOVA test. 

The authors found that there was significant relationship between and within the groups of the sample companies. The study found that the 

pharmacy industries were efficient in managing their Receivables. 

Paul, Pinku (2014) study the receivable management in select companies of Indian automobile industry with the help of sample of three 

companies. The study concluded that the performance of the companies in the Automobile Industry in respect of Receivables Management 

was satisfactory. The study used four ratios and two way ANOVA test to analyze the receivable management. 

Kontus, (2013) studied the Management of Accounts Receivable in a Company. The study is to analyze accounts receivable and to 

demonstrate a correlation between the accounts receivable level and profitability expressed in terms of Retun on Assets (ROA) of sample 

companies. 

N.Venkata Ramana, K.Ramakrishnaiah (2013) showed the significant impact of receivable management on profitability and working capital 

management. The study used Ratio Analysis and ANOVA 

III. RESEARCH METHODOLOGY 

Research comprises defining and redefining problems, formulating hypothesis or suggested solutions; collecting, organizing and 

evaluating data; making deductions and reaching conclusions; and at last carefully testing the conclusions to determine whether they fit the 

formulating hypothesis. 

Research Type  

Descriptive research is used in the study. 

Data Collection 

For the present study secondary data have been compiled from the financial statements provided by VKS Fabrics. 

Tools used 

Financial tools like Ratios and Trend analysis have been used to analyze the data. 
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IV. DATA ANALYSIS 

RATIO ANALYSIS 

CURRENT RATIO 

The current assets consist of cash and assets that can easily be turned into cash and the current liabilities consist of payments that 

a company expects to make in the near future. Thus, the ratio of the current assets to the current liabilities measures the margin of liquidity. 

It is known as the current ratio. The current ratio is probably the best known and most often used of the liquidity ratios. 

Current Ratio = Current Assets / Current Liabilities 

Year Current Assets Current Liabilities Ratio 

2014-15 1,26,68,613.78 1,22,45,860.15 1.03 

2015-16             91,95,434.24 1,25,07,768.79 0.73 

2016-17 1,04,65,194.73 1,36,95,198.24 0.76 

2017-18           1,40,83,529.8 1,77,06,363.09 0.79 

2018-19 1,50,80,160.53 2,19,65,874.14 0.68 

 Sources: Secondary Data 

 Interpretation 

The above table shows that the current ratio for the period from 2014-2019. The Current ratio was high in the year of 2014-

2015 as 1.03 and low to 0.68 in the year of 2018-2019. 

QUICK RATIO 

It measures liquidity by considering only quick assets. Differences in structure of assets may require calculating the quick ratio. 

The quick ratio provides, in a sense, a check on the liquidity of a company as shown by its current ratio. The quick ratio is a more rigorous 

and penetrating test of the liquidity position of a company. 

Quick Ratio = Liquid Assets / Current Liabilities 

 

Year Liquid Assets Current Liabilities Ratio 

2014-15 1,02,71,638.78 1,22,45,860.15 0.83 

2015-16 85,4,957.93 1,25,07,768.79 0.06 

2016-17 1,02,83,408.08 1,36,95,198.24 0.75 

2017-18 1,52,11,717.08 1,77,06,363.09 0.85 

2018-19 1,72,13,996.22 2,19,65,874.14 0.78 

Sources: Secondary Data Interpretation 

The above table shows that the Quick ratio for the period from 2014-2019. The Quick ratio was high in the year of 2017-2018 

as 0.85 and low in the year of 2015-2016 as 0.06. 

ABSOLUTE LIQUID RATIO 
Absolute Liquid Ratio is a type of liquidity ratios that is calculated to analyze the short term solvency or financial position of 

the firm. 

Absolute Liquid Ratio = Absolute Liquid Assets / Current Liabilities 

 

Year Absolute Liquid Assets Current Liabilities Ratio 

2014-15 9,22,633.78 1,22,45,860.15 0.75 

2015-16 1,53,510.93 1,25,07,768.79 0.01 

2016-17 96,22,394.73 1,36,95,198.24 0.70 

2017-18 1,31,33,829.8 1,77,06,363.09 0.74 

2018-19 1,40,23,760.53 2,19,65,874.14 0.63 

Sources: Secondary Data 

Interpretation 

The above table shows that the Absolute Liquid Ratio for the period from 2014-2019. The Absolute Liquid ratio was high in the 

year of 2014-2015 as 0.75 and low to 0.01 in the year of 2015-2016. 
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RECEIVABLES TO CURRENT ASSET RATIO 
This ratio reveal the size of receivables in current assets, higher the ratio, higher the cost of carrying the receivables. Therefore 

every firm needs to carry least percentage of receivables without affecting the sales volume. 

Receivables to Current Asset Ratio = Receivables / Current Assets × 100 

 

Year Receivables Current Assets Ratio 

2014-15 10,45,325 1,26,68,613.78 8.25 

2015-16 7,01,447 91,95,434.24 7.62 

2016-17 6,61,013.35 1,04,65,194.73 6.31 

2017-18 20,77,887.28 1,40,83,529.80 14.75 

2018-19 31,90,235.69 1,50,80,160.53 21.15 

Sources: Secondary Data 

Interpretation 

The above table shows that the Receivables to Current Asset Ratio for the period from 2014-2019. The Receivables to Current 

Asset Ratio was high in the year of 2018-2019 as 21.15 and low in the year of 2016-2017 as 6.31. 

RECEIVABLES TO TOTAL ASSET RATIO 

It is also one of the indicators to find out whether management of receivables effective or not by using the following formula: 

Receivables to Total Asset Ratio = Receivables / Total Assets × 100 

 

Year Receivables Total Assets Ratio 

2014-15 10,45,325 1,41,21,684.78 7.40 

2015-16 7,01,447 1,53,55,561.24 4.56 

2016-17 6,61,013.35 1,69,81,384.08 3.89 

2017-18 20,77,887.28 2,13,81,940.08 9.71 

2018-19 31,90,235.69 2,68,13,108.27 11.89 

Sources: Secondary DataInterpretation 

The above table shows that the Receivables to Total Asset Ratio for the period from 2014-2019. The Receivables to Total Asset 

Ratio was high in the year of 2018-2019 as 11.89 and low in the year of 2016-2017 as 3.89. 

RECEIVABLES TO SALES RATIO 

This ratio indicates the amount of receivables held by the company as a percentage of sales during a given period of time. The 

efficiency of receivable of management is inversely related to this ratio. Lower ratio reflects the firm’s ability in doing larger business 

with lesser debtors. Increase the sales and decreases in debtors indicate the company’s effective collection mechanism. 

Receivables to Sales Ratio = Receivables / Sales × 100 

 

Year Receivables Sales Ratio 

2014-15 10,45,325 1,73,06,953 6.03 

2015-16 7,01,447 1,50,61,158 4.65 

2016-17 6,61,013.35 1,62,14,236 4.07 

2017-18 20,77,887.28 1,55,23,024 13.40 

2018-19 31,90,235.69 1,43,51,234 22.22 

Source: Secondary Data 

Interpretation 

The above table shows that the Receivables to Sales Ratio for the period from 2014-2019. The Receivables to Sales Ratio was 

high in the year of 2018-2019 as 22.22 and low in the year of 2016-2017 as 4.07. 

RECEIVABLES TURNOVER RATIO 

The ratio is used to measure how effective a company is at extending credits and collecting debts. 

Receivables Turnover Ratio = Sales / Average Receivable 

 

Year Sales Average Receivable Ratio 

2014-15 1,73,06,953 5,22,662.5 33.11 

2015-16 1,50,61,158 3,50,723.5 42.943 

2016-17 1,62,14,236 3,30,506.67 49.05 

2017-18 1,55,23,024 6,92,629.1 22.411 

2018-19 1,43,51,234 7,97,558.92 17.99 

Sources: Secondary Data 
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Interpretation 

The above table shows that the Receivables Turnover Ratio for the period from 2014 - 2019. The Receivables Turnover Ratio 

was high in the year of 2015-2016 as 42.943 and low in the year of 2018-2019 as 17.99. 

AVERAGE COLLECTION PERIOD 

It measures the liquidity of debtors of a firm and measures the number of times of receivables are rotated in a year in terms of 

sales. It is important to maintain a reasonable quantitative relationship between receivables and sales. The average collection period 

indicates the average time lag (in days) between sales and collection. 

Average Collection Period = 365 / Sales 

 

Year Sales Collection Period 

2014-15 1,73,06,953 11.023 

2015-16 1,50,61,158 8.499 

2016-17 1,62,14,236 7.44 

2017-18 1,55,23,024 16.28 

2018-19 1,43,51,234 20.28 

Sources: Secondary Data 

Interpretation 

The above table shows that the Average Collection period for the period from 2014-2019. The Average Collection Period was 

high in the year of 2018-2019 as 20.28 and low in the year  of 2016-2017 as 7.44. 

WORKING CAPITAL OVER TOTAL ASSETS RATIO 

The ratio is used to measures a company’s ability to cover its short term financial obligations. It can provide some insight as to 

the liquidity of the company. 

Working Capital over Total Assets Ratio = Working Capital / Total Assets 

 

Year Working Capital Total Asset Ratio 

2014-15 4,22,753.63 1,41,21,684.78 0.03 

2015-16 -33,12,334.55 1,53,55,561.24 -0.21 

2016-17 -32,30,003.51 1,69,81,384.08 -0.19 

2017-18 -36,22,833.29 2,13,81,940.08 -0.16 

2018-19 -68,85,713.61 2,68,13,108.27 -0.25 

Sources: Secondary Data 

Interpretation 

The above table shows that the Working Capital over Total Assets Ratio for the period from 2014-2019. The Working Capital 

over Total Assets Ratio was positive in the year of 2014- 2015 as 0.03. 

WORKING CAPITAL TURNOVER RATIO 

It measures how well a company is utilizing it working capital to support a given level of sales. A high turnover ratio indicates 

that management is being extremely efficient in using a firm’s short term assets and liabilities to support sales. 

Working Capital Turnover Ratio = Sales / Working Capital 

Year Sales Working Capital Ratio 

2014-15 1,73,06,953 4,22,753.63 40.93 

2015-16 1,50,61,158 -33,12,334.55 - 4.54 

2016-17 1,62,14,236 -32,30,003.51 -5.02 

2017-18 1,55,23,024 -36,22,833.29 - 4.28 

2018-19 1,43,51,234 -68,85,713.61 - 2.08 

Source: Secondary Data 

Interpretation 

The above table shows that the Working Capital Turnover Ratio for the period from 2014-2019. The Working Capital 

Turnover Ratio was positive in the year of 2014-2015 as 40.93. 

TREND ANALYSIS 

TREND ANALYSIS FOR CURRENT ASSETS 

 

Year Current Assets Trend value 

2014-15 1,26,68,613.78 100 

2015-16 91,95,434.24 72.58 

2016-17 1,04,65,194.73 83 

2017-18 1,40,83,529.8 111 

2018-19 1,50,80,160.53 119 
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Interpretation 

The above table shows that the trend percentage analysis value for the current assets for the period from 2014-2019. It was 100% 

in the year of 2014 and the trend value increased to 119 in the year 2019. 

TREND ANALYSIS FOR CURRENT LIABILITIES 

 

Year Current Liabilities Trend value 

2014-15 1,22,45,860.15 100 

2015-16 1,25,07,768.79 102 

2016-17 1,36,95,198.24 112 

2017-18 1,77,06,363.09 145 

2018-19 2,19,65,874.14 179 

Source: Secondary Data 

Interpretation 

The above table shows that the trend percentage analysis value for the current liabilities for the period from 2014-2019. It was 

100% in the year of 2014 and the trend value increased to 179 in the year 2019. 

TREND ANALYSIS FOR SALES 

 

Year Sales Trend value 

2014-15 1,73,06,953 100 

2015-16 1,50,61,158 87 

2016-17 1,62,14,236 94 

2017-18 1,55,23,024 90 

2018-19 1,43,51,234 83 

Source: Secondary Data 

Interpretation 

The above table shows that the trend percentage analysis value for the sales for the period from 2014-2019. It was 100% in the 

year of 2014 and the trend value decreased to 83 in the year 2019. 

V. Results and discussion 

RESULTS 

1. The current ratio in the year 2015 is 1.03, and in the year 2016, 2017, 2018 and 2019 was 0.73, 0.76, 0.79 and 0.68. 

2. Quick Ratio is in the year 2015 is 0.84, and in the year 2016, 2017, 2018 and 2019 was 0.07, 0.75, 0.85 and 0.78. 

3. Absolute liquid ratio was high on 2015 as 0.75 and it reduced to 0.012 in the year 2016. 

4. Receivable to Current Asset Ratio was high on the year 2018 and 2019. Higher the ratio, higher the cost of carrying the 

receivables. 

5. Receivable to Total Asset Ratio was gradually increased in the year 2018 and 2019. 

6. Receivables to Sales Ratio should be lesser. From the year 2015-2017 this ratio was lesser. But in the year 2018 and 2019, the 

ratio increased. 

7. The average collection period maintained was high in the year 2019 with 20% as there was heavy demand for the product, the 

credit sales was made more than compared to cash sales. The average collection period was low with 7.44% in the year 2016. 

8. Receivable turnover ratio was decreased in the year 2018 and 2019 as 22.41 and 17.99. 

9. Working Capital over Total Assets Ratio was good in the year 2015 and the ratio gradually decreased. 

10. Working capital turnover ratio was high in the year 2015 as 40.93 and gradually decreased to -2.08 in the year 2019. 

11. Trend analysis for Current assets and current liabilities were gradually increased in the 2014-2019. 

12. The sales trend of the company was witnessing an increasing and decreasing trend throughout the Five years. The table shows 

that the company’s performance was slightly good. 

SUGGESTIONS 

1. The current assets and liabilities have positive results. The current ratio position of the company is tested and concluded that 

the Liquidity position is satisfactory. 

2. Receivables to Current Asset Ratio reveal the size of receivables in current assets, higher the ratio, higher the cost of carrying 

the receivables. The ratio increased in the year 2018 and 2019, hence the cost of carrying the receivables were high. 

3. Receivables to Total Asset Ratio concluded that the management of receivables were effective. 

4. The Debt capital is not utilized effectively and efficiently. So the company can extend its debt capital. 

5. On an average, the company was maintaining the credit period of 20 days; the collection effort of this company was 

satisfactory. 

6. There was increase in trend in the net profit. Hence the company net profit was satisfactory. 

CONCLUSION 

It could be inferred from the above analysis that, the efficiency of the receivables management of this company was 

satisfactory. The competition is a major challenge that every finance manager encounters during their working capital decision making 

process for optimum utilization of scarce resources. To examine the effects of receivables management, it is important to note the 

difference between liberalized credit period and the profitability. It is the change in the investments in receivables level and costs 

involved in that creates crucial difference between these two. Therefore, after a deep analysis of textile industry at VKS Fabrics with 
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the past five years Financial Statements, it revealed that the performances are not consistent. 
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Abstract 

Welfares are the measures of promoting the employee’s efficiency in an organization. The various welfare measures provided by an 

organisation will have immediate impact on the satisfaction level of employees working in an organisation and overall efficiency of employees 

and thereby contributing to the higher productivity. One of the main purposes of employee welfare measures is to improve the employee life 

and to keep them happy and conducted. Welfare measures may be both statutory and non-statutory, which includes housing, canteen, education, 

medical and laws require the employer to extend certain benefits to employees in addition to wages or salaries. In the present study an attempt 

has been made to study the employee satisfaction towards the welfare facilities at Tamil Nadu Newsprint and Papers limited, Kagithapuram 

which helps to retain the employees working in an organisation that leads to success of an organisation. In this study, I used Descriptive 

research design. Totally 120 employees from various departments has been selected as respondents to fill the questionnaire for this study. 

Findings of this study are only related to the employees of Tamil Nadu Newsprint and Papers Limited. 

Index Terms: Welfare Measures, Employee Satisfaction, TNPL. 

 

I. INTRODUCTION 

Employee welfare is a broad area of social welfare both conceptually and operationally. It includes a broad field of state of well-being, 

happiness, satisfaction, conservation, and human resources development which helps to motivation of employee. Every Organizations provide 

welfare facilities to their employees to keep their level of motivation high. It is necessary to secure the cooperation of employee force to 

increase the production and to earn higher profits. The cooperation of employee force is possible only when they are fully satisfied with their 

employer and welfare measures provided by an organisation.  

 

The employee welfare schemes can be categorized into two viz. statutory and non-statutory welfare schemes. The statutory schemes are those 

facilities that are compulsory to provide by every organization to all employees as compliance to the laws governing employee health and 

safety, these include: canteen facilities, drinking water, proper and sufficient lighting, facilities for sitting ,  changing rooms ,  first aid 

appliances,  latrines and urinals , rest rooms. Non statutory welfare facilities may include personal health care, flexitime, employee assistance 

programs, harassment policy, employee referral scheme, med-claim insurance scheme. The non-statutory schemes vary from organization to 

organization and from industry to industry.  

 

The welfare measures play an important role in every employee, because without welfare measures, they cannot work effectively in the 

organization. If people do not want to work, it is impossible for every organization to attain its goals. The different welfare measures which 

are provided by the employer to the employees will have a quick impact on the health, physical, mental efficiency alertness, morale and overall 

efficiency of the worker, which contributes to the higher productivity. 

 

II. REVIEW OF LITERATURE 

Sabarirajan et.al. (2010), in his article he found  that 15% of the employees are highly satisfied with their welfare measures, 22 % of the 

employees are satisfied with their welfare measures.39 % of the employees are average with their welfare measures, and 16% of them are in 

highly dissatisfied level. Welfare measures plays greater role in every employee satisfaction which results in higher quality of work life. His 

study throws light on the effect of welfare measures on QWL among the employees of textile mills in Salem district.  

 

Satyanarayna and Reddi (2012), in their article they stated that the overall satisfaction levels of employees about welfare measures in the 

organization cover is satisfactory. But, a few of them are not satisfied with their welfare measures provided by the organization. Therefore, 

they suggested that the existing welfare measures may be improved further. These welfare measures improve the employee’s living standard 

and their satisfaction levels.  

 

Sindhu (2012), she stated that the employee welfare measures increase the productivity of organization and promote healthy industrial 

relations there by maintaining industrial peace. Usually every organizations provide various welfare facilities to their employees to hold their 

motivation levels high. They provide many statutory and non-statutory things policies to maintain employee’s satisfactory level in average. 

When they get better canteen facilities, good water to drink, clean restrooms, clean and hygiene washrooms and bathrooms, regular medical 

check-ups, health insurances, Employee assistance programme, better seating facilities or best workplace provides employee a greater 

satisfactory level. This leads an organisation to grow quicker. 

 

Upadhyay and Gupta (2012), in their article they conclude that communication plays a major role in increasing the satisfaction of an 

employee. Satisfied employees are said to have greater morale. Welfare measures and work experience does not necessarily relate to 

satisfaction. Therefore, they recommended that company should provide for adequate welfare measures but should not burden itself by 
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increasing the cost part of it in greed to earn the competitive edge and declare itself as most desired company. And Other factors like good and 

open communication, providing motivating factors, empowerment etc should be taken into consideration for increasing the employee 

satisfaction level.   

 

Mohan and Panwar (2013), their article showing the retail stores at Udaipur are providing not only intramural facilities but also extramural 

welfare facilities. It is extending its hands to promote amenities which may increase health and living standards of the employees working 

there. The effective & efficient policies and welfare facilities make the employee to perform the job better, which leads to effectiveness of the 

organization. 

 

Reshma and Basavaraj (2013), in their article they stated that the employee welfare is a comprehensive term including various services, 

benefits and facilities offered to employees of the organization. Their study enlightens the concept of welfare measures; it also highlights the 

employee’s perception regarding the various statutory welfare measures provided by the Donimalai Iron Ore Mine, Bellary. 

 

Logasakthi and Rajagopal (2013), they revealed the employees enjoy not only the satisfaction of their jobs, but also various facilities given 

by the firms. The employees stretch their maximum support for the growth of the company where they are working. The department of personal 

is the one which takes care of the total human resources in the company. And the management provides all the health safety and welfares to 

the employees that will help to produce better performance in the work and working environment.  

 

Srinivas (2013), he identified welfare facilities and employee’s satisfaction level about welfare facilities adopted at Bosch limited, Bangalore. 

He also found that most of the, welfare facilities like medical, canteen, working environment, safety measures etc., are provided by the company 

and most of the employees are satisfied with the welfare facilities which are provided by the company for the welfare of employees. 

 

Nanda and Panda (2013), they stated the Rourkela Steel Plant has adopted a better kind of welfare activities which create an effective 

working environment and thus better productivity. There are various types of welfare schemes such as medical allowance; death relief fund, 

insurance policy, housing and transportation facilities, recreation club, tour, etc which  are provided by the organisation to the employees who 

are working there to maintain the good  industrial relation. The premises and the departments are maintained healthy. And perfect safety 

measures have been practised in the organization, which tells that safety, health and welfare of employees are perfectly implemented.    

 

Rajkumar, B. (2014), he attempted to identify the prevailing labour welfare measures and social security in IT industries in Chennai. His 

study reveals that the welfare facilities help to motivate and retain employees. Most of the welfare facilities helped to motivate the employees 

which ensures employee satisfaction and resulted in increased productivity. 

 

M. D. R. Harshani1 and I. Welmilla (2017), This study is to discuss the effect of employee welfare facilities on cabin crew employee 

retention in Sri Lankan Airlines. The main goal of the paper was to analyses the effect of Employee Welfare Benefits with the Employees 

Retention among the Cabin Crew Employees in Sri Lankan Airlines. To achieve this objective two hypotheses were developed and tested. It 

consists of two variables such as the independent variable and the dependent variable which was welfare facilities and employee retention. The 

validity and reliability of the instruments was tested by using Cronbach’s Alpha and test-retest methods. The study type is hypothesis testing 

and it was done in the natural setting with low interference of the author. The study is a cross-sectional in time and the primary data was 

collected by using random sampling technique and sample size was 40 cabin crew employees who are working in Sri Lankan Airlines. The 

unit analysis was at individual level. Data was collected through a structured questionnaire. The offline method was used to gather the data 

and the primary data set was used. The correlation and regressions methods were performed to test hypotheses and analyzed data. 

 

III. RESEARCH METHODOLOGY 

Research Methodology is the study of how research is implemented scientifically. It is the method to systematically get the solution for the 

research problem by logically adopting different ways. Moreover, it derives the methods in which the information is collected for the research. 

The collection of facts and information will be followed by processing using scientific technique and tools to arrive at a reasonable conclusion. 

The research design used in this study is descriptive in nature. The present study attempts to study about the various welfare measures provided 

to the employees by an organisation and the satisfaction level of employees towards it. The main objective of this study is to find the satisfaction 

level of the employees on welfare measures. 

 

Data Collection Methods 

Primary Data  
Primary data is the data that is collected by researchers themselves during their own research using research tools such as experiments, survey 

questionnaires, interviews, and observation. In this study the primary data were collected from the employees of Tamil Nadu Newsprint and 

Papers Limited, at Kagithapuram through questionnaire. 

 

Secondary Data 

 The Secondary data is the data that are gathered from the studies, surveys, or experiments that have been run by other people or for 

another research. In this study the secondary data were collected from books, journals, and websites. 

 

Sample Size 

The information is collected through questionnaire from 120 employees of Tamil Nadu Newsprint and Papers Limited. In this study I adopted 

convenience random sampling technique. After collecting the data, it has analysed with the help of tools like  Percentage Analysis, regression, 

T Test and ANOVA. 
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 Scaling Methods 

Ordinal Scale 

 An ordinal scale is a measurement scale that allocates values to variables based on their relative ranking with respect to one another 

in each data set. On the other hand, a weakly ordered variable is based on nominal-level groups that are then rank-ordered in a meaningful 

arrangement. 

 Nominal Scale 

A Nominal Scale is one, in which the numbers are set as tags or labels which is used to identify or classify the objects. Also, their scale of 

measurement which deals only with non-numeric variables and also there is no relative categorical order, that is the numeric value assigned to 

each category is erratic. 

 

IV. DATA ANALYSIS 

Descriptive Statistics 

 

This chapter deals with the descriptive and statistical analysis of the primary data collected from the employee who working in the 

organization. The hypotheses drawn by the researcher are confirmed with the support of statistical tools and results are inferred. 

 

Percentage analysis is a simple statistical instrument which is widely used in analysis and interpretation of primary data. It deals with the 

number of Respondents’ reply to a questionnaire in percentage attained from the total population nominated for the study. It is one of the 

simple forms of analysis which helps the researcher to realize the outcome of the research. It is normally used for inferring the results in 

quantitative terms. In this study, percentage analysis was used to measure the percentage of demographic profile of those employees who 

participated in the study on various aspects. 

      

 Table- 4.1 

Demographic Profile of the Respondents 

 

Inference 

The above table shows a clear understanding of demographic profile of the respondents studied. It encloses the descriptive statistics of Age, 

Gender, Marital Status, Experience, and Income of the Employees working in Tamil Nadu Newsprint and Papers Limited (TNPL). The profile 

reveals that majority of the respondents are male.  

The study shows that 15.8% are from age 26 to 35, 21.7% are from age 36 to 45,50.8% are from age 46 to 55 and 11.7% are above age 56, 

95% of the respondents are male, 5% of the respondents are female in the organization. About 95.8% have stated marital status as married and 

4.2% of the respondent are single. About 8.3% of the respondents have 2 to 5 years of experience, 121.7% have 6 to 10 years of experience, 

26.7% have 6-10 years of experience and 43.3% have above 15 years of experience. About 9.2% of the respondents get salary from 10,000 to 

25,000, 52.5% get salary from 26,000 to 35,000, 24.2% get salary from 46,000 to 55,000 and 0.8% get salary above 55,000. 

                                                       

Table- 4.2 

Different Facilities 

Facilities Category Number of Respondents Respondents (%) 

Welfare measures Yes 120 100.0% 

No 0 0.0% 

Overall satisfaction of medical facilities Yes 112 93.3% 

No 8 6.7% 

Overall satisfaction of educational 

facilities 

Yes 103 85.8% 

No 17 14.2% 

Overall satisfaction of canteen facilities Yes 108 90.0% 

No 12 10.0% 

Housing loan provided Yes 108 90.0% 

Demographic Profile Category Number of Respondents Respondents (%) 

Age <25 0 0.0% 

26-35 19 15.8% 

36-45 26 21.7% 

46-55 61 50.8% 

>56 14 11.7% 

Gender Male 114 95.0% 

Female 6 5.0% 

Marital 

Status 

Yes 115 95.8% 

No 5 4.2% 

Experience <1 year 0 0.0% 

2-5 Year 10 8.3% 

6-10 year 26 21.7% 

11-15 year 32 26.7% 

> 15 52 43.3% 

Income 10000-25000 11 9.2% 

26000-35000 63 52.5% 

36000-45000 29 24.2% 

46000-55000 16 13.3% 

>55000 1 0.8% 
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No 12 10.0% 

Satisfaction of Housing facilities Yes 108 90.0% 

No 12 10.0% 

Recreation benefits Marriage Hall 72 60.0% 

Clubs 25 20.8% 

Tour 23 19.2% 

Allowances Bonus 61 50.8% 

Medical 34 28.3% 

Loan 25 20.8% 

Increment Yes 105 87.5% 

No 15 12.5% 

Restroom Yes 112 93.3% 

No 8 6.7% 

Cleanliness Yes 113 94.2% 

No 7 5.8% 

Lunchroom Yes 114 95.0% 

No 6 5.0% 

Maternity leave Yes 120 100.0% 

No 0 0.0% 

Working Hours Yes 104 86.7% 

No 16 13.3% 

Insurance Yes 105 87.5% 

No 15 12.5% 

Gratuity Yes 105 87.5% 

No 15 12.5% 

   

Inference 

The above table shows that all respondents (100%) are aware of welfare measures provide by the organisation. About 93.3% are satisfied 

with overall medical facilities and only 6.7 % are not satisfied with overall medical facilities, 85.8% are satisfied with overall educational 

facilities and only 14.2% are not satisfied with overall educational facilities, 90% are satisfied with overall canteen facilities,  housing loan 

provided, housing facilities and  only 10% are not satisfied with overall canteen facilities, housing loan provided, housing facilities. Among 

all recreation benefits, about 60% of the respondents are satisfied with marriage hall, 20% are satisfied with clubs and 19.2% are satisfied with 

tour. Among all allowances, 50.8% are satisfied with bonus, 28.3% are satisfied with medical and 20.8% are satisfied with loan. About 87% 

are satisfied with increment provided and only 12.5% are not satisfied with given increment. About 93.3% are satisfied with restroom facilities 

and only 6.7% are not satisfied with it, about 94.2% of the respondents say that workplace are cleaned regularly and only 5.8% say that it is 

not cleaned regularly, 95% of the respondents are satisfied and only 5% are not satisfied with overall lunchroom and restroom facility. All the 

respondents (100%) agree with maternity leave provided to the female employees. About 86.7% are satisfied and only 13.3% of the respondents 

are not satisfied with working hours,87.5% are satisfied with insurance provided and gratuity calculated whereas only 12.5% are not satisfied 

with it.   

 

Table- 4.3 

Medical Facilities 
 

Medical 

Facilities HS % S % N % D % HD% Mean 

Standard 

Deviation 

Routine 

Check up 

77 

64.2% 

35 

29.2% 

5 

4.2% 

3 

2.5% 

0 

0.0% 

1.45 .70 

First Aid 90 

75.0% 

26 

21.7% 

4 

3.3% 

0 

0.0% 

0 

0.0% 

1.28 .52 

Ambulance 84 

70.0% 

32 

26.7% 

4 

3.3% 

0 

0.0% 

0 

0.0% 

1.33 .54 

*HS- Highly Satisfied, S- Satisfied, N- Neutral, D- Dissatisfied, HD- Highly Dissatisfied 

 

Inference 

The above table revealed that the mean score of Medical Facility during the study ranges from 1.28 to 1.45 and standard deviation score 

varies between 0.52 and 0.70 among the employees. The statement ‘First Aid’ scores lowest mean and the statement ‘Routine Check-up’ scores 

highest mean. The statement ‘First Aid’ scores lowest standard deviation and the statement ‘Routine Check-up’ scores highest standard 

deviation. 
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Table- 4.4 

Educational Facilities 

  

Educational 

Facilities HS % S % N % D % HD% Mean 

Standard 

Deviation 

Tuition fee 84 

70.0% 

33 

27.5% 

3 

2.5% 

0 

0.0% 

0 

0.0% 

1.33 .52 

Scholarship 72 

60.0% 

36 

30.0% 

8 

6.7% 

4 

3.3% 

0 

0.0% 

1.53 .77 

Loan 67 

55.8% 

39 

32.5% 

10 

8.3% 

4 

3.3% 

0 

0.0% 

1.59 .78 

*HS- Highly Satisfied, S- Satisfied, N- Neutral, D- Dissatisfied, HD- Highly Dissatisfied 

 

Inference 

 The above table revealed that the mean score of Educational Facility during the study ranges from 1.33 to 1.59 and standard deviation 

score varies between 0.52 to 0.78 among the employees. The statement ‘Tuition Fee’ scores lowest mean and the statement ‘Loan’ scores 

highest mean. The statement ‘Tuition Fee’ scores lowest standard deviation and the statement ‘loan’ scores highest standard deviation. 

 

Table- 4.5 

Canteen Facilities 

 

Canteen 

Facilities HS % S % N % D % HD% Mean 

Standard 

Deviation 

Food Quality 82 

68.3% 

35 

29.2% 

2 

1.7% 

1 

0.8% 

0 

0.0% 

1.35 .56 

Food 

Quantity 

89 

74.2% 

30 

25.0% 

0 

0.0% 

1 

0.8% 

0 

0.0% 

1.28 .50 

Food Price 94 

78.3% 

26 

21.7% 

0 

0.0% 

0 

0.0% 

0 

0.0% 

1.22 .41 

*HS- Highly Satisfied, S- Satisfied, N- Neutral, D- Dissatisfied, HD- Highly Dissatisfied 

 

Inference 

The above table revealed that the mean score of Canteen Facility during the study ranges from 1.22 to 1.35 and standard deviation score 

varies between 0.41 and 0.56 among the employees. The statement ‘Food Price’ scores lowest mean and lowest standard deviation. The 

statement ‘Food Quality’ scores highest mean and highest standard deviation. 

 

INDEPENDENT SAMPLE T- TEST 

Hypothesis for T Test 

Null Hypothesis (Ho): There is no significant difference between Gender and Medical 

Facilities. 

Alternate Hypothesis (Ha):  There is a significant difference between Gender and Medical 

Facilities. 

If Sig. (P) is less than 0.05 then Accept Alternate Hypothesis 

If Sig. (P) is above 0.05 then Failed to Reject Null Hypothesis 

 

Table- 4.6 

T Test for Equality of Means of Medical Facility and Gender 

Demographic 

Profile Category 

Medical Facilities 

Mean Count 

Standard 

Deviation 

T Df Sig 

Gender Male 1.35 114 .53 -.185 118 .853 

Female 1.39 6 .49 

The significant value is above 0.05  

   

Inference 

          Above T -Test table reveals that there is no significant difference between medical facility and gender. Hence it is clear that it is failed 

to reject null hypothesis. 

 

Hypothesis for T Test 

Null Hypothesis (Ho): There is no significant difference between Gender and Educational 

Facilities. 

Alternate Hypothesis (Ha):  There is a significant difference between Gender and Educational Facilities. 

If Sig. (P) is less than 0.05 then Accept Alternate Hypothesis 

If Sig. (P) is above 0.05 then Failed to Reject Null Hypothesis 
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Table- 4.7 

T Test for Equality of Means of Educational Facility and Gender 

Demographic 

Profile Category 

Educational Facilities 

Mean Count 

Standard 

Deviation 

T Df Sig 

Gender Male 1.48 114 .63 -.067 118 .947 

Female 1.50 6 .59 

The significant value is above 0.05  

Inference 

            Above T -Test table reveals that there is no significant difference between educational facility and gender. Hence it is clear that it is 

failed to reject null hypothesis. 

 

Hypothesis for T Test 

Null Hypothesis (Ho): There is no significant difference between Gender and Canteen  

Facilities. 

Alternate Hypothesis (Ha):  There is a significant difference between Gender and Canteen Facilities. 

If Sig. (P) is less than 0.05 then Accept Alternate Hypothesis 

If Sig. (P) is above 0.05 then Failed to Reject Null Hypothesis 

 

Table- 4.8 

T Test for Equality of Means of Canteen Facility and Gender 

 

Demographic 

Profile Category 

Canteen Facilities 

Mean Count 

Standard 

Deviation 

T Df Sig 

Gender Male 1.28 114 .45 .324 118 .747 

Female 1.22 6 .40 

 

The significant value is above 0.05  

Inference 

            Above T -Test table reveals that there is no significant difference between canteen facility and gender. Hence it is clear that it is failed 

to reject null hypothesis. 

 

ANOVA 

Table- 4.9 

ANOVA Test for comparing means of Medical Facilities with Demographic Variables 

 

Demographic 

Profile Category 

Medical Facilities 

Mean Count Standard Deviation F Sig 

Age <25 . 0 .  

 

.585 

 

 

.626 
26-35 1.33 19 .50 

36-45 1.31 26 .52 

46-55 1.40 61 .57 

>56 1.21 14 .38 

Experience <1 year . 0 .  

 

.052 

 

 

 

 

.984 
2-5 Year 1.40 10 .60 

6-10 year 1.33 26 .51 

11-15 year 1.36 32 .52 

> 15 1.34 52 .54 

Income 10000-25000 1.27 11 .42  

 

.535 

 

 

.710 
26000-35000 1.37 63 .53 

36000-45000 1.43 29 .62 

46000-55000 1.23 16 .36 

>55000 1.00 1 . 

 

Inference 

Above ANOVA table reveals that the medical facilities are not significantly differ among the following demographic variables namely: Age 

(p= 0.626), Experience (p= 0.984) and Income (p= 0.710) which are above 0.05. 

                                                      

Table- 4.10 

ANOVA Test for comparing means of Educational Facilities with Demographic Variables 

Demographic 

Profile Category 

Educational Facilities 

Mean Count 

Standard 

Deviation 

F Sig 

Age <25 . 0 .  

 

 

 26-35 1.53 19 .62 
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36-45 1.53 26 .59 .256 .857 

46-55 1.48 61 .67 

>56 1.36 14 .55 

Experience <1 year . 0 .  

 

.216 

 

 

.885 
2-5 Year 1.63 10 .62 

6-10 year 1.49 26 .66 

11-15 year 1.46 32 .63 

> 15 1.47 52 .62 

Income 10000-25000 1.61 11 .63  

 

.379 

 

 

.823 
26000-35000 1.44 63 .62 

36000-45000 1.53 29 .65 

46000-55000 1.52 16 .64 

>55000 1.00 1 . 

 

Inference 

Above ANOVA table reveals that the educational facilities are not significantly differ among the following demographic variables namely: 

Age (p= 0.857), Experience (p= 0.885) and Income (p= 0.823) which are above 0.05. 

 

Table- 4. 11 

ANOVA Test for comparing means of Canteen Facilities with Demographic Variables 

Demographic 

Profile Category 

Canteen Facilities 

Mean Count 

Standard 

Deviation 

F Sig 

Age <25 . 0 .  

 

.332 

 

 

.803 
26-35 1.32 19 .45 

36-45 1.33 26 .42 

46-55 1.24 61 .48 

>56 1.31 14 .42 

Experience <1 year . 0 .  

 

.417 

 

 

.741 
2-5 Year 1.43 10 .50 

6-10 year 1.26 26 .41 

11-15 year 1.27 32 .52 

> 15 1.27 52 .42 

Income 10000-25000 1.30 11 .46  

 

.224 

 

 

.924 
26000-35000 1.31 63 .49 

36000-45000 1.24 29 .42 

46000-55000 1.25 16 .38 

>55000 1.00 1 . 

 

 

Inference 

Above ANOVA table reveals that the canteen facilities are not significantly differ among the following demographic variables namely: Age 

(p= 0.803), Experience (p= 0.741) and Income (p=0.924) which are above 0.05. 

 

CLUSTER ANALYSIS 

 

Table- 4.12 

Final Cluster Centers 

 

 

Cluster 

1 2 

Routine Check-up 2 1 

First Aid 2 1 

Ambulance 2 1 

Tuition Fee 2 1 

Scholarship 2 1 

Loan 2 1 

Food Quality 1 1 

Food Quantity 1 1 

Food Price 1 1 

 

Inference 

 The above table shows that respondents are classified into two categories as cluster 1 and cluster 2. The cluster 1 shows that majority 

of the respondents are more satisfied towards the welfare measures provided in the organisation. The cluster 2 shows that some respondents 

are less satisfied towards the welfare measures provided in the organisation. 

 

 
Page 2316 of 3066Page 2316 of 3066

http://www.jetir.org/


JETIR2005364 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 407 
 

Table- 4.13 

 Number of Cases in each Cluster 

 

Cluster 1 37.000 

2 83.000 

Valid 120.000 

Missing .000 

 

 

 

Inference  

The above table shows that there are totally 120 respondents, in which 37 respondents are belonged to cluster 1 and 83 respondents are 

belonged to cluster 2.  

 

LOGISTIC REGRESSION 

Table- 4.14 

Model Summary 

 

Step -2 Log likelihood Cox & Snell R Square Nagelkerke R Square 

1 11.687a .680 .958 

a. Estimation terminated at iteration number 20 because maximum iterations has been reached. Final solution cannot be found. 

 

Table- 4.15 

Classification Table 

 

 

Observed 

Predicted 

Clustering of Employees 

Percentage Correct Satisfied Dissatisfied 

Step 1 Clustering of Employees Satisfied 35 2 94.6 

Dissatisfied 0 83 100.0 

Overall Percentage   98.3 

a. The cut value is .500 

 

Inference 

 The above table shows that the overall percentage is 98.3 which means that using this cluster analysis 85% classified correctly 

whether respondents are satisfied or dissatisfied towards employee welfare facilities provided in the organisation.  

 

Table- 4. 16 

Variables in the Equation 

 

 B S.E. Wald df Sig. Exp(B) 

Step 1a Med -55.313 4452.509 .000 1 .990 .000 

Edu -57.018 4452.510 .000 1 .990 .000 

Can -.105 1.886 .003 1 .955 .900 

Constant 171.059 13357.530 .000 1 .990 1.950E+74 

a. Variable(s) entered on step 1: Med, Edu, Can. 

 

  Inference 

The above table shows that all the three variables which includes medical facilities, educational facilities and canteen facilities are not 

influencing the employee satisfaction.  

 

V. FINDINGS  

 

  About 50% of the respondents are from age 46- 55 about 95% of the respondents are male. It was found that 95% of the respondents are 

married. It was found that 43% of the respondents have more than 15 years of working experience. About 52% of the respondent’s income is 

from 26000 to 35000.About 93% of the respondents are satisfied with overall medical facilities. About 85% of the respondents are satisfied 

with overall educational facilities. About 90% of the respondents are satisfied with overall canteen facilities. About 90% of the respondents 

are satisfied with the housing facilities. It was found that 60% of the respondents are satisfied with recreation facilities which includes marriage 

hall.  

 

VI. CONCLUSION  

  From the study, it is concluded that this organisation is providing various welfare facilities to the employees working in it. The management 

required to provide good facilities to all employees in such way that employees become satisfied about employee welfare facilities. It increases 

productivity as well as quality and quantity. Therefore, there is necessity of making some provision for improving the welfare facility through 

that employees will become happy, employee’s performance level become increase. It leads to improve favourable effects of profitability and 

products of the organization. At last it can be concluded that the employee welfare facilities provided by the organisation to employees are 
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satisfied and it is commendable, but still of scope is there for further improvement. So that efficiency, effectiveness and productivity can be 

enhanced to accomplish the organizational goals. 
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Abstract: In this paper it examines HRM Practices and Its Impact on HRM Outcome in MRC Mils Pvt Ltd, stay with their 

current employers. Results reveal that a substantial percentage of Employee members perceive that their employers are not 

meeting their expectations regarding voice, Trust, organizational commitment, and job satisfaction. The results also 

demonstrate that each of trust, commitment, and job satisfaction simultaneously mediates the effects of met expectations on 

employee intent to stay. Practically, these findings suggest that by meeting employee expectations, universities can enhance 

employee perceptions of job satisfaction, organizational commitment, and trust, which in turn reduce employee turnover 

intentions. Further practical and theoretical implications are discussed and suggestions for future research are offered. 

Keywords: Job Satisfaction, Job Retention, Job Trust, Expectations 

Introductions 

The overall goal of this paper is to understand the phenomenon of employee turnover in the MRC Mills by examining the 

relationshipsHRM Practices and Its Impact on HRM Outcome.Understanding the relations between these variables can provide 

abstract administrators and human resources (HR) managers with better chances to develop more effective programs and plans to 

recruit and retain faculty members. The findings of this study may also help public policy-makers in the other parts of the 

requirement to develop better higher policies and procedures. Review of the existing literature revealed only one study. Study 

focused only on organization and did not include critical determinants of employee turnover such as job satisfaction, organizational 

commitment, trust, and availability of job opportunities.  

Employee engagement is the state in which individual are emotionally and intellectually committed to the organization. Employee 

engagement is inclusive of long-term emotional involvement and is an antecedent to more temporary generalities of employee 

sentiment, such as job satisfaction and commitment. Engaged employees come to work every day feeling a connection to their 

organization, have a high level of enthusiasm for their work and perform at high levels.  

Job satisfaction is an attitude that is simply how content an individual is with his or her job; whether he or she likes the job or not. 

Job satisfaction can also be seen within the broader context of the range of issues which affect an individual’s experience of work, 

or their quality of working life. Job satisfaction can be understood in terms of its relationships with other factors.   

Review of Literature 

Khaldoun I. Ababneh (2016) undergone A study on Effects of met expectations, trust, job satisfaction, and commitment on faculty 

turnover intentions inthe United Arab Emirates.  Examines they will be talk about the trust and satisfaction and employee turnover 

intentions. They will so much help of them. 

HotnerTampubolon (2016) conducted a research on “The relationship between Employee Engagement, Job Motivation, and Job 

Satisfaction towards the Employee Performance”  found that the Employee Engagement positively and significantly influenced 

employee performance. The purpose of the study is to investigate the effect of employee engagement, job motivation and job 

satisfaction to employee performance in Ministry of Export and Import Department, the Indonesian Ministry of Trade. The data 

was collected from 90 persons who work in the department.  

Preeti Thakur (2014) conducted a research on “A research paper on the effect of employee engagement on Job Satisfaction in IT 

sector”  seeks to find out the effect of engagement of employees and the study has been carried out of 120 officers as well as the 

clerks of the IT sector. The researcher has found that that among the former work motivation could be improved through increasing 

job authority and accountability. It was also found that at the clerical lever, rewards and sanctions are significantly associated with 

job involvement. It was concluded that there is a positive relationship between Employee Engagement and Job Satisfaction.  

Abdulwahab S. Bin and Shmailan (2015) conducted a research on “The relationship between job satisfaction, job performance 

and employee engagement: An explorative study” helps to understand the advantages of having satisfied and high performing 

employees as well as using the power of the employee engagement to be competitive and profitable. The researcher has found that 

the employee satisfaction is directly linked to employee engagement and literature confirms that satisfied employees do perform 

better and contribute to the overall success of an organizations.   

J. Bloemer and J. Henseler (2017) undergone A study onreducing Employee Turnover through customer center job quality 

through to make job quality the will make successful on this article and to be known for the employee turnover. 
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A.Feji&Annelis E.M van Vianen(2017) undergoing on met expectation and supplies values fit of Duch young adults determine 

of work outcomes they said to be expecting to the customer about the job and organizations. 

Sophie De Winne Luc Sels (2018) undergoing on the Impact of employee turnover and turnover on labour productivity a flexible 

non liner approach. They said to be violence of employee turnover. 

Methodology 

  The methodology involves the way of the project carried out. Research methodology is way to solve the problem systematically.  

The main function of the research is to provide for the collection of relevant evidence with minimal expenditure of effort, time and 

study. 

Method of Collection 

Primary study for use this study. 

The Primary Data  

Method 

Questionnaire 

Sampling Units 

145 Sample Size 

Tools Used 

Percentage Analysis, Independent T- test, Annova, Regression. 

 

Chapter IV  

1. Descriptive Analysis 

 

This chapter deals with the descriptive and statistical analysis of the primary data collected from the employee who working on the 

organization. The hypotheses drawn by the researcher are confirmed with the support of statistical tools and results are inferred. 

 

Percentage analysis is a simple statistical instrument which is widely used in analysis and interpretation of primary data. It deals 

with the number of Respondents’ reply to a questionnaire in percentage attained from the total population nominated for the study. 

It is one of the simple forms of analysis which helps the researcher to realize the outcome of the research. 

 

It is normally used for inferring the results in quantitative terms. In this study, percentage analysis was used to measure the 

percentage of demographic profile of those customer who participated in the study on various aspects of service quality dimensions. 
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Table 4.1 

Demographic Profile  Categories Count Column N % 

Gender Male 130 89.7% 

Female 15 10.3% 

Position in the organization General Manager/CEO 1 0.7% 

HR 1 0.7% 

Quality Manager 1 0.7% 

Marketing Manager 1 0.7% 

Finance Manager 1 0.7% 

Employee 140 96.6% 

Education degree Diploma/ Below 92 63.4% 

Bachelor 48 33.1% 

Master degree 5 3.4% 

Years of experience Less than 2 years 86 59.3% 

2-5 years 55 37.9% 

6-10 years 3 2.1% 

11-15 years 1 0.7% 

Greater than 15 years 0 0.0% 

Working organizations Less than 2 years 0 0.0% 

2-5 years 139 95.9% 

6-10 years 5 3.4% 

11-15 years 0 0.0% 

Greater than 15 years 1 0.7% 

Martial status Single 66 45.5% 

Married 79 54.5% 

Salary package Less than 10 K 75 51.7% 

10K-20K 65 44.8% 

20K-30K 4 2.8% 

30K-40K 1 0.7% 

 

Description: The above Table shows a clear understanding of demographic profile of the respondents studied. It encloses the 

descriptive statistics of Gender, Position in the organization, Education degree, Working organization, Marital status and salary 

package of the MRC mills Pvt Ltd. The profile reveals that the majority of the respondents are male.  

The study shows that 89.7% of the respondents are male, 10.3% of the respondents are female in the organization. The study found 

that 63.4% of the respondents were having diploma/ below level education and 33.1% are completed an bachelor degree finally 

3.4% of the respondent was completed master degree. About 54.5% have stated marital status as married and 45.5% of the 

respondent are single.  

Table 4.2 

Job Satisfaction 
SD 

% 

D 

% 

N 

% 

A 

% 

SA 

% 

__ 

X 
σ 

I feel dissatisfied with my job. 
3 

2.1% 

10 

6.9% 

23 

15.9% 

71 

49.0% 

38 

26.2% 
3.90 .94 

I am often bored with my job. 
0 

0.0% 

1 

0.7% 

22 

15.2% 

92 

63.4% 

30 

20.7% 
4.04 .62 

I find enjoyment in my job. 
0 

0.0% 

0 

0.0% 

13 

9.0% 

74 

51.0% 

58 

40.0% 
4.31 .63 

Most days I am enthusiastic about my job. 
2 

1.4% 

9 

6.2% 

16 

11.0% 

55 

37.9% 

63 

43.4% 
4.16 .95 

My job makes good use of my skills and abilities 
0 

0.0% 

0 

0.0% 

10 

6.9% 

64 

44.1% 

71 

49.0% 
4.42 .62 

*SD - Strongly Disagree, D - Disagree, N - Neutral, A – Agree, SA - Strongly Agree 

Table 02 revealed that the mean score of Job Satisfaction during the study ranges from 3.90 to 4.42 and standard deviation score 

varies between 0.62 and 1.02 among the satisfaction. The statement ‘I Fell dissatisfied with my job’ scores lower mean and higher 

standard deviation. The statement ‘My job makes good use of my skill and abilities’ scores higher mean and lower standard 

deviation score which reveals the effect of consistency on perception among the satisfaction. 
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Table 4.3 

Training and Development 
SD 

% 

D 

% 

N 

% 

A 

% 

SA 

% 

__ 

X 
Σ 

Training and development 

program has increase the 

efficiency  

0 

0.0% 

0 

0.0% 

6 

4.1% 

64 

44.1% 

75 

51.7% 

.58 4.48 

Training program has increase the 

productivity  

0 

0.0% 

0 

0.0% 

0 

0.0% 

51 

35.2% 

94 

64.8% 

.48 4.65 

Training helps to improve 

employee – employer relationship.  

0 

0.0% 

0 

0.0% 

6 

4.1% 

83 

57.2% 

56 

38.6% 

.56 4.34 

Providing relevant training for 

job.  

0 

0.0% 

1 

0.7% 

3 

2.1% 

110 

75.9% 

31 

21.4% 

.48 4.18 

Adoption to new working 

methods with training  

0 

0.0% 

0 

0.0% 

3 

2.1% 

58 

40.0% 

84 

57.9% 

.54 4.56 

*SD - Strongly Disagree, D - Disagree, N - Neutral, A – Agree, SA - Strongly Agree 

Table 03 revealed that the mean score of Training and Development during the study ranges from 4.18 to 4.65 and standard deviation 

score varies between 0.48 and 0.58 among the training and development. The statement ‘Providing relevant training for job’ scores 

lower mean and higher standard deviation. The statement ‘Training program has increase the productivity’ scores higher mean and 

lower standard deviation score which reveals the effect of consistency on perception among the training and development. 

Table 4.4 

 

Organizational Commitment 

 

SD 

% 

D 

% 

N 

% 

A 

% 

SA 

% 

__ 

X 
Σ 

I am proud to tell others I am part 

of this organization.  

0 

0.0% 

0 

0.0% 

3 

2.1% 

50 

34.5% 

92 

63.4% 
4.61 .53 

This organization is the best of all 

possible places to work.  

1 

0.7% 

2 

1.4% 

6 

4.1% 

74 

51.0% 

62 

42.8% 
4.34 .69 

I speak highly of this organization 

to my friends.  

0 

0.0% 

7 

4.8% 

14 

9.7% 

80 

55.2% 

44 

30.3% 
4.11 .76 

This organization has a great deal 

of personal meaning for me.  

1 

0.7% 

3 

2.1% 

21 

14.5% 

67 

46.2% 

53 

36.6% 
4.16 .80 

In this organization employee are 

encouraged to take initiative  

0 

0.0% 

0 

0.0% 

4 

2.8% 

61 

42.1% 

80 

55.2% 
4.52 .55 

 

*SD - Strongly Disagree, D - Disagree, N - Neutral, A – Agree, SA - Strongly Agree 

Table 04 revealed that the mean score of Organizational Commitment during the study ranges from 4.11 to 4.61 and standard 

deviation score varies between 0.53 and 0.80 among the training and development. The statement ‘I speak highly of this organization 

to my friends’ scores lower mean and higher standard deviation. The statement ‘This organizational’ scores higher mean and lower 

standard deviation score which reveals the effect of consistency on perception among the organizational Commitment. 

 

2. Independent Sample T Test 

Null Hypothesis (Ho): There is no significant difference between gender, and HRM Practices.  

Alternate Hypothesis (Ha): There is a significant difference between male and female with HRM Practices 

 

Table 4.5 

Demographical Question 
HRM Practices Mean  

Mean Standard Deviation Count T Df Sig. 

Gender Male 4.29 .21 130 
.838 17.079 .413 

Female 4.24 .22 15 

 

Above t-test Table reveals that the perception of employee towards HRM Practices appearance variables were not having any difference 

among  gender because both male and female perceives same about the HRM practices supports the null hypothesis i.e., there is no 

significant difference between  gender with HRM practices. The null hypothesis was not supported for gender and HRM practices 

variables. 

Null Hypothesis (Ho): There is no significant difference between gender, and Job satisfaction.  

Alternate Hypothesis (Ha): There is a significant difference between gender with Job satisfaction. 
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Table 4.6 

Demographical Question 
Job Satisfaction Mean 

Mean Standard Deviation Count t Df Sig. 

Gender Male 4.16 .38 130 
-.508 143 .597 

Female 4.21 .34 15 

 

Above t-test Table reveals that the perception of employee towards HRM Practices appearance variables were not having any difference 

among  gender with job satisfaction supports the  alternative hypothesis i.e., there is no significant difference between  gender and  job 

satisfaction. The null hypothesis was not supported for gender and job satisfaction variables. 

3. MULTIPLE REGRESSION 
Regression is the determination of statistical relationship between two or more variables. In simple regression two variables are 

used. One variable (independent) is the cause of the behavior of another one (dependent). When there are more than two independent 

variables the analysis concerning relationship is known as multiple correlations and the equation describing such relationship is 

called as the multiple regression equation. 

Regression analysis is concerned with the derivation of an appropriate mathematical expression is derived for finding values of a 

dependent variable on the basis of independent variable. It is thus designed to examine the relationship of a variable Y to a set of 

other variables X1, X2, X3………….Xn. the most commonly used linear equation in Y=b1 X1 + b2 X2 +……+ bnXn + b0 Here Y is 

the dependent variable, which is to be found. X1, X2… and Xn are the known variables with which predictions are to be made and 

b1, b2….bn are coefficient of the variables. In this study, the dependent variable is HRM, Independent variables are T and D, OC, 

JS and analysis are discussed as follows:  

Dependent variable: HRM (Y) 

Independent variables:  1. TD (X1) 

                                       2. JS(X2) 

                                       3. OC(X3) 

Table 4.7 

Coefficientsa  

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. 

 

B Std. Error Beta HYPOTHESEIS 

1 (Constant) 4.617 .385  12.004 .000  

JOBSA .047 .048 .084 .993 .322 YES 

TD -.088 .076 -.097 -1.155 .250 YES 

OC -.032 .021 -.127 -1.524 .130 YES 

4. Annova Test 

Erceg-Hurn&Mirosevich (2008) suggested that the homogeneity of variances assumption is most important in research which 

cannot be taken for granted while carrying out a statistical test like ANOVA. So to assess the equality of variance for two or more 

groups, Levene test was used and the result shows there is significance difference in the variance (P>0.05) in all the cases. 

 

Table 4.8 

Demographical Questions 
Job Satisfaction 

Count Mean Standard Deviation F Sig. 

Years of 

experience 

Less than 2 years 86 4.19 .37 

2.178 .093 

2-5 years 55 4.11 .36 

6-10 years 3 4.47 .42 

11-15 years 1 4.80 . 

Greater than 15 years 0 . . 

 

 

 

 

 

 

 

 

Page 2324 of 3066Page 2324 of 3066

http://www.ijsdr.org/


ISSN: 2455-2631                                                   © May 2020 IJSDR | Volume 5, Issue 5 

IJSDR2005078 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 494 

 

Table 4.9 

Demographical Questions 
HRM Practices 

Count Mean Standard Deviation F Sig. 

Years of 

experience 

Less than 2 years 86 4.27 .20 

3.373 .020 

2-5 years 55 4.28 .21 

6-10 years 3 4.40 .36 

11-15 years 1 4.90 . 

Greater than 15 years 0 . . 

 

To explore the statistical difference between the given factors among the position in the organization the table 4.8 clearly shows 

that (P>0.05) there is no significant difference between the general manager, HR manager and quality manager they are significantly 

same about HRMP 

To explore the statistical difference between the  givenHRMP factors among the experience of respondent  in the organization, the 

table 4.12 clearly shows that (P>0.05) there is no significant difference between the Highly experienced and low experienced r they 

are significantly same about HRMP practices in organization 

To explore the statistical difference between the given HRMP factors among the years of the organization, the table 4.08 clearly 

shows that (P>0.05) there is no significant difference between the implementing the new policies they are significantly same 

executing new HRMP. 

To explore the statistical difference between the given HRMP factors among the years of experiencein the organization, the table 

4.08 clearly shows that (P>0.05) there is no significant difference between experience and HRMP factors. 

 

Chapter 5 

Conclusion 

 Employees are constitute an important, if not the most important, component of the training and development process in 

organization. Hence, understanding employee members’ perceptions, attitudes, behavioral intentions, is central for any organization 

seeking to be effective and efficient in its training process. This paper enriches our understanding of the phenomenon of employee 

turnover in the karur by demonstrating that meeting  members’ expectations is positively associated with organizational 

commitment, job satisfaction, and trust, which in turn, are positively associated with employee members’ intent to stay with their 

current employers. Furthermore, results show that each of trust, commitment, and job satisfaction simultaneously mediates the 

effect of met expectations on faculty intent to stay while controlling for other potential mediators. 
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EMPLOYEE ENGAGEMENT AND ITS 

IMPACT ON JOB SATISFACTION 
T. Jeevitha, II MBA, Department of Management, M. Kumarasamy College of Engineering, Karur, 

Tamilnadu. 

ABSTRACT 

Employee Engagement is on the fading and there is an emerging detachment among employees today. 

This study to investigate the impact of employee engagement and its impact on job satisfaction in Jacquard 

Fabrics India Private Limited. This is a descriptive study that aims to identify the various dimensions of employee 

engagement within the organization. Interview schedule method of questionnaire was collected. Percentage 

Analysis, t-test and simple linear regression was used and explain the relationships of various dimensions. The 

study was conducted on 85 employees from various functional departments from the population of 88 employees. 

Convenience Sampling Method was used in this research. The paper aims to determine the components and 

dimensions of employee engagement and its impact on job satisfaction. This study answered the research 

questions formulated. Recommendations to organization are reported. 

Keywords: Employee Engagement, Job Satisfaction, Jacquard Fabrics 

INTRODUCTION 

Employee Engagement is defined as an employee’s involvement with assurance to, and satisfaction with work. 

Employee engagement could be a part of employee retention. (Locke, 1976) defines Job Satisfaction as a 

delightful or optimistic spirit resulting from the appraisal of one’s job or job experiences. With increasing 

diversity in workforce and firms stepping into new markets, it's become important for the organizations to 

stay its workforce engaged so on retain the highest talents. If the staff are engaged they have a tendency to be 

satisfied and motivated which successively ends up in retention of top talents and also it provides a competitive 

edge to organization.  

            Employee engagement is that the state within which individual are sensitively and rationally committed 

to the organization. Employee engagement is inclusive of long-term emotional involvement and is an antecedent 

to more temporary generalities of employee sentiment, like job satisfaction and commitment. Engaged employees 

come to figure on a daily basis feeling a connection to their organization, have a high level of enthusiasm for his 

or her work. 

             Employee engagement has been discussed by many research with its linkages to job satisfaction. An 

employee who is satisfied together with his |along with his job may not be engaged but on the contrary an 

employee who is engaged and who believes within the organization values will in most cases be satisfied with 
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his or her job. Employee Engagement is more of transformational concept which incorporates autonomy, growth, 

impact and connection whereas job satisfaction is transactional in nature. Organizations who have highly engaged 

employees tend to possess higher productivity, satisfaction levels and employee retention. 

             Job satisfaction is an attitude that's simply how content a personal is along with his or her job; whether 

he or she likes the work or not. Job satisfaction also can be seen within the broader context of the range of issues 

which affect an individual’s experience of labor, or their quality of working life. Job satisfaction is understood in 

terms of its relationships with other factors. 

REVIEW OF LITERATURE 

 Sobia Ali & Yasir Aftab Farooqi (2014) conducted a probe to review the Effect of labor Overload on 

Job Satisfaction, Effect of Job Satisfaction on Employee Engagement and Employee Performance”. Data was 

collected with the assistance of a questionnaire, from a sample of 207 employees of the overall public Sector 

University of Gujranwala Division. The knowledge were analysed using SPSS software. This study revealed that 

the work overload is that the most important concern for the organisation and it also affects job satisfaction, 

employee engagement and employee performance. The findings imply that to cut back the matter of labor 

overload and stress various strategies may possibly be adopted like training, job rotation and reward system.         

 Deepa E, Kuppusamy S (2014) conducted an enquiry on “The Effect of Performance Appraisal System 

in Organisational Commitment, Job Satisfaction and Productivity”, This paper summarizes the conceptual 

foundation of performance appraisal system and its relationship between Job Satisfaction, Organization Values, 

Employee Engagement and thus with Productivity. The researcher has found that the performance appraisal 

system helps both the workers and therefore the organization in increasing their productivity. 

         Preeti Thakur (2014) conducted an enquiry on “A research paper on the effect of employee engagement 

on Job Satisfaction in IT sector” seeks to seek out the effect of engagement of employees and therefore the study 

has been administered of 120 officers still because the clerks of the IT sector. The researcher has found that that 

among the previous work motivation may well be improved through increasing job authority and 

accountability. It had been also found that at the clerical lever, rewards and sanctions are significantly related 

to job involvement. It had been concluded that there's a positive relationship between Employee Engagement and 

Job Satisfaction. 

 

          Hotner Tampubolon (2016) conducted an enquiry on “The relationship between Employee Engagement, 

Job Motivation, and Job Satisfaction towards the worker Performance” found that the worker Engagement 

positively and significantly influenced employee performance. The aim of the study is to research the effect of 

employee engagement, job motivation and job satisfaction to employee performance in Ministry of Export and 

Import Department, the Indonesian Ministry of Trade. The information was collected from 90 persons 

who add the department. 
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          Umamaheswari R and Swarnalatha C (2015) conducted research “Impact of labor Engagement on Work 

Satisfaction: A study on teaching Faculties”. The researcher conducted a literature search on work engagement 

and interview with 220 college faculties. The information were analyzed using SPSS 21 software and therefore 

the findings of the research offers valid input regarding the development of job satisfaction of faculty faculties. 

This study is vital to beat the matter of labor engagement which affects the duty Satisfaction with the efficient 

implementation of strategies just like the training, Job rotation, and reward system. 

         Ahmed, Raheem and Jamal (2003) conducted research “Job Satisfaction among School Teachers“ and 

therefore the purpose of this study is to research the duty satisfaction of 236 teachers in senior secondary schools. 

The result showed that female teachers are more satisfied than male teachers and government school teachers 

have greater job satisfaction than school teachers. 

 

 

 

Figure 1: Research Framework 

OBJECTIVES OF THE STUDY  

1. To analyze employee engagement and its impact on job satisfaction.  

2. To determine the relation between employee engagement and job satisfaction.  

NEED OF THE STUDY  

The need of the study is to analyze the various dimensions of Employee Engagement and its impact on 

Job Satisfaction of employees working in Jacquard Fabrics India Private Limited. 

SCOPE OF THE STUDY 

This study is aimed at understanding the Employee Engagement practices at Jacquard Fabrics. This study 

confined to the employees of Jacquard Fabrics. This study try to address the relationship between employee 

engagement and job satisfaction in Jacquard Fabrics. 

RESEARCH METHODOLOGY 

RESEARCH DESIGN  

The type of research design used in the project was Descriptive research because it helps to describe the 

particular situation prevailing in the company.  

 

Employee 

Engagement 

Work Policies and 
Procedures 

Rewards and Benefits 

Personal Growth 

Job 

Satisfaction 

Page 2329 of 3066Page 2329 of 3066

http://www.jetir.org/


JETIR2005363 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 390 
 

METHOD OF DATA COLLECTION  

  There are two types of data collection. They are 

PRIMARY DATA 

Primary data refers to the pure and the fresh data which are collected for the first time.  

The primary data are collected from the Interview Schedule for this study.  

SECONDARY DATA  

Secondary data refers to the data which are already collected by some researchers in the past and is 

available in published or unpublished form.  

The secondary data for this study has been obtained from international journals and company websites.  

SAMPLE UNIT  

 The sample unit for the study is the employees of Jacquard Fabrics India Private Limited. 

SAMPLE SIZE   

The sample size of the study is 85.  

TOOLS FOR DATA ANALYSIS  

  The tools used for Data Analysis in this study is Percentage Analysis, t-Test and Simple Linear 

Regression. 

SAMPLING METHOD 

Convenient Sampling, a type of Non-probability sampling technique is being used in this research because 

the data collection relies on members who are conveniently available to participate in the study.  

DATA ANALYSIS 

Table: 1 Demographic Profile of the Respondents 

 

This chapter deals with the descriptive and statistical analysis of the primary data collected from the 

employees. The hypotheses drawn by the researcher are confirmed with the support of statistical tools and results 

are inferred. 

Percentage analysis is a simple statistical instrument which is widely used in analysis and interpretation 

of primary data. It deals with the number of Respondents reply to a questionnaire in percentage attained from the 
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total population nominated for the study. It is one of the simple forms of analysis which helps the researcher to 

realize the outcome of the research. 

It is normally used for inferring the results in quantitative terms. In this study, percentage analysis was 

used to measure the percentage of demographic profile of those employees who participated in the study on 

various aspects of service quality dimensions. 

 

 

 

 Count Column N % 

Age 

18-25 28 32.9% 

25-35 37 43.5% 

35-45 16 18.8% 

45> 4 4.7% 

Designation 

Accounts 1 1.2% 

Accounts Manager 1 1.2% 

Administrative & 

HR 
1 1.2% 

Canteen Labour 3 3.5% 

Canteen LAbour 1 1.2% 

Designing 3 3.5% 

Electrical 2 2.4% 

Factory Manager 1 1.2% 

General Manager 1 1.2% 

Inspection 1 1.2% 

Knitting Labour 9 10.6% 

Loading 4 4.7% 

Maintenance 1 1.2% 

Manager 1 1.2% 

Marketing 

Manager 
1 1.2% 

Planning 1 1.2% 

PLP 11 12.9% 

PLP Incharge 1 1.2% 

Purchase 3 3.5% 

Sales Assistant 1 1.2% 

Sales Executive 1 1.2% 

Sales Manager 1 1.2% 

Shipping Incharge 1 1.2% 

Stores Incharge 1 1.2% 

System Admin 2 2.4% 

Tape 5 5.9% 

Tape Incharge 1 1.2% 
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Warpin Labour 1 1.2% 

Warping Labour 11 12.9% 

Weaving :Labour 1 1.2% 

Weaving Incharge 1 1.2% 

Weaving Labour 10 11.8% 

Weaving LAbour 1 1.2% 

Gender 
Male 64 75.3% 

Female 21 24.7% 

Education 

SSLC 21 24.7% 

HSC 10 11.8% 

Diploma 5 5.9% 

Others 49 57.6% 

Marital Status 
Married 51 60.0% 

Unmarried 34 40.0% 

Area of Residence 

Urban 1 1.2% 

Semi-Urban 29 34.1% 

Rural 55 64.7% 

Job experience in years, 

Experience in Jacquard 

Fabrics 

1,1 12 14.1% 

10,2 2 2.4% 

10,6 1 1.2% 

12,3 1 1.2% 

13,10 1 1.2% 

13,13 1 1.2% 

14,8 1 1.2% 

15,7 2 2.4% 

16,2 1 1.2% 

16,8 1 1.2% 

18,6 1 1.2% 

2,2 13 15.3% 

2,3 1 1.2% 

20,11 1 1.2% 

20,4 1 1.2% 

23,12 1 1.2% 

23,5 1 1.2% 

23,6 1 1.2% 

24,1 1 1.2% 

25,12 1 1.2% 

3,3 13 15.3% 

30,11 1 1.2% 

35,10 1 1.2% 

4,3 1 1.2% 

4,4 5 5.9% 

5,1 1 1.2% 

5,2 1 1.2% 

5,3 1 1.2% 
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5,5 3 3.5% 

5,5, 1 1.2% 

6,1 1 1.2% 

6,4 1 1.2% 

6,6 3 3.5% 

7,7 2 2.4% 

8,5 2 2.4% 

8,8 1 1.2% 

9,1 1 1.2% 

9,3 1 1.2% 

Nature of Job 
Permanent 0 0.0% 

Temporary 85 100.0% 

Salary 

10000< 2 2.4% 

10001-20000 70 82.4% 

20001-30000 8 9.4% 

30001> 5 5.9% 

 

The above Table 1 shows a clear understanding of demographic profile of the respondents studied. It 

encloses the descriptive statistics of Age, Designation, Gender, Education, Marital Status, Area of Residence, Job 

Experience in Years, Nature of Job, Salary. The profile reveals that 43.5% of the respondents are between the 

age group of 25 years – 35 years. The study found that 12.9% of the respondents are under PLP and warping 

labour. The profile reveals that 75.3% of the respondents are Male. The above table shows that 57.6% of the 

respondents belongs to others category. The above table shows that 60% of the respondents are married. The 

Study found that 64.7% of the respondents are rural. The above table shows that 100% of the respondents are 

Temporary workers. The above table shows that 82.4% of the respondents are between 10001-20000.  

Table 2: Employee Engagement 

 

 
Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 
Mean 

Std 

deviation 

I have the tools 

and resources I 

need to do my 

job well 

3 

3.5% 

3 

3.5% 

21 

24.7% 

57 

67.1% 

1 

1.2% 
3.59 .74 

Most days, I see 

positive results 

because of my 

work 

1 

1.2% 

8 

9.4% 

23 

27.1% 

47 

55.3% 

6 

7.1% 
3.58 .81 

My work is 

valued by this 

organization 

0 

0.0% 

2 

2.4% 

35 

41.2% 

43 

50.6% 

5 

5.9% 
3.60 .64 
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The amount of 

work I am 

expected to do is 

reasonable 

0 

0.0% 

2 

2.4% 

31 

36.5% 

44 

51.8% 

8 

9.4% 
3.68 .68 

My co-workers 

and I  openly 

talk about what 

needs to be done 

to be more 

effective 

0 

0.0% 

7 

8.2% 

31 

36.5% 

43 

50.6% 

4 

4.7% 
3.52 .72 

My Supervisor 

helps me 

understand how 

my work is 

important to the 

organization 

0 

0.0% 

4 

4.7% 

34 

40.0% 

42 

49.4% 

5 

5.9% 
3.56 .68 

My Supervisor 

is approachable 

and easy to 

work to 

0 

0.0% 

4 

4.7% 

36 

42.4% 

44 

51.8% 

1 

1.2% 
3.49 .61 

My Supervisor 

creates a 

motivating and 

emerging 

workplace 

0 

0.0% 

3 

3.5% 

28 

32.9% 

49 

57.6% 

5 

5.9% 
3.66 .65 

 

The above Table 2 shows that 67.1% of the respondents are agree with tools and resources, 55.3% of the 

respondents are agree with positive results, 50.6% of the respondents are agree with work valued by the 

organization, 51.8% of the respondents are neutral with amount of work expected, 50.6% of the respondents are 

agree with openly talk about what needs to be done to be more effective, 49.4% of the respondents are agree with 

supervisor helps to understand and how work is important to the organization, 51.8% of the respondents are agree 

with supervisor is approachable, 57.6% of the respondents are agree with supervisor creates a motivating and 

emerging workplace. 

Table 3: Job Satisfaction 

 

 

Strongly 

Disagree Disagree Neutral Agree 

Strongly 

Agree Mean 

Std 

deviation 

I have fairly 

paid for the 

work I do 

0 

0.0% 

2 

2.4% 

25 

29.4% 

54 

63.5% 

4 

4.7% 

3.71 .59 

I am satisfied 

with the work 

environment 

0 

0.0% 

3 

3.5% 

24 

28.2% 

47 

55.3% 

11 

12.9% 

3.78 .71 
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My talent and 

skills are used at 

work 

0 

0.0% 

7 

8.2% 

27 

31.8% 

46 

54.1% 

5 

5.9% 

3.58 .73 

I am satisfied 

with the level of 

security given 

by the company 

0 

0.0% 

3 

3.5% 

36 

42.4% 

45 

52.9% 

1 

1.2% 

3.52 .59 

I feel close to 

the people at 

work 

0 

0.0% 

3 

3.5% 

36 

42.4% 

42 

49.4% 

4 

4.7% 

3.55 .65 

I have received 

enough 

recognition for 

the work carried 

by me 

0 

0.0% 

5 

5.9% 

40 

47.1% 

37 

43.5% 

3 

3.5% 

3.45 .66 

I feel good 

about working 

at this company 

0 

0.0% 

6 

7.1% 

20 

23.5% 

54 

63.5% 

5 

5.9% 

3.68 .69 

 

The above Table 3 shows that that 63.5% of the respondents are agree with fairly paid for the work, 55.3% 

of the respondents are agree with satisfied with the work environment, 54.1% of the respondents are agree with 

talent and skills are used at work, 52.9% of the respondents are agree with satisfied with the level of security 

given by the company, 49.4% of the respondents are agree with close to the people at work, 47.1% of the 

respondents are neutral with received recognition for the work, 63.5% of the respondents are agree with feel good 

about working at the company. 

Hypothesis for t-Test 

Null Hypothesis (Ho): There is no significant difference among Gender and Employee Engagement. 

Alternate Hypothesis (H1): There is significant difference among Gender and Employee Engagement. 

If Sig. (P) is less than 0.05 then Accept Alternate Hypothesis 

If Sig (P) is above 0.05 then failed to reject Null Hypothesis. 

Table 4: t-Test for Employee Engagement and Gender 

 

 

Employee Engagement 

Mean 
Standard 

Deviation 
Count t df Sig. 

Gender 
Male 3.67 .67 64 

.922 38.341 .362 
Female 3.52 .59 21 

 
Page 2335 of 3066Page 2335 of 3066

http://www.jetir.org/


JETIR2005363 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 396 
 

 

The above t-Test Table reveals that the perception of employees towards Employee Engagement is that 

there is no significant difference among Gender and Employee Engagement since the significance value is above 

0.05. 

 Table 5: t-Test for Job Satisfaction and Gender 

 

 

Job Satisfaction 

Mean 
Standard 

Deviation 
Count t df Sig. 

Gender 
Male 3.62 .50 64 

.382 83 .540 
Female 3.57 .56 21 

 

The above t-Test Table reveals that the perception of employees towards Job Satisfaction is that there is 

no significant difference among Gender and Job Satisfaction since the significance value is above 0.05. 

Table 6: Simple Linear Regression 

 

Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
t Sig. 

 

 

 

 

Hypothesis 
B Std. Error Beta 

1 
Emp .574 .057 .739 9.991 .000 Yes 

(Constant) 1.523 .212  7.180 .000  

a. Dependent Variable: Job  

 

Here the coefficient of X1 is 1.523 represents the partial effect of Employee engagement on job 

satisfaction, holding others as constant. The estimated positive sign implies that such effect is positive that job 

satisfaction would increase by 1.523 if they are more engaged towards their work and this coefficient value is not 

significant at 5% level since there is relationship between Employee engagement and Job satisfaction. 

FINDINGS, SUGGESTIONS AND CONCLUSION 

FINDINGS 

PERCENTAGE ANALYSIS 

 It is found that 43.5% of the respondents are between the age group of 25 years – 35 years.  

 It is found that 12.9% of the respondents are under PLP and warping labour.  

 It is found that 75.3% of the respondents are Male.  Page 2336 of 3066Page 2336 of 3066
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 It is found that 57.6% of the respondents belongs to others category in Education.  

 It is found that 60% of the respondents are married.  

 It is found that 64.7% of the respondents are from rural.  

 It is found that 100% of the respondents are Temporary workers.  

 It is found that 82.4% of the respondents are between 10001-20000.  

 It is found that 67.1% of the respondents are agree with tools and resources. 

 It is found that 55.3% of the respondents are agree with positive results. 

 It is found that 0.6% of the respondents are agree with work valued by the organization. 

 It is found that 51.8% of the respondents are neutral with amount of work expected. 

 It is found that 50.6% of the respondents are agree with openly talk about what needs to be done to be 

more effective. 

 It is found that 49.4% of the respondents are agree with supervisor helps to understand and how work is 

important to the organization. 

 It is found that 51.8% of the respondents are agree with supervisor is approachable. 

 It is found that 57.6% of the respondents are agree with supervisor creates a motivating and emerging 

workplace. 

 It is found that 63.5% of the respondents are agree with fairly paid for the work. 

 It is found that 55.3% of the respondents are agree with satisfied with the work environment. 

 It is found that 54.1% of the respondents are agree with talent and skills are used at work. 

 It is found that 52.9% of the respondents are agree with satisfied with the level of security given by the 

company. 

 It is found that 49.4% of the respondents are agree with close to the people at work. 

 It is found that 47.1% of the respondents are neutral with received recognition for the work. 

 It is found that 63.5% of the respondents are agree with feel good about working at the company. 

t-Test 

 It is inferred that the perception of employees towards Employee Engagement is that there is no 

significant difference among Gender and Employee Engagement since the significance value is above 

0.05. 

 It is inferred that the perception of employees towards Job Satisfaction is that there is no significant 

difference among Gender and Job Satisfaction since the significance value is above 0.05. 

SIMPLE LINEAR REGRESSION 

 It is found that Job Satisfaction was influenced by Employee Engagement. Here Employees are more 

engaged to their work and they are Satisfied with the work. 
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RECOMMENDATIONS 

 This study attempts to provide some useful insight into determining the components and dimensions of 

employee engagement and investigate its effect on job satisfaction. Based on the literature reviews, the 

researchers highlighted as well as discussed the important elements contributing to employee job satisfaction at 

workplace and improved employee’s job performance. 

 Today’s works environment has evolved considerably. The process by which we expect engagement to 

happen needs to be fully understood so that managers can have strategies or manage other context issues to enable 

full employee engagement. 

 Correct employee engagement strategies drive and improve employee job performance supervisor 

providing feedback and guidance, help employee on what is expected of them, have clear understanding of where 

the employee supervised is heading and acknowledges employee improvement in their works are important 

qualities. Engaged employee through freely sharing of ideas, feelings, hopes, difficulties faced at workplace, 

listen to difficulties of employee and react constructively to employee need are among the constructive ways that 

can enhance employee satisfaction. A workplace that makes employee proud to work there and giving the feeling 

of like to work there are important in creating employee work satisfaction. This will also encourage employee to 

recommend others to work there. Employee participation, work immensely, difficult to detach from their job and 

happy working for the company are good sign of job satisfaction. 

 CONCLUSION  

The study on employee engagement and its impact on job satisfaction reveals that the employees are 

satisfied with the work. It is also proved that employee engagement plays a very crucial role so as to achieve 

higher job satisfaction among the employees. The job satisfaction is divided into intrinsic and extrinsic 

satisfaction. This study showed a positive relationship between employee engagement and job satisfaction. Thus 

through providing employee engagement opportunities, a company will improve employee job satisfaction. 

Engaged employees leads to higher job satisfaction.

 

REFERENCES 

1. Deepa.E, Kuppusamy.S (2014), “The Effect of Performance Appraisal System in Organisational 

Commitment, Job Satisfaction and Productivity”, Indian Journal of Applied Research, Vol. 4 (2), pp 4-6. 

 2. Thakur P, (2014), “The Effect of Employee Engagement on Job Satisfaction in IT Sector “Journal of 

Business Management & Social Sciences Research (JBM&SSR) Volume 3, No.5. 

Page 2338 of 3066Page 2338 of 3066

http://www.jetir.org/


JETIR2005363 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 399 
 

 3. Ali Sobia, Farooqi Aftab Yasir (2014), “Effect of Work Overload on Job Satisfaction, Effect of Job 

Satisfaction on Employee Engagement and Employee Performance (A Case of Public Sector University of 

Gujranwala Division)”, International Journal of Multidisciplinary Sciences and Engineering, Vol. 5 (8), pp 23-20.   

 4. Hotner Tampubolon (2016), “The relationship between Employee Engagement, Job Motivation, and Job 

Satisfaction towards the Employee Performance”, Corporate Ownership & Control / Volume 13, Issue 2, Winter 

2016, Continued – 2. 

5. Umamaheswari R and Swarnalatha C (2015), “Impact of work Engagement on Work Satisfaction: A 

study on Higher Education Faculties”, IJARIIE-ISSN (O)-2395-4396, Vol-1 Issue-5 2015. 

6. Ahmad Nobi, Raheem Abdal and Jamal Sajid, Job Satisfaction among School Teachers, The Educational 

review, Vol no.7. 

Page 2339 of 3066Page 2339 of 3066

http://www.jetir.org/


Page 2340 of 3066Page 2340 of 3066



Page 2341 of 3066Page 2341 of 3066



Page 2342 of 3066Page 2342 of 3066



Enhancing the Graphical Password With 
Sound Signature 
S. Ramya1*, S. Kayathri2 and S. Meena3

1Department of MCA, M. Kumarasamy College of Engineering, Karur, Tamil Nadu, India.  
Email: ramyas.mca@mkce.ac.in

2Department of MCA, M. Kumarasamy College of Engineering, Karur, Tamil Nadu, India.  
Email: kayathris.mca@mkce.ac.in

3Department of MCA, M. Kumarasamy College of Engineering, Karur, Tamil Nadu, India.  
Email: meenas.mca@mkce.ac.in 

*Corresponding Author

Abstract: A graphical password system is based on cued 
click point. In this scheme contains a cued-recall graphical 
password technique. Users Click on one pixel per image 
for a sequence of images. The second image is based on the 
previous pixel. Compared with other graphical password 
methods performance and accuracy was very good in 
terms of speed.  Users preferred pixel point to passed click 
Points. It is easy to   remembering only one pixel for one 
image. Here each picture triggered their memory of where 
the corresponding pixel was located. Cued Click Point 
also provides higher security than Pass Points because it 
increases the workload for attackers.

Keywords: Graphical password, Security, Sound signature. 

I. IntroductIon

Instead of text based password there are various graphical 
password schemes are available. The experts have shown that 
the text based password is research and experience have shown 
that text-based passwords are causing with both usability and 
security problems that make them less than prudent solutions. 
Some studies show that, the central organ of human being is 
recalling the images quickly rather than text. So it helps to 
reduce the memory and stress in the central organ of human 
body. 

A pixel based graphical password scheme called Pixel Click 
Points (PCP). Pixel Click Points consist of pixel points, pixel 
faces and imaginative writing. A password consists of one click-
point per image for a sequence of images. The second image 
is based on the previous pixel point so the user got the quick 
feedback whether the user is making the login in exact path. 
The Pixel Click Point provides the higher security and usability.

In Pass Point the user selects multiple click points in a single 
image. There is a chance to guess the password easily by the 
hackers. In a proposed system the Pixel Click Points they are 
having multiple images but the user select single pixel point per 

Article can be accessed online at http://www.publishingindia.com

image. So the users could quickly generate and re-enter their 
passwords. One important feature in pixel based click point is 
the quick feedback telling, that is the whether the user choose 
the click point correctly entered. 

The Pixel Click Point helps to select the single pixel point per 
image instead of selecting five click points on a single image. 
It provides the retrieval of memory and preattentive signals to 
users whether the authorized user only entering the password. 
Suppose the user may select the wrong pixel point, then go for 
they leave from which point and it retrieve from the beginning. 
Hotspot analysis also very difficult activity for made attacks. 
For every result shows the path of next image as they click on 
their sequence of points [1]. If the user selects the wrong pixel 
point it shows the incorrect path. The failure of authentication 
indicated only after the last selection point. If the users do not 
like the final images then they create a new password with 
various images and different click points.

II. related Work

A. Multiple Password Interference in Text Passwords 
and Pixel-Based Graphical Passwords

The cardinal issues related with the heterogeneous password is 
security and usability that is undetermined. However, the users 
generally having the difficulty to remembering the multiple 
passwords [1]. Here user reuses the same password in various 
systems or acknowledge other passwords as they try to log in. 
The report on a study is related with the graphical password 
system says that, the comparison of recall multiple image 
based password is better than recall of multiple text passwords 
[3]. The analysis report shows that, in a one-hour session, the 
participants in the text based password condition are not good 
with graphical password condition. Particularly they identified 
some errors from recalling passwords; it does not apply to 
creating passwords with respect to user account names, and 
does not use same passwords across multiple accounts. After 
the completion of two weeks, the analysis report shows that, 
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the participants in text based password condition having lot of 
recalling error compared with graphical password condition 
depend on the success rate. In our study, the comparable 
usability to text password having more vulnerability with pixel-
based click graphical passwords.

B. Graphical Passwords: Learning from the First Twelve 
Years

There are various graphical password schemes are proposed 
instead of text based password for authentication. The published 
and research area give the overview of the system evaluation as 
well as the security and usability aspects [2]. The Graphical 
User Authentication schemes helps to solve the authorization 
issue in image based problems. They are increasingly adopted 
by the researchers with the novel interaction technique. It is 
having the better usability and security. They identified the 
graphical password scheme provide the good security and 
memorability for all kind of users.  

C. Exploring Usability Effects of Increasing Security in 
Pixel-Based Graphical Passwords

The traditional text password having the address known 
problem. Solving this problem by using the graphical password 
system. For example, the randomly system assigned password 
is difficult to remember but the text passwords are selected by 
the user, it is easy to remember. To increase the security of pixel-
based password system by using the system parameters. The 
usability tests for graphical passwords have used configurations 
resulting in password spaces smaller than that of common text 
based passwords. Our study helps to compare the multiple click 
points, size of the image and the space provided for the image 
including with the different configuration [2].

Based on our expectation the big image size having the usability 
advantages, because of more click points. The results suggest 
promising opportunities for better matching graphical password 
system configurations to device constraints, or capabilities of 
individual users, without degrading usability. For example, in 
smart phone display more click points are used, here big image 
is not possible. During the password creation the pervasive 
cued click point design reduces the predictability.

III. PIxel Based PassWord system

There are eight different user studies including three is based 
on PCCP, two is based on pass Points, one is based on CCP, and 
two is based on text passwords. The Pass Points, CCP, and Text 
Password studies as benchmarks where appropriate. Depend 
on three methodologies the aim is to assess the different 
methods of the system. The daily computer users are feel that, 
text passwords are comfortable to them. No one had before 
used image based passwords. A part from password tasks 
the participants are finished the questionnaires related with 
the demo graphics. The lab and two-week recall studies used 
standalone J# applications for Windows. 1; 024 x 768 pixels is 

the resolution of 19-inch screen. The images were 451 x 331 
pixels, with tolerance squares 19 x 19 pixels, and passwords of 
five click-points, yielding a theoretical space of 243 passwords, 
in earlier studies. The user given passwords were not contains 
the repeated images. The web-based authentication framework 
conducted from the web based studies. 451 x 331 pixel images, 
19 x 19 tolerance squares, and five click-points were used in the 
configuration of Pervasive Cued Click Point. The participants 
were login any location and any kind of resolution of the screen 
does not controlled. In the real websites asked the user to 
behave so as to make it appear the passwords were shield the 
important data, it is gathered from in our studies. This higher 
value user account password affected the behaviour of the user. 
Did not allow the user to write the passwords in their presence. 
There is no way to stop them for doing at home, this issue is real 
situation. Furthermore, studies are needed to be for conforming 
the generalizability. 

phone display more click points are used, here big image is not possible. During the password creation the 

pervasive cued click point design reduces the predictability. 

  

 

 

III. PIXEL BASED PASSWORD SYSTEM 

There are eight different user studies including three is based on PCCP, two is based on pass Points, one is 

based on CCP, and two is based on text passwords. The Pass Points, CCP, and text password studies as 

benchmarks where appropriate. Depend on three methodologies the aim is to assess the different methods of 

the system. The daily computer users are feel that, text passwords are comfortable to them. No one had 

before used image base9+d passwords. A part from password tasks the participants are finished the 

questionnaires related with the demo graphics. The lab and two-week recall studies used standalone J# 

applications for Windows. 1; 024 _ 768 pixels is the resolution of 19-inch screen. The images were 451 _ 

331 pixels, with tolerance squares 19 _ 19 pixels, and passwords of five click-points, yielding a theoretical 

space of 243 passwords, in earlier studies. The user given passwords were not contains the repeated images. 

The web-based authentication framework conducted from the web based studies. 451 _ 331 pixel images, 19 

_ 19 tolerance squares, and five click-points were used in the configuration of Pervasive Cued Click Point. 

The participants were login any location and any kind of resolution of the screen does not controlled. In the 

real websites asked the user to behave so as to make it appear the passwords were shield the important data, 

it is gathered from in our studies. This higher value user account password affected the behaviour of the 

user. Did not allow the user to write the passwords in their presence. There is no way to stop them for doing 

at home, this issue is real situation. Furthermore, studies are needed to be for conforming the 

generalizability.  

 

 

 

 

 

 

 

 

 

Fig.1: System Design in CCP 

The image based password consist of single click point for one image for a succession images. The second 

image is based on the previous click point. So the user having the quick response and check whether they go 

for the exact path or not when they are login. Fig.1 shows that the sequence of pixel point’s. Pixel Click 

Point offers both improved usability and security. Users could quickly create and re-enter their passwords. 
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Fig. 1: System Design in CCP

The image based password consist of single click point for one 
image for a succession images. The second image is based on 
the previous click point. So the user having the quick response 
and check whether they go for the exact path or not when they 
are login. Fig. 1 shows the sequence of pixel point’s. Pixel Click 
Point offers both improved usability and security. Users could 
quickly create and re-enter their passwords. Another feature of 
pixel based password is the immediate implicit feedback telling 
the correct user whether their latest click-point was correctly 
entered.

IV.  user regIstratIon

The password contains sequence of five click points on a defined 
image. Users may select any pixels in the image as click-points 
for their password. They repeat the sequence of clicks in exact 
order within a system defined tolerance square to log in. 

A. Hotspots

There will be a difficulty occur for choosing passwords by 
using five click points. So by include the persuasive characters 
to improve the user productivity. Here the five click points 
are the hotspots. Particularly, if the user choose the password 
it is mildly shaded except view point to avoid guessing of 
passwords, the hotspots are set randomly instead of setting the 
known hotspots. 
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B. Pixel Management

If the user create a password, at that time only the hotspots 
and shuffle button appears. The user should select within the 
particular area (view point) then the password will generated. If 
the user click outside of the view point, then the shuffle button 
will appear, then the user randomly reposition the view points. 
At that time the password generation get slow.  A time to care 
late password entry the pictures are displayed with out any 
change. Then the users may select anywhere on the pictures. 

C. Sound Signature

The user select the second pixel point with in the view port 
on the image and select sound signature. This sound signature 
taken from the wave file which is already stored.

D. Security

The password creation contains a pixel recall scenario. Here 
every picture is threaded with the memory of similar click 
point. The system display one picture at a time. The user should 
remember the sequence OD click points. The password entry 
becomes a true cued-recall scenario, wherein each image 
triggers the memory of a corresponding click-point. If the 
user gave wrong password for login process, again they need 
to restart the creation of password. The production failure will 
occur only based on the final click point. 

V.  Performance eValuatIon

The passwords helps for (a) Security (Provide the effective 
guardianship) (b) Authorization (Whether the authorized user 
only entered into the system login) (c) Surveillance (Constraints 
of permission contains guardianship and authorization). Here 
a sound signature helps to increase the remembrance of a 
password.  The password consist of a succession of click points, 
here one picture is based on the previous click point. The user 
need to select the one pixel point for each picture, then select 
sound signature for the selected picture. The user should select 
both the pixel points in the corresponding pictures. This system 
gives more user friendly, excellent results in speed, performance 
and the correctness.

A. Illustration 

Based on the earth science, gather the grouping of data and 
arbitrary used to check the two dimensional information. This 
analysis shows that the statistics of R programming language. 
This language helps to analyze the statistical computing report 
and graphical support for computing [4]. Here the statistics of J 
helps to find the degree of grouping the pixel points within the 
hotspots. 

VI.  sImulatIon  result

In Pervasive cued click point contains the number of click 
points. The picture having the five click points in a single 
image, which is selected by the user. Here the view point helps 
to locate the particular password location [3]. In Pass Points, the 
passwords contains single click point on a one image. The next 
image is based on the previous click point. If the user select the 
right order it will generate the password. Then the user select 
sound signature with in a tolerance level on a given image. They 
choose any pixel point, it is depend upon the user. The attacker 
should not know about the particular pixel point in view area. 
So there is a less possibility to identify the passwords.

 ∑ Registration: The user name and the tolerance level 
between zero to ten is entered by the user. 

 ∑ Picture Forum: The user need to choose any picture 
from the resource file. User choose first pixel point from 
the resource file picture. The user selected pixels are 
passwords.  Then choose the sequence of pictures from 
the resource file.

 ∑ Login: The registered user id is entered by the user. Once 
the process completed it will move to the similar page.

VII. conclusIon and future Work

Generally, the objective of graphical based authentication 
system is to reduce the password space [4]. This impacts 
usability when user choice is involved. In Pervasive Cued 
Click Point’s view area should not be abused at the time of 
attack. If the user forget the view area is difficult to identify the 
passwords. The response time of the system is slow because of 
view point. Then set the threshold limit it is simple to identify 
the passwords. In future we set the tolerance level the user may 
identify the view area easily. It helps to improve the usability 
and security for graphical passwords instead of text based 
passwords. Then the user choose the sound signature from the 
resource file for the particular picture. This strategy has proven 
that, make less space in hotspots and  the creation of strengthen 
the graphical password.  
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Mobile Phone Application To Provide A Safe 
Driving Using Global Positioning System 
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Abstract: The project is entitled as “Mobile Phone Application to Provide a Safe Driving using Global Positioning System” is an android 
application used to provide the safe drive for the drivers. Most of the accidents were occurred due to the usage of mobile phones during driving. In the 
existing system, the user can reject the call with normal message by sending the notification that the user is driving just call back later. In the proposed 
system, the user opens the application when the user starts driving, if the bike speed reaches more than 30km\hrs the mobile will automatically have 
switched to silent mode so that the user can not able to reach the mobile if receives any call during driving. The addition feature of the application that 
the user can able to send an urgent message with a present location to the given two contacts numbers during registration by simply making a call to 
that number. The advantage of this feature is used to intimate the location to the particular persons. The project is designed using Java7.1 as front end 
language and SQLite 3 as back end language. 
 
Keywords: Employee Details; Sales Details; Product Details;  

——————————      —————————— 

 

1 INTRODUCTION     
The project is mainly used is to provide the safe drive for the 
drivers during traveling.  The user wants to register into the 
application using the details such as username, email id, 
contact 1, contact 2 and password. Then the user login into 
the application with the details such as username and 
password. After login into the application, the user gets a 
home page which promotes to choose either the user wants 
to Phone communicate vehicle page or Location track and 
SMS page. The user can select the options to move to the 
next module based on the user propose. In Phone 
communicate vehicle module, when the user reaches above 
30km/hrs speed the mobile will automatically switch to silent 
mode. In Location track and SMS, screen provides the user to 
send a message in two ways such as SMS through GPS and 
SMS through the network. When the user selects the contact 
buttons, the application will make a call to the particular user 
and while calling the location message also send to that user. 
  

2 OBJECTIVES 
 The main objective of the project is to provide the safe drive 

for the drivers during traveling 

 When the user starts driving, if the bike speed reaches more 
than 30km\hrs the mobile will automatically have switched to 
silent mode  

 This feature is essential because that the user can not able 
to attend the call during driving 

 The user can able to send an urgent message with a present 
location to the given two contacts numbers during 
registration 

 It is very useful to avoid most of the accidents 
occurred during driving and also used to share the 
present location  
 
 
 
 
 
 
 
 

3  PROBLEM DEFINITION 

In regular days, most of the people were using mobiles for the 
daily purpose. The most of the accidents were occurred due to 
the usage of the mobile phones. Even though there are many 
applications available for the mobile phones during driving. 
Those applications are not providing an efficient use for the user. 
The Samsung brand is providing the Sbike mode for the 
Samsung mobile users. The Sbike mode is useful while driving 
the vehicle. The activation of Sbike mode is done manually. 
When the Sbike mode is on, the user can’t able to attend the 
calls while driving. So that the user can’t able to attend the call 
when the user starts driving the vehicle. When the Sbike mode is 
turn off the user can get the notification related to related to calls 
and messages. The Sbike mode only supports for the Samsung 
brand mobile and it does not support another brand mobiles. The 
application mainly used to switch the mobile to silent mode when 
the user’s vehicle reaches above 30km/hrs speed during the 
travel. The user can share the present location with the particular 
person by typing the approximate location. But this application 
uses to share the exact location with the latitude and longitude 
points to the particular location which can be sent through the 
normal text message.  

 

4. MODULE DESCRIPTION  
 Registration And Login Page 

 Home Page 

 Phone Communicate Vehicle  

 Location Track And SMS 

 Phone Call Screen 

 Message Sending Screen 
 

4.1  Registration And Login Page 
A new user has to register in the application with the details such 
as User Name, Email, Contacts and Password. Once registered, 
an account has been created to the particular user and the user 
gets a benefit of the application. Log in the user account using 
the username and password which leads to the particular 
account. After log in into the particular account, it leads to the 
Home page. 

 
4.2  Home Page 
Home screen is the second module of the application which is 
mainly used to choose either the user wants to Phone 
communicate vehicle page or Location track and SMS page. The 
user can select the options to move to the next module based on 
the user propose. 

 
 

_____________________________________ 
 

 Ms.S.Meena , Mrs.S.Kayathri  Mrs.S.Ramya 

 Master of Computer Applications Master of Computer Applications 

 Master of Computer Applications 
Meenas.mca@mkce.ac.inkayathris.mca@mkce.ac.in, 
ramyas.mca@mkce.ac.in 

Page 2346 of 3066Page 2346 of 3066



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 03, MARCH 2020      ISSN 2277-8616 
 

1519 

IJSTR©2020 

www.ijstr.org 

4.3  PHONE COMMUNICATE VEHICLE  
In Phone communicate vehicle module, the module can be get 
started when the user’s vehicle is get started. When the user 
reaches above 30km/hrs speed the mobile will automatically 
switched to silent mode. If the mobile reaches to silent mode so 
that the user cant able to the calls while driving. 
 

4.4  LOCATION TRACK AND SMS 
Location track and SMS screen provides the user to send a 
message in two ways such as SMS through GPS and SMS 
through network. SMS through GPS sends the location as per 
the status of the GPS location and SMS through Network sends 
the location with the help of network presents. 
 

4.5  PHONE CALL SCREEN 
When the user presses the button of the first contact then 
promotes to make a call to the first user while calling the location 
message also send to the that particular contact. When the user 
presses the button of the second contact the same process will 
be done. 

 

4.6  MESSAGE SENDING SCREEN 
Message sending screen will send a message to the contacts 
which are given during the registration. The message will be send 
with the approximate location of the user with latitude and 
longitudes points to the given contacts. 
 

5 EXISTING SYSTEM  
In regular days, the Samsung mobile users can use Sbike mode 
while driving to avoid the calls and the Sbike mode will not 
support for all other brand mobiles. The user can reject the call 
with a normal message by sending the notification that the user is 
driving just call back later. The user can share the current 
location by sending the normal text message which takes some 
time for typing during driving. 
          

Disadvantage 
 The existing application does not support all brand types of 

mobile 

 The user takes more time to operate  

 Does not give the present location 

  

6 PROPOSED SYSTEM 
In the proposed system, the user needs to register the details 
such as Username, Contacts, Email and password. The 
successful registered person can login with Username and 
Password and the application gets started while driving. The bike 
speed reaches more than 30km\hrs the mobile will automatically 
have switched to silent mode. The additional feature of the 
application that the user can able to send an urgent message 
with a present location to the given contact numbers. 
 

Advantage 
 Cost efficient for simple users 

 Time consumption and gives an exact location for the user 

 Access to all kinds of android mobile users 
 
 
 
 
 
 
 

 
 

7 SYSTEM  ARCHITECTURE 
 

8  CONCLUSION 
The main goal of the project is used to protect the drivers who 
cross the speed of the vehicle beyond the limit. When the user 
crosses the 30km/hrs the speed limit the mobile automatically 
switched to silent mode. So that the user can not able to attend 
the calls received during driving. The user can also send the 
present location to contacts given during registration. The 
location message can be sent in normal text format. This is useful 
to get the present location of the driver. 
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Detecting And Preventing Of Malware Spread 
 

S.Kayathri, S.Ramya, S.Meena
 

 
Abstract: This article is one of the web application in cloud domain used to find the malware in server. The hackers and virus writers try to attack the 
computers connected to the internet. To detect the malware spread the user can fix the sensor in the server system it can scan the system continuously. 
If any error or malware occurred in the client side it can make the intimation for the admin. With the help of server, admin give the alert to the user to 
detect the malware. The user will get the intimation about the time and folder where the malware is occurred. By using this application the user can easi-
ly find out the malware so they can store their information safely. It provides more Authentications for the user. The sensor is used to scan the malware 
in the system. The scanning process is visible for the admin. So the user can know the sensor report and the timing of malware attack.  
 
Keyword: Hackers, Malware, Spread, Sensor 

———————————————————— 

 

1. INTRODUCTION 
The main objective is to detect the malware spread. The user 
can fix the sensor in the server system it can scan the system 
continuously. If any error or malware occurred in the client 
side it can make the intimation for the admin. With the help of 
server, admin give the alert to the user to detect the malware. 
The user will get the intimation about the time and folder 
where the malware is occurred by using this application the 
user can easily find out the malware so they can store their 
information safely. It provides more authentications for the 
user. The sensor is used to scan the malware in the system. 
The scanning process is visible for the admin. 
 

2. EXISTING SYSTEM 
The existing system of malware spread fall is used to detect 
the particular system alone. The user can install the anti 
scanner for scan the system. It can scan the small files alone 
it cannot detect all the malware. 
 
2.1.1 Disadvantages 
 

 The sensor scanned only the small files 

 It cannot detect all the malware 

 It can scan the single system alone 
 

3. PROPOSED SYSTEM 
In proposed system is used to detect the malware spread the 
user can fix the sensor in the server system. It can scan the 
system continuously. If any error or malware occurred it can 
make the intimation for the admin. The user will get the intima-
tion about the time and folder where the malware is occurred. 
It provides more Authentications for the user. This might be 
act as a better awareness for the person who drives. 
 
3.1.1 Advantages 
 

 Using this  the user can easily find the malware 

 The sensor can scan all the files 

 It can find the attacked files 

 The malware attacked time was intimate to the admin  

 
 
 
 
 
 

4. PROBLEM DEFINITION 
Now a day’s all the people are using systems and they can 
upload and share the files using internet connection at the 
time many malwares are attacked to the system to avoid that 
virus in  the system can fix the sensor to scan the system con-
tinuously. At the time of scanning if any error or malware oc-
curred it give intimation to both the user and admin. But in 
olden days the antivirus can scan the singles system alone. If 
any big files are attacked by malware it cannot scan. It can 
scan only the small files. To avoid this method the sensor 
based system was useful to find the malware. In this project 
user can login and registration facility to access the details. 

 
5. OVERVIEW  
The main objective of this article is to detect the malware 
spread. The user can fix the sensor in the server system it can 
scan the system continuously. If any error or malware oc-
curred in the client side it can make the intimation for the ad-
min. With the help of server, admin give the alert to the user to 
detect the malware. The user will get the intimation about the 
time and folder where the malware is occurred. By using this 
application the user can easily find out the malware so they 
can store their information safely. It provides more authentica-
tions for the user. The sensor is used to scan the malware in 
the system. The scanning process is visible for the admin.  

         

6. MODULE DESCRIPTION 
 
Sensing and Alert Sending 
In this module if the admin can click the start button it can 
starts sensing continuously. After the completion of sensing if 
any malware can attack in the system it can give the alert to 
the server. Server can get the alert from the sensor. 
 

 
 

Figure A 7.1 Alert Sending 
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Register 
The user has to register their details for the first time. In this 
page the user can make the registration process by giving 
their detail like Name, Username, Password, Security key. 
Once the user registers the details, user gets a benefit of 
regular user to get an account, server provide page that al-
lows them to enter some information (the desired username, a 
password,  and security key) and based on that to create the 
account. This is the registration page. To build the user regis-
tration page as authorized pages.  
 
Login 
In the login module the regular user can login the page by 
giving the username and password. After completion of login 
page the user can upload their files by clicking the browse 
button and the user can choose the location of the file. The 
user can send the selected file. 
 
Authentication Process 
In the authentication process it can encrypt the file and check 
the incoming packets. Server can check the authentication is 
correct or not. If the admin can enter the wrong security key it 
cannot decrypt the file. After giving the correct key it can start 
the process. 
 

 
 

Figure A 7.2 Authentication Process 
 
Outgoing Packets 
After completion of authentication process, it can find the en-
dangered malware attack and the affected sensor list. 
 

 
 

Figure A 7.2 Outgoing Packets 
 
Admin Login 
In this module the admin can login the page by giving the 
username, password and security key. After that admin can 
do their process like, to check the file list where the malware 
attacked and also check the time of virus attacked. 
 

Attacker Model 
In the attacker model it contains two types one is inside at-
tacker and another one is outside attacker. In the attacker 
mode the admin can give their security key, if the key is cor-
rect it can start the process otherwise it gives the alert of au-
thentication is wrong after giving the correct key it can give the 
details about the malware. It can find the attackers and the 
arrival time of malware.  
 

 
 

Figure A 7.3 Attacker Model 
 
Report Analysis 
In report model it gives two type of report are Sensor report 
and Time correlation. In the sensor report it gives the intima-
tion about the id, sensor number and the malware affected file.  
In time correlation it gives the time of malware affect in the 
folder where it found with the id and sensor number. 
 

 
 

Figure A 7.4 Sensor Report 
 
Receiving Message 
The user can receive the alert message when the person 
crosses the given speed limit. It is useful for the user to re-
duce their speed limit and can avoid accidents and also it pro-
vides more security for the user. 
 

8. SYSTEM ARCHITECTURE 
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9. INTEGRATION TESTING 
It is mainly used to integrate the all the software components 
combined together. It is done by after unit testing and before 
validation. Integrate the speed setting, speed ranging module. 
Based on that generate the SMS alert. 
 

10. UNIT TESTING 
Unit testing is used to check the test cases and program logic. 
It is used to check all the individual modules functioning 
properly and check the input and output values. Each and 
every module code flows validated. Before the integration 
check all the individual modules. This is the basic structural 
testing used in business processing and system configuration. 
It is used in accurately check the entire individual unit and ex-
pecting results. Unit testing is the small part of the application, 
it is applied in manually 
 

11. FUNCTIONAL TESTING 
Functional tests are mainly used to check the functionality of 
the sending message and receiving message. These two 
modules are integrated with android phone. Validate these 
two modules provide the systematic demonstration and cus-
tomer    requirement. Additionally this testing checks the data 
flow, business process, previous input and final output. 
 

12. BLACK TESTING 
Black Box Testing is testing the software, its check the exter-
nal working of the each and every module. In this article ex-
ternal structure, workings, software problems are identified by 
the black box testing. In the black box testing check the soft-
ware and hardware requirements of the document. It is mainly 
used to check the input and output behavior. 
 

13. WHITE TESTING 
This testing method is used to check the internal working of 
the coding .This testing method is mainly used to check the 
inner loop, structure, logic of the program. It is check all the 
major areas of the program. 
 

14. CONCLUSION 
 The project is to detecting the malware spread. The user can 
fix the sensor in the server system it can scan the system con-
tinuously. If any error or malware occurred in the client side it 
can make the intimation for the admin. With the help of server, 
admin give the alert to the user to detect the malware. The 
user will get the intimation about the time and folder where the 
malware is occurred. By using this application the user can 
easily find out the malware so they can store their information 
safely. It provides more authentications for the user. The sen-
sor is used to scan the malware in the system. The scanning 
process is visible for the admin. 
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Life Blood Contribution Using Android Application 
To Avoid Blood Donation Problems 

 

S.Ramya, S.Kayathri. S.Meena 
 

Abstract— The project “LIFE BLOOD CONTRIBUTION” is designed using Standard Android 4.0.3 platform. The platform used to develop the 

application is Eclipse IDE (Mars) with Java 1.6 Standard Edition. This project helps to maintain the details of the Blood Banks, Donor  details, Blood 
donated details and Blood transaction details in full-fledged security. Unauthorized persons cannot access the data. In Blood donation, usually donor will 
donate the bloods at regular intervals to the Blood bank. Blood banks also collect the bloods from the volunteer by conducting the blood donating camps 
in various Organizations. The proposed system has the online facility with the involvements of Donor and the User. It does not need the direct 
communication between the user and the donor while compare to the existing system. Just seeking of application and requesting has been given to the 
user immediately with using their particular information. This project succeeds the Blood donation problems and it is playing a vital role and essence for 
the patients. In addition, the blood requested user’s location can also be viewed by the administrator using Latitude and Longitude. This web application 
contains the following modules. Admin Module, Blood Bank Module, Donor Registration Module, Blood Donate Entry Module, Blood Search Module and 
Blood request Module. 

 

Index Terms:   SPM, Storage, Hard disk, Performance   

——————————      —————————— 

1 INTRODUCTION                                                                     

O improve the efficiency in blood donation. To    speed up the 

blood supply process through increasing the communication 
between donors and patients. To maintain the blood donate 

history of all the donors. To increase the efficiency in blood donation 
process. To speed up the communication between both donors and 

patients. To access the data from anywhere through the mobile. To 

generate report easily and to prepare more reports. To obtain reports 
can be obtained for all donors and blood groups quickly. To 

immediately prepare various reports. Footer. Click inside the text box 

to type the name of the journal the article is being submitted to and the 
manuscript identification number. Click the forward arrow in the pop-

up tool bar to modify the header or footer on subsequent pages. 

 

2 EXISTING SYSTEM 

 The existing system is offline. The donor details are managed 

through manual clerical work. Microsoft Excel is used to store the 
donor and blood provided information. It will take a huge amount of 

time for doing each and every activity and take more man power. In 
this the main drawback is if need to find a particular donor detail 

then we have to check all the records and it will take a long time. So, 

it is necessary to computerize this system. 
       Dis advantages 

 Poor Availability Of Information  

 High Barrier For Donor Involvement  

 Poor Data Management 

3 PROPOSED SYSTEM 

The main objective Operating system is to     provide efficient use of 

resources. 

    Advantages 

 

 Reduce overload problem 

 Increase the system speed 

4 PROBLEM DEFINITION 

This project helps to maintain the details of the Blood Banks, 

Donor details, Blood donated details and Blood transaction 

details in full-fledged security. Unauthorized persons cannot 
access the data. In Blood donation, usually donor will donate the 

bloods at regular intervals to the Blood bank. Blood banks also 
collect the bloods from the volunteer by conducting the blood 

donating camps in various Organizations. 

5 OVERVIEW OF THE PROJECT 

The project “LIFE BLOOD CONTRIBUTION” is designed using 
Standard Android platform. The platform used to develop the 

application is Eclipse IDE (Mars) with Java 1.6 Standard Edition. 
Blood banks also collect the bloods from the volunteer by 

conducting the blood donating camps in various Organizations. If 

particular blood is need for one patient, the blood should be collected 
from the blood banks or inviting the donor to the hospital. 

6 MODULE DESCRIPTION 

There are eight modules for Admin Module, Blood Bank Module, 

Donor Registration Module etc. 

 
List of Modules 

i. Admin Module  

ii. Blood Bank Module 

iii. Donor Registration Module 

iv. Donor Login 

T 
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v. Blood Donate Entry Module 
vi. Blood Search Module 

vii. Blood Request Module 

viii. Report Module 

 
6.1  Admin Module 
 
The Admin enters into the project by giving their username and 

password. 

 
6.2  Blood Bank Module 
 
        The administrator adds new blood bank details such as blood 

bank id, name, address, city, phone, mobile, email id and remarks. 

 
6.3 Donor Registration Module 
 
 The donor registers the information such as donor id, name, address, 

city, phone, mobile, blood group and password. The donor id and 

password is mailed to the donor‟s mail id. 

 
6.4 Donor Login 
 
Through this module, the donor logins using donor id and password. 

 
6.5 Blood Donate Entry 
 
The donors enters blood donates details such as donor id,date, units 

and details along with blood bank id through which blood is donated. 

 
6.6 Blood Search Module 
 
Any user can search for the required blood group along with donor 

location and mobile number. He can contact donor directly. 

 
6.7 Blood Request Module 
 
 Any user who searched for required blood group clicks the links in 

the search report and enters into this form. Then all the personal 

details such as hospital name, contact address and remarks are added 

by them. The administrator views all the blood requests either 

requested date wise or all records. 

 
6.8 Reports 
 
The administrator views reports such as blood banks list, donors list, 

blood donate report and blood request information.  

7 SYSTEM FLOW DIAGRAM 

Home menu Option Admin Menu Options Rapid Blood Donor 

Accessor (HOME Menu Options) Admin Login Donor Registration 

Donor Login Blood Search View Blood Donors View Blood Banks 

Blood Request 

 
 
 
 
 

RAPID BLOOD DONOR ACCESSOR  

(HOME MENU OPTIONS) 

 

ADMIN 

LOGIN 

                                        

 VIEW BLOOD 
DONOR 

DONOR 
REGISTRATION 

 

 VIEW BLOOD 
BANKS 

DONOR 
LOGIN 

 

 BLOOD REQUEST 

 

 

8 SYSTEM TESTING 

After the source code has been completed, documented as related 

data structures. Completion of the project has to undergo testing and 

validation where there is subtitle and definite attempt to get errors. 

The project developer treats lightly, designing and execution of the 

project test that will demonstrates that the program works rather than 

uncovering errors, unfortunately errors will be present and if the 

project developer doesn‟t found errors, the user will find out.The 

project developer is always responsible for testing the individual 

units i.e. modules of the program. In many cases, developer should 

conduct the integration testing. 

9   UNIT TESTING 
In this project, Donor details, Accessor, Blood Donates and Requests 

could be tested individually like given all the fields and can be 

updated for n all criteria. 

. 

10 INTEGRATION TESTING 

In this integration testing its done using the main module and based 

on the type of integration testing the subordinate tables and other 

criteria along with their path, is replaced one at a time with actual 

modules. In the project, after integrating the all modules of like 

Donor details, Accessor, Blood Donated and Request details modules 

are tested with their integration and that could integrated and 

manipulated with respect to the to and fro in between modules. 

11 SYSTEM IMPLEMENTATION 

When the initial design was done for the system, the client was 

consulted for the acceptance of the design so that further 

proceedings of the system development can be carried on. After the 

development of the system a demonstration was given to them about 

the working of the system. The aim of the system illustration was to 

DONOR 

SEARCH 
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identify any malfunction of the system. After the management of the 

system was approved the system implemented in the concern, 

initially the system was run parallel with existing manual system. 

The system has been tested with live data and has proved to be error 

free and user friendly. 

12 CONCLUSION 

Very large date can be stored and also can be retrieved very easily. 

Speed and accuracy is maintained in the Blood donor with blood. 
Data is entered in formatted manner. The report can be taken in any 

format. Modification and maintenance can be made very easily 

13 FUTURE ENHANCEMENT 
 
The system is very flexible and user-friendly, so the maintenance 

based on the changing environment and requirements can be 
incorporated easily. Any changes that are likely to cause failures are 

prevented with security and preventive measures could be taken. The 
coding is done in understandable and flexible method program which 

helps easy changing. Since SQLite and Android are very flexible 

tools, user can easily incorporate any modular program in the 
application.    
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ABSTRACT: Data mining is a technique to analyze large volume of dataset and useful to identify the patterns or 

predictions related with marketing to any real world problems. Decision tree is used to analyze the data which is available 

in the dataset.  This paper compares the decision tree J48, Random tree algorithm. It is found that the decision tree framed 

by Random tree algorithm is efficient than the J48 algorithm.  

KEYWORDS: Decision tree, J48, Random Tree. 

 

I. INTRODUCTION 

The Data Mining is a method to bore database for offering importance to the receptive information. It includes orderly 

examination of enormous informational indexes. The arrangement is utilized to oversee information; here and there tree 

demonstrating of information assists with making forecasts about new information.  

 

Decision tree is a tree structure where every branch represent the attributes and its instances to show the efficiency of the 

attribute. Among all the attributes some attributes influence the decision making of a dataset. To identify the efficient 

attribute, the decision tree need to be understand in a clear way to everyone. So that any new values can be easily analyzed 

for the data set influence.  

 

II. DATASET 

 

 Weather nominal dataset is a built-in dataset. It contains attributes namely outlook, temperature, humidity, windy, 

play with the class ‘yes’ and ‘no’.  Outlook attribute contains three instances sunny, overcast, rainy. Temperature attribute 

contains three instances are hot, mild, cool. Humidity attribute contains two instances namely high, normal. Windy 

attribute contains two instances true, false. Every attribute contains 14 instances.  

 

III. J48 Algorithm 

 

It is a Java version of the algorithm. Analyze all the data in the dataset and classify with one particular class and continue all 

the data till to segregate it with a particular class. Calculate the entropy and information gain. Information gain need to be 

calculated for each attribute to identify the splitting attribute. 

 

 

Table 1 : J48 Algorithm - Accuracy Classwise 

 

Parameters Yes No Weighted Average 

TP  0.56 0.40 0.50 

 

FP  0.60 0.44 0.54 

 

Fraction of Relevant instances 0.63 0.33 0.52 

 

Fraction of Total Relevant instances 0.56 0.40 0.50 

 

F1 Score 0.59 0.36 0.51 

 

Matthews correlation coefficient -0.04 -0.04 -0.04 

 

Receiver operating characteristic 0.63 0.63 0.63 
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Precision Recall  0.76 0.46 0.65 

 

 

 

 
 

Figure 1 :Decision Tree using J48 Algorithm 

1. Random Tree Algorithm 

 

Random Tree is a regulated Classifier; it is a gathering learning calculation that creates numerous individual novices. Take 

one data as input and do classification with every tree in the forest. Output class label can be frames with the majority of 

support of data in the dataset for the particular class. 

 

Table 2 :Random Tree Algorithm – Accuracy classwise 

 

Parameters Yes No Weighted Average 

TP  0.67 0.40 0.57 

 

FP  0.60 0.33 0.51 

 

Fraction of Relevant instances 0.67 0.40 0.57 

 

Fraction of Total Relevant instances 0.67 0.40 0.57 

 

F1 Score 0.67 0.40 0.57 

 

Matthews correlation coefficient 0.07 0.07 0.07 

 

Receiver operating characteristic 0.50 0.50 0.50 

 

Precision Recall  0.63 0.37 0.54 
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Figure 2:Decision Tree using Random Tree Algorithm 

 

 

IV. CONCLUSION 

 

 Decision tree produced by J48 and Random tree represented in Figure 1 and Figure 2. It shows that the decision tree 

framed by Random tree considered all the Attributes and with the two class namely ‘yes’ and ‘no’. The decision tree framed 

by the Random tree clearly shows the attributes and its instances clearly for better understanding of the dataset for further 

process.  

 

 Table 3: Classification Accuracy of J48, Random Tree Algorithm 

 

 Parameters  

 

J48 Random Tree 

Proper Classification 

 

50% 57.14% 

Imperfect Classification 

 

50% 42.86% 

MAE 

 

0.42 0.46 

RMS 

 

0.59 0.67 

RAE 

 

87.5% 97.5% 

 

The classification accuracy is also high for Random tree algorithm as 57.14% compared to J48 algorithm with 50%. 
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Abstract 

User's currency details such as currency code, symbol and exchange rate, location details 

and time zone from their IP address, can calculate and show price of a product in their own 
currency rate and can fix a price in US Dollar.Tracking user's location, latitude, longitude, 

city, region, country details.Analyzing the website viewers and improve the product or 

services.Allows the administrator to monitor and filter IP addresses accessing the website or 
can show personalised data for each user by their location or time zone. 

 

Keywords: Currency,Track,Website 
 

1. INTRODUCTION  

 
In this paper a single website page is used to show the user’s currency details for 

purchasing thus increase the sales rate. And also, a website can show the user’s own time 

zone,from the server,even if the user’s computer set to wrong time, the website can show the 
correct time from the server. 

 

These are done by simply getting the user’s IP address and converting it to location, time 
zone and currency details. An IP address is the network id thus it’s easy to identify the country 

and location of the user’s computer by their IP address. Using the location, user can identify the 

currency details and time zone.Thus, user experience in a website increases and  sales rate will 
be very high. 

 

2. PROPOSED SYSTEM 

A website can display the user’s local currency value in same page. i.e., no need for 

separate pages.The location or currency rate can be obtained by any way.But the displaying of 
the currency details can be in a single page.So, a user can login and see the price values in their 

own currency, i.e. local currency. An American user can see USD in a page and also an Indian 

user can see INR in the same page without redirecting him to a separate page or subdomain. 
This is done by the following ways. 

1. Get user’s IP address. 

2. Obtain user’s location, currency and time zone from IP address. 

3. Get actual currency values in MySQL database, JSON or direct values in PHP. 

4. Store the currency values in PHP variables. 
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5. Calculate local currency value by actual currency multiplies currency rate which we 

got from IP address and store it in PHP variable. 

6. Print the local currency value in website from the stored variable. 

The real IP address is found by checking whether it is shared internet or IP is passed 

from proxies using HTTP_CLIENT_IP,HTTP_X_FORWA 

RDED_FOR,REMOTE_ADDR for obtaining the real IP address. 

 
 

3. MODULES 

 

3.1. User Currency 

 

This page is used to identify currency using IP address. If a user in India visits 
the page, it will show INR (₹) and if a user in America visits the page, it will show USD 

($). 

 
 

3.2. Currency Conversion 

 
  The currency converter to know our own currency value for a particular US Dollar. 

Here, all currency rates are calculated from USD and vice versa.Enter an amount in USD 
(US Dollar). The amount will be converted to our own currency value 

 
 

3.3. User Timezone 

 

The time zone of the user will be displayed i.e., if a user in Tamil Nadu visits this page, 
the time zone will be Asia/Kolkata. If a user in Europe the time zone will be shown as 

Europe/London. Calculate or show time in user’s computer, it may vary if the user sets the time 

wrongly in their system.The page has a clock which shows the time of the user by using the 
given time zone value. The clock value is obtained from the server and running from JavaScript. 

i.e., the time value is obtained from server in PHP while page loading and is saved in JavaScript 

as a variable. 
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3.4. User Location 

 

The location of the user will be obtained by using the IP address. Thus, the location will 
show the location of the user’s Internet Service Provider (ISP).we may know the country or 

region details easily, but city details may be slightly varied as nearby ISP centre.We use 

location details for identifying the country or state of the user to provide customized offers or 
plans in our web app.In the location page of our website, the latitude and longitude details are 

shown in the box. Continent name, continent code, country name, country code, location 

accuracy radius, latitude and longitude values are shown. And a google map is shown by using 
the latitude and longitude values 

 
 

 

 

4. CONCLUSION 

List and number The ecommerce website and many products and service pages can use 

this concept so that user can directly view the local currency values in the same page and 
need not to redirect to another separate pages. Thus, improves the overall sales and user 

interactivity. The Customers can know the prices in their own known currency rates. The 

maintenance is also very easy and many advantages are explained already. So this paper 
wills be very useful all commercial websites and service on line and need to expand their 

brand to the worldwide. 
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Abstract 

To develop a web application which facilitates a complete guidance for +2 completed students 
to choose their own career. The application is a prototype and has a sample data of colleges and 

courses.  And it has some simple forms to input from the students and provides best available courses 

based on their marks and interests. It'll more helpful for students to know the best courses and colleges 
related to the interest of the students. Student should enter the name, percentage and field. Here the front 
end is HTML, CSS, Java Script and the back end is MySQL and PHP. 

Keywords: HTML, CSS, JS, PHP and MYSQL. 

 
 

1. INTRODUCTION 

The main objective is to develop a web application which facilitates a complete guidance for +2 

completed students.To choose their own career and the application is a prototype and has a sample 
data of colleges and courses. And it has some simple forms to input from the students and provides 

best available courses.  It'll more helpful for students to know the best courses and colleges related to 
the interest of the students and availability of the seats. So that they can choose their best course. 

2. PROPOSED SYSTEM 

 

In the proposed system, students can choose their own career by identifying better courses and 

availability based on marks and interests of the students. They choose courses by their interesting fields. 

All available courses and colleges will be listed based on their marks. 

Advantages 

Misunderstanding of courses is avoided. Students can understand their courses easily. 

All college lists and minimum mark requirements are shown. So the student can easily identify which is 
better for him. 

Student can view the details of the courses as summary or article. 

They can estimate all the availability of the courses before counselling. 

All students will choose their unique courses. Thus choosing of same course will be easily avoided. 
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2. MODULES DESCRIPTION 

 

2.1. LOGIN PAGE 

   A new user has to register in the application with the details such as Students name, Mark, Area 

of Interest. Once registered, it will display the user name, courses and colleges. Log in the user account 
using the username and password which leads to the particular account. After log in into the particular 
account, it leads to the Home page. 

2.2.HOME PAGE 

Home screen is the second module of   the application which is mainly used to choose either 
their course or colleges based on their higher secondary mark and it will list the college and course 

according to their mark .The user can select the options to move to the next module based on the user 
propose. 

2.3.COURSE SELECTION 

The student can choose their course based on their interest and field. If a student chooses the 

field "computer" our website will show them all available courses in the field of computers 11 like B.Sc. 

Computer Science,Bachelor of Computer Application, B.E Computer Science, B.Tech Information 
Technology, etc. 

2.4.DEPARTMENT 

In this module it will display the different types of department so that the student can choose 

their department easily and all students will choose their unique department.Thus choosing of same 
department will be easily avoided. 

2. 5.COLLEGES 

In this module it will display the list of colleges based on their mark and their interesting courses 
and it have different type of colleges like Arts and sciences, Engineering, Medical College etc... 

4. SCREENSHOTS 

 

Figure 1 : Home Page 

 
Figure 2 : Students Login 
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                                        Figure 3 : Score Board 
 

4. CONCLUSION AND FUTURE ENHANCEMENTS 

  Student course selection system offers web application for students to find their best courses and 
colleges in a region. The web application developed for students who ares completed 12th standard 
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Abstract: The SGML is not supporting in web browsers, to 
avoid this problem SGML content is converted into HTML. 
The biggest barrier is reuse, interchange and automation. 
Several computers are having the in unsupported formats. 
That is the case exchanging data between the two systems 
is the longest process for web developers. Most of the time a 
very wide amount of data must be lost due to unsupported 
file format. The XML is the highly efficient derived from 
SGML. The main goal of XML is to specifying SGML 
elements are supported in web browsers then it is easy to 
publish SGML content on the web. 

Keywords:  DTD, HTML, SGM, XML, XSD, XSLT.

I. Introduction 

The purpose of XML is used to store and retrieve the data in 
the text-based markup language. It is specified in a structured 
format by using meaningful tags. XML allows own descriptive 
tags for our applications. It is compatible with software and 
hardware cross-platform markup language. It is mainly used to 
transfer data between incompatibility systems.

XML is used as a encode data exchange between a client 
and server-side applications. In the case of a business to a 
business e-commerce model, it is used for encoding the data 
between various trading partners. There are more than a few 
languages derivative from XML such as MathML, which is a 
markup language used for the representation of mathematical 
formula and scientific data. Correspondingly, Wireless Markup 
Language is used for web applications that can be accessed by 
using a mobile phone, is also derived from XML.

 II. XML Documents

The XML documents consist of elements and mark up tags. It 
contains a large amount of data.
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<Book-details>  
   <name>Kennedy</name>  
   <initial>J</initial>  
   <title>Welcome</title>  
   <body>Welcome to everyone</body>  
</Book-details>

 III. XML Tree Structure

The XML tree structure starting from the root node its end with 
siblings.
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Fig. 1: XML Tree 
 

IV. XML VALIDATION 
 
Validation is the process of validating and verifying the tags. 
The Xml document is compared with other elements and 
attributes. There are two ways of validating the document. 

 
 Well-formed  
 Valid  

 
V. XML PROLOG 

 
The prolog is optional. It refers to the information about the 
root tag. It contains information about character 
encoding, document structure, and style sheet. 

 
<?xml version="1.0" > 

 
 
Fig. 2: XML Structure 

 
 
The prolog is not a compulsory. It refers to the information 
about the root tag. It contains information about character 
encoding, document structure, and style sheet. 
 

Fig. 1: XML Tree

 IV. XML Validation

Validation is the process of validating and verifying the tags. 
The Xml document is compared with other elements and 
attributes. There are two ways of validating the document.

 ∑ Well-formed 
 ∑ Valid 

 V. XML Prolog

The prolog is optional. It refers to the information about the root 
tag. It contains information about character encoding, document 
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structure, and style sheet.

<?xml version=”1.0” >

 
Effective Web Data Presentation and Extraction Using XML 

Technologies 
 

S. Kayathri1*, S. Ramya2 and S. Meena2 

 
1Assistant Professor/MCA, M. Kumarasamy College of Engineering, Karur, Tamil 

Nadu. India. E-mail: kayathris.mca@mkce.ac.in 
2Assistant Professor/MCA, M. Kumarasamy College of Engineering, Karur, Tamil 

Nadu. India. 
*Corresponding Author 

 
 

 
Abstract: The SGML is not supporting in web browsers, to 
avoid this problem SGML content is converted into 
HTML. The biggest barrier is reuse, interchange and 
automation. Several computers are having the in 
unsupported formats. That is the case exchanging data 
between the two systems is the longest process for web 
developers. Most of the time a very wide amount of data 
must be lost due to unsupported file format. The XML is 
the highly efficient derived from SGML. The main goal of 
XML is to specifying SGML elements are supported in 
web browsers then it is easy to publish SGML content on 
the web. 
 
Keywords:  DTD, HTML, SGM, XML, XSD, XSLT. 
 

I. INTRODUCTION 
 
The purpose of XML is used to store and retrieve the data in 
the text-based markup language. It is specified in a structured 
format by using meaningful tags. XML allows own descriptive 
tags for our applications. It is compatible with software and 
hardware cross-platform markup language. It is mainly used to 
transfer data between incompatibility systems. 

 
XML is used as a encode data exchange between a client and 
server-side applications. In the case of a business to a business 
e-commerce model, it is used for encoding the data between 
various trading partners. There are more than a few languages 
derivative from XML such as MathML, which is a markup 
language used for the representation of mathematical formula 
and scientific data. Correspondingly, Wireless Markup 
Language is used for web applications that can be accessed by 
using a mobile phone, is also derived from XML. 
 

II. XML DOCUMENTS 
 
The XML documents consist of elements and mark up tags. It 
contains a large amount of data. 
<Book-details>  
   <name>Kennedy</name>  
   <initial>J</initial>  
   <title>Welcome</title>  
   <body>Welcome to everyone</body>  
</Book-details> 
 

III. XML TREE STRUCTURE 
The XML tree structure starting from the root node its end 
with siblings. 

 
 

Fig. 1: XML Tree 
 

IV. XML VALIDATION 
 
Validation is the process of validating and verifying the tags. 
The Xml document is compared with other elements and 
attributes. There are two ways of validating the document. 

 
 Well-formed  
 Valid  

 
V. XML PROLOG 

 
The prolog is optional. It refers to the information about the 
root tag. It contains information about character 
encoding, document structure, and style sheet. 

 
<?xml version="1.0" > 

 
 
Fig. 2: XML Structure 

 
 
The prolog is not a compulsory. It refers to the information 
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The prolog is not a compulsory. It refers to the information 
about the root tag. It contains information about character 
encoding, document structure, and style sheet.

 VI. XML DTD

The XML DTD specifies the overall structure of the document. 
It displays the list of legal elements.

XML types are:

1. Internal

2. External 

A. Internal DTD

<!DOCTYPE DOCUMENT 
[

<!ELEMENTSTOCK(CONSUMER)*>

<!ELEMENT CONSUMER 

(Cname,Caddress,Cdate,Corder)*> 
<!ELEMENT Cname (#PCDATA)> 
<!ELEMENT Caddress (#PCDATA)>

<!ELEMENT Cdate (#PCDATA)> 
<!ELEMENT Corder (items)*> 
<!ELEMENT item(Pproduct,Pprice)>

<!ELEMENT PProduct (#PCDATA)> 
<!ELEMENT PPrice (#PCDATA)>

]>

<stock>

<consumer>

<Cname>vaishali</Cname>

<Caddress>1/54</Caddress>

<Cdate>Dec14,2018</Cdate>

<Corder>

<item>

<Pproduct>Sarees</Pproduct>

<Pprice>1000</PPrice>

</item>

<item>

<Pproduct>Sudithar</Pproduct>

<Pprice>2000</PPrice>

</item>

</Corder>

</consumer>

</stock>

B. External DTD

Step 1: Create DTD for  Student.DTD

<?xml version=”1.0”>

<!DOCTYPE document 
[ 
<!ELEMENT STOCK(CONSUMER)*>

<!ELEMENTCONSUMER

 (CName,CAddress,CDate,COrder)*> 
<!ELEMENT CName (#PCDATA)> 
<!ELEMENT CAddress (#PCDATA)> 

<!ELEMENT Cdate (#PCDATA)> 
<!ELEMENT Corder (#PCDATA)> 
<!ELEMENT item Pproduct,Pprice)>

<!ELEMENT Pproduct (#PCDATA)> 
<!ELEMENT Pprice (#PCDATA)>

]>

Step 2: Create  XML DTD

<?xml version=”1.0”>

<DOCTYPE STOCK SYSTEM “student.dtd”>

<stock>

<consumer>

<Cname>vaishali</Cname>

<Caddress>1/54</Caddress>
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<Cdate>Dec14,2018</Cdate>

<Corder>

<item>

<Pproduct>Sarees</Pproduct>

<Pprice>1000</PPrice>

</item>

<item>

<Pproduct>Sudithar</Pproduct>

<Pprice>2000</PPrice>

</item>

</Corder>

</consumer>

</stock>

VII. XML Schema

XML schema represents the overall construction structure of the 
XML document. It is one more way to define the XML structure. 
Schema is represented in two ways.

1. Simple

2. Complex

XML Schema Definition

1. The simple element contains the only one . It cannot contain 
other elements and attributes.

<xs:element name=”XML Elements”  type=”datatype”/>

2. The complex type specifies the multiple elements.

<xs:complexType>

<xs:sequence>

<xs:element name=”CName” type=”xs:string”/>

<xs:element name=”CAdd” type=”xs:string”/>

<xs:element name=”CPlace” type=”xs:string”/>

<xs:element name=”CDel” type=”xs:string”/>

</xs:sequence>

</xs:complexType>

VIII. XQuery

Xquery is the query web-based language. It is mainly used 
to store and retrieve the data. It is like a SQL database. It is 
supporting XPath expressions.

VIII. XQUERY 
 

Xquery is the query web-based language. It is mainly 
used to store and retrieve the data. It is like a SQL database. 
It is supporting XPath expressions. 

 
 
Fig. 3: XML Technologies 

 
FLWOR method is used to extract the query 

For - selects the sequence of node 
Let - binds the variable 
Where - filters the node 
Order by - sorts the node 
Return - what to return 

 
The Xquery finds the size of extracting   data from the 
document. The following XQuery is used to find the booking 
amount of less than 100. 

 
doc("bookdetails.xml")/bookstore/book[price<100] 
 

The query extraction of the XML document is  
<book category="Child"> 
 <title lang="en">Angry Birds</title> 
<author name>John</author name>  
< published year>2018</ published year> 
<price>25</price> 
</book> 

 
IX. XLINK 

In the HTML using the hyper reference for referring another 
page, like that XLink is used to browse the link elements. 
This is a simple example for XLink in XML documents. 
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scripted and compressed. These particular images are scalable. 
Using SVG printing a good quality image. It contains some 
predefined shapes. The shapes are Rectangle, Circle, Ellipse, 
Line, Polyline, and Polygon. 
 
 

 
 

Fig. 4: XML Related Technologies 
 

B. RDF 
 
RDF Resource Description Framework. It is mainly used to 
describe the sources on the www. It is easily understood by 
computers. Now a day’s RDF used in the semantic web. Web 
information contains the exact meaning, processed by 
computers and integrates by computers. RDF uses Web 
identifiers to identify resources. It has property and property 
values. 

 Resource "https://www.education.com/rdf" 
 A Property is the name of the resource. Each 

property contains the property value. 
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The Xquery finds the size of extracting   data from the document. 
The following XQuery is used to find the booking amount of 
less than 100.

doc(“bookdetails.xml”)/bookstore/book[price<100]

The query extraction of the XML document is 

<book category=”Child”> 
 <title lang=”en”>Angry Birds</title>

<author name>John</author name> 

< published year>2018</ published year> 
<price>25</price> 
</book>

 IX. XLink

In the HTML using the hyper reference for referring another 
page, like that XLink is used to browse the link elements.

This is a simple example for XLink in XML documents.

<?xml version=”1.0”> 
 
<homepage xmlns:xlink=”http://www.education.org/2018/
xlink”>

 
<homepage xlink:type=”simple”xlink:href=”https://www.
education.edu”>Welcome

</homepage>
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<homepage xlink:type=”simple” href=”http://www.education.
org”>Home  Page</homepage> 
</homepage>

X. XML Technologies

A. SVG

SVG is a Scalable Vector Graphics. It is specified in vector-
based graphics in XML. It is cannot be zoomed and resized. 
The files can be animated.

Using this technology images can be created, edited, searched, 
scripted and compressed. These particular images are scalable. 
Using SVG printing a good quality image. It contains some 
predefined shapes. The shapes are Rectangle, Circle, Ellipse, 
Line, Polyline, and Polygon.

VIII. XQUERY 
 

Xquery is the query web-based language. It is mainly 
used to store and retrieve the data. It is like a SQL database. 
It is supporting XPath expressions. 
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Abstract

A new type of magnetic material copper ferrite (CuFe2O4) is successfully manufactured through microwave combustion
method. Starch has been tested as a single fuel in this combustion-based synthesis of copper ferrite by using different fuel
compositions and equivalence ratios (fuel/oxidant). The formed copper ferrite is characterized by X-ray diffraction analysis,
scanning electron microscopy (SEM), transmission electron microscopy (TEM), diffuse reflectance spectroscopy (DRS), and
photoluminescence (PL) spectroscopy. Magnetic properties of the prepared copper ferrite are analyzed by vibrating sample
magnetometer (VSM). Surface area is measured by the nitrogen adsorption/desorption isotherms. A detailed examination
of the morphology of the material in various microwave method-catalyzed processes shows that they provide an optimum
catalytic activity due to a combination of lower crystal size and higher activity.

Keywords Starch · Copper ferrite · XRD · Optical · Catalysis · Magnetic properties

1 Introduction

Presently, one of the most significant investigations is the
development of new synthetic approaches of several metal
oxide nanomaterials in which the amalgamation can be eas-
ily controlled in a green context [1]. The nanomaterials
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show exceptional optical, electrical, magnetic, and cat-
alytic properties, compared to that of the bulk counterpart.
Magnetic properties of magnetic nanoparticles have many
technological applications including magnetic data storage,
ferro fluids, medical imaging, drug targeting, biomedicine
and catalysis [2]. In addition, since the electrical and optical
properties of nanomaterials depend on both particle shape
and particle size, the preparation method must ensure con-
trol over morphology and growth [3]. Copper ferrite nanos-
tructures are recently gaining interest, due to their unique
properties, and their relevance in technological approaches
[4]. Among the ferrites, copper ferrite (CuFe2O4) is interest-
ing due to its spinel structure and of its high coercivity, large
magnetocrystalline anisotropy, moderate saturation mag-
netization, and large magnetostrictive coefficient at room
temperature [5].

The route of preparation plays a very important role
in determining the chemical, structural, and magnetic
properties of spinel ferrites. Through the prominent
goodness of magnetic and the semiconducting properties,
CuFe2O4 and the other ferrites have been widely used in
the electronics industry [6]. Presently, CuFe2O4 preparation
includes hydrothermal approach [7], solvothermal approach
[8], thermal decomposition method [9], combustion [10],
chemical co-precipitation method [11], and sol–gel method
[12]. In recent years, microwave combustion method has
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received extensive attention as an innovative method for the
preparation of nanomaterials with controlled shape and size.
The main advantage of microwave combustion method is
its high reaction rate, short reaction time, enhanced reaction
selectivity, and energy saving [13].

The nature of the precursors plays a very important
role in the synthesis of nanoferrites, particularly of
copper ferrite. The soluble starch is a low-cost, abundant,
renewable, natural polysaccharide, and also as an active
ingredient in the preparation of nanosized metal oxides
[14]. The choice of an environmentally compatible system
and a nonhazardous capping agent for stabilizing the metal
ferrites are the main criteria proposed in the present study.
The starch has already been employed as a powerful tool for
controlling the particle shape and size of inorganic materials
and carries a large number of functional polyol groups,
thereby acting as a ligand toward divalent or trivalent metal
ions [15]. Due to the desire for eco-friendly processes,
new synthesis using starch has acquired greater importance.
The present method is of great interest due to its salient
features such as environmental compatibility, efficiency,
short reaction time, chemoselectivity, high yield, lower cost,
moisture insensitivity, and green which make it a sustainable
protocol [16]. Therefore, this report deals with a simple,
low-temperature process with high crystalline and pure
product. To the best of our knowledge, starch as a precursor
for CuFe2O4 nanostructure synthesis is used for the first
time. Characterization of the spinel powder is carried out by
using XRD, SEM, TEM, DRS, PL, and VSM.

2 Experimental

2.1 Materials andMethods

All chemicals, such as copper nitrate, ferric nitrate, and
starch were of analytical grade and purchased from Merck,
India. All these chemicals were used as received without
further purification. Double-distilled water was used during
sample preparation. Copper nitrate, ferric nitrate, and starch
were used as a fuel. In the first step, stoichiometry amounts
of the metal nitrates (Cu, Fe = 1:2) were dissolved in
distilled water to obtain a metal nitrate solution. The
starch was prepared in separate solutions. Starch solutions
were subsequently dropped into the nitrate solutions under
continuous stirring to ensure the solution is homogeneous.
The clear transparent solution prepared as mentioned
in the previous section was then placed in a domestic
microwave oven (2.45 GHz, 950 W) for 20 min. Initially,
the solution was boiled and underwent dehydration followed
by decomposition with the evolution of gases. After the
solution reaches the point of spontaneous combustion, it
vaporizes the instantly and becomes a solid. The obtained

solid was washed well with ethanol and dried, then they
were labeled as CuFe2O4 nanostructures prepared by the
microwave method.

2.2 Characterization Techniques

The structural characterization of copper ferrite was
performed using Rigaku Ultima IV high-resolution X-
ray powder diffractometer for 2θ values ranging from
10◦ to 80◦ using CuKα radiation at λ = 1.5418 Å.
Morphological studies and energy-dispersive X-ray analysis
of nanomaterials have been performed using a Jeol JSM
6360 high-resolution scanning electron microscope. The
samples were coated with gold by a gold-sputtering device
for better visibility of the surface morphology. Stereo-
scan LEO 440 and a high-resolution transmission electron
microscope (HR-TEM) were used. The diffuse reflectance
UV–visible spectra of the nanomaterials were recorded
using Cary100 UV–visible spectrophotometer. The emission
properties were recorded using Varian Cary Eclipse
Fluorescence spectrophotometer. Magnetic measurements
for the ferrites were carried out using Lakeshore VSM 7410
model equipped with 3 T magnets at 300 K.

3 Result and Discussion

The phase and crystallite size of the nanostructures are
obtained from the XRD patterns. Figure 1 shows the XRD
patterns of the copper ferrite nanostructures. These peaks
can be indexed as (111), (220), (311), (400), (422), (511),
and (440) planes, respectively. The result indicated that the
samples consist of pure phase and no characteristic peaks
are observed for other impurities. The average grain size
of the copper ferrite nanostructures is determined using the
Debye–Scherrer equation [17].

L = 089λ

β cos θ

20 30 40 50 60 70 80

).
u.a(

ytis
net

nI

2Theta (degree)

220

311

400

422

511 440

Fig. 1 XRD pattern of CuFe2O4 prepared by the microwave method

Page 2370 of 3066Page 2370 of 3066



J Supercond Nov Magn

Fig. 2 a, c, e HR-SEM images
of CuFe2O4 microwave method.
b, d, f HR-SEM images of
CuFe2O4 microwave method

b

f

a

100 nm

e

100 nm

c

100 nm

d

20 nm

where L is the average crystallite size (Å), λ is the
wavelength of the incident X-ray beam (1.54 Å), β is the
FWHM (rad), and θ is the Bragg’s angle. The average
crystallite size for copper ferrite is 23.2 nm.

The morphology and the size of the as-synthesized
products are characterized by SEM and TEM. From the
micrograph, it is observed that the compounds are slightly
agglomerated. Figure 2 reveals the effect of the microwave
method on different morphologies of compounds. The
effect of the microwave power and reaction time on the
morphology of CuFe2O4 nanostructures prepared using the
microwave method has been investigated by SEM and TEM.
SEM and TEM images of samples 1–3 prepared at 600 W
for 10, 15, and 20 min are shown in Fig. 2a–f, respectively.
The morphology of all the samples is particle like, but
by increasing the reaction time from 10, 15 to 20 min,
the particle size of the products increased. Actually, the
mean particle size determined by TEM is slightly different
when compared with the average particle size calculated
by the Debye–Scherrer formula from the XRD pattern. The
observed slight difference in particle size value as estimated
from the two different techniques (XRD and HR-TEM) may
be due to some structural disorder and strain in the lattice,

resulting from different ionic radii and/or clustering of the
nanomaterials [18, 19].

Optical properties of the as-prepared CuFe2O4 nanocrys-
tals are studied more quantitatively by measuring the UV–
Vis spectra. The absorption in UV and visible region are

400 450 500 550

)
u.a(

ytis
net

nI

Wave length (nm)

Fig. 3 Diffuse reflectance spectra of CuFe2O4 prepared by microwave
method

Page 2371 of 3066Page 2371 of 3066



J Supercond Nov Magn

rather strong, with an upper limit wavelength of 200–
800 nm (Fig. 3). All spectra exhibit a two-structured broad
absorption, which cover the 400–600-nm regions, with the
maximum ranging from 345 to 550 nm. Two important
information could be retrieved from the UV region: the
band gap energy and the presence of spinelic defects. It
is known that the high-energy peaks for CuFe2O4 spinels
result from the fundamental band-to-band electron exci-
tation (electronic transition between filled O 2p orbitals
and empty Cu 3s orbitals, with possibly some Fe 3p wave
function mixing) are related to the energy band gap [20].

UV–Vis spectroscopy (Fig. 3) has proven that the copper
ferrite spinel samples exhibit only the two typical adsorption
bands caused by the Cu2+ ions in octahedral and tetrahedral
symmetries, with the maxima located in the wavelength
regions of 400–600 nm and also a band at 460 nm. For the
pure spinel, the band of the octahedral absorption band is
much more intense and rather symmetric, which is relative
to that of the tetrahedral band [21, 22].

The enhancement in luminescence can arise due to
several reasons, such as, energy transfer and formation
of charge-compensating cation vacancies/oxygen vacancies
due to copper ferrite in varying proportions. The room-
temperature PL emission spectrum of the copper ferrite
nanostructures under 235 nm light excitation is shown
in Fig. 4. The strong band centered at 435 nm results
from the band-to-band electron excitations of FeO6 anion
grouping in copper ferrite, while the sharp bands at 400–
450 nm and broad band 480–550 nm can be attributed to
the characteristic transitions of copper ferrite, respectively
[23]. The PL signals are attributed to the band-edge
excitations and bound excitons, respectively. The visible
luminescence originates from the radioactive recombination
of a photo-generated hole with an electron occupying

Wavelength (nm)

T
ra

n
sm

it
ta

n
ce

 (
%

)

Fig. 4 Room temperature PL spectra of CuFe2O4 prepared by
microwave method

the oxygen vacancy. In the present study, the PL results
show that the synthesized copper ferrite nanostructures
are semiconductors with estimated oxygen vacancy. These
defects provide donor levels near the conduction band edge
of the copper ferrite [24, 25].

To investigate the evolution of the magnetic property ver-
sus the microwave time, room-temperature M–H hysteresis
loops of the samples were measured and shown in Fig. 5.
Magnetic nanostructures consist of domains with different
spin orders; the magnetic field orient them in its direction
depending on its strength. In this figure, both the coerci-
tivity rise and hysteresis loop area are seen to enlarge as
the milling time rose. The appearance of hysteresis loops
lightly tilted to the x-axis is due to the omission in calcu-
lating specific remanent magnetization.Thus, copper ferrite
spinel showed a ferromagnetic nature, due to the exchange
between the ions occupying the tetrahedral and octahedral
sites and has zero net magnetization, because of the com-
plete compensation of sublattice magnetizations. Copper
ferrite normal (s-shaped) narrow hysteresis loops and the
magnetic parameters like saturation magnetization (MS),
remanent magnetization (Mr), and coercivity (Hc) of the
samples were obtained. The coercivity of the particles is
56.90 Oe, magnetization is 0.0356 emu/g, and retentivity
is 0.000546 emu/g, thus indicating the formation of pure
CuFe2O4 of high quality and crystallinity, which is simi-
lar to an earlier report [26]. The magnetic properties are
usually determined by the size of the nanocrystallites. The
decrease in magnetization with a decrease in particle size
of the nanocrystalline materials is attributed to the surface
effect, spin canting, and broken exchange bonds [27, 28].

CuFe2O4 particles is 56.90 Oe, magnetization is
0.0356 emu/g, and retentivity is 0.000546 emu/g, respec-
tively. The magnetic moment per unit cell is μ = 8 × 1,
μB = 8μB, assuming that each divalent ion, e.g., Cu2+,
contributes 1μB, where μB is the Bohr magneton. The
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Fig. 5 Room-temperature magnetic hysteresis loops of CuFe2O4
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magnetization curve as well as an increasing saturation
magnetization with the applied field result from the ordering
of magnetic surface spins in small clusters due to short-
range coupling. For instance, in the cubic phase, the mag-
netic coupling depends on the cation–anion–cation bond’s
angles that vary with structural changes [29]. However, the
energy difference between Fe occupations in A and B sites
is known to be very small for M = Cu, while it is much
larger for CuFe2O4. Hence, in CuFe2O4, cation redistribu-
tion between A and B sites could be possible. It has been
observed for quenched samples that the inversion parameter
strongly depends on the annealing temperature and cooling
rate. When samples are field cooled through the ordering
temperature of the spin-disordered phase, the external field
will decrease the energy of some configurations of the spin-
disordered phase favored by the field direction, “hardening”
the spin reversal by rotation of the single-domain core. This
could result in high-field magnetization irreversibility and a
shift of the hysteresis loop. Variations in coordination num-
bers and distances of surface cations could reduce atomic
magnetic moments on individual sublattices, resulting in
lower average hyperfine fields for surface cations. Conse-
quently, the smaller the grains, the higher is the fraction of
the surface cations and the lower the total average hyperfine
field. In model II, assuming the existence of spin canting in
all of the particles is assume [29–32].

This should be explained by an increase of Bloch
walls of the nanoparticles with the growth of grains.
It is known that the energy of a magnetic particle in
external field is proportional to its particle sizes via the
number of magnetic molecules in a single magnetic domain.
The increase in Hc may be due to the increase in the
grain size as found from the XRD analysis. This may
be attributed to the magnetization mechanism, which is a
domain rotation process. The Hc is in direct proportion
to the volume single-domain grains. Therefore, the Hc

becomes gradually larger as the single-domain particle
size increases. The increase in MS can be explained on
the basis of changes in exchange interactions between
tetrahedral and octahedral sublattices due to crystallinity,
particle shape, and magnetization direction. Therefore, the
cation distribution and rearrangement modify the exchange
interaction between A and B sites, i.e., the A–B exchange
interaction becomes weak and the B–B exchange interaction
enriches [33]. The saturation magnetization value is found
to be low due to the small size of nanostructures. The value

of MS was found to be 0.3 to 0.00003 which shows that the
surface morphology interacts by magnetostatic interactions.
These values are the ability measurement of the samples
to withstand an applied field with becoming demagnetized.
It has been reported that R = 0.5 is for casually oriented
noninteracting particles that undergo coherent rotations
[35]. In addition, the spin configuration is affected by
the surface chemistry which is different in the case of
mesopores to porous materials [36]. The reason is that, if the
particle size is smaller than the critical size, the material will
show a magnetic behavior. Present methods may originate
from the existence of intrinsic defects and pinning sites that
trap the magnetic moment of particles under local energy,
particle size distributions, long-range magnetic correlations,
inter-particle interactions, spin-glass nature, etc.

From the nitrogen adsorption/desorption isotherm values
at 77 K of the CuFe2O4 nanoparticles, which the specific
surface areas (SBET) together with the pore radius (Rp)
and pore volume (Vp) are calculated from CuFe2O4. The
specific surface area was obtained by using Brunauer–
Emmett–Teller (BET) equation to measure the adsorbed
nitrogen amount to copper ferrite. The average pore radius
(Å) was obtained by the H-K, method and the total
pore volume was attained by the t-plot [34]. Surface
area parameters of the samples varied according to the
preparation method. The surface area of 37.87 m2/g is
obtained for 0.0731 cm3/g. Similarly, the average pore
diameter is 20.20 Å.

These types of catalysts with high surface areas having
narrow distributions of particles can be prepared by the
microwave method. The compound prepared with such an
excellent surface area may be promising for application as
a catalyst oxidation of alcohols. Hence, the nanoparticles
with smaller and narrow distribution are obtained using the
microwave method.

In the present study, the liquid phase catalytic reaction
is carried out using the CuFe2O4 nanoparticles prepared by
the microwave method. In a typical catalytic oxidation reac-
tion, different alcohol (5 mmol), 5 ml CH3CN, and H2O2

(5 mmol) as the oxidant were added with 0.5 g of the cat-
alyst, and the contents were heated for 8 h at 80 ◦C in the
presence of acetonitrile as solvent. The course of the reac-
tion and the yield of the products formed were confirmed
by gas chromatography (GC). Catalytic studies showed
that the preparation technique had a strong influence
on both the conversion and product selectivity (Table 1).

Table 1 Reaction conditions
for CuFe2O4 Sample Microwave power (W) Irradiation time (min) Morphology

1 950 10 Nanoparticles
2 950 15 Nanorice
3 950 20 Nanorods
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Table 2 Selective oxidation of different alcohols

Entry Substrate Conversion (%) Selectivity (%)

1 Benzyl alcohol 98 100

2 1-Phenylethanol 85 100

3 1-Phenyl-1-propanol 78 100

Reaction conditions: catalyst, 0.5 g; alcohol, 5 mmol; acetonitrile,
5 mmol; H2O2, 5 mmol; temperature, 60 ◦C; and time, 6 h

Since, copper ferrite is found to be the active sites using
acetonitrile as the solvent and H2O2 as the oxidant, various
alcohols, such as, benzyl alcohol, 1-phenyl ethanol, and 1-
phenyl-1-propanol were oxidized to give the corresponding
carbonyl compounds in good to excellent yields, and the
results are shown in Table 2. Different alcohols are shown
to significantly affect both the conversion and selectivity of
the oxidation. The conversion of various alcohols yielded
different products, like benzaldehyde, acetophenone, and
propiophenone, which strongly restrain the selectivity to
their corresponding aldehydes, due to the over-oxidation of
aldehydes to carboxylic acids, and due to the formation of
esters by the reaction of alcohol with the carboxylic acid.
From these results, it can be clearly stated that primary
benzyl alcohols are more reactive than 1-phenyl ethanol and
1-phenyl-1-propanol. Moreover, the stability of the catalysts
was manifested, endowing them with industrial value.
Attempts by our group to address the issues concerning the
aromatic alcohol oxidation over the heterogeneous copper
aluminate catalysts in liquid-phase oxidation of alcohols,
mainly depending on thermal stability of the reagents, have
been investigated for a long time [35]. The synthesized
microwave method acts as a heterogeneous catalyst for
the solvent-free oxidation of alcohols. We believe that this
result could be exploited to assess a clean catalytic process
of particular significance, because of its wide applications
as the second most important aromatic molecule (after
vanillin) in cosmetics, perfumery, food, and pharmaceutical
industries [36].

The liquid phase catalytic oxidation of benzyl alcohol by
using copper ferrite is evaluated using the linearized form of
pseudo-first-order kinetics [37].

Pseudo-first order: ln(Ct/C0) = −k1t

Here, C0 is the initial benzyl alcohol concentration, Ct is
the benzyl alcohol concentration at time t , k is the apparent
reaction rate constant, and t represents the reaction time.

Figure 6 shows that the oxidation of benzyl alcohol to
benzaldehyde follows the pseudo-first-order rate kinetics as
observed from the regression analysis that is greater than
0.999. The surface normalized rate constant kSA obtained
for the oxidation of benzyl alcohol was 0.094 h−1. As a
notable higher value of kSA, it shall be attributed to the
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Fig. 6 Kinetics plot of benzyl alcohol oxidation following pseudo-first
order

increase in the surface active sites that was easily accessible
for the reactants, and thus favoring the oxidation of benzyl
alcohol to benzaldehyde. The activity of the catalysts was
related to the high surface area and small crystal size which
has favored the catalytic oxidation of benzyl alcohol [38]
(Scheme 1).

In present study, solvent acetonitrile can activate
hydrogen peroxide by forming a perhydroxyl anion
(OOH−) that nucleophilically attacks the nitrile to generate
a peroxycarboximidic acid intermediate, which is a good
oxygen transfer agent. Both the organic substrate as well as
the oxidant H2O2 are dissolved in acetonitrile which forms
a uniform solution. The introduction of oxygen into the
reaction system using the oxidant forms Cu-OOH· species.
These observations revealed that the phenyl ring and the
OH group of benzyl alcohol interact with the metal (Cu2+)

ion of CuFe2O4 and the inner active sites remains intact.
The interaction of the phenyl ring and the OH group with
the outer metal ions of CuFe2O4 is also evident by the
adsorption of phenyl ring on CuFe2O4. But the catalyst
surface gets regenerated by the action of the oxidant with the
catalyst, which leads to desorption of the product molecules,
thereby favoring further oxidation. Thus, this process is of

CuFe2O4 CuFe2O4
CuFe2O4

Regeneration of catalyst

Scheme 1 Oxidation of benzyl alcohol using CuFe2O4 catalyst
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great interest for the selective oxidation of benzyl alcohol to
benzaldehyde [39, 40].

Presently, size and shape are the key features of
copper ferrite nanostructures which govern their stability
and magnetic properties. Determination of detailed size
of nanostructures especially less than 100 nm requires
improved techniques. These techniques have the ability to
resolve the atomic arrangement in the nanosized particles.
TEM is a single particle characterization technique that
uses an accelerated beam of electrons to illuminate thin
particles (typically < 100 nm). The accelerated electrons
usually have short de Broglie wave length. Particularly, HR-
TEM can image particles beyond the diffraction limit of
light microscopies and provide direct visual information
about size, shape, aggregation state, and information about
crystallinity and lattice spacing [41–43]. The size of
nanostructures also determined from XRD diffraction peaks
using Scherers equation. However, it has been observed that
the XRD measurements were unable to determine the size
of very small or no crystalline nanostructures due to broad
peak or not well identified peaks while TEM provides better
size determination. In addition, for the robust synthesis and
the characterization of nanostructures, particularly less than
20 nm with narrow size distribution, further efforts are still
needed [44–47].

4 Conclusions

In summary, phase purity of the product is found to be
dependent on the microwave time and phase-pure copper
ferrite periodically formed during the microwave-heating
process. The formation of copper ferrite nanostructures
with web-like network around them is shown by HR-SEM
and HR-TEM. These CuFe2O4 nanostructures showed good
optoelectronic and catalytic properties. A cation distribution
between A and B magnetic sublattices could account for
the observed increase of the saturation magnetization for
these particles, although spin canting was also detected.
The high-field magnetization irreversibility and shift of the
hysteresis loop detected for our samples have been assigned
to a spin-disordered phase, which has a spin-freezing
temperature of approximately 50 K. We found that several
minutes of mechanical grinding are enough to reduce the
average grain size to the nanometer range. Magnetization
of the average hyperfine field of CuFe2O4 decreases
with decreasing average grain size while the coercive
force, shift of the hysteresis loop, magnetic hardness,
and saturation magnetization (preparation method) increase
with decreasing the average grain size. Thus, this work
provides a simple and convenient method for preparing the
transition metal oxides having the symmetrical structure.
Furthermore, these catalyst is efficient enough and could

be reused several times without losing catalytic activity and
structural integrity.
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Abstract: P-CaP (p-chloroanilinepthalic acid) single 
crystal was grown by slow evaporation technique. A single 
Crystal XRD study reveals that the grown crystal belongs 
to orthorhombic system. Decomposition mechanism and 
melting point of the sample were deliberated in TGA/
DSC analysis. Transmission ability of the crystal in the 
visible was tested by recording UV-VIS-NIR spectrum 
also Mechanical strength of the material is determined by 
Vickers hardness test. The FTIR Spectrum was recorded 
in the range of 400 cm-1 and 4000 cm-1 which is confirmed 
the formation of p-CaP crystal.

Keywords: Optical analysis, Single crystal, XRD. 

I. IntroductIon

Recently, organic nonlinear optical (NLO) materials receive 
much importance from the researchers because of its frequency 
conversion property. NLO materials with high frequency 
conversion in visible and infrared range are requisite for 
the fabrication of tunable laser [1-3]. Compare to inorganic 
materials, these shows good laser damage resistance and has 
faster response time which attained in the result of the structural 
flexibility of the materials [1]. Among the available organic 
materials, Aniline, as bases which are found to be a potential 
candidate to develop supramolecular structures. Aniline and 
its organic and inorganic salts can develop supramolecular 
structures which consists complementary arrays of hydrogen 
bonding sites. The structure of the nitro groups in aromatic 
compounds containing NO2 and NH2 group has been the 
subject of a special interest in materials science. In particular, 
nitroaniline series forms a special interest, because of its ability 
to form intermolecular hydrogen bonds between amino and 
nitro groups [5]. Hence, in the present investigation we have 
chosen p-chloroanilinepthalic acid (p-CaP) for crystal growth. 
The structural, vibrational and optical properties of p-CaP were 
investigated and results are discussed in this manuscript. 

Article can be accessed online at http://www.publishingindia.com

II. ExpErImEntal

P-Chloroaniline is available commercially from Loba Chemie 
in extra pure form. Recrystallization of the material was done 
several times to attain the purity of the material using acetone 
solutions. Pthalic acid was acquired from Merck. Calculated 
quantity of p-chloroaniline and pthalic acid was taken and 
dissolve in acetone and ethanol respectively. The two clear 
solutions were added and the mixture solution was reflux for 
two hours. The solution was filtered and the clear solution was 
kept undisturbed. After few days yellow colour crystals were 
obtained from the solution.

A. P-Chloro Aniline

Structure of the p-chloroaniline along its physical properties is 
presented below:

Molecular Formula C6H6 Cl N

Molecular Weight 127.57 g/mol
Melting Point 69˚ - 71˚C
Solvent Acetone, Chloroform, Ethanol

Structure of p-chloro aniline
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B. Phthalic Acid 
 

Chemical structure of phthalic acid and the other physical properties are given below: 
 

 

Molecular Formula C6H4 (CO2H)2 
  

Molecular Weight 166.13 g/mol 
  

Melting Point 205 - 215˚C 
  

Solvent Ethanol 
  

B. Phthalic Acid

Chemical structure of phthalic acid and the other physical 
properties are given below:
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Molecular Formula C6H4 (CO2H)2

Molecular Weight 166.13 g/mol
Melting Point 205 - 215˚C
Solvent Ethanol
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From the melting point value the purity of the grown crystal was ascertained. The structural 

conformation was done with the aid of FTIR studies.  

 
 

C. Product Confirmation 
 
Thin layer chromatography (TLC) is inexpensive and simple which is performed to identify the purity 

of the products [13]. The purity of the product was checked on TLC (silicagel, ethyl acetate: Hexane, 

4:1) by comparison with the starting materials (pthalic acid and p-chloro aniline). The Rf value of 0.6 

was observed for the product which proved that the product is a single compound. 
 
 

D. Melting Point 
 
The melting point of p-CaP was determined using visual observation method and TEMPO make 

melting point apparatus was employed for this purpose. p-CaP was grinded well using mortar and 

pestle into fine powder. The powder was filled into the capillary tube. Then the capillary tube was 

inserted into the melting point apparatus. On slowly raising the temperature, the melting point of p-CaP 

was observed at 176 ˚C. 
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Synthesized material of p-CaP was purified by the process of re-crystallization in acetone. The re-

crystallized powdered salt was added in small quantity to a beaker containing 100 ml of acetone at 30 

˚C by stirring the solution continuously. The saturation level of p-CaP at 30 ˚C was estimated. This 

experiment was repeated and the solubility of p-CaP was estimated for, 30, 35, 40 and 45 ˚C shown in 

Fig. 1. 
 

From the melting point value the purity of the grown crystal 
was ascertained. The structural conformation was done with the 
aid of FTIR studies. 

C. Product Confirmation

Thin layer chromatography (TLC) is inexpensive and simple 
which is performed to identify the purity of the products [13]. 
The purity of the product was checked on TLC (silicagel, ethyl 
acetate: Hexane, 4:1) by comparison with the starting materials 

(pthalic acid and p-chloro aniline). The Rf value of 0.6 was 
observed for the product which proved that the product is a 
single compound.

D. Melting Point

The melting point of p-CaP was determined using visual 
observation method and TEMPO make melting point apparatus 
was employed for this purpose. p-CaP was grinded well using 
mortar and pestle into fine powder. The powder was filled into 
the capillary tube. Then the capillary tube was inserted into the 
melting point apparatus. On slowly raising the temperature, the 
melting point of p-CaP was observed at 176 ˚C.

E. Solubility

Synthesized material of p-CaP was purified by the process of 
re-crystallization in acetone. The re-crystallized powdered 
salt was added in small quantity to a beaker containing 100 
ml of acetone at 30 ˚C by stirring the solution continuously. 
The saturation level of p-CaP at 30 ˚C was estimated. This 
experiment was repeated and the solubility of p-CaP was 
estimated for, 30, 35, 40 and 45 ˚C shown in Fig. 1.

 
 
 
 
 
 
 
 
 

co
nc

en
tra

tio
n 

in
 (1

00
cc

/g
m

) 

 
 
 
 
 

35         Solubility  

30 

         

         
 

         
  

 
 
25 
 
 
20 
 
 
15 
 
 
10  

25 30 35 40 45 50  
Temperature in deg 

 
 

Fig. 1: Solubility Diagram of p-CaP 
 

F. Choice of the Solvent 
 
Solvents play a vital role for the growth of organic crystals having well developed good optical quality 

crystals. Solvents offering moderate solubility-temperature gradient for a material and yielding 

prismatic growth habit will be considered as suitable solvents for growing crystal of that material. 

Another important factor that influences the habit of growing crystal is the polarity of the solvents [14, 

15]. Hence, in this study a few organic solvents were employed to identify the reasonable solvent. 

From this test acetone and methanol were found to yield prismatic growth. Since the crystals obtained 

from acetone were found to be relatively transparent, acetone was selected as the suitable solvent to 

grow p-chloroaniline pthalic acid. 
 
 
 
 

G. Crystal Growth 
 
Recrystallized salt of p-CaP was used to prepare saturated solution of acetone at room temperature. 

Controlled slow evaporation of the solvent yielded transparent seed crystals. One of the selected good 

quality crystals was used as a seed to grow single crystal at room temperature. Single crystal of size 

14x10x2 mm was obtained 
 

Fig. 1: Solubility Diagram of p-CaP

F. Choice of the Solvent

Solvents play a vital role for the growth of organic crystals 
having well developed good optical quality crystals. Solvents 
offering moderate solubility-temperature gradient for a material 
and yielding prismatic growth habit will be considered as 
suitable solvents for growing crystal of that material. Another 

important factor that influences the habit of growing crystal 
is the polarity of the solvents [14, 15]. Hence, in this study a 
few organic solvents were employed to identify the reasonable 
solvent. From this test acetone and methanol were found to 
yield prismatic growth. Since the crystals obtained from acetone 
were found to be relatively transparent, acetone was selected as 
the suitable solvent to grow p-chloroaniline pthalic acid.
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G. Crystal Growth

Recrystallized salt of p-CaP was used to prepare saturated 
solution of acetone at room temperature. Controlled slow 
evaporation of the solvent yielded transparent seed crystals. 

One of the selected good quality crystals was used as a seed to 
grow single crystal at room temperature. Single crystal of size 
14x10x2 mm was obtained in a period of 12 days by employing 
slow evaporation method and is shown in Fig. 2(a) and Fig. 2(b)
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i) FTIR Spectral Analysis 

 

Infrared spectrum is an important record, which provides more information about the formation and the 

structure of a compound. In this technique almost all functional groups in a molecule absorb 

characteristically within a definite range of frequency [16]. FTIR spectrum was recorded for the 

purified sample using Perkin Elmer- paragon - 500, FTIR spectrometer. The spectra were recorded by 

KBr pellet technique between the range 400 cm-1 and 4000 cm-1, which confirmed the formation of p-

CaP. 

 

 

P-CaP display their C-N stretching as a band at 1289 cm-1 C=C stretching absorption is confirmed from 

the band at 1525 cm-1(Aromatic). Para di substituted benzenes show C-H deformation vibrations in the 

region 840-800 cm-1. From the C-H deformation frequency at 829 cm-1 the formation of C-H bond was 

confirmed [17]. FTIR spectrum was shown in Fig. 3. Tentative frequency assignment of p-CaP is given 

in Table I. 
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i) FTIR Spectral Analysis

Infrared spectrum is an important record, which provides 
more information about the formation and the structure of a 
compound. In this technique almost all functional groups in a 
molecule absorb characteristically within a definite range of 
frequency [16]. FTIR spectrum was recorded for the purified 
sample using Perkin Elmer- paragon - 500, FTIR spectrometer. 
The spectra were recorded by KBr pellet technique between the 

range 400 cm-1 and 4000 cm-1, which confirmed the formation 
of p-CaP.

P-CaP display their C-N stretching as a band at 1289 cm-1 
C=C stretching absorption is confirmed from the band at 
1525 cm-1(Aromatic). Para di substituted benzenes show C-H 
deformation vibrations in the region 840-800 cm-1. From the 
C-H deformation frequency at 829 cm-1 the formation of C-H 
bond was confirmed [17]. FTIR spectrum was shown in Fig. 3. 
Tentative frequency assignment of p-CaP is given in Table I. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3: FTIR Spectrum of p-CaP 

 
TABLE I: VIBRATION FREQUENCY ASSIGNMENT OF p-CaP 

 
S. No Frequency Assessment 
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2928.3 

C-H Stretch (Aromatic) 
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3. 1289 C-N Stretch 
 

   
 

4. 1525 C=C Stretch (Aromatic) 
 

   
 

5. 829 C-Cl 
 

   
 

 
 

ii) Single Crystal X-Ray Analysis 
 
Single crystal X-ray diffraction study was carried out on the as grown single crystal. The present study 

shows that p-CaP crystallizes in orthorombic system. The unit cell parameters calculated are a = 6.261 

Å, b = 8.890 Å, c = 12.727 
 
Å with V = 708Å3. The present values compare well with the corresponding values of the parent 
components shown in Table II. 
 
 
 

Fig. 3: FTIR Spectrum of p-CaP
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tablE I: VIbratIon FrEquEncy assIgnmEnt oF p-cap

S. No Frequency Assessment

1. 3475.9 NH group

3416.4

2. 2928.3 C-H Stretch (Aromatic)

2600.8

3. 1289 C-N Stretch

4. 1525 C=C Stretch (Aromatic)

5. 829 C-Cl

ii) Single Crystal X-Ray Analysis

Single crystal X-ray diffraction study was carried out on the 
as grown single crystal. The present study shows that p-CaP 
crystallizes in orthorombic system. The unit cell parameters 
calculated are a = 6.261 Å, b = 8.890 Å, c = 12.727 with V = 
708Å3. The present values compare well with the corresponding 
values of the parent components shown in Table II.

tablE II: comparIson oF cEll paramEtErs wIth parEnt 
compounds

Cell Parameter p-Ca PA p-CaP
a (Å) 8.66 5.0 6.261
b(Å) 7.397 14.2 8.890
c(Å) 9.281 9.6 12.727

V (Å)
3 594 681.6 708

β˚ - 93.5 -

I. Optical Studies

UV-Vis -NIR Spectral analysis

The optical transparency spectrum of p-CaP was recorded using 
Shimadzu model 1601 spectrometer. The spectrum recorded in 
the range of 300-1100 nm is shown in Fig. 4. There is good 
transmittance between 550 and 1000 nm. The short wavelength 
cutoff at 369 nm and transparency in the range of 550-1000 
nm, illustrate that the crystal has good optical quality. The UV-
Vis-NIR transparency range shows that the p-CaP may be a 
potential candidate for NLO applications evident for that it may 
use as NLO applications.
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Fig. 4: UV-Vis-NIR Spectrum of p-CaP 
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J. Thermal Analysis

Thermogravimetry complemented with differential thermal 
and differential scanning studies provides valuable information 
about decomposition patterns of materials and weight loss 
[18]. Thermogram and differential thermogram analyses on 
p-CaP were recorded using NETZSCH- Geratebau GmbH 
Thermal analysis (STA 409PC) at a heating rate of 20.0 K/min 
in nitrogen atmosphere. From the figure it is observed that the 

material is stable upto 178 ºC, it is agree with the melting point 
of the p-CaP is 176 ºC shown in Fig. 5.

Thermogravimetric (TG) and differential thermal analysis 
(DTA) of p-CaP recorded at heating rate of 10 ºC/min under 
nitrogen atmosphere is shown in Fig. 5. The final residue weight 
0.01% after 600 ºC. The peak at 220 ºC for p-CaP is due to the 
release of the water molecule from the crystal structure [19]. 
The melting point of the substance measured using ‘GUNA 
make’ melting point apparatus was 176 ºC. TGA curve shows 
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that there is a sharp weight loss at 178 ºC and sample undergoes gradual weight loss till 600 ºC.
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Fig. 5: TGA-DTA Spectrum of p-CaP 
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Fig. 6: Vicker Hardness of p-CaP

Microhardness testing is one of the best methods of 
understanding the mechanical properties of materials. The 
mechanical strength of the p-CaP crystal was measured using 
a Leitz hardness tester fitted with a diamond indenter attached 
to Leitz incident light microscope. Indentations were made 
for various loads from 5 g to 50 g. The Vickers hardness 
number (Hv) of the crystal was calculated using the relation 
HV = 1.8544 P/d2 where P is the applied load in kg and d is 
the average diagonal length of impression in mm. Fig. 6 shows 
the variation of Vickers hardness number with load for p-CaP. 
Cracks were observed for loads more than 50 g since p-CaP is a 

fairly-soluble compound, it is expected to be a soft material and 
is evident from the microhardness test.

III. conclusIons

Good quality crystals of p-CaP were grown by slow evaporation 
solution growth technique at room temperature. Single crystal 
XRD confirms that grown crystal belongs to the triclinic system 
Functional groups present in the system were identified using 
FTIR technique. Optical transmission study shows above 90% 
transparency. Thermal stability of the grown material is upto 
178 ºC. Micro hardness testing evidenced the grown material 
is soft. All above results indicate that p-CaP can be used as 
potential candidate for optoelectronic applications. 
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ABSTRACT: 

 In this paper the Controllability of Impulsive Partial Neutral Stochastic Functional 

Integrodifferential inclusions with non-local conditions in Banach space by using the concept of 

mild solutions, Stochastic Process, Integrodifferential Process, Sadovskii fixed point theorem 

and some sufficient hypotheses are given for the controllability of the system. 
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Non local conditions and Mild solutions. 
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INTRODUCTION:  

Mathematical modeling of real life problems usually results in functional equations like 

ordinary or partial differential equations, integral equation, integrodifferential equations and 

stochastic equations. Stochastic differential equations are used to model diverse phenomena such 

as fluctuating stock prices physical systems which was subject to thermal fluctuations in many 

cases, deterministic models often fluctuate due to noise, which is random or atlest appears to be 

so. Taking the disturbances in to account, the theory differential inclusions as been generalized to 

stochastic functional differential inclusions [6] and the reference therein. An integrodifferential 

equation is an equation that involves both integrals and derivatives of a function. 

 Theory of impulsive partial Differential equation has become an important area of 

investigation in the past two decades because of their applications to various problems arising in 

communications, control technology, impact mechanics, electrical engineering, medicine and 

biology. Recently the impulsive differential equation concepts have been studied by various 

authors [7,4,12,8,11,2]. Many authors attracted towards  impulsive differential equations since it 

is much richer than the corresponding theory of differential equation.  These types of impulsive 

equations and differential system have been studied by Sadaovskii,1967 and Hino et al.,1991 

[1,17] .  
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 The development of the theory of functional differential equations or inclusions with 

infinite delay heavily depends on a choice of a phase space. In fact, various phase spaces have 

been considered and each different requires a separate development of the theory [3].The 

common space is the phase space B proposed by Hale and Kato, 1978 [5], which is widely 

applied in functional differential equations with infinite delay [3]. However, the phase space B is 
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not correct for the impulsive case. Generally the theory of impulsive functional differential 

equations or inclusion is based on the phase space Bh which was defined later [9,10]. 

The fixed point technique for finite and infinite dimensional Banach space is widely used 

to examine the controllability of linear and non-linear systems. The controllability of classical 

nonlinear systems is examined by mean of the Schacfer Theorem which was discussed by Hale 

and Kato, 1978 [5]. The main use of this Banach fixed point theorem is to get the suitable control 

condition. The controllability of nonlinear stochastic systems in infinite dimensional spaces has 

been extensively studied by several authors. Among them, Balachandran and Anandhi,2004 [6] 

investigated the controllability for Neutral functional integrodifferential inclusions with infinite 

delay. Moreover Balasbramaniam and Ntouyas [10] gave the controllability of a class of partial 

stochastic functional differential inclusions with infinite delay in the space B with the help of the 

Leray-Schauder nonlinear alternative. 

Motivated by the above mentioned works [15,16,17] ,the main purpose of this paper it to 

establish the controllability results for impulsive partial Neutral stochastic functional 

integrodifferential inclusions with non local conditions.    

𝑑

𝑑𝑡
[𝑥 𝑡 − 𝐺(𝑡, 𝑥𝑡)] = 𝐴[𝑥 𝑡 − 𝐺(𝑡, 𝑥𝑡)]+Bu(t)+ 𝑓(𝑡, 𝑥𝑡)+ 𝛿 𝑡, 𝜏 𝑔 𝑠, 𝑥𝜏 dw(τ)

𝑡

0
       (1) 

∆𝑥 𝑡𝑘 = 𝐼𝑘(𝑥(𝑡𝑘
−)                                                                                                            (2) 

𝑥 0 = 𝑥0 − 𝜇 𝑥                                            (3) 

Here, the state variable 𝑥(. ) takes the values in real line separable. Hilbert space H with inner 

product (. , . ) and norm  .   and the control function 𝑢(. ) takes values in 𝐿2(𝐽,𝑈) a Banach space 

of admissible control functions for a separable Hilbert space U. Also, 𝐴(𝑡, 𝑥) is the infinitesimal 

generator of a Co-semi group in H and B is a bonded linear operator from u into H. Further f,g an 

G are continuous an compact functions and   𝑓: 𝐽 → 𝑋,𝑔:Ω → 𝑋 𝑎𝑛𝑑 𝐺:𝑋 → 𝑋 are measurable 

mapping in H- norm. And here, the function 𝜇:𝑃𝐶(𝐽,𝑋) → 𝑋 is continuous and the impulsive 

function 𝐼𝑖 :𝑋 → 𝑋 is compact. Furthermore, the fixed time 𝑡𝑖  satisfies 0 = 𝑡0 < 𝑡1 < 𝑡2 < ⋯ <

𝑡𝑚 < 𝑎, 𝑥 𝑡𝑖
+  𝑎𝑛𝑑 𝑥(𝑡𝑖

+) denoted the right and left limits of 𝑥(𝑡) at 𝑡 = 𝑡𝑖  and ∆𝑥 𝑡𝑖 =

𝑥 𝑡𝑖
+ − 𝑥(𝑡𝑖

−) represents the jump in the state x at time 𝑡𝑖 . Where 𝐼𝑖  determines the size of the 

jump. 

Preliminaries: 

  Let (𝑋,  .  ) be a real Banach space. Denote by 𝐶( 0,𝑇 ,𝑋) the space of  𝑋 − 𝑣𝑎𝑙𝑢𝑒𝑑  

continuous functions on  0,𝑇  with the norm  𝑥 ∞ = 𝑠𝑢𝑝 𝑥(𝑡) ∶ 𝑡 ∈ [0,𝑇] and by 

𝐿,  0,𝑇 ,𝑋 , the space of X-valued Bochner integrable functions on [0,𝑇] with the norm  

      𝑥 1 =   𝑥(𝑡) 
𝑇

0
𝑑𝑡. 
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Throughout this paper (𝑋,  .  ) is a Banach space, 𝐴 𝑡 : 𝑡 ∈ 𝑅 is a family of closed linear 

operators defined on a common domain D which is dense in X and we assume that the linear no 

autonomous system. 

      
𝑢′ 𝑥 = 𝐴 𝑥 𝑢 𝑥 , 𝑡 ≥ 𝑠

𝑢 𝑠 = 𝑢 ∈ 𝑋
             (4) 

has associated evolution family of operators 𝑈 𝑡, 𝑠 : 0 ≤ 𝑠 ≤ 𝑡 ≤ 𝑏. In the next definition 𝐿(𝑋) 

is a space of bounded linear operators from X into X endowed with the uniform convergence 

topology.   

Definition: 

 A family of operators 𝑈 𝑡, 𝑠 : 0 ≤ 𝑠 ≤ 𝑡 ≤ 𝑏 is called an evolution family of operators 

for (1) if the following properties are, 

(1) 𝑢 𝑡, 𝑠 𝑢 𝑠, 𝜏 = 𝑢 𝑡, 𝜏  𝑎𝑛𝑑 𝑢 𝑡, 𝑡 𝑥 = 𝑥 for any 𝑠 ≤ 𝜏 ≤ 𝑡 𝑎𝑛𝑑 𝑎𝑙𝑙 𝑥 ∈ 𝑋. 

(2) For each 𝑥 ∈ 𝑋 the function for (𝑡, 𝑠) → 𝑈 𝑡, 𝑠 𝑥 is continuous and 𝑈(𝑡, 𝑠) ∈ 𝐿(𝑋) for 

every 𝑡 ≥ 𝑠 and 

(3) For 0 ≤ 𝑠 ≤ 𝑡 ≤ 𝑏, the function 𝑡 → 𝑈 𝑡, 𝑠 , (𝑠, 𝑡] ∈ 𝐿[𝑋) is differentiable with  

              
𝜕𝑈 𝑡 ,𝑠 

𝜕𝑡
= 𝐴 𝑡 𝑈 𝑡, 𝑠 . 

Definition :( Stochastic Process) 

 A stochastic process x is said to be a mild solution of (1)-(3) if the following conditions 

are satisfied. 

(1) 𝑋(𝑡,𝜔) is a measurable function from 𝐽 × Ω to H and 𝑥 𝑡  𝑖𝑠 𝐹𝑡  -adaped. 

(2) 𝐸 𝑥(𝑡) 2 < ∞ for all 𝑡 ∈ 𝐽. 

(3) ∆𝑥 𝑇𝑖 =  𝑥 𝑇𝑖
+ − 𝑥 𝑇𝑖

− = 𝐼𝑖 𝑥 𝜏𝑖  ,𝑥 ∈ 𝑋, 1 ≤ 𝑖 ≤ 𝑚. 

(4) For each 𝑢 ∈ 𝐿2
𝐹 𝐽,𝑈 , the process x satisfies the following integral equation 

 

 𝑥 𝑡 = 𝑢 𝑡, 0  (𝑥 , − 𝜇 𝑥  − 𝐺 0, 𝑥 0  +  𝑢 𝑡, 𝑠 𝐵𝑢 𝑠 𝑑𝑠
𝑡

0
   

      + 𝑢 𝑡, 𝑠 𝑓 𝑠, 𝑥 𝑠  𝑑𝑠
𝑡

0

 

                                                                     + 𝑢(𝑡, 𝑠)
𝑡

0
( 𝛿 𝑠, 𝜏 𝑔 𝑠, 𝑥 𝜏  𝑑𝜔(𝜏))𝑑𝑠                                                                          +

𝑠

0

                                                                      + 𝑢(𝑡, 𝑡𝑖)𝐼𝑖 𝑥 𝑡𝑖
−  0≤𝑡𝑖≤𝑡

. 

Definition : (Controllable) 

The system (1)-(3) is side to be controllable on the interval J if there exists 𝑢(𝑡) such that 

𝑥 𝑇 = 𝑥 , − 𝜇 𝑥 . Where 𝑥 , is target set. 

To study the controllability problem we assume the following hypotheses: 
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(H1): 𝐴(𝑡) generates a strongly continuous semi group of a family of evolution operators 𝑈(𝑡, 𝑠) 

and there exists a constant 𝑁1 > 0 such that  𝑈(𝑡, 𝑠) ≤  𝑁1 𝑓𝑜𝑟 0 ≤ 𝑠 ≤ 𝑡 ≤ 𝑏.  

(H2): The linear operator 𝑊: L2(J, U) → X defined by 𝑊𝑢 =  𝑈 𝑏, 𝑠 𝐵𝑢 𝑠 𝑑𝑠
𝑏

0
 has been inverse 

operator𝑊−1, which takes vales in L2 J, U |kerW and there exists a positive constant 𝐾1 such 

that  𝐵𝑊−1 ≤ 𝑏𝐾1. 

(H3): For each 𝑡, 𝑠 ∈ 𝐽 the function 𝐺 𝑡, 𝑠, .  :𝑋 → 𝑋 is continuous and, for each 𝑥 ∈ 𝑋, there 

exists a function 𝐾𝐺   : 𝐽 × 𝐶𝑣 → 𝑋 such that, 

    𝐺 𝑡, 𝑠, 𝑥 − 𝐺(𝑡, 𝑠, 𝑦) ≤ 𝐾𝐺  (𝑡, 𝑠) 𝑥 − 𝑦  for any 𝑡, 𝑠 ∈ 𝐽 , 𝑥,𝑦 ∈ 𝑋. 

(H4):  (i) For each 𝑡 ∈ 𝐽, the function 𝑓 𝑡, . , .  :𝑋 × 𝑋 → 𝑋 is continuous and, for each (𝜋, 𝑥) ∈

𝑋 × 𝑋 the function 𝑓 . , 𝑥,𝑦 : 𝐽 → 𝑋 is strongly measurable. 

         (ii) There exists a function 𝐾𝑓    .  ∈  𝐿,(𝐽,𝑅+) such that  

                   𝑓 𝑡, 𝑥1, 𝑦1 − 𝑓(𝑡, 𝑥2,𝑦2) ≤ 𝐾𝑓    𝑡, 𝑠   𝑥1 − 𝑥2 +  𝑦1 − 𝑦2  , 𝑡 ∈ 𝐽, 𝑥𝑖 , 𝑦𝑖 ∈ 𝑋 

for  𝑖 = 1,2,3,………. 

(iii) The function 𝑓: 𝐽 × 𝑋 × 𝑋 → 𝑋 is compact. 

(H5): (i) For each 𝑡, 𝑠 ∈ 𝐽 the function 𝑔 𝑡, 𝑠, .  :𝑋 → 𝑋 is continuous and, for each 𝑥 ∈ 𝑋, the 

function 𝑔 . , . , 𝑥 : Ω → 𝑋 is strongly measurable. 

         (ii) 𝐾𝑔  : 𝐽 × 𝐽 → [0,∞) such that, 

    𝑔 𝑡, 𝑠, 𝑥 − 𝑔(𝑡, 𝑠, 𝑦) ≤ 𝐾𝑔  (𝑡, 𝑠) 𝑥 − 𝑦  for any 𝑡, 𝑠 ∈ 𝐽 , 𝑥,𝑦 ∈ 𝑋. 

(H6): The function 𝜇:𝑃𝐶(𝐽,𝑋) → 𝑋 is nonlocal condition in the following sense. There exists 

𝐾𝜇 > 0 such that  

    𝜇 𝑢 − 𝜇(𝑣) ≤ 𝐾𝜇   𝑢 − 𝑣  for any 𝑢, 𝑣 ∈ 𝑋. 

(H7): (i)  𝐼𝑖 ∶ 𝑋 → 𝑋 and there exists a positive constant 𝑑𝑖 > 0 such that 

     𝐼𝑖 𝑢 − 𝐼𝑖(𝑣) ≤ 𝑑𝑖 𝑢 − 𝑣  for any 𝑢, 𝑣 ∈ 𝑋. 

 (ii) The function 𝐼𝑖 ∶ 𝑋 → 𝑋 is compact. 

Next we recall Kuratowskii’s measure of non- compactness which will be used in this section to 

study the controllability. This measure or the measure for a bounds set D of a Banach space X 

which norm is defined as,  

        d D = inf 
𝑑 > 0 ;𝐷 𝑐𝑎𝑛 𝑏𝑒  𝑐𝑜𝑣𝑒𝑟𝑑 𝑤𝑖𝑡 𝑎 𝑓𝑖𝑛𝑖𝑡𝑒 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑡𝑠 𝑜𝑓 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑠𝑚𝑎𝑙𝑙𝑒𝑟 𝑡𝑎𝑛 𝑑 
 . 
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Lemma : (Sadovskii fixed point theorem). 

 Let N be the condensing operator on a Banach space X, that is N is continuous and takes 

bounded sets into bounded sets 𝛼 𝑁 𝐷  < 𝛼(𝐷), for every bounded sets  D of X with 𝛼(𝐷) >

0. If 𝑁 𝑠 ⊂ 𝑆  for a convex, closed and bounded set S of X, then N has a fixed point in S. 

Controllability Result:  

 Theorem 3.1 

  If the hypotheses  𝐻1 − (𝐻7) are satisfied, then the system (1)-(3) is controllable 

on J. 

                        1 + 𝑏𝑁1𝐾1 𝑁1[𝐾𝜇 + 𝐾𝐺 + 𝐾𝑓 +
𝑐𝑏𝛽

𝛽
+  𝑑𝑖0≤𝑡𝑖≤𝑡

] < 1   (5) 

Proof : 

                       Using   𝐻2  for an arbitrary function 𝑥(. ) ∈ 𝑃𝐶(𝐽,𝑋) we define the control . 

 𝑢 𝑡  = [ 𝑊−1   (𝑥 , − 𝜇 𝑥  − 𝐺 𝑏, 𝑥 𝑏  − 𝑢 𝑏, 0 ( 𝑥0 − 𝜇 𝑥  − 𝐺 0,  𝑥0 − 𝜇 𝑥   −

                                𝑢 𝑏, 𝑠 𝑓 𝑠, 𝑥 𝑠  𝑑𝑠
𝑏

0
−   𝑢 𝑏, 𝑠 

𝑏

0
( 𝛿 𝑠, 𝜏 𝑔 𝑠, 𝑥 𝜏  𝑑𝜔 𝜏 

𝑠

0
−

                                   𝑢(𝑡, 𝑡𝑖)𝐼𝑖 𝑥 𝑡𝑖
−  0≤𝑡𝑖≤𝑡

 (t)                                       (6) 

                     Consider the Banach space 𝑍 = 𝑃𝐶 (𝐽,𝑋) with the norm  𝑥(𝑡) = 𝑠𝑢𝑝 𝑥(𝑡) : 𝑡 ∈ 𝐽. 

we show that, when using control 𝑢(𝑡), the operator 𝜓:𝑍 → 𝑍 defined by  

𝜓 𝑥 𝑡  = [𝑈(𝑡, 0) (𝑥 , − 𝜇 𝑥  − 𝐺 0, 𝑥 𝑠  

+  𝑈 𝑡, 𝑠 𝐵
𝑡

0

𝑊−1   (𝑥 , − 𝜇 𝑥  − 𝐺 𝑏, 𝑥 𝑏  − 𝑈 𝑏, 0 ( 𝑥0 − 𝜇 𝑥  

− 𝐺 0,  𝑥0 − 𝜇 𝑥   −  𝑈 𝑏, 𝑠 𝑓 𝑠, 𝑥 𝑠  𝑑𝑠
𝑏

0

−   𝑈 𝑏, 𝑠 
𝑏

0

( 𝛿 𝑠, 𝜏 𝑔 𝑠, 𝑥 𝜏  𝑑𝜔 𝜏 
𝑠

0

−  𝑈 𝑡, 𝑡𝑖 𝐼𝑖 𝑥 𝑡𝑖
−  

0≤𝑡𝑖≤𝑡

  𝑠 𝑑𝑠

+  𝑈 𝑡, 𝑠 𝑓 𝑠, 𝑥 𝑠  𝑑𝑠
𝑡

0

+  𝑈(𝑡, 𝑠)
𝑡

0

( 𝛿 𝑠, 𝜏 𝑔 𝑠, 𝑥 𝜏  𝑑𝜔(𝜏))𝑑𝑠 +  𝑈(𝑡, 𝑡𝑖)𝐼𝑖 𝑥 𝑡𝑖
−  

0≤𝑡𝑖≤𝑡

𝑠

0

 

has a fixed point 𝑥(. ). This fixed point is the mild solution of the system (1)-(3), then the system 

is controllability on J. Now we have prove that 𝜓 is completely continuous operator. 
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  𝐵𝑚 = sup 𝑥 ∈ 𝑍 ∶   𝑥 ≤ 𝑚 for some 𝑚 ≤ 1 then for each m, 𝐵𝑚  is bounded  

closed convex set in Z. 

Step 1: 

 To claim that there exists a positive constant m such that, 𝜓 𝐵𝑛 ⊂ 𝐵. If it is false, then 

for each positive number m, there exists a function 𝐵𝑚  , that is  

 𝜓(𝑥 𝑡 ) > 𝑚 𝑓𝑜𝑟 𝑠𝑜𝑚𝑒 𝑡 ≤ 𝐽. 

𝑚 <  𝜓(𝑥 𝑡 )  

≤  [𝑈(𝑡, 0) (𝑥 , − 𝜇 𝑥  − 𝐺 0, 𝑥 𝑠  

+  𝑈 𝑡, 𝑠 𝐵
𝑡

0

𝑊−1   (𝑥 , − 𝜇 𝑥  − 𝐺 𝑏, 𝑥 𝑏  − 𝑈 𝑏, 0 ( 𝑥0 − 𝜇 𝑥  

− 𝐺 0,  𝑥0 − 𝜇 𝑥   −  𝑈 𝑏, 𝑠 𝑓 𝑠, 𝑥 𝑠  𝑑𝑠
𝑏

0

−   𝑈 𝑏, 𝑠 
𝑏

0

( 𝛿 𝑠, 𝜏 𝑔 𝑠, 𝑥 𝜏  𝑑𝜔 𝜏 
𝑠

0

−  𝑈 𝑡, 𝑡𝑖 𝐼𝑖 𝑥 𝑡𝑖
−  

0≤𝑡𝑖≤𝑡

  𝑠 𝑑𝑠

+  𝑈 𝑡, 𝑠 𝑓 𝑠, 𝑥 𝑠  𝑑𝑠
𝑡

0

+  𝑈(𝑡, 𝑠)
𝑡

0

( 𝛿 𝑠, 𝜏 𝑔 𝑠, 𝑥 𝜏  𝑑𝜔(𝜏))𝑑𝑡 +  𝑈(𝑡, 𝑡𝑖)𝐼𝑖 𝑥 𝑡𝑖
−  

0≤𝑡𝑖≤𝑡

𝑠

0

  

≤ 𝑁1  𝑥0 +  𝜇 𝑥  +  𝐺 0, 𝑥 𝑠    

+ 𝑏𝑁1𝐾1   𝑥
, +  𝜇 𝑥  +  𝐺 𝑏, 𝑥 𝑏   

+ 𝑁1  𝑥0 +  𝜇 𝑥  +  𝐺 0,  𝑥0 − 𝜇 𝑥     + 𝑁1   𝑓 𝑠, 𝑥 𝑠   𝑑𝑠 +
𝐶𝑁1𝑏

𝛽

𝛽

𝑏

0

+ 𝑁1   𝐼𝑖 𝑥 𝑡𝑖
−  

0≤𝑡𝑖≤𝑡

  

+ 𝑁1   𝑓 𝑠, 𝑥 𝑠   𝑑𝑠 +
𝐶𝑁1𝑏

𝛽

𝛽
+

𝑡

0

𝑁1   𝐼𝑖 𝑥 𝑡𝑖
−  

0≤𝑡𝑖≤𝑡

  

 

Since  
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  𝑓 𝑠, 𝑥 𝑠   𝑑𝑠
𝑡

0

≤  ( 𝑓 𝑠, 𝑥 𝑠  − 𝑓 𝑠, 0  +  𝑓 𝑠, 0  )𝑑𝑠
𝑏

0

 

                                                               ≤  (𝐾𝑓 𝑥(𝑠) 
𝑏

0
+  𝑓 𝑠, 0  )𝑑𝑠. 

           𝑚 < 𝑏𝑁1𝐾1 𝑥
, + (1 + 𝑏𝑁1𝐾1 + 𝑏𝑁1𝐾1𝐾𝐺) 𝑁1 𝑥0  

                     +(1 + 𝑏𝐾1 + 𝑏𝑁1𝐾1 + 𝑏𝑁1𝐾1𝐾𝐺) 𝑁1 𝜇 0   

                     +(1 + 𝑏𝐾1 + 𝑏𝑁1𝐾1) 𝑁1 𝐺 0,0  +  1 + 𝑏𝑁1𝐾1 𝑁1𝐾𝜇 𝑥  

                  + 1 + 𝑏𝑁1𝐾1 𝑁1𝐾𝐺 𝑥 +  1 + 𝑏𝑁1𝐾1 𝑁1  𝐼𝑖 0 
𝑚
𝑖=1  

                     + 1 + 𝑏𝑁1𝐾1 𝑁1𝐾𝑓 𝑥 +  1 + 𝑏𝑁1𝐾1 𝑁1   𝑓 𝑠, 0  
𝑏

0

𝑑𝑠 +  1 + 𝑏𝑁1𝐾1 
𝐶𝑁1𝑏

𝛽

𝛽

+  1 + 𝑏𝑁1𝐾1 𝑁1   𝐼𝑖 𝑥 𝑡𝑖
−  

0≤𝑡𝑖≤𝑡

 . 

           𝑚 < 𝑀 +  1 + 𝑏𝑁1𝐾1 𝑁1  𝐾𝜇 + 𝐾𝐺 + 𝐾𝑓 +
𝐶𝑏𝛽

𝛽
+  𝑑𝑖0≤𝑡𝑖≤𝑡

 𝑚 

Here M is independent of m. Dividing both side by m and taking limit 𝑚 → ∞ we have 

 1 + 𝑏𝑁1𝐾1 𝑁1  𝐾𝜇 + 𝐾𝐺 + 𝐾𝑓 +
𝐶𝑏𝛽

𝛽
+  𝑑𝑖

0≤𝑡𝑖≤𝑡

 ≥ 1 

Contradicts (5). Hence for some positive number m, 𝜓 𝐵𝑚 ⊂ 𝐵𝑚 . 

We have to prove 𝜓 is a condensing operator and we introduce the decomposition 𝜓 = 𝜓1 + 𝜓2  

where, 

𝜓1 𝑥 𝑡  = 𝑈 𝑡, 0  (𝑥 , − 𝜇 𝑥  − 𝐺 0, 𝑥 0  +  𝑢 𝑡, 𝑠 𝐵𝑢 𝑠 𝑑𝑠
𝑡

0

 

         𝜓2 𝑥 𝑡  =  𝑈 𝑡, 𝑠 𝑓 𝑠, 𝑥 𝑠  𝑑𝑠
𝑡

0

+  𝑈(𝑡, 𝑠)
𝑡

0

( 𝛿 𝑠, 𝜏 𝑔 𝑠, 𝑥 𝜏  𝑑𝜔(𝜏))𝑑𝑠 +  𝑈(𝑡, 𝑡𝑖)𝐼𝑖 𝑥 𝑡𝑖
−  

0≤𝑡𝑖≤𝑡

𝑠

0

 

for 𝑡 ∈ 𝐽 respectively. 

Step 2: 
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                  To claim 𝜓1 is contraction on 𝐵𝑚 . Let 𝑥,𝑦 ∈ 𝐵𝑚 .  Then for each 𝑡 ∈ 𝐽 from (6) we 

see that 

  𝜓1 𝑥 𝑡  − 𝜓1 𝑦 𝑡   

≤ 𝑈 𝑡, 0 [ 𝜇 𝑥 − 𝜇 𝑦  +  𝐺 0, 𝑥 𝑠  − 𝐺 0, 𝑦 𝑠   

+   𝑈 𝑡, 𝑠  
𝑡

0

 𝐵𝑊−1  𝜇 𝑥 − 𝜇 𝑦  +  𝐺 𝑏, 𝑥 𝑏  − 𝐺 𝑏,𝑦 𝑏   

+  𝑈 𝑏, 0    𝜇 𝑥 − 𝜇 𝑦  +  𝐺 0,  𝑥0 − 𝜇 𝑥   − 𝐺 0,  𝑥0 − 𝜇 𝑦     

+  𝑈 𝑏, 𝑠   𝑓(𝑠, 𝑥 𝑠 − 𝑓(𝑠,𝑦 𝑠 ) 𝑑𝑠

+  𝑈 𝑏, 𝑠   
𝐶𝑁1𝑏

𝛽

𝛽
𝑥 𝑠 −

𝐶𝑁1𝑏
𝛽

𝛽
𝑦 𝑠  

+   𝑈 𝑏, 𝑡𝑖   𝐼𝑖 𝑥 𝑡𝑖
− − 𝑦 𝑡𝑖

−   ] 𝑠 𝑑𝑠

0≤𝑡𝑖≤𝑡

 

≤  𝐾𝜇 + 𝐾𝐺 + 𝑏𝑁1𝐾1  𝐾𝜇 + 𝐾𝐺 + 𝐾𝑓 +
𝐶𝑏𝛽

𝛽
+  𝑑𝑖

0≤𝑡𝑖≤𝑡

 𝑁1  𝑥 − 𝑦  

From (5),𝜓1(. ) is a contradiction on 𝐵𝑚 .Next to prove 𝜓2(. )  is completely continuous from 𝐵𝑚  

into 𝐵𝑚 . 

Step 3: 

               To show that 𝜓2   is completely continuous. First we show that 𝜓2(. )  is continuous on  

𝐵𝑚  .Let 𝑥𝑛(𝑡)0
∞ ≤ 𝐵𝑚  with 𝑥𝑛 → 𝑥 in 𝐵𝑛 . Then, there exists a number 𝑚 > 0 such that 

 𝑥𝑛(𝑡) ≤ 𝑚 for all 𝑛, 𝑡 ∈ 𝐽, 𝑠𝑜 𝑥𝑛 ∈ 𝐵𝑚 . 

From the assumptions (𝐻3) and (𝐻4) we get, 

(i) 𝐼𝑖 , 𝑖 = 1,2,3,………… is continuous. 

(ii) 𝑓(𝑡, 𝑥𝑛 𝑡 ) → 𝑓(𝑡, 𝑥 𝑡 ) for all 𝑡 ∈ 𝐽. 

and since  𝑓(𝑡, 𝑥𝑛 𝑡 ) → 𝑓(𝑡, 𝑥 𝑡 )  ≤ 𝑚𝐾𝑓(t) 

From the dominated convergence theorem, 

   𝜓2 𝑥𝑛 − 𝜓2 𝑥  ≤ 𝑁1   𝑓(𝑠, 𝑥𝑛 𝑠 − 𝑓(𝑠, 𝑥 𝑠 ) 𝑑𝑠 +
𝑏

0
𝑁1   𝛿 𝑠, 𝜏 

𝑠

0

𝑏

0
 𝑔(𝑠, 𝑥𝑛 𝑠 −

                                             𝑔(𝑠, 𝑥 𝑠 ) 𝑑𝜔 𝜏 𝑑𝑠 + 𝑁1   𝐼𝑖 𝑥𝑛 𝑡𝑖
− − 𝑥 𝑡𝑖

−   → 0 0≤𝑡𝑖≤𝑡
  

as 𝑛 → ∞. 

                                There fore 𝜓2  𝑖𝑠 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑜𝑛 𝐵𝑚 . 

Second, we prove that 𝜓2(. )  is relatively compact as well as equicontinuous on X for every 

𝑡 ∈  0, 𝑏 . 
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                     we need to prove 𝜓2(𝐵𝑚) ⊂ 𝑃𝐶(𝐽,𝑋)  is equicontinuous and 𝜓2 𝐵𝑚 (𝑡) is 

precompact for any 𝑚 > 0, 𝑡 ∈ 𝐽, for any 𝑥 ∈ 𝐵𝑚  with  𝑡 + 𝑙 ∈ [0, 𝑏], we have. 

 𝜓2𝑥 𝑡 + 𝑙 − 𝜓2𝑥(𝑡) 

≤ 𝑁1𝑙  𝐾𝑓 𝑡 +
𝐶𝑏𝛽

𝛽
+  𝑑𝑖

𝑚

𝑖=1

 𝑚 + 𝑁1   𝑓(𝑠, 0) 𝑑𝑠
𝑡+1

0

+ 𝑁1   𝛿(𝑠, 𝜏)  𝑔 𝑠, 0  𝑑𝜔(𝜏) 
𝑠

0

𝑡+1

0

𝑑𝑠

+ 𝑁1   𝐼𝑖(0) 

𝑚

𝑖=0

+ 𝑁1   [𝑈 𝑡 + 𝑙, 𝑡𝑖 − 𝐼] × 𝐼𝑖(𝑥 𝑡𝑖 ) 

𝑚

𝑖=1

+ 𝑁1   [𝑈 𝑡 + 𝑙, 𝑡𝑖 − 𝐼] × 𝑓(𝑠, 𝑥 𝑠 ) 
𝑡

0

𝑑𝑠

+ 𝑁1  𝛿 𝑠, 𝜏    𝑈 𝑡 + 𝑙, 𝑡𝑖 − 𝐼 × 𝑔 𝑠, 𝑥 𝜏   
𝑡

0

𝑠

0

𝑑𝜔 𝜏 𝑑𝑠. 

Since f,g and 𝐼𝑖  are compact. 

  𝑈 𝑡 + 𝑙, 𝑡𝑖 − 𝐼  𝑓 𝑠, 𝑥 𝑠  + 𝑔 𝑠, 𝑥 𝑠  + 𝐼𝑖(𝑥 𝑡𝑖
− )  → 0 as 𝑙 → 0. uniformly for  

𝛿 ∈ 𝐽 𝑎𝑛𝑑 𝑥 ∈ 𝐵. This implies that for any 휀 > 0, 𝑡𝑒𝑟𝑒 exists 𝛿 > 0 such that the above 

equation is ≤ 𝜖, for some 0 ≤ 𝑙 ≤ 𝛿 and 𝑥 ∈ 𝐵𝑚 . 

 𝜓2𝑥 𝑡 + 𝑙 − 𝜓2𝑥(𝑡) 

≤ 𝑁1𝑙  𝐾𝑓 𝑡 +
𝐶𝑏𝛽

𝛽
+  𝑑𝑖

𝑚

𝑖=1

 𝑚 + 𝑁1   𝑓(𝑠, 0) 𝑑𝑠
𝑡+1

0

+ 𝑁1   𝛿(𝑠, 𝜏)  𝑔 𝑠, 0  𝑑𝜔(𝜏) 
𝑠

0

𝑡+1

0

𝑑𝑠 + 𝑁1   𝐼𝑖(0) + 𝑏𝑁1

𝑚

𝑖=1

휀. 

for some 0 ≤ 𝑙 ≤ 𝛿 and 𝑥 ∈ 𝐵𝑚 . This 𝜓2 maps 𝐵𝑚  into an equicontinuos family of functions. 

The set  𝑈 𝑡, 𝑠 𝑓 𝑠, 𝑥 𝑠  : 𝑡, 𝑠 ∈ 𝐽, 𝑥 ∈ 𝐵𝑚  and  𝑈 𝑡, 𝑠 𝑔 𝑠, 𝑥 𝑠  : 𝑡, 𝑠 ∈ 𝐽, 𝑥 ∈ 𝐵𝑚   is 

precompact as f,g are compact and 𝑈(. , . ) is a semigrop. 

𝜓2𝐵𝑚 𝑡 ⊂ 𝑡𝑐𝑜𝑛𝑣        𝑈 𝑡, 𝑠 𝑓 𝑠, 𝑥 𝑠  + 𝑔 𝑠, 𝑥 𝑠  , 𝑡, 𝑠 ∈ 𝐽, 𝑥 ∈ 𝐵𝑚  

Therefore, by the above steps 1-3 we conclude that 𝜓 = 𝜓1 + 𝜓2 is condensing operation on 

𝐵𝑚 .   By lemma there exists a fixed point 𝑥(. ) ∈ 𝐵𝑚  such that 𝜓𝑥 𝑡 = 𝑥(𝑡) and this point 𝑥 .   

is a mild solution to the system (1)-(3). 

𝜓𝑥 𝑏 = 𝑥 𝑏 = 𝑥 , − 𝜇(𝑥) this implies that the system (1)-(3) is controllable. 
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Hence it proved. 

Conclusion: 

                      This paper contains Controllability results for Impulsive Partial Neutral Stochastic 

functional integrodifferential inclusions with non local conditions in Banach space. By using 

some hypotheses proved the system is Controllable. Using Sadoviskii fixed point theorem 

concept to proved the sufficient conditions of control problems. In future we can extend this 

work to find Approximate Controllability Result for Impulsive Partial Neutral Stochastic 

Functional Integrodifferential Inclusions with non local conditions.  
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Innovative Methods of Teaching English and the Use of Technology 

 

Abstract 

Teaching and learning are the two way process. Learning is a progressive process that 

we start learning from our mother’s womb. The first and foremost process in learning is 

teaching. Basically teaching should consist of two main mechanism sending and receiving 

information. In order to motivate students to focus and partake in the class, teachers need to 

be creative and innovative. Every innovative thinking bringing us an innovative method to 

learn this language by the English teachers have done a lot to all the learners of language. 

English teachers have done a lot to all the learners of this language. A wide variety of 

resources and techniques of teaching should be explored to the students. Teaching the second 
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language is a challenging task for the instructors. This paper aims various innovative methods 

of Teaching and Learning in English.  

 

Key words: Teaching and learning, innovative method, second language. 

 

Introduction 

 Education is a glow that shows the mankind the right direction to flow. The purpose 

of education is not just making a student knowledgeable but adds basis thinking, 

understanding ability and self-competence.  

 Innovative teaching is a practical approach to amalgamate new teaching tactics and 

methods into a classroom. Innovative teachers execute new methods before they appeal to 

conventional educators. Technology plays a vital role in innovative teaching and learning. 

Innovative teachers use new technology to develop or enlarge upon the student practice. The 

conversion from traditional blackboard and overhead projector instruction into computer-

aided presentations was innovative. Innovative teachers include tools like tablet, computers 

and mobile devices to bid students a more interactive practice. A major idea of innovative 

teaching is cheering students to engage more in the learning process. When students interact 

with teachers and peers, they gain more practical training and gathered more information 

from a class. 

 

1. Learning through Argumentation 

 Students can precede their understanding of science and mathematics by arguing in 

ways alike to expert scientists and mathematicians. Argumentation aids students focus to 

distinct thoughts, which can deepen their learning. It makes technical reasoning public, for all 
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to learn. It also permits students to improve ideas with others, so they learn how scientists 

work collectively to establish claims. 

 

2. Incidental Learning 

 Incidental learning is unexpected or accidental learning. It may happen while carrying 

out a movement that is apparently unrelated to what is learned. It deals with how people learn 

in their daily routines at their workplaces. For many people, mobile devices have been 

incorporated into their everyday lives, providing much opportunity for technology-supported 

incidental learning.  

 

3. Context-Based Learning 

 Contexts allow us to learn from practice. By understanding new information in the 

context of where and when it happens and connecting it to what we already know, we come 

to comprehend its significance and meaning. In a classroom or lecture theatre, the context is 

usually limited to a fixed space and limited occasion. Beyond the classroom, learning can 

come from an enhanced context such as visiting a custom site or being immersed in a good 

book. 

 We have opportunities to create context, by interacting with our environments, 

sharing conversations, making notes, and changing nearby things. We can also come to 

recognize context by exploring the world around us, sustained by guides and measuring 

instruments. It tracks that to aim effective sites for learning, at schools, museums and 

websites, requires a deep understanding of how context shapes and is shaped by the process 

of learning. 
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4. Adaptive Teaching 

 Adaptive teaching methods suggested the best places to start new substance and when 

to review old substance. They also offer different tools for scrutinizing one’s improvement. 

They make on longstanding learning practices, such as textbook reading, and add a layer of 

computer-guided support.  

 

5. Teaching Aids 

 Teaching aids strengthen the spoken or written words with existing images and thus 

offer rich perceptual images which are the basis of learning. When these materials are used in 

an interconnected way, they make learning everlasting. They afford for a great variety of 

methods. They bring the outside world into the classroom and make us teach efficiently. In 

order to derive the compensation of using teaching aids, a teacher needs the acquaintance of 

different types of teaching aids obtainable, their place in the teaching-learning process and 

the methods of their evaluation. Teaching aids supplement the efforts of the teacher and they 

do not supplant him.  

 

Advantages of Using Teaching Aids 

 Adds interest, involvement and 

brings the world into the 

classroom; 

 Makes learning eternal; 

  Expands greater understanding; 

 Motivates self-activity; 

 Promotes continuity of thought; 

 Makes teaching efficient; 

 Helps in overcoming language 

obstacles;  

 Offers a great variety of methods. 

 

All teaching aids can be classified as under: 
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* Audio-Visual Aids: Language Laboratory, Smart Board, Television, LCD Projector, Sound 

Motion Picture, Record Player, Tape Recorder, Compact Disc Player. 

* Visual-Activity Aids: Pictures, Photographs, Flash Cards, Poster, Charts, Diagrams, 

Graphs, Maps, Cartoons, Demonstration Programs. 

 

Audio-Visual Aids 

 In modern teaching inclinations, it is desirable for every school to have audio-visual 

aids at secondary and higher secondary level for teaching and learning. It consist of language 

lab and smart board with a variety of audio and video materials. 

 

The Language Laboratory 

 Technological assists in language teaching are foremost forces today, and among 

these aids, the language laboratory engages the most famous place. The language laboratory 

is very useful for evaluating students' speech. It gives students with the technical tools to 

acquire the best samples of pronunciation of the language 

 

Using YouTube 

 YouTube videos can be used in an ELT classroom for different features of English as 

to enhance vocabulary, accents, pronunciations, voice modulation and many more. The 

genuine advantage of using YouTube in teaching English is that it provides authentic 

examples of every day. The teacher can utilize it as a tool for improving their Listening and 

Speaking, Reading and Writing skills.  
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Skype 

 Skype affords boundless possibilities for the teachers and students to cooperate with 

each other anywhere in the world. It gives enormous opportunities for the students in a 

foreign language class to connect with classes in other countries to experience their language 

skills. Through Skype the teachers can give mentoring or homework or assignment to the 

learners.  

 

Twitter 

 Twitter, a gift of Technology, is a public networking application that could help in 

developing students’ English to a higher level. As an online education technology tool, 

twitter’s impact on attractive students in learning concepts is infinite The teacher can use a 

dozen activities for using an online education technology tool to keep students in classroom 

activities to improve a  better understanding of concepts.  

 

Mobile Phones 

 The use of mobile phones as a learning tool has a wide variety of applications. The 

teacher can ask the students to make a photo documentary using the camera function on their 

mobile phones.  

 

Conclusion 

 As English has curved into a worldwide language, its existence and worth in the 

world has stretched a lot in the past decades. But if language teachers teach as they taught 

earlier, then the required goals of learning English Language may not be achieved in the 

present global scenario. In the past, no dynamic, artistic and productive activity was given to 

the learners to develop the four language skills. Technology is developing day-by-day. We 
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are living in the 21st century and it is the age of technological advancement. Thus the recent 

trend in teaching English is the use of modern technological tools as English language 

teaching has been affected a lot with the availability of these tools. 
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Abstract 

In this paper, we have attempted another sort of L-fuzzy set name it as diamond fuzzy set 

and their cut sets with the assistance of precious diamond fuzzy number. We have given 

meaning of -lower and upper cut precious diamond fuzzy set, -upper and lower Q-cut diamond 

fuzzy sets and a few properties with verification. 

1. Introduction 

Since the concept of fuzzy sets was introduced by Zadehin 1965 [1], the 

theories of fuzzy sets and fuzzy systems developed rapidly. As is well known, 

the cut set (or level set) of fuzzy set [2] is an important concept in theory of 

fuzzy sets and systems, which plays a significant role in fuzzy algebra [3, 4], 

fuzzy reasoning [5, 6], fuzzy measure [7-9] and soon. The cut set is the bridge 

connecting the fuzzy sets and classical sets. Based on the cut sets, the 

decomposition theorems and representation theorems can be established [2]. 

The cut sets on fuzzy sets are described in [10] by using the neighborhood 

relations between fuzzy point and fuzzy set. It is pointed out that there are 

four kinds of definitions of cutsets on fuzzy sets, each of which has similar 

properties. Also, the decomposition theorems and representation theorems 

can be established based on each kind of cut sets. With the development of 

the theory on fuzzy sets, Goguen introduced L-fuzzy sets as an extension of 

Zadeh fuzzy sets in 1967 [11]. Since then, many L-fuzzy sets are put forward, 

such as the interval-valued fuzzy sets [12], the intuitionistic fuzzy sets [13], 
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the interval-valued intuitionistic fuzzy sets [14] and the type-2 fuzzy sets 

[15]. In [16], four new kinds of cutsets of intuitionistic fuzzy sets and interval-

valued fuzzy sets were put forward, which are defined by the 3-valued fuzzy 

sets. The cut sets on intuitionistic fuzzy sets and interval-valued fuzzy sets 

have similar properties with the cutest of fuzzy sets. Furthermore, based on 

those cutsets [16], the decomposition theorems and representation theorems 

of the intuitionistic fuzzy sets were obtained. In practical applications, we can 

use triple value form such as (very good, good, more or less good) or (very 

young, young, more or less young) to describe with there an object belongs to 

a notion. From this point of view, a new kind of L-fuzzy set is introduced, 

which is called the three-dimensional fuzzy set in this paper. Furthermore, 

the cutsets of three-dimensional fuzzy sets are defined by the 4-valued fuzzy 

sets and their properties are discussed. Based on these kinds of cutsets, the 

decomposition theorems and representation theorems of three-dimensional 

fuzzy sets are obtained. Left interval-valued intuitionistic fuzzy sets and the 

right interval-valued intuitionistic fuzzy sets are introduced. We prove that 

the lattices constructed by these two special L-fuzzy sets are not equivalent to 

sublattices of lattice constructed by interval-valued intuitionistic fuzzy sets. 

Furthermore, we show that the three-dimensional fuzzy sets are equivalent 

to the left interval-valued intuitionistic fuzzy sets or the right interval-valued 

intuitionistic fuzzy sets. This paper is organized as follows. In Section 2, some 

definitions and theorems are given. In Section 3, cut sets of the three- 

dimensional diamond fuzzy sets are defined and their properties are given.  

2. Preliminaries 

Definition 2.1. ([1]). Let X be a set. Them aping  1,0: XA  is called 

a fuzzy set on X. 

Definition 2.2 ([10]). Let A be a fuzzy set on X and  .1,0  We call  

         xAXxxAxAXxxA ,|,,|  

-upper cut set and -strong upper cut set of A, respectively. We call 

       ,,|,,|   xAXxxAxAXxxA  

-lower cut set and α-strong lower cut set of A, respectively. 
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           1,|,1,|   xAXxxAxAXxxA  

-upper Q-cut set and -strong upper Q-cut set of A, respectively. 

           1,|,1,|   xAXxxAxAXxxA  

-lower Q-cut set and -strong lower Q-cut set off A, respectively. 

Definition 2.3 ([16]). If L is a completely distributive lattice and there is 

a mapping LLX :  such that 

(i) ;abba   

(ii)   .aa 
  Then L is called an F lattice. 

Definition 2.4 ([13]). Let X be a set and    1,0:,1,0:  XvX AA  

be two mappings. If     ,,1 Xxxvx AA   then we call 

 AA vXA ,,   an intuitionistic fuzzy sub set (IFS) over X.  

Definition 2.5 ([10]). Let X be a set X2  represents the power set of X 

and   XH 21,0:   is a mapping. 

(i) If     ,2121 aHaHaa   then we call H an inverse order nested 

set of X; 

(ii) If     ,2121 aHaHaa   then we call H an order nested set of X. 

Definition 2.6 ([12]). Let X be a set. If        ,,, XxxAxAxA    

then we call A an interval-valued fuzzy set (IVFS) over X, where 

    .,10 XxxAxA     

Definition 2.7 ([16]). Let  AA vXA ,,   be an intuitionistic fuzzy set 

and  .1,0a  

(i) We call 
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-upper cut set and -strong upper cut set of A, respectively. 

(ii) We call 
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-lower cut set and -strong lower cut set of A, respectively. 

(iii) We call 
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-upper Q-cut set and -strong upper Q-cut set of A, respectively.  

(iv) We call 
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-lower Q-cut set and -strong lower Q-cut set of A, respectively. 

Definition 2.8 ([17]). A Diamond fuzzy number of a set A is defined as 

  ,,,,, bbD cbaA   and its membership function is given by, 
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Theorem 2.1 ([16]). Let 






 1,

2

1
,0:|3 XAAX  is a mapping}. For 

XA 3  and   Aa  ,1,0  is defined as follows: 

   

   

   

   



















.
2

1
1,0

11,

01,0

xA

xA

xA

xA  

then A  is an intuitionistic fuzzy set over X, 
  1,0  AA  and 

 
.

1,0   AA  

3. The Three-Dimensional Diamond Fuzzy Sets and their Cut Sets 

As is well known, the Zadeh fuzzy set D over X is a mapping 

 ,1,0: XD  where  xD  denotes the degree of membership of x in A. 

From the definition of Zadeh fuzzy set, we know that Zadeh fuzzy set 

characters the notion by using the numbers in  ,1,0  which is an 

approximation to the notion. By extension from  1,0  to 

  ,10|,   aaaaI  we can obtain the interval-valued fuzzy 

sets. That is the mapping       ,,,: xDxDxDIXD   where  xD  

denotes the least degree of membership of x in D and  xD  denotes the most 

degree of membership of x in D. Similarly, the mapping 

           xxxDedededLXD DD ,,1,1,0,|,:   is an 

intuitionistic fuzzy set, where  xD  denotes the degree f membership of x in 

D and denotes the degree of non-membership of x in D. 

Since Zadeh fuzzy set A of X uses a number in [0, 1] to character the 

degree f member ship of x in A, we call Zadeh fuzzy sets one-dimensional 

fuzzy sets of X. Similarly, we call the interval-valued fuzzy sets and 

intuitionistic fuzzy sets two-dimensional fuzzy sets because they u set two 

numbers in [0, 1] to character the degree of membership of the element x in 

A. 
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In practical applications, we can use triple value form such as (very good, 

good, more or less good) or (very young, young, more or less young) to 

describe we the r an object be longs to a notion. From this point of view, an 

we kind of L-fuzzy sets is introduced, which is called the three-dimensional 

fuzzy sets in this paper. Next, we give the definition of the three-dimensional 

fuzzy sets. 

Let   .00,, 3213213  ddddddDI  The Operator over DI3  

defined as follows: for       ,,,,,,,,, 33213321321 DItdtdtdDIeeeddd   

for all .Tt   

 

















t

Tt

t

Tt

t

Tt

ttt

Tt

dddddd 321321 ,,,,   

  t

Tt

t

Tt

t

Tt

ttt

Tt

dddddd 321321 ,,,, 


  

   321321 1,1,1,, dddddd
c

  

   .0,0,0,0,1,1,11  O  

Then  OcDI ,1,,,,3   is an F lattice. 

Definition 3.1. 

The mapping         xDxDxDxDDIXD 3213 ,,,:   is called a 

three dimensional diamond fuzzy set. We set the operations in XDI ,3  

according to the operations in DI3  and let    0,0,0,1,1,1 X  then 

,,,,
,

3 XI
XD   is an F lattice. 

The cut sets of the two-dimensional fuzzy sets (the interval-valued fuzzy 

sets and the intuitionistic fuzzy sets) are defined by 3-valued fuzzy sets in 

[16] and their properties are same as the cut sets of Zadeh fuzzy sets. 

Similarly, cut sets on the three-dimensional fuzzy sets are defined by the 4-

valued fuzzy sets as follows. Let   .1,32,31,0:|4 ,  XDDXD  

According to Zadeh operators, XD,4  is an F lattice. 
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Definition 3.2. Let 
XD

ID
,

3  and  .1,0  We call 
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-upper cut set and -strong upper cut set of A, respectively. 

Definition 3.3. Let 
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Definition 3.4. Let 
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-upper Q-cut set and -strong upper Q-cut set of A, respectively. 

Definition 3.5. Let 
XD
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,

3  and  .1,0  We call 
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-lower Q-cut set and -strong lower Q-cut set of A, respectively. Next, we 

give the properties of these kinds of cut sets on three-dimensional diamond 

fuzzy sets. 
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Property 3.1. 

        ,,,, 11 



  DDDDDDDD

cc
 

        ., 11
cc

DDDD 



   

Property 3.2. 

(1)   aa DD   

(2) If 21 aa   then 212121 ,, aaaaaa DDDDDD    

(3) If ,ED   then aaaa EDED  ,  

(4) .,0 0 XDDI   

Property 3.3. 

(1)        ca
cc

aa
c DDDD   11 ,   

(2)       ,,,   EDEDEDEDEDED   

  , EDED   

(3)         ,,  Tt tTt tTt tTt t DDDD
  

  

        Tt tTt tTt tTt t DDDD
  

 ,  

 

(4)   DDDDDDDDDDDD  ,,,  

(5) Let    .,,1,0 tTttTtt baTt   
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.,, bTtTtbTt
DDADDD
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Proof. 

(1)             0111 133 xDxDaaxDxD a
c

 

    .11  xD
c

a   
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           xDaxDxDaxDxD a
c
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c DD   we have    caa

c DD  1  

(2)            xDxExDxED 1111  or   xE1  
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(4) The proof is similar to (3) 

The proof is obvious. 
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4. Conclusion 

In this paper, the concept of the three dimensional diamond fuzzy sets is 

introduced. The cut sets of the three dimensional diamond fuzzy sets are 

defined by 4-valued fuzzy sets and some of its properties also obtained. We 

can extend this concept for decomposition theorems and representation 

theorems.  
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Abstract 

The utilization of Linear programming to take care of the issue of over-designation and 

under-allotment of the rare study hall space was considered with specific reference to the M. 

Kumarasamy College of Engineering, Karur. Information was gathered from the College on the 

study hall offices and the quantity of understudies per program. A linear programming model 

was figured dependent on the information gathered to expand the utilization of the constrained 

study hall space. MATLAB was utilized dependent on the simplex calculation to acquire ideal 

arrangement. Examination of the outcomes demonstrated that six half of the twelve study halls 

could be utilized to make a most extreme homeroom space of a 1080. It was likewise seen that 

the administration could utilize 450 surplus spaces to build its understudy's admission from 630 

to 1080 understudies, an expansion of about 78% with just half of the all out number of 

homerooms. Again the board could chop down the quantity of homerooms utilized from twelve to 

six and decrease the expense of keeping up the study halls by half and still have upwards of six 

additional study halls for other similarly significant purposes, subsequently amplify its net 

revenue. 

1. Introduction 

The problem of assignment of rare asset to fulfill boundless human needs 

has been and nonstop to be a worldwide marvel standing up to supervisors, 

directors, business visionaries, heads of organizations and people alike. Space 

distribution can be characterized as the assignment of assets to regions of 
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room, for example, rooms, fulfilling whatever number necessities and 

limitations as could reasonably be expected. Uvir Bhagirathi [7] created in 

this research intends to distribute reasonable settings to classes mulling over 

the separation between the scene and the particular class workforce area just 

as the size of the setting and the quantity of understudies in the class. In this 

way, since it is restricted it should in well oversee by the resources towards 

accessibility and appropriate with the client required. In this investigation, 

Classroom Space Allocation alludes to the conveyance of the accessible zones 

of study hall space among various courses with various sizes of understudy 

populace in order to guarantee the ideal space usage and the fulfillment of 

extra prerequisites and additionally requirements. In this nonexclusive case, 

a significant condition exists: the zones of room that can be utilized and the 

space required by the substances are not exposing to alteration. The perfect 

arrangement in the space portion issue is one where every one of the 

substances is distributed, no space is squandered or abused and each extra 

necessities and requirements have been fulfilled. Gosselin and Truchon [4] 

introduced a method for assigning homerooms in an instructive organization. 

It depended on a direct programming model where a punishment capacity is 

limited. With the default estimations of certain parameters given by the 

methodology, the model initially allots the same number of genuine rooms to 

the demands as could be expected under the circumstances. It likewise tries 

to do as such with the most favored rooms. At long last, when it is important 

to leave from the most favored rooms to fulfill the primary target, the model 

endeavors to spread this takeoff consistently among solicitations. By 

adjusting the default esteems in the punishment work, the client may 

likewise support a few demands in the attribution of rooms. Limitations are 

worried about the accessibility of rooms at different long stretches of the day, 

and with the solicitations for these rooms. They expressed earnestly that 

since this methodology verifiably investigates every single imaginable task, it 

should deliver preferred outcomes over manual designation. After effects of 

experimental applications affirmed these desires, taking the quantity of 

requests that can be met as the primary model. Also, a mechanized system to 

set up the issue and decipher its answer has made it conceivable to decline 

generously the time spent on this undertaking. As per the mission of the M. 

Kumarasamy College of Engineering, Karur study hall assets are basically 

for use by understudies, and staff for instructive exercises and projects that 
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are straightforwardly identified with the elements of educating, explore, and 

academic creation. Each exertion is constantly made by the College to 

guarantee that study halls are doled out genuinely, utilized fittingly, and suit 

the College’s scholastic and instructional needs. As indicated by Bougie P. [2], 

a superior method to reliably and successfully assign study halls is to utilize a 

PC helped framework that will monitor all homerooms on grounds alongside 

explicit insights regarding those rooms that can naturally recommend 

proficient pairings with the courses offered for a given semester. The 

effectiveness will be made a decision about dependent on numerous 

components, in particular being that the size of each room is utilized viably. 

Oladokun and Badmus [6] learned about relegating various courses to 

study halls taking into thought limitations like homeroom limits. Asharm [1] 

expressed that Mathematical programming that takes care of the problem of 

deciding the ideal designation of constrained assets required to meet a given 

target, is the direct programming, a technique of apportioning constrained 

assets to contending needs in the most ideal manner so as to guarantee 

optimality. Direct programming manages advancement issues where both the 

target capacity to be improved what not obliges are straight as far as choice 

factors. A reshuffle problem, the goal is to limit a linear cost capacity. With 

this goal, it is conceivable to consider the fulfillment of communicated 

inclinations with respect to showing periods or days of the week or indeed, 

even homerooms for determined courses. As indicated by Daskalaki S and all 

[3], linear programming (LP) is a procedure for reshuffle of a linear target 

work, subject to direct equity and direct disparity imperatives. Casually, 

linear programming decides the best approach to accomplish the best result, 

(for example, greatest benefit or most minimal expense) in a given numerical 

model and given some rundown of necessities spoke to as straight conditions.  

The goals of undertaking this investigation on “portion of study hall space 

by linear programming” at the M. Kumarasamy College of Engineering, 

Karur are to discover how study hall space is designated to the understudies 

of the School dependent on the different projects and courses offered by the 

understudies and to build up a linear programming model to assign study 

hall space to the understudies in the College dependent on the different 

projects also, courses offered by the understudies to guarantee ideal 

utilization of the study halls accessible to the College. 
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2. Methodology 

The information required for the investigation was gathered from the M. 

Kumarasamy College of Engineering, Karur. A survey was intended to evoke 

for the required information from the administration of the school on the 

quantity of study halls the school has and the limits of every one of the 

homerooms. Additionally data was sort for on the number of projects the 

school offers and the quantity of understudies selected on every one of the 

projects. Table 1 delineates the data on study hall offices. Table 2 likewise 

demonstrates the quantity of understudies per program. The understudies 

were relegated to the 1080 study hall spaces that were accessible in the 

fourteen home rooms of various sizes. Toward the start of every scholarly 

year new understudies are conceded into the school and thus the school must 

arrangement how to dispense these new understudies and the proceeding 

with understudies to the accessible homerooms in order to dodge over-

distribution and under-designation of the restricted study halls. Inside a 

period, the occasions homeroom type 1 could be relegated can’t surpass four, 

study hall type 2 can’t be allocated multiple occasions, study hall type 3 can’t 

be doled out multiple occasions, study hall type 4 can’t be doled out more than 

two and the room type 5 can’t be designated more than once. We along these 

lines detail the direct programming issue dependent on the above data to 

amplify the utilization of the constrained homeroom space. 

3. Modelling Technique 

The study hall space portion issue can be considered as a linear 

programming problem. The homeroom space was sorted into sorts as per the 

quantity of seats, and the kind of types of gear accessible. The understudies 

were put into gatherings named as the classes dependent on the program and 

the degree of the understudies. Give the limit of every classification (a chance 

to type) of a study hall be ni CCCCC 321 ,,  for ni 3,2,1  where  

1C  the limit of a room of type1 

2C  the limit of a room of sort 2 

3C  the limit of a room of sort 3 

4C  the limit of a room of sort 4 
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5C  the limit of a room of sort five, and so forth. 

Give the homerooms a chance to be classified into sorts as 

nxxxxx ,,,, 3211   for ni 4,3,2,1  dependent on the limits of the 

rooms, where 

1X  study hall type 1 with a seating limit 1C  

2X  homeroom type 2 with a seating limit of 2C  

3X  study hall type 3 with a seating limit of 3C  

4X  study hall type 4 with a seating limit of 4C  

5X  study hall type 5 with a seating limit of 5C  

Once more, let the quantity of homerooms of each sort be naaa 21,   

Where; 

1a  number of rooms of classroom type 1 

2a  number of rooms of classroom type 2 

3a  number of rooms of classrooms type 3 in that order. 

Also let the total available classroom space of all the types of classrooms 

denoted by 

.

1






n

i

ii cad  

The general formulation of the allocation problem is as follows: 

The target capacity is  

n

i
ii XC

1
.  

Subject to constraints   


n

i
ii idxa

1
.,2,1   

Since the complete number of understudies that could be appointed to 

various classes of the rooms cannot surpass the complete homeroom space 

accessible in every one of the study halls. 
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Again ix  for  3,2,1i  since various understudies to be appointed to 

a room can’t be a negative number. 

The target capacity was set up as; 

Maximize .12100807060 4321  xxxxZ  

Subject to 

1080120100807060142344 5232152321  xxxxxxxxxx  

1,2,3,4,4 4321  xxxxx  

0,,, 4321 xxxx  

 Where: 1x  study hall type 1 with a seating limit of 60 

2x  study hall type 2 with a seating limit of 70 

3x  study hall type 3 with a seating limit of 100 

4x  study hall type 4 with a seating limit of 120 

5x  study hall type 5 with a seating limit of 150 MATLAB was utilized 

dependent on the simplex calculation to acquire ideal arrangement. 

4. Discussion 

Gosselin and Truchon [5] displayed a technique for dispensing study halls 

in an instructive establishment. It depended on a linear programming model 

where a punishment capacity is limited. As indicated by Bougie P. [2], a 

superior method to reliably and viably designate study halls is to utilize a PC 

helped framework that will monitor all homerooms; the effectiveness will be 

passed judgment on dependent on numerous elements, in particular being 

that the size of each room is utilized viably. Once more, Asharm [1] expressed 

that straight writing computer programs is the Scientific programming that 

takes care of the issue of deciding the ideal designation of restricted assets 

required to meet a given target. An improvement problem, the goal is to limit 

a linear cost capacity. POM-QM for Windows 4 (Software for Quantitative 

Methods, Production and Operation Management by Howard J. Weiss) with 

this target, it is conceivable to consider the fulfillment of communicated 
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inclinations in regards to instructing periods or then again days of the week 

or even study halls for indicated courses. Investigation of results created from 

the POM-QM for Windows 4 study Frank Osei Frimpong and Alexandra 

Owusu [4] Allocation of Classroom Space Using Linear Programming model 

for windows based on the simplex algorithm. 

We consider the problem went through eight emphases before an ideal 

arrangement was found. Whiles none of the four homerooms of sort 1 with 

the seating limits of thirty (60) every we dispensed to a class, one of the three 

study halls of sort 2 with the limits of fifty (70) every, all the two study halls 

of sort 3 with the limits of hundred every, all the two rooms of sort 4 with the 

limits of one hundred and twenty each, and the one study hall of type5 with 

the limit of one hundred and fifty seats were allotted to the Students. We saw 

that 7 out of the 14 homerooms were utilized to give a seating limit of 630 to 

oblige the understudy populace of 450 understudies. The greatest homeroom 

space (ideal arrangement) of 600 and forty was therefore acquired by: 

          .630150112011001702602   

It was understood that six out of the twelve study halls accessible 

speaking to half of the homerooms were used to give a space of 600 and forty 

for the 300 and sixty understudies leaving an excess of 200 and eighty spaces 

which could be doled out to 200 and eighty extra understudies. There were 

four (4) study halls of sort 1 with the seating limits of thirty (30) each and two 

(2) study halls of sort 2 with the limits of fifty (50) every which were not doled 

out to understudies. There were a aggregate of 200 and twenty accessible 

study hall spaces that were not doled out to understudies along these lines 

        .45015011001702601   

The ramifications of our discoveries are that the administration of the 

College could utilize the 450 surplus spaces to expand its understudy’s 

admission from 630 to 1080 understudies (about 78%). Again the executives 

could chop down the quantity of study halls utilized from fourteen to seven 

what's more, decrease the expense of keeping up the study halls by half and 

still have upwards of seven additional study halls for other similarly 

significant purposes, subsequently augment its net revenue.  
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5. Conclusion 

The problem of portion of rare asset to fulfill boundless human needs has 

been and persistent to be a worldwide marvel going up against chiefs, 

directors, business people, heads of foundations and people alike. The 

utilization of linear programming to take care of the issue of over-assignment 

and under-designation of the rare study hall space was considered with 

specific reference to M. Kumarasamy College of Engineering, Karur. 

Information was gathered from the College on the study hall offices and the 

quantity of understudies per program. A linear programming model was 

defined dependent on the information gathered to expand the utilization of 

the constrained homeroom space utilizing MATLAB dependent on the 

simplex calculation. Investigation of the outcomes demonstrated that seven 

(half) of the fourteen homerooms could be utilized to make a most extreme 

study hall space of 1080. It was additionally seen that the administration 

could utilize the 450 surplus spaces to build its understudy’s admission from 

630 to 1080 understudies, an expansion of about 78% with just half of the 

absolute number of study halls. It is obviously obvious from the above 

rundown that direct writing computer programs is a viable instrument that 

can be used by directors of Educational Institutions to maintain a strategic 

distance from over-assignment and under-portion of rare assets, especially 

study hall space.  
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Abstract: Schizophrenia is a serious long-haul emotional wellness 

condition. It causes a scope of various mental manifestations. It is 

a genuine dysfunctional behavior influencing diverse districts of 

the cerebrum, which causes indications, for example, fantasies 

and hallucinations. Urban areas are more effected with 

Schizophrenia then rural regions. Yoga can play an important 

role in treating anxiety and depression among patients suffering 

from Schizophrenia. It lessens tension, discouragement and 

pregnancy related awkward encounters. AI can be used to learn 

more about Schizophrenia. The focus of research was to show 

awareness among people suffering from Schizophrenia in India.  

 

Index Terms: Schizophrenia, mental-disorder, yoga, 

medication, anxiety, depression, India 

I. INTRODUCTION 

  Schizophrenia is a genuine dysfunctional behavior 

influencing diverse districts of the cerebrum, which causes 

indications, for example, fantasies and hallucinations. Useful 

attractive reverberation imaging (fMRI) is the most famous 

system to consider the practical enactment examples of the 

mind. The fMRI information is four-dimensional, made from 

3D cerebrum pictures after some time. Each voxel of the 3D 

cerebrum volume is related with a period arrangement of flag 

power esteems. This investigation planned to distinguish the 

voxels from time-arrangement fMRI information that show 

high utilitarian enactment amid an undertaking.
14 

Specialists 

regularly depict schizophrenia as a sort of psychosis. This 

implies the individual may not generally have the capacity to 

recognize their own musings and thoughts from the real 

world.
13 

In other words, Schizophrenia is an extreme mental 

confusion, portrayed by significant interruptions in 

considering, influencing language, recognition, and the 

feeling of self. It regularly incorporates insane encounters, for 

example, hearing voices or hallucinations. It can debilitate 

working through the loss of an obtained capacity to procure a 

job, or the disturbance of studies.  

People with schizophrenia range issue represent more than 1 

out of 10 suicide passing’s, will in general be more youthful, 

more unfortunate, urban, more clinically perplexing, and have 
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 higher rates of psychological wellness administration contact 

before death.
15. Recent studies show both yoga and care 

mediations seem, by all accounts, to be helpful as an aide in 

the treatment of SMI which includes schizophrenia, major 

depressive disorder (MDD), and bipolar disorder (BD). 

Studies have appeared in the psychopathology, nervousness, 

discernment, and working of patients with schizophrenia.
5 

II. ONSET OF SCHIZOPHRENIA 

Schizophrenia can influence individuals all through the life 

expectancy albeit new cases of the ailment are well on the way 

to happen in early adulthood. It is generally uncommon for 

youngsters and more seasoned grown-ups to create 

schizophrenia, yet it happens. More ordinarily the (rate of 

analysis) of new instances of schizophrenia increments in the 

adolescent years, achieving a pinnacle of defenselessness 

between the ages of 16 and 25 years. People show distinctive 

examples of defenselessness for creating schizophrenic side 

effects. Male achieve a solitary pinnacle of defenselessness 

for creating schizophrenia between the ages of 18 and 25 

years. Interestingly, female powerlessness crests twice; first 

somewhere in the range of 25 and 30 years, and after that 

again around 40 years old.
16 

Schizophrenia commonly starts 

in late immaturity or early adulthood. There are successful 

medicines for schizophrenia and individuals influenced by it 

can have a beneficial existence and be coordinated in the 

public arena.
17

 

III. SYMPTOMS OF SCHIZOPHRENIA 

A. Hallucinations 

Hallucinations are the place somebody sees, hears, scents, 

tastes or feels things that don't exist outside their brain. The 

most widely recognized is hearing voices. They are genuine to 

the individual encountering them, even though individuals 

around them can't hear the voices or experience the 

sensations. Research utilizing mind examining gear indicates 

changes in the discourse zone in the cerebrums of individuals 

with schizophrenia when they hear voices. These 

investigations demonstrate the experience of hearing voices 

as a genuine one, as though the cerebrum botches musings for 

genuine voices. A few people portray the voices they hear as 

agreeable and charming, yet more regularly they're 

discourteous, basic, oppressive or irritating. The voices may 

depict exercises occurring, examine the listener's musings and 

conduct, give guidelines, or talk straightforwardly to the 

individual. Voices may originate from better places or one 

spot specifically, for example, the TV.
13
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B. Delusions 

A daydream is a conviction held with complete conviction, 

even though it depends on a mixed up, abnormal or 

implausible view. It might influence the way the individual 

carries on. Dreams can start suddenly or may create over 

weeks or months.  A few people build up a whimsical plan to 

clarify a mind flight they're having. For instance, on the off 

chance that they have heard voices portraying their activities, 

they may have a hallucination that somebody is checking their 

activities.  Somebody encountering a neurotic daydream may 

accept they're being irritated or abused. They may accept 

they're being pursued, pursued, viewed, plotted against or 

harmed, regularly by a relative or companion.
13

 

 

 
Fig1.  The regular use of medicine, yoga and communication can treat the anxiety in person 

 

C. Suicide risk 

Almost 1% of the populace announced high self-destructive 

hazard. The pervasiveness of high self-destructive hazard was 

more in the 40-49 age gathering (1.19%), among females 

(1.14%) and in those dwelling in urban metros (1.71%). 

While half of this gathering detailing self-destructive hazard 

had co-happening psychological instability, the other half did 

not report any co-grim mental confusion. Logistic regression 

examinations demonstrated that sexual maltreatment was an 

extraordinary indicator of lifetime suicide endeavours, and 

that physical disregard and gloom were one of a kind indicator 

of current self-destructive ideation. These discoveries show 

that patients with schizophrenia who have encountered youth 

injury (CT) might be at expanded hazard for suicide
12

 

IV. MEDICATION 

Some of the medication prescribed by doctors are: 

1. Aripiprazole - Tablets contains the active substance 

aripiprazole and belongs to the group of medicines 

called antipsychotics. It is used to treat adults and 

adolescents aged 15yrs symptoms such as hearing, 

seeing or sensing things which are not there, 

suspiciousness, mistaken beliefs, incoherent speech 

and behaviour and emotional flatness. People with 

this condition may also feel depressed, guilty, 

anxious or tense. 

2. Sertraline – It contains the active ingredient 

sertraline. Sertraline is one of group of medicines 

called Selective Serotonin Re-uptake inhibitors 

(SSRIs); these medicines are used to treat depression 

and or anxiety disorders. 

It can be used to treat: 

 Depression and prevention of recurrence of 

depression (in adults). 

 Social anxiety disorders in adult. 

 Post traumatic disorder 

 Panic Disorder 

 Obsessive compulsive disorder 

3. Risperidone – It contains the dynamic substance 

risperidone. It has a place with a gathering of drugs 

called 'enemies of psychotics'. 

It is used to treat the following: 

 Schizophrenia, where you may see, hear or 

feel things that are not there, trust things 

that are not valid or feel abnormally 

suspicious, or befuddled.  

 Mania, where you may feel energized, elated, 

fomented, energetic or hyperactive. 

V. SIDE EFFECTS OF MEDICATION 

Some people faced different side effects related to medicine. 

Antagonistic skin responses are a critical sort of unfavourable 

medication responses which have been accounted for with a 

wide assortment of psychotropics including both normal and 

atypical antipsychotics. Like normal antipsychotics, atypical 

antipsychotics, for example, olanzapine, risperidone, and 

paliperidone have been archived to cause skin responses. 

Reports of aripiprazole-instigated skin responses are meagre. 

An instance of skin rash that created subsequent to beginning 

aripiprazole in a male patient experiencing schizophrenia and 

which was transmitted after the medication was halted.
9  
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Risperidone can also result in increase of prolactin level 

where patient level was increased up to 3005 mIU/L and it 

affects her menstrual cycle, but by stopping risperidone made 

the prolactin level down to normal. 

 

 

Medicine Type Dose Side effects How to stop How long it 

takes to 

work 
Risperidone Tablets, liquid 4-6mg a day Stiff muscles, 

sexual 

problems, 

weight gain 

Gently over 

several month 

There may be 

an effect in 

few days. 

Aripiprazole Tablets, liquid 10-30mg Feeling 

sleepy, stiff 

muscles 

Gently over 

several month 
There may be 

an effect in 

few weeks. 
Paliperidone Tablets 6mg Stiff muscles, 

sexual 

problems, 

weight gain, 

dry mouth 

Gently over 

several month 
There may be 

an effect in 

few weeks. 

Olanzapine Tablets 10-20mg Stiff muscles, 

sexual 

problems, 

weight gain, 

dry mouth 

Gently over 

several month 
There may be 

an effect in 

few days. 

Table1.  Comparison of medicines with side effects 

VI. AWARENESS OF MENTAL DISORDER FROM 

LEADING NEWSPAPERS 

 

 

 

Fig2 Graph showing awareness of Schizophrenia from Times of India articles. 

 

About 660 articles were obtained from 2017-2019 for mental 

health awareness and About 600 articles related to awareness 

of Schizophrenia from 2016-2019. In Delhi, capital of India 

about 60 articles were found related to awareness of 

schizophrenia whereas only three articles were being filtered 

out with keywords ‘Schizophrenia’ from year 2017. 
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VII. ROLE OF YOGA 

Asanas and pranayama are the most regularly contemplated 

types of yoga for schizophrenia. These examinations found a 

decrease all in all psychopathology appraisals and an 

improvement in perception and working. A few examinations 

additionally discovered unassuming advantages in negative 

and positive manifestations. Care has not been broadly 

attempted, yet the accessible proof has appeared in improving 

crazy manifestations, improving dimension of working, and 

influence guideline. 
7
 The Laughter Yoga (LY) assemble had 

factually more noteworthy abatements in gloom and upgrades 

in psychological wellness related personal satisfaction.
6 

The 

normal routine with regards to Yoga can be considered as a 

viable intercession in improving physical (diminishes pulse, 

circulatory strain, blood glucose, oxidative harm, exhaustion, 

shortcoming, dread of fall, and improve pulse fluctuation, 

baroreflex affectability, insulin affectability, physical 

capacities, portability, adaptability, and urinary 

incontinence), mental (lessens misery, uneasiness), passionate 

(decreases outrage, stress, pressure and improve 

self-adequacy), social (improve life fulfilment), and essential 

(improved imperativeness) planes of old people, offering a 

superior nature of rest and personal satisfaction.
 5
 

VIII. BURDEN ON CAREGIVERS 

Burden alludes to the nearness of issue, troubles or 

unfavourable occasions, which influence the lives of people 

who are essential guardians. Different parts of burden tended 

to are budgetary, social segregation, limitation of 

social/recreation movement and impact on soundness of 

others 
10

 

Parental figures of relatives with schizophrenia and early 

psychosis experience huge pressure and psychosocial load. 

To enable them to adapt to trouble, network bolster 

administrations ought to be fortified. In addition, long-acting 

injectable antipsychotics merit considering reducing guardian 

trouble because of sick relatives' prescription consistence 

issues.
 4
 

IX. CASE OF PATIENT SUFFERING FROM 

SCHIZOPHRENIA 

One of the cases of patient in age between 30-40 yrs. old is 

suffering from schizophrenia, before visiting to doctor, she 

used to hear sound and feels to suicide, and felt she was 

followed by someone ghost or spirit and have no controlled on 

her body. She is unemployed, unmarried and belongs to 

middle class family. Doctor diagnosed her with 

Schizophrenia, and now she is taking medication mainly 

Sertraline and Aripiprazole, with less side effects. Now she 

doesn’t hear any voices and is doing research independently. 

X. DISCUSSION 

The hazard for schizophrenia at the urban condition was 

assessed to be 2.37 occasions higher than in the country 

environment. Neighbourhood, social discontinuity and 

hardship and different contrasts between life in urban 

communities and provincial territories have been found to 

clarify better the relationship of urban city with psychosis.
8
 

The weighted pervasiveness crosswise over demonstrative 

classifications in urban metros was higher than in country and 

urban non-metro regions (with under 10 million populace).
11

 

As far back as the early fundamental investigations of Farris 

and Dunham in the United States and Hare in the United 

Kingdom, demonstrating that the rate of schizophrenia was 

higher in the focuses of urbanized zones, the city has been the 

subject of progressively advanced examination into the 

geological variety of schizophrenia, as far as both urban– 

provincial correlations and inside city, neighbourhood-related 

variety 
3 

Numerous components have been talked about as 

conceivable go between of this affiliation, most analysts 

support the speculation that urban living stands as an 

intermediary for an expanded presentation to social pressure. 

This factor has been perceived as a standout amongst the most 

dominant reasons for the improvement of mental issue, and 

seems to correspond with the extraordinarily expanded 

occurrence of schizophrenia in urban minority gatherings 
2
 

Information from the NMHS uncovers that psychological 

disarranges were essentially higher in family units with lesser 

salary, poor instruction and constrained business. These 

people have a more prominent weakness to mental 

disarranges directed by unfriendly social and monetary 

determinants of wellbeing.  

These elements additionally limit their entrance to and their 

usage of emotional well-being administrations. Our 

investigation demonstrated that the middle out of - stash 

consumption every month was around 1000 to 1500 rupees 

and subjective meetings uncovered this is a major test. 

Without state or protection inclusion for most families, an 

expansive extent of instalments for treatment are out-of-stash 

costs.
11

 

To overcome the cost of medicine, there is proof that oxygen 

consuming, and quality activities and yoga decrease mental 

side effects, state uneasiness, and mental misery and improve 

wellbeing related personal satisfaction, that high-impact 

practice improves momentary memory, and that dynamic 

muscle unwinding diminishes state nervousness and mental 

pain.
1
 

XI. CONCLUSION 

Urban areas are at more risk than rural areas for  

people suffering with Schizophrenia. Yoga plays an important 

role in treating depression without any side- effects caused by 

medication. It could be a simple and minimal effort technique 

for constraining the negative wellbeing impacts.  

REFERENCES 

1. Vancampfort D, Probst M, Helvik Skjaerven L, Catalán-Matamoros D, 

Lundvik-Gyllensten A, Gómez-Conesa A, et al. Systematic review of 

the benefits of physical therapy within a multidisciplinary care 

approach for people with schizophrenia. Phys Ther. 2012 

Jan;92(1):11–23 

2. Lederbogen F, Haddad L, Meyer-Lindenberg A. Urban social 

stress--risk factor for mental disorders. The case of schizophrenia. 

Environ Pollut. 2013 Dec; 183:2–6. 

3. Krabbendam L, van Os J. Schizophrenia and urbanicity: a major 

environmental influence--conditional on genetic risk. Schizophr Bull. 

2005 Oct;31(4):795–9. 

 

 

 

 

 

 

 

Page 2427 of 3066Page 2427 of 3066



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-8 Issue-10, August 2019 

1340 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number I8404078919/2019©BEIESP 

DOI: 10.35940/ijitee.I8404.0881019 

4. Wan K-F, Wong MMC. Stress and burden faced by family caregivers 

of people with schizophrenia and early psychosis in Hong Kong. Intern 

Med J. 2019 Mar;49 Suppl 1:9–15. 

5. Mooventhan A, Nivethitha L. Evidence based effects of yoga practice 

on various health related problems of elderly people: A review. J 

Bodyw Mov Ther. 2017 Oct;21(4):1028–32. 

6. Bressington D, Mui J, Yu C, Leung SF, Cheung K, Wu CST, et al. 

Feasibility of a group-based laughter yoga intervention as an 

adjunctive treatment for residual symptoms of depression, anxiety and 

stress in people with depression. J Affect Disord. 2019 Apr 

1;248:42–51. 

7. Sathyanarayanan G, Vengadavaradan A, Bharadwaj B. Role of yoga 

and mindfulness in severe mental illnesses: A narrative review. Int J 

Yoga. 2019 Apr;12(1):3–28. 

8. Rode S, Salankar H, Verma P, Sinha U, Ajagallay R. 

Pharmacoepidemiological survey of schizophrenia in Central India. Int 

J Res Med Sci. 2014;2(3):1058 

9. Nath S, Rehman S, Kalita KN, Baruah A. Aripiprazole-induced skin 

rash. Ind Psychiatry J. 2016 Dec;25(2):225–7 

10. Avasthi, Ajit & Singh, Gagandeep. (2004). Schizophrenia Research: 

Indian Scene in  Last Decade. Indian journal of psychiatry. 46. 115-24. 

11. http://indianmhs.nimhans.ac.in/Docs/Summary.pdf [Internet]. [cited 

2019 Mar 29]. Available from: 

http://indianmhs.nimhans.ac.in/Docs/Summary.pdf 

12. Mohammadzadeh A, Azadi S, King S, Khosravani V, Sharifi Bastan F. 

Childhood trauma and the likelihood of increased suicidal risk in 

schizophrenia. Psychiatry Res. 2019 Mar 14;275:100–7. 

13. Schizophrenia - NHS [Internet]. [cited 2019 Mar 29]. Available from: 

https://www.nhs.uk/conditions/Schizophrenia/ 

14. Chatterjee I. Mean deviation based identification of activated voxels 

from time-series fMRI data of schizophrenia patients. [version 2; peer 

review: 2 approved]. F1000Res. 2018 Oct 8;7:1615. 

15. Zaheer J, Jacob B, de Oliveira C, Rudoler D, Juda A, Kurdyak P. 

Service utilization and suicide among people with schizophrenia 

spectrum disorders. Schizophr Res. 2018 Dec;202:347–53 

16. Schizophrenia Symptoms, Patterns and Statistics and Patterns 

[Internet]. [cited 2019 Mar 29]. Available from: 

https://www.mentalhelp.net/articles/schizophrenia-symptoms-patterns

-and-statistics-and-patterns. 

17. WHO | Schizophrenia [Internet] [cited 2019 Mar 29] Available from: 

https://www.who.int/mental_health/management/schizophrenia/en 

   

AUTHORS PROFILE 

Sonia Singla has done MSc in Biotechnology 

from Bangalore University, India and MSc in 

Bioinformatics from University of Leicester, 

U.K, she has published her first research paper 

in IJPBS on Impact of Diwali firecrackers on 

air quality in India and its effect on the health. 

http://dx.doi.org/10.22376/ijpbs.2019.10.2.b155-169  

second in IJITEE on Current status and data analysis of diabetes in India and 

have four papers under consideration. Is interested in Data analysis, 

Bioinformatics and research related to health science and web development. 

Currently doing internship in CSIR-CDRI under Dr Sukant Khurana.  

She can be contacted on email-  ssoniyaster@gmail.com 

 

Aswath S, B.Tech. Computer Science Student  

at PES University, Bangalore, India. He 

worked as an Associate Data Scientist at 

MinionLabs. As a Machine learning and NLP 

enthusiast, he loves coding and firmly believes 

that Deep Learning and Computer Vision will 

change the way “We live our life” and 

revolutionize it for the betterment of humans. 

He has also done a Machine Learning and a 

Data Science Internship at CSIR_CDRI under 

DR. Sukant Khurana. He worked on Enhancing 

the default Spark Scheduler and proved to achieve desirable results by 

exploiting four algorithms. He can be reached at aswath.senthil@gmail.com.   

 

 

Dhirendra Kumar, has done B.Sc., 

Biotechnology (Honours) 2006, from 

Samastipur College, LNMU, M. Sc., 

Biotechnology 2009, from A.N. College, 

Magadh University, and PhD 

Biotechnology, 2018 from Magadh 

University. 

His current research focus is - 

(i) Rapid Molecular Diagnosis of enteric 

pathogens and toxigenic species of 

Corynebacterium in the field or outbreaks 

investigation. 

(ii) Phenotypic and Genotypic antibiotics profiling of multidrug resistant 

(MDR) enteric pathogens and Corynebacterium species. 

 He has two publication as first author and eight as contributing author in 

highly reputed journal including Nature and PNAS and two are under 

review. Contact –  dhiru.kumar7@gmail.com 

 

Satish Thatavarti,  is currently working as an 

Assistant Professor in Computer Science & 

Engineering, Aditya Engineering College and 

Technology , surampalem, Andhra Pradesh 

India. His research interests include Big Data, 

Cloud Computing and IoT. He has 10 years of 

Experience in teaching and Two years in 

Industry. He received M. Tech degree in 2011 

and Submit Thesis Ph.D. in GITAM 

University, Visakhapatnam. He can be 

Contacted at  - satish5813@gmail.com 

 

 

 

Veeramalai, G., is doing PhD in 

Mathematics from Periyar University, 

Salem. He has previously done M.Phil in 

Mathematics from Bishop Heber 

college-Trichy/Bharathidasam 

University-Trichy. He is currently 

working in M.Kumarasamy college of 

Engineering, Karur. His objective is to  

achieve success in all paths, through 

continual learning with determination to 

pursue and achieve the heights of Teaching 

Profession. 

He can be contacted on email- 

veeramusiri@gmail.com 

 

 

 

 

Page 2428 of 3066Page 2428 of 3066

http://indianmhs.nimhans.ac.in/Docs/Summary.pdf
https://www.nhs.uk/conditions/Schizophrenia/
https://www.mentalhelp.net/articles/schizophrenia-symptoms-patterns-and-statistics-and-patterns
https://www.mentalhelp.net/articles/schizophrenia-symptoms-patterns-and-statistics-and-patterns
http://dx.doi.org/10.22376/ijpbs.2019.10.2.b155-169
mailto:ssoniyaster@gmail.com
mailto:dhiru.kumar7@gmail.com
mailto:veeramusiri@gmail.com


A Study on the English Language Competency  
of the First Year Tamil Medium  

Engineering Students
S. Subha1, K. Abirami2*, M. Ambikavathy 3, D. Eswaran4 and K. Manikandan4

1Department of Science and Humanities, M Kumarasamy College of Engineering, Thalavapalayam –  
639113, Tamil Nadu, India; subhaprasath2012@gmail.com

2Department of English, Srinivasa Ramanujan Centre, SASTRA deemed University, Kumbakonam -  
612001, Tamil Nadu, India; abirami@src.sastra.edu

3Department of English, Periyar University College of Arts and Science, Dharmapuri –  
636905, Tamil Nadu, India; visit.ambika@gmail.com

4Department of English, Madurai Kamaraj University Constituent College, Sattur – 626203,  
Tamil Nadu, India; joeswar1984@gmail.com, manikprofessor@gmail.com 

Abstract
Objectives: The study aims to develop the language (communicative) competency of the selected students with the help 
of activity based language learning strategy. Methods/Statistical Analysis: A sample of 75 students from engineering 
stream, who had Tamil as their medium of instruction in higher secondary education was taken for the study. A pre-test 
has been done to identify the issues and the affective factors of language competency among the target population. Tasks 
are then designed in order to improve the language competency of the selected students based on their needs and also the 
tasks are designed in order to decrease the level of the affective factors. After the implementation of the tasks, a post-test 
questionnaire is administered and the effect of the tasks on improving the language competency of the entry level Tamil 
medium engineering students is analyzed. Findings: Based on the performance of the learners in the activities provided 
such as mini presentation and group discussion, it has been found that the activity based teaching is appropriate for the 
target learners. As the learners are from Tamil medium they face challenges in using the second language. The researcher 
found that the level of competency of the learners is not satisfactory. The researchers have designed that activities based 
on the competency level of the learners in the entry-test. Finally, the researcher has found that the activity based teaching 
has enhanced the performance of the level of the learners in the exit-test. Application/Improvements: The study can be 
applied to improve English language skills of students of any other regional language.

1. Introduction
The higher secondary exam on English remains a 
challenge for many regional language students at their 
board examination. English language teachers have 
the responsibility of assisting the learners in enriching 
their communicative abilities1, 2 Once they complete the 
exam they think they are free from language tensions on 

writing and speaking, where listening and reading have 
a minor role to play in day – to- day life. But the case is 
different. They do not realize that they studied language 
as a subject at their school whereas in colleges, at tertiary 
level, language takes many forms of realia. Scoring mark 
is not the target but to achieve success in productive skills 
and communication is the goal. Even though many Tamil 
medium students join Anna University Engineering 
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courses, most of them struggle to understand and get 
through the exams without piling arrears. There were 
no courses available for the learners who enter the 
engineering colleges to bridge their gap between school 
and college education which makes the learning more 
complex. The present scenario professional engineers 
certainly need effective and impressive communication 
skills. It is in this background; this study has been 
undertaken to enhance the language competency of the 
Tamil medium engineering students. In 3, 4 noted errors 
function as important links for teachers and students. She 
says that currently language learning process is considered 
as a creative construction process. Errors are a vital source 
of information in the language teaching process since 
they provide information about the language learning by 
indicating the learner’s innate strategies of learning, she 
added.

2. Method of Study
The present study on engineering students who are from 
regional medium stresses that language is more important 
than they think of its role and have made an analysis 
through questionnaire method. 3Engineers need to be 
able to communicate their thoughts, ideas and plans to 
many other specialists in many different fields. Therefore, 
communication skills are crucial for engineering students 
to ensure a secure placement and a comfortable life. 
The conducted activities are done through Task Based 
teaching method. An entry- test and exit- test was also 
conducted.

A sample of 75 students from engineering stream, 
who had Tamil as their medium of instruction in 
higher secondary education was taken for the study. An 
Entry-test questionnaire had been administered to find 
the factors affecting the language competency of the 
learners. Tasks were then designed to reduce the level of 
affective factors. An Exit test questionnaire was given to 
evaluate the impact of activities provided to identify their 
communication competency of the target students. The 
tools used are Digital Language Lab and Language Verbal 
Test. Data was analyzed with the help of ‘t’-test.

2.1 Entry -Test
An Entry test was designed with a view of assessing the 
level of language competency and the problems. The 
general aim of the entry test was prescribed as testing 

the language competency of the learners. To assess their 
standard as ESL learners, the following specific objectives 
of entry test were taken into account:
•	 To observe how far the learners are focused in listen-

ing to English

•	 To observe the learner’s oral communication level

•	 To recognize the repeated flaws in their English lan-
guage speaking and writing.

•	 To examine their level of competency in writing.

•	 To evaluate the communicative ability of the learners.

•	 To interpret the unique language needs of the learners.

•	 The entry test had the following points in the forms 
of questioners focusing at achieving the afore-men-
tioned objectives:

•	 The learners were instructed to converse among the 
peers on a given role-play activity.

•	 To verify their writing, questions were provided 
requiring for their relevant answers.

•	 To investigate their level and their challenges in com-
munication, six questions were posed. With the help 
this task, their verbal proficiency was evaluated and 
the least proficient skills were identified.

•	 This task was designed to induce the learners to pro-
vide descriptive answers.

2.1.1  Factors that Affect the Learner’s 
Competency

From the Entry-Test Questionnaire and from the previous 
studies, following are the factors that are identified to 
affect the language competency of the entry level Tamil 
medium students: 

1. Social and financial status, family background and 
personality traits were identified as significant factors 
affecting the language competency of the students selected 
for the research. 

2. Learning methods such as habits, approaches, styles 
and effectiveness of the learners greatly affected the level 
of competency of the learners.

3. The performance of individuals pursuing Engineering 
course is predominantly influenced by the medium of 
study at school.
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4. Learners’ interest in classroom activities, 
communication apprehension, their confidence level, 
views about the language classroom, instructor and the 
curriculum.

5. Response from the felicitator plays a significant role in 
enabling effective learning for effective learning. It can be 
observed as a “consequence” of the learner’s performance 
that the felicitator can monitor.

6. Quick expressions, unaccustomed pronunciation and 
differing speed of delivering the content by the instructor. 

2.1.2 Planning Activities 
To minimize the identified factors affecting 
communication the following activities were planned and 
executed.

1. Digitalized Communication Lab:

1.1  Listen and Reproduce: Learners will be allowed 
to listen to a short passage spoken by a native 
speaker and are asked to reproduce it.

1.2  Oral Communication practice: 

  Learners were asked to read an article or a 
magazine. The felicitator will instruct the learners 
to interpret the given text and discuss among the 
peers. The felicitator would observe the learner’s 
performance in the activity.

1.1 Group Discussion and mini presentation: 

The learners would be asked to share their views on 
the topic provided and the peers are instructed to work in 
groups or individually based on their interest. Finally, the 
learners were allowed to prepare a report on their activity.

2.2 Exit- Test
After the execution of the planned activities an evaluation 
was done to identify the progress of their communicative 
competence. The questioners used were different for each 
learner to avoid repetition of responses the main focus of 
the exit test is as follows:

•	 To analyze the feasibility of participation among the 
learners.

•	 To ascertain the extent of involvement and readiness 
expressed by the learners in becoming more compe-
tent.

3. Results and Discussion
The learners, who felt shy during their entry test felt at ease 
after the execution of activity based teaching focusing on 
four language skills. Peer learning helps the learners to 
get more involved in the activities. Activities conducted 
using Digitalized Language Lab promotes a better leaning 
environment, thereby providing opportunities for every 
learner to exhibit their language ability and in becoming 
more competent. In argues that desire to communicate 
and sensitivity to the out- group are its two fundamental 
types, the presence of which can considerably influence 
the level of success in language learning.

4. Conclusion
The researcher identified that the learners must avoid 
mother tongue influence in their communication 
through constant exposure to native language user such as 
listening to native speakers and having conversation. The 
level of anxiety among the Tamil medium learners can be 
reduced through informal classroom activities like self-
introduction, introducing others, product launch, etc... 
Digitalized Language Lab provides the ample resources 
thereby assisting every individual to develop their level of 
competency in communication.
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Abstract 

In number theory study of polygonal numbers vary in richness and variety. Also the study 

of continued fractions is a fast developing field. Here in this study an attempt has been made to 

represent ratios of polygonal numbers with triangular number, square number, pentagonal 

number, hexagonal number as basis. 

Notations: 

1. -,,,,, 3210 nppppp  continued fraction expansion 

2.  -,3 np  triangular number 

3.  -,4 np  square number 

4.  -,5 np pentagonal number 

5.  -,6 np hexagonal number 

6.  -, nmp polygonal number of order and rank ‘m’ and rang ‘n’ 
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1. Introduction 

The theory of numbers has always involved an extraordinary position in 

the world of mathematics. This is because of the unchallenged verifiable 

significance of the subject: it is one of only a handful couple of orders having 

certifiable outcomes which originate before the general thought of a 

university or an academy. Almost consistently since old style relic has seen 

new and captivating revelations identifying with the properties of numbers. 

Number theory is a wide subject with many strong connections with different 

parts of science. Our craving is to show a fair perspective on the zone. 

Each subspecialty has a character interestingly its own, which we have 

tried to depict precisely. 

The Pythagoreans additionally connected numbers with geometry. They 

presented the possibility of polygonal numbers: triangular numbers, square 

numbers, pentagonal numbers, and so on. The purpose behind this 

geometrical terminology is clear when the numbers are spoken to by dots 

arranged in the form of triangles, squares, pentagons, hexagons and so on. 

Here in this study an endeavor has been made to present to ratios of 

polygonal numbers with triangular number, square number, pentagonal 

number, hexagonal number as basis. If is the number of sides in a polygon, 

the formula for ‘m’-gonal number with rank ‘n’ is 
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Case (iv) Take 64  km  
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2. Remark 

It is worth mentioning that, depending on the base considered, the 

number of patterns followed is lesser by 2 to the order of the polygonal 

number. 

3. Conclusion 

In this paper, expression of ratios of polygonal numbers as continued 

fractions with triangular number, square number, pentagonal number, 

hexagonal number as basis are considered. Similarly, the other kinds of ratios 

of polygonal numbers and centered polygonal numbers may be studied in 

detail. The study can also be extended to higher dimensional figurate 

numbers.  
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Abstract 

In this paper, we introduced the new PGM to find out the optimum solution of a 

Transportation method. The most impressive feature of this method is that it requires very 

simple statistical calculation, which compared to the MODI Method. In L.P.Ps the 

Transportation Problem is one of the subclass. The objective is to satisfy the minimum 

transportation cost for the given constraints. The developed algorithms with some numerical 

illustrations are discussed in this article. 

1. Introduction 

Transportation plays a vital role in our economy as well as in legislative 

decision making. The fundamental transportation problem was mainly 

urbanized by F. L. Hitchcock (1941) [1] in his study on the topic “the 

distribution of a product from several sources to numerous location”. In 1947, 

T.C. Koopmans independently established a study on “optimum utilization of 

the transportation system”. The LP formulation and the associated 

systematic procedure for solution were given by George B. Dantzig (1951) [2]. 

Many implements of its model and methods have subsequently been 

extended. 

In the past few year Sudhaker et al. [3] and Abdual Quddoos et al. [4] 

implemented two different methods in 2012 respectively, for finding an 

optimal solution. In 1954 Charnes and Copper [5] was developed Stepping 
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Stone method on “The Simplex method is not suitable for the Transportation 

problem especially for large scale transportation problem due to its special 

structure of model”.  

Now days the researchers recently focus on many different methods that 

provide a betterment for transportation problem. Urvashikumari D.Patel et 

al. [6] established “Transportation Problem using Stepping Stone Method and 

its Application. And also Neetu M. Sharma et al. [7] cope with “An alternative 

method to north west corner method for solving transportation problem 

which is totally new concept. A. Amaravathy et al. [8], Reena G. Patel et al. 

[9, 10] and Sushma Duraphe et al. [11] implemented the method is very 

helpful by solving less iterations and also required minimum time period for 

getting optimal solution. 

2. Material and Methods 

In this article we proposed a new concept for solving TP in easiest 

manner. The geometric mean of a series of n positive observations is defined 

as the nth root of their Product. 

  .,,

1

1

1
21

nn

i

i
n

n XxxxGM













 



  

2.1. Algorithm for PGM 

Step 1: Determine whether the transportation problem is balanced or 

not. If it is balanced then proceed further step. 

Step 2: Obtain the Geometric Mean for each row and column by using the 

corresponding principle. 

Step3: Choose the highest value from step 2 and allot the min (supply or 

demand) at the place of minimum value of corresponding row or column. 

Step4: Reiterate step 2 and step 3 till the demands or supplies become 

zero. 

Step 5: Total minimum cost is estimated as sum of the product of cost 

and its subsequent allocated values of supply/demand. 
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3. Calculation 

Example 3.1. Illustrate the following cost minimizing transportation 

problem with three origins and four destinations 

 

1D  2D  3D  4D  Supply 

1S  2 3 11 7 6 

2S  1 0 6 1 1 

3S  5 8 15 9 10 

Demand 7 5 3 2 17 

Solution: 

The above mentioned transportation table is balanced, therefore it exist a 

IBFS to PGM method. 

 

 

1D  2D  3D  4D   Supply 

    

1S  
2 

3          

          2 

11 

     2 

7 

    2 
6 , 4, 2 

 

(4.64) (4.64) (3.48) (2.45) 

2S  
1 0 

6 

      1 
1 1 

0 ** ** ** 

3S   

5 

    7 

8 

        3 
15 9 10,3 

(4.64) (4.64) (4.64) (4.64) 

Demand 
7 5, 2 3, 2 2 17 

    

 

(3.98) (2.88) (9.97) (3.98) 

     

 

(3.16) (4.90) (12.85) (7.94) 

     

 

(3.16) (4.90) ** (7.94) 

     

 

(3.16) (4.90) ** ** 
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 The number of non-negative independent allocated cell is 

.61431  nm  

The Transportation cost is 

/1073875162721123 Z  

Table 3.1. Comparison of the numerical result. 

  

 

 

 

 

     

 

 

Example 3.2. Illustrate 

  1D  2D  3D  4D   Supply 

1S  13 11 14 40 2 

2S  17 14 12 13 6 

3S   18 18 15 12 7 

Demand 3 3 4 5 15 

Solution: 

The above mentioned transportation table is balanced, therefore it exist a 

IBFS to PGM method problem. 

Method Example 3.1 

Proposed Geometric Mean 107 

North West Corner Method 116 

Least Cost Method 112 

VAM 102 

MODI-Method 107 
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The number of non-negative independent allocated cell is 

.61431  nm  

The Transportation cost is 

 /199512215212314117213Z  

 

 

 

 

 

 

  1D  2D  3D  4D   Supply 

      

1S  

13 

      2 
11   14 40 2 (17.1)  (12.9) **  **  **  **  

2S  

17 

     1 

14 

     3 

12 

    2 
13 6, 5 (13.9) (14.2) (14.2)  (14.2) (12.9)   (12) 

3S   
18 18 

15 

     2 

12 

     5 
7, 2 (15.5)  (16.9) **  **  **  **  

Demand 
3, 1 3 4, 2 5 15 

      

 

(15.8) (14.1) (13.9) (18.4) 

       

 

(15.8)  (14.1)  (13.9) ** 

       

 

(14.9) (12.4)  (13.4) ** 

       

 

(17) (14) (12) ** 

       

 

** (14) (12) ** 

       

 

** ** (12) ** 
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Table 3.2. Comparison of the Numerical Results. 

 

 

  

 

 

 

 

 

4. Results and Discussion 

The Numerical results of the problem have been obtained in the previous 

section. In order to highlight the result of IBFS the following methods have 

been showcased Northwest corner Rule, Least cost method, Vogel’s 

Approximation method and the optimal solution is found through MODI 

Method. The result of Transportation cost, PGM and MODI method is same. 

Without Finding IBFS for obtaining the optimal solution, we can directly use 

Proposed Geometric Mean Method. 

5. Conclusion 

In this article, we implemented the algorithm for less iterations and 

getting minimum optimal solution. And also we have described the 

comparison results for various methods of TPM and PGM is same as MODI’s 

method in Table 3.1 and Table 3.2. Finally, we conclude that the PGM is 

important Geometrical tool for the decision makers when they are handling 

the variety of logistic problems. 
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Abstract-- In number theory, study of number sequences is an enthusiastic area. Among these the 
sequence of polygonal numbers gives a unique richness in is applicability. Polygonal numbers which have 
both order, rank of are of various dimensions. Here, the study is only on two dimensional figurate 
numbers. Here the ratios of polygonal numbers are studied as continued fractions. In this paper different 
types of properties and characteristics of sequence of continued fraction which represent ratios of 
polygonal number of same rank are discussed. As any polygonal can be sub divided into smaller squares, 
square numbers have been taken as base here. Based upon on this study the nature and periodicity of the 
general sequence can be studied in detail. 
Keywords: continued fraction, polygonal number, bands, triangular number, square number pentagonal 
number, hexagonal number, heptagonal number. 
Notations: 
      1.   〈��, ��, ��, ��, … . , ��〉 –   Continued   fraction expansion 
2.   
�,�   -    Pentagonal number 
3.   
�,�   -   Hexagonal number 
4.   
,�  -    Heptagonal number  
AMS   Classification: 11A55 

  

1. Introduction  
One of the most seasoned and liveliest parts of arithmetic, number hypothesis is noted for its 
hypothetical profundity and applications to different fields, including spoke to hypothesis, material 
science and cryptography. The front line of number hypothesis is loaded with complex and well known 
open issues, at its establishment, anyway are essential, basic thoughts that can invigorate and challenge 
starting understudies. Results from number hypothesis have endless applications in science just as in 
commonsense applications including security, the board, validation, coding hypothesis and so forth. 

Most know the Greek Mathematician Diophantos for the prithmetica one of the soonest original works in 
variable based math and without a doubt, arithmetic by and large. However the Greek's achieve stretched 
out past that field and into a part of math that has interested scholars for a long time following – 
polygonal numbers. He gave a full treatise to the subject, his polygonal numbers, and a work that made 
due in fractional structure to our advanced age. 

Polygonal number is accumulation of focuses, beginning with are that can be framed together to make a 
shape that is arched, symmetrical, ordinarily known as a customary polygon.  

A polygonal number is a type of figurate number that is generalization of triangular, square, pentagon 
and hexagon etc…. The general ′�� −gonal number of rank ′�� is represented as, 

                                                                     
�,� =
�

�
�[(� − 2)� − (� − 4)]  
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A. Continued Fraction 

     An expression of the form 

�

�
= �� +

��

�� +
��

�� +
��

�� +
��
⋱

 

 
    where  ��, ��  are real or complex numbers is called a continued fraction. 

 
B. 1.2 Simple Continued Fraction: 

     An expression of the form 

�

�
= �� +

1

�� +
1

�� +
1

�� +
1
⋱

 

 
where �� = 1, ∀�  and  ��, ��, ��,… are  each positive integers also represents a simple continued 
fraction. 

 

C. 1.3 The Continued Fraction algorithm: 

       

This algorithm can be used to find the continued fraction expansion of any real number.  

 Let �  be any real number. Choose �� = �  and set  �� = �� ,  

 Define    �� =
�

���[��]
     and set   �� = [��]  

 �� =
�

���[��]
 , which   implies that   �� = [��] ,…, �!  =  

�

�"#��[�"#�]
  , which implies that �! = [�!],…, 

              

This process is continued infinitely or to some finite stage till an�� ∈ %, exists such that 

  �� = [��]. 

Polygonal numbers have graphical representation. Golden ratio which is an irrational       number also 
has continued fraction expression. This statement motivated me to find the ratios of   polygonal   
numbers   as continued   fractions. Here , in this  paper, the  nature  and  characteristics of  the    
sequence  of continued  fraction  expressions  of  the  ratios  of  polygonal  numbers  defined  by 
&',*

&-,*
, / = 7,8,9,10, …  This treats square number as base is analyzed. 

 Each sequence can be divided into odd bands of length is 2(n – 4) and even bands of length is 
��6

�
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Table 1: Illustration 

6,�


,�
 


6,�


:,�
 


6,�


;,�
 


6,�


��,�
 

 

〈0,2,2, <〉 

〈0,2,2, <, 6〉 

〈0,2,2, <, 3〉 

〈0,2,2, <, 2〉 
〈0,2,2, <, 1,2〉 

〈0,2,2, <, 1,5〉 

 

 

〈0,2,1, <〉 

〈0,2,1, <, 2〉 

 

 

 〈0,3,2, ?〉  
〈0,3,2, <, 10〉
〈0,3,2, <, 5〉

〈0,3,2, <, 3,3〉
〈0,3,2, <, 2,2〉
〈0,3,2, <, 2〉

〈0,3,2, <, 1,1,2〉
〈0,3,2, <, 1,1,2〉
〈0,3,2, <, 1,2,3〉
〈0,3,2, <, 1,4〉
〈0,3,2, <, 1,9〉

 

 

 

〈0,3,1, <〉 

〈0,3,1, ?, 3〉 

〈0,3,1, <, 1,2〉 

 

 
2. Some properties observed are listed below 
(i) In odd case, each band the first three terms and the last two terms follow the same 

pattern.(�@ B ≥ 7) 
In even case first and the last terms follows same pattern.(�@ B ≥ 10). 
 

(ii) Leaving the first three terms and last two terms in each band these are 2n – 13 terms in the 
middle. 
Leaving the first and last terms in each band these are 

�

�
(B − 8). 

(iii) If B ≥ 7, the last two terms   of in each band are of the form 〈0,
���

�
, 2, ?, 1, B − 5〉,        

〈0,
���

�
, 2, ?, 1,2B − 9〉  and where ? = 1,2,3, .. denotes the position of the band in the particular 

sequence. 
(iv) If B ≥ 7, the position of the standard form  〈0,

���

�
〉 with b = 2 & d = 2. 

If B ≥ 10, the position of the standard form  〈0,
��6

�
〉 with b = 3 & d = 3. 

(v) In odd case first three terms are 〈0,
���

�
, 2, ?〉 , 〈0,

���

�
, 2, ?, 2(B − 4)〉 , 〈0,

���

�
, 2, ?, B − 4〉  

if B ≥ 7 & ? = 1,2,3, … 
In even case the first and last terms are 〈0,

��6

�
, 1, ?〉, 〈0,

��6

�
, 1, ?, 1,

���

�
〉 

 if B ≥ 10 & ? = 1,2,3, … 
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The sequence of continued fractions for    
&E,*

&F,*
  with first three bands is exhibited below: 

Table 2:   Illustration: 

 

First band Second band Third band 

〈0,2,2, G〉
〈0,2,2, G, 6〉
〈0,2,2, G, 3〉
〈0,2,2, G, 2〉

〈0,2,2, G, 1,2〉
〈0,2,2, G, 1,5〉

 

〈0,2,2, H〉
〈0,2,2, H, 6〉
〈0,2,2, H, 3〉
〈0,2,2, H, 2〉

〈0,2,2, H, 1,2〉
〈0,2,2, H, 1,5〉

 

〈0,2,2, I〉
〈0,2,2, I, 6〉
〈0,2,2, I, 3〉
〈0,2,2, I, 2〉

〈0,2,2, I, 1,2〉
〈0,2,2, I, 1,5〉

 

     
3. Conclusion 

As polygonal numbers have rich legacy and the proceeded with portion articulations likewise have 
numerous sorts the future examination will be an investigation of higher dimensional polygonal 
numbers. The examination will be founded on the position, request and measurement of polygonal 
numbers. The arrangements of proceeded with division can likewise be contemplated by taking 
pentagonal numbers, Hexagonal numbers, and so on., as base. Additionally, the centrality of the 
grouping of proceeded with part articulation of focused polygonal numbers and pyramidal numbers 
might be investigated. The examination can likewise be expanded multi-dimensional polygonal 
numbers. 
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Abstract:  In this paper, A new approach is used to apply 

Haar’s measure theory to triangular fuzzy number theory for 

comprehending and generalizing the uniqueness of invariant 

measure when there are uncertainty and risk. If T
~

is a triangular 

fuzzy finite Topological group and X
~

 is its subgroup, X
~

 also 

being a triangular fuzzy number, then
)

~
(

)~(

T

x





 

 
Keywords: Haar’s measure, Invariant measure, Topological 

group, Triangular fuzzy number etc.  

I. INTRODUCTION 

This Invariant measure plays an essential role in numerous 

fields of mathematical sciences, for instance, the uncertainty 

principle identified with Probability introduced in (R.M 

Dudley, 2002) does exclude any announcement around an 

invariant measure, but rather the measure assumes a critical 

part in demonstrating the probability theorem, as appearing in 

this paper, the structure of probability additionally offer 

ascent to probability distributions invariant measure. It is 

fascinating to perceive the method of generalizing the 

measure theory to probability distributions. 

The general hypothesis of measure and integration was 

conceived in the mid twentieth century. It is currently a vital 

tool in significantly various fields of mathematical sciences, 

including functional analysis, partial differential equations, 

harmonic analysis, probability theory and dynamical 

frameworks. Surely, it has turned into a combined theory. 

Many different topics can agreeably accompany a treatment 

of this theory. The companionship between integration and 

functional analysis and, in particular, between integration and 

weak convergence, has been fostered here: this is important, 

for instance, in the analysis of nonlinear partial differential 

equations. 

 

II.  PRELIMINARIES  

1. Definition: 

An invariant is the one which has no change under a set of 

transformations. 
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 2. Triangular Fuzzy Number 

 The fuzzy system of numeration that typically utilized in 

applications is that the triangular (shaped) fuzzy numbers [8]. 

 

2.1  Fuzzy set: [3] 

A fuzzy set L must the three axioms, 

i . L
~

 is a ordinary set. 

ii.   L
~

 is closed interval , for all ]1,0[  

iii.  L
~

, L
~0

  is bounded. 

 

2.2   Triangular Fuzzy Number: [13]  

 

A fuzzy numbers delineated with three points as: 

 321 ,,
~

lllL 
 

This illustration is taken as membership rule and holds the 

subsequent axioms 

 (i)  Increasing function is  1l  to 2l   

(ii)  Decreasing function is 2l to 3l   

(iii)  321 lll 
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2. 3. A  Triangular fuzzy number is positive is defined 

as
 321 ,,

~
lllL 

, here  

2.4  A Triangular fuzzy number is negative is defined 

as
 321 ,,

~
lllL 

, here  

2.5.    Two triangular fuzzy numbers L
~

and M
~

are 

identically equal, that is ML
~~

 , if and only if   

11 ml 
, 22 ml 

  and  33 ml 
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III.  HAAR’S MEASURE  

3.1 Definition of Left Haar’s measure: 

A Left Triangular fuzzy Haar’s measure 
~

on topological 

group T
~

is Radon measurable and is invariant under left 

translation 

(i.e)
Ttxxt
~~

)~()~~
(  

 

)),,(()))((()~~
( 332211321321 xtxtxtxxxtttxt  

 

   
)()()( 332211 xtxtxt 

  

   
)()()( 321 xxx 

 

   
)( 321 xxx

 

   
)~(x

 
 

 

3.2 Definition of Right Haar’s measure: 

A Right Triangular fuzzy Haar’s measure 


on topological 

group T
~

is Radon measurable and is invariant under right 

translation 

(i.e)
Ttxtx
~~

)~()
~~(  

 

where 
Tandx
~~

are triangular fuzzy numbers. 

)),,(()))((()
~~( 332211321321 txtxtxtttxxxtx  

 

   
)()()( 332211 txtxtx 

  

   
)()()( 321 xxx 
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3.3 Lemma: 

The measure of a subgroup of a Triangular fuzzy invariant 

finite topological group is invariant 

Assumption: Let Triangular fuzzy Topological group be 

finite 

Let Triangular fuzzy invariant finite topological group be 

T
~

 

)
~

()~~
()

~~( TaTTa  
 by Triangular fuzzy Haar’s 

measure 

Identity: 

The identity element of T
~

be '~'e  

Here e~ is the triangular number so, 
)(~

321 eeee 
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So identity satisfied. 

Therefore the triangular fuzzy measurable group of a 

subgroup is invariant. 

 

3.4 Theorem:  

Measure of a subgroup of a triangular fuzzy finite 

topological group divides the measure of the groups. 

Proof: 

Consider x~ as the subgroup of T
~

(Here Tx
~~  ) 

and let 
Tofx
~~

 be finite 

If i) Tx
~~   it is obviously proved. 

 ii) Tx
~~   

 
nTmx ~)

~
(,~)~(  

 

),,(),,( 321321 mmmxxx 
 

 
),,(),,( 321321 nnnttt 

 
Every Triangular fuzzy left Haar’s measure is equal to right 

Haar’s measure of x in T. 

Since 
)~()~~( xxe  
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)( 321 xxx
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as x~  is the right Haar’s measure of x in T. 

Likewise 
....),........

~~(),~~(),
~~(),~~( dxcxbxax 

are 

right Haar’s measures of x in T 

So 

mxdxcxbxax ~)~(........)
~~()~~()

~~()~~(  
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Assume that k

~
 be the number of 

distinct Haar’s measure of x~ in T
~

  

Always the right Haar’s measure of disjoint sets induces a 

division of T
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)( 3x

 Divides 
)( 3t

  

(i.e) )
~

()~( TDividesx   

Hence triangular fuzzy finite topological group divides the 

measure of the groups 

IV. CONCLUSION   

Applying Haar’s measure theory to triangular fuzzy measure 

theory is simple to know and generalize the invariant 

uniqueness in the real life situations. Hence, Triangular fuzzy 

measure of a subgroup of a triangular fuzzy finite subgroups 

divides the measure of the groups 
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a b s t r a c t

Novel heterocyclic bioactive small molecules bearing thioether moiety, fluorine containing dihydro
pyridine and dihydro pyran were synthesized and characterized using spectroscopic methods (FT-IR, 1H,
13C and 19F NMR), LC-MS and SC-XRD. The reaction conducted is highly environment-friendly involving
D-a-Tocopherol polyethylene glycol succinate (TPGS) - Water binary solvent as reaction medium. All of
the synthesized final compounds were evaluated against 2 g-negative [Escherichia coli (ATCC 25922) and
Pseudomonas aeruginosa (ATCC 27853)] and 1 g-positive [Staphylococcus aureus (ATCC 29213)] bacterial
strains by in vitro. Molecular docking experiments were carried out against p53-MDM2 tumor suppressor
protein to gain more insights into the binding mode of the final compounds. In this study, we discovered
potent p53-MDM2 inhibition by 2-thiobenzyl-3-formyl quinoline, 2-thio-1,2-dihydroquinoline-3-formyl
N-substituted thiosemi-carbazone and fluorine substituted new pyridine and pyran derivatives by
structure-based design.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Heterocyclic compounds possess cherished pharmacological
properties that are favourable to mankind; in particular, quinolines

are ubiquitous heterocycles in nature [1]. Quinoline alkaloids, iso-
lated mainly from Rutaceae and Solanaceae plant species show
significant biological activities that include vasoconstrictive, anti-
diuretic, anti-arrhythmic, spamolytic, sedative, hypothermal ef-
fects, anti-tumoral, anti-pyretic, anti-platelet, cytotoxic activities
and photosensitization for DNA damage and mutation [2]. Due to a
wide range of biological activities, an increased attention is directed
to the synthesis of quinoline derivatives. The 2-chloro-3-
formylquinolines are versatile precursors and serve as good
building blocks for the complex organic structures [3]. This pre-
cursor is prepared from an amine derivative leading to acetanilides
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followed by a double formylation reaction via a Vilsmeier Haack
reaction. Furthermore, a chemical reaction between 2-chloro-3-
formyl-quinoline 1 and Na2S/DMF afforded quinoline-thioether in
one pot organic synthesis [4].

Over the last few decades, drug resistance to the universally
used antibiotics has turn into a serious health problem. Therefore,
the effective treatment of infectious diseases using novel drugs
without side effects is an emergency biomedical issue [5]. Various
six-membered oxygen containing heterocyclic compounds have
shown anti-microbial, anti-mycobaterial activities, while six-
membered nitrogen heterocyclic compounds have exhibited
prominent anti-bacterial activity. For example, a number of indo-
loquinoline, acridine, dihydropyridine (DHP) based compounds are
used either as chemotherapeutic agents (DNA intercalator, Caspase
inhibitors), or SRT1 activators [6]. Literature survey revealed that
various sulphur bearing heterocyles have presented a broad spec-
trum of pharmacological properties. However, fluorination of
medicinally active compounds imparts the molecules for the
enhanced metabolic stability, lipophilicity, membrane penetration,
and potency [7,8]. Further, the electronegativity of fluorine facili-
tates halogen bonding in protein-ligand interactions that can be
crucial for the better pharmacological activity of compounds [9,10].
This fact is supported by the literature and patents emerging in the
area of chemistry and biology of fluorine [11]. Some of the biolog-
ically active compounds bearing sulphur and fluorinated hetero-
cycles are presented in Fig. 1.

A facile, one-pot, multi-component organic synthesis commonly
involve a chemical reaction betweenmore than three reactants and
contribute to the discovery and optimization of pharmacologically
active novel lead structures [12]. Recently, the use of surfactant has
become a green route for catalytic applications due to the excep-
tional physicochemical properties such as non-volatile, polar and

nonpolar termini, this additive undergo self-assembly in water to
form nanomicelles. D-a-Tocopherol polyethylene glycol succinate
(TPGS) is a nonionic surfactant synthesized by the esterification
reaction of Vitamin E succinate with polyethylene glycol and
demonstrates good water solublility. TPGS has multiple roles in
organic synthesis as a solvent, catalyst, solubilizer, catalyst-
activator or additive agent because of its unique amphiphilic na-
ture [13].

From the green chemistry perspective, we have developed an
easy and simple greener synthetic route to obtain the title com-
pounds. SC-XRD analysis of one of the compounds was also per-
formed which suggested crucial structural information. Further, all
of the synthesized final compounds were evaluated for their anti-
microbial activity using the microplate alamar blue assay. Molec-
ular docking studies were conducted against p53-MDM2 protein by
in silico computational approaches to gain an insight into the po-
tential inhibition of the synthesized compounds.

2. Experimental

2.1. Chemicals and instrumentation

All the chemicals such as phenylmethanethiol, thio-
semicarbazide, 4-methyl-3-thio semicarbazide, 4-trifluoromethyl
benzaldehyde, malononitrile, dimedone, 2-naphthol, aniline,
dimethyl acetylenedicarboxylate, D-a-Tocopherol polyethylene
glycol succinate (TPGS-750-M; Product Code No. 763896) were
purchased from Sigma-Aldrich company (South Africa). IR spectra
were recorded on Varian 800 FT-IR spectrometer by using ATR
technique. 1H and 13C NMR spectra were taken on bruker Avance IV
(Bruker, Rheinstetten/Karlsruhe, Germany) NMR spectrometer
400MHz and 600MHz, respectively using CDCl3 or DMSO‑d6 as

Fig. 1. Literature reported biologically active sulphur and fluorine containing heterocycles.
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solvents. Chemical shift values were reported in d ppm units with
respect to TMS as an internal standard. The molecular mass of final
product was identified by MALDI-TOF bruker mass spectrometer.
SC-XRD experiment was conducted by Bruker APEX-II CCD
diffractometer and the data solved using direct solution method in
ShelXS-2013.

2.2. Synthetic procedure for 2-thiobenzyl-3-formyl quinoline (3)

A two component of reactions was carried out to prepare a 2-
thiobenzyl-3-formyl quinoline (3). To a mixture of 2-chloro-3-
formylquinolines 1 (10mmol) and benzylthiol (11mmol), an
aliquot of TPGS/H2O solution (10 ml, 2 wt % TPGS in water and
CS2CO3 (20mmol) was added and the mixture was heated at 90 �C.
The progress of the reaction was monitored by TLC. The desired
product 3 was obtained, dried over anhydrous MgSO4 and
concentrated under reduced pressure. The crude product was pu-
rified by column chromatography on silica gel (n-hexane/EtOAc,
50:50 v/v). Single yellow block-shaped crystals of compound 3
were recrystallized from methanol by slow evaporation. MS (m/z)
Calcd. for C17H13NOS 279.357, found 279.697.

2.3. General procedure for the synthesis of (E)-2-((2-thioxo-1,2-

dihydroquinolin-3-yl)- methylene) hydrazine carbothio amide (7)

and (E)-N-methyl-2-((2-thioxo-1,2-dihydro-quinolin-3-yl)

methylene)- hydrazine-carbothioamide (8)

Thiosemicarbazide (0.911 g, 0.01 mol) or 4-methyl-3-
thiosemicarbazide (1.05 g, 0.01 mol) was dissolved in an aliquot
of 2 wt % of TPGS/H<span data-format¼"subscript"><span data-
format¼"subscript">2</span></span>O solution (10 mL) and
CS<span data-format¼"subscript"><span data-format¼"sub-
script">2</span></span>CO<span data-format¼"subscript"><-
span data-format¼"subscript">3 </span></span>(20 mmol) with
2-oxo-1,2-dihydroquinoline-3-carbaldehyde (1.73 g, 0.01 mol)
were added. The mixture was heated under reflux for one hour
during which period, a yellow precipitate was formed. The reaction
mixture was then cooled to room temperature and the solid
product was filtered. It was then washed with methanol and dried
under vacuum. The crude product was recrystallized with 50 %
methanol and chloro form combination to give a yellow powder
<span data-format¼"bold"><span data-format¼"bold">7</
span></span> or <span data-format¼"bold"><span data-for-
mat¼"bold">8</span></span>.

Characterization data of (E)-2-((2-thioxo-1,2-dihydroquinolin-
3-yl)methylene) hydrazine carbothioamide (7) 92% Yield; mp:
232e234 �C; IR (KBr, cm�1): 2361.63, 1621.16, 1582.26, 1463.09,
1344.66, 851.05; 1H NMR (400MHz, DMSO‑d6): d (ppm) 13.85 (s,
1H), 11.70 (s, 1H), 8.85 (s, 1H), 8.75 (s, 2H), 8.31 (s, 1H), 7.78e7.76 (d,
2H), 7.64e7.62 (t, 1H), 7.40e7.38 (d, 1H), 7.37e7.36 (t, 1H); 13C NMR
(600MHz, DMSO‑d6): d (ppm) 180.00, 178.21, 151.67, 138.82, 138.11,
132.16, 131.88, 131.63, 128.53, 124.70, 122.33, 116.03, 40.04, 39.84,
39.63, 39.42, 39.21, 39.00, 38.79, 24.97, 17.48.

Characterization data of (E)-N-methyl-2-((2-thioxo-1,2-
dihydroquinolin-3-yl)methylene) hydrazine carbothioamide (8)
89% Yield; mp: 253e255 �C; IR (KBr, cm�1): 1943.44, 1704.14,
1623.67, 1489.37, 1383.16; 1H NMR (400MHz, DMSO‑d6): d (ppm)
13.87 (s, 1H), 11.76 (s, 1H), 8.85 (s, 1H), 8.65e8.61 (m, 2H), 7.78 (s,
1H), 7.64e7.58 (d, 1H), 7.40 (t, 1H), 3.34e3.04 (d, 3H); 13C NMR
(600MHz, DMSO‑d6): d (ppm) 180.03, 177.86, 139.47, 139.18, 132.34,
131.64, 131.29, 128.44, 124.74, 122.26, 116.09, 40.08, 39.87, 39.66,
39.45, 39.23, 39.04, 38.83, 30.81, 30.69, 30.65, 24.93, 17.47.

Synthetic procedures and data of compounds 16 [14] and 17, 18
[15] and 19 are presented in the supporting information.

2.4. Crystal structure determination

Block-shaped and yellow coloured single crystals of compound 3
was harvested by slow evaporation technique using methanol as a
solvent. A self-assembly crystal (0.20� 0.17� 0.12) size (mm3) was
selected and ascended on a MITIGEN holder in paratone oil on a
Bruker APEX-II CCD diffractometer. During the data collection, the
crystal was kept at T¼ 100 (2) K. By employing Olex2 [16], the
arrangement of atoms was solved with the direct solution method
in ShelXS-2013 [17] structure solution program. The least squares
minimisation of ShelXL (version 2016/6) was used for the refine-
ment of model [18]. All non-hydrogen atoms were refined aniso-
tropically. The positions of hydrogen atoms were determined
geometrically and refined using the riding model. The CdHaromatic

and CdHmethyl bond distances were restrained to 0.95 Å and 0.98 Å
with Uiso (Haromatic)¼ 1.2Ueq and Uiso (Hmethyl)¼ 1.5Ueq of parent
atom, respectively. All visuals of the crystal structurewere prepared
using MERCURY system software [19].

2.5. Antimicrobial evaluation

2.5.1. Preparation of culture media

Nutrient Agar (NA) was procured from Oxoid LTD (Hampshire,
England) and prepared according to themanufacturer’s instruction.
Briefly, 28 g was weighed and transferred out separately into three
1-L Schott bottles. The ingredients were made up to volume of 1 l
with distilled water and thoroughly mixed until the powder was
completely dissolved. The bottles were autoclaved at 121 �C for
15min. After cooling to 50 �C, approximately 15ml of the agar was
poured into plates to solidify.

2.5.2. Preparation of the nutrient broth (NB)

Mueller Hinton Broth (Sigma Aldrich) was prepared according
to the instruction of themanufacturer. Briefly, 23 g of nutrient broth
powder was weighed out and poured into a 1-L Schott bottle. The
ingredients were made up to volume of 1 L with distilled water and
thoroughly mixed until the powder was completely dissolved. This
solution was dispensed into Bijou bottles and autoclaved for
15min at 121 �C.

2.5.3. Microbial cultures

Two gram-negative Staphylococcus aureus (ATCC 29213),
Escheriachia coli (ATCC 25922) and 1 g-positive Pseudomonas aeu-

ginosa (ATCC 27853) bacterial strains were grown on nutrient agar
slopes at 4 �C and sub cultured on to blood agar plates for 24 h
before use.

2.5.4. Microplate alamar blue assay (MABA)

Resazurin powder (0.2 g) was dissolved in 10ml of sterile
distilled water, vortexed for 2min and immediately covered with
aluminium foil due to its sensitivity with light. The anti-bacterial
activity of the synthesized final compounds was determined by
the Microplate Alamar Blue Assay (MABA) using 96-well microtiter
plates [20,21]. A standard antibiotic was used as a positive control,
whereas culture broth was considered as growth control without
incorporating any testing compounds. The bacterial strains were
diluted in broth, each well of the plate was inoculated with a bac-
terial suspension containing 1� 106 CFU/ml and incubated at 37 �C
for 24 h. After the incubation period, 20 ml of each concentration of
the synthesized compound was added to the two neighbour wells
except for positive and growth control wells. Alamar blue (20 ml)
was added to all the wells, the total volume in each well were
maintained to 200 ml. The final concentrations of the tested com-
pounds were 256, 128, 64, 32, 16, 8, 4, 2, and 1 mg/ml. The minimum
inhibitory concentration (MIC) of each compound was estimated
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and the results were recorded, accordingly.

2.6. Molecular docking studies

2.6.1. Preparation of protein structure

The X-ray solved crystal structure of human MDM2 protein [22]
was retrieved from the Protein Data Bank (PDB ID: 3VZV). The
protein was prepared by ‘Protein Preparation Wizard’ of GLIDE
employing the Optimized Potentials for Liquid Simulations 3
(OPLS-2005) forcefield. During the initial stages of preparation, all
the water molecules and cofactors were removed from the protein
structure, metals were treated, missing hydrogen atoms were
added. The pre-processed protein structure was refined by opti-
mizing the sample-water orientation followed by restrained min-
imisation using OPLS-2005. Finally, the complex was minimized
until it reaches the convergent of the heavy atom to RMSD 0.3 Å.

2.6.2. Preparation of ligand and molecular docking

The 2D structures of the synthesized final ligands were sketched
using Chemsketch and exported to Maestro for the ligand prepa-
ration by employing Ligprep module in Schrodinger [23]. All the
ligands were prepared using OPLS-2005 with default settings and
energy minimized and partial atomic charges were computed.
“Receptor Grid Generation” protocol of Maestro was used to define
the binding-site of the protein (3VZV) for docking simulation by
excluding the bound inhibitor. A grid box covering all crucial amino
acids was generated by assigning a common constituency point
extended further to reach 20 Å in size. The rationale behind the
selection of a grid-box is primarily due to site-specific definition
rather than a generalized one. We attempted to crop the grid box to
enclose the centroid of human MDM2 (PDB ID: 3VZV) refined
structure and X, Y, Z coordinate were set at
18.341215 Å, �3.662453 Å, and 0.929674 Å respectively. By speci-
fying the ligands against the receptor grid, molecular docking was
performed using default settings in Glide XP mode [24]. The
protein-ligand complexes were analysed to investigate various
types of molecular interactions by utilizing XP visualizer protocol.

3. Results and discussion

3.1. Synthesis and characterization

The traditional methods of synthesis of organic compounds for
the application in different medical research areas were considered
as tedious, laborious, multi-steps and require purification after each
step. However recently, much research interest has been generated
in the green chemistry approach since the desired product could be
obtained in a one-pot reaction containing the correct substrates.
The synthesis of 2-thiobenzyl-3-formyl quinoline (3) was accom-
plished by a simple two component reaction involving 2-chloro-3-
formylquinoline 1 in benzylthiol, 2wt % TPGS in water and CS2CO3.
The structure of 3 was determined based on mass spectrum which
displayed accurate molecular ion peak, as expected. Further, the
quinoline thiosemicarbazides (7 and 8) were prepared by a facile
one-pot reaction involving 2-thio-1,2-dihydroquinoline-3-
carbaldehyde 1 with thiosemi-carbazide (5), and 4-methyl-3-
thiosemicarbazide (6), respectively (Scheme 1). The IR spectrum
of 7 and 8 showed strong absorption at 1140 cm�1 and 1142 cm�1

attributable to C]S stretching bands [25]. In H NMR spectra, singlet
signals appearing d 13.98e13.87 and d 11.92e11.78 ppm corre-
sponding to the NeH protons all which confirmed the formation of
compounds 7 and 8. This has been further substantiated by the
appearance of CH3 group protons as a singlet at d 3.34 ppm in the
case of compound 8.

Similarly, the final compounds 16e19 were synthesized by a
facile route as shown in the Scheme 2. The most important part of
the synthetic plan is to use the multi-component reactions (MCRs)
concept to synthesize fluorinated poly-functionalised dihydropyr-
idine and dihydropyran derivatives. In the synthesis of 16, 4-
trifluoromethylbenzaldehyde (9), malononitrile (10) and dime-
done (11) were refluxed in DMAP with TPGS-H2O. This product was
obtained as a white solid with 94% yield. The structure of 16 was
characterized by FT-IR, 1H NMR, 13C NMR, and 19F NMR spectro-
scopic techniques and were found in complete agreement with the
anticipated molecular structure as described. The 19F NMR spec-
trum of 16 furnished a singlet at d 60.79 (ppm) attributed to the
fluorine (-CF3) function. The FT-IR spectra indicated the presence of
nitrile (-CN¼ 2182) and amino (-NH2¼ 3042) stretching bands. The

Scheme 1. Synthesis of sulphur containing quinoline compounds (3, 7 and 8).
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1H NMR spectrum of 16 showed a singlet signal at d 4.25 (ppm) due
to the protons of NH2 group.

13C NMR exhibited signals at d 162.90
(ppm) and d 125.26 (ppm) attributable to the carbonyl carbon and
nitrile carbon, respectively. The compound 18 was synthesized as
white solids with 82% yield through a one-pot condensation and
cyclisation containing four substrates viz. 4-trifluoromethyl benz-
aldehyde, malononitrile, aniline and dimethyl acetylenedicarbox-
ylate (DMAD) in the presence of catalytic quantity of triethylamine
with TPGS/H2O. Compound 17 was also synthesized as white solid
with 80% yield in a similar manner except that the use of 4-
chlorobenzaldehyde and 2-fluoro aniline. The 19F NMR spectrum
of 17 furnished singlet at d 116.856 (ppm) attributed to the fluorine
(CeF) function. In IR spectra, the nitrile (-CN¼ 2182 cm�1), amine
(-NH2¼ 3042 cm�1) and (CeF¼ 1353 cm�1) stretching frequency
were present. The 1H NMR spectrum showed a singlet signal near
d (ppm) 7.25 for NH2 protons. In the 13C NMR signals at d 143.03
(ppm) and d 125.10 (ppm) were due to the carbonyl carbon and
nitrile carbon, respectively.

In the synthesis of 19, 4-trifluoromethylbenzaldehyde (9),
malononitrile (10) and 2-naphthol (15) were used in the presence
of PTSA with TPGS-H2O. The product obtained as white solids with
95% yield. The 19F NMR spectrum of 19, singlet at d 62.77 (ppm)
attributed to the fluorine (-CF3) function was observed. In the IR
spectra, the stretching frequencies of nitrile (-CN¼ 2219 cm�1) and
trifluoromethyl (-CF3¼1325 cm�1) were identified. The 1H NMR
spectrum of 19 showed a singlet signal near d 7.15e7.43 (ppm) due
to primary amino protons (NH2). In

13C NMR, a signal at d 125.66
(ppm) was assigned for the nitrile carbon. FT-IR, 1H NMR, 13C NMR

and 19F NMR spectral images are presented in the supporting in-
formation section.

3.2. Reaction optimization methodology

3.2.1. Effect of concentration

The effect of TPGS concentration was determined for a model
reaction by varying weight percentage in the range of 0.5e2% of
TPGS (Table 1). Reaction conducted at lower temperatures gave
lower yield of the product, whereas increasing the temperature to
higher value did not influence much on the reaction time and the %
yield. Hence, it was established that 80 �C is an ideal temperature
for the reaction.

3.2.2. Effect of other solvents with TPGS

We found that water and TPGS (2wt %) (Fig. 2) gave the highest
yield (96%); change of the solvents (Table 2) does not had a positive
influence in the yield of 18 but rather the cost of the synthesis

Scheme 2. Synthesis of fluorinated pyridine and pyran analogues (16e19).

Table 1
Effect of TPGS concentration on % yield.

Entry TPGS wt % Time Yield (%)

1 0.5 6 h 65
2 1 6 h 75
3 1.5 6 h 83
4 2 6 h 96
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enhanced rapidly. Therefore, water and 2wt % of TPGS has been
used in all reactions, accordingly.

3.2.3. Recycling and reusability of the water supported on TPGS for

the synthesis of 18

In order to establish the effectiveness and applicability of the
TPGS surfactant, various trial reactions were conducted by
employing three-component reactants such as 4-trifluoromethyl
benzaldehyde, malononitrile, and 2-naphthol under the opti-
mized conditions. In each reaction cycle, the TPGS surfactant was
recovered by the solvent separation, followed by rinsing wih ethyl
acetate, dryning, and then reusing it for the next run. Fig. 3

demonstrates the reusability of the TPGS and it was identified
that the surfactant could be re-used for five times without any
significant loss of catalytic activity consequently making it as an
important benefit for the greener approach.

3.3. Crystal structure description of 2-(benzylthio)quinoline-3-

carbaldehyde (3)

The compound 3 was crytallized and its structure was deter-
mined using single crystal X-ray crystallography. The crystal and
structural refinement data information are presented concisely in
Table 3.

The asymmetric unit of compound 3 has one molecular unit
which consist of carboxaldehyde and benzylsulfanyl groups
attached onto a quinolinyl moiety as shown in Fig. 4. The quinolinyl
moiety appears to be slightly non-planar with a dihedral angle 1.07
(6)� between two fused rings. The presence of the benzylsulfanyl
group seems to have widened the dihedral angle when compared
to that of a closely related compound with a phenylsulfanyl group
(0.676�) [26]. The benzylsulfanyl group adopts a conformation that
is almost orthogonal to the quinolinyl moiety with a

Fig. 2. The optimization of TPGS concentration for the synthesis of 18.

Table 2
Optimization of the solvent for the synthesis of 18.

Entry Solvent Temp (�C) Time (h) Yield (%)

1 Water 80 6 96
2 Ethanol 66 6 90
3 Methanol 110 6 80
4 Toluene 78 6 70
5 DCM 72 6 65

Fig. 3. TPGS reusability for the synthesis of 18.

Table 3
Crystallographic data and structural refinement for compound 3 (CCDC number
1834998).

Formula C17H13NOS Radiation type MoKa

Dcalc./g cm¡3 1.400 Qmin/
�

2.197
m/mm¡1 0.238 Qmax/

�

27.498
Formula Weight 279.34 Measured Refl. 9877
Size/mm3 0.20� 0.17� 0.12 Independent Refl. 2974
Crystal System triclinic Reflections Used 2730
Space Group P-1 Rint 0.0207
a/Å 7.8395 (2) Parameters 181
b/Å 9.3994 (3) Restraints 0
c/Å 9.8031 (3) Largest Peak 0.322
a/

�

75.7530 (10) Deepest Hole �0.352
b/

�

74.564 (2) GooF 1.097
g/

�

75.888 (3) wR2 (all data) 0.0890
V/Å3 662.48 (4) wR2 0.0870
Z 2 R1 (all data) 0.0358
Z0 1 R1 0.0328
Wavelength/Å 0.71073
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C12eC11eS1eC1 torsion angle of 83.0 (1)�. All bond angles and
distances were found to be comparable to those of related
compounds.

The quinolinyl moietites of neighboring molecules appear to
have a parallel, offset p-stacking arrangement as depicted in Fig. 5a
with a Cg…Cg distance of 3.698 Å between fused phenyl and

Fig. 4. ORTEP diagram of the molecular structure of compound 3 drawn at 50% thermal
ellipsoid probability.

Fig. 5. Representation of (a) p…p interactions and (b) intermolecular CeH/O hydrogen bonding patterns present in compound 3 shown as dashed black and yellow lines,
respectively. Hydrogen bonding parameters: C10/O1¼3.325 (2) Å; H10/O1¼2.62 Å; C10eH10/O1¼131� (symmetry code: 1-x, 1-y, -z).

Fig. 6. Representation of the intermolecular interactions in the crystal packing of compound 3 (a) rotated about the crystallographic b axis and (b) viewed along the crystallographic
c axis. The p…p interactions and CeH/O hydrogen patterns are shown as dashed black and yellow lines, respectively.

Table 4
Antimicrobial activity of the final compounds.

Compounds Pseudomonas aeruginosa (mg/ml) Escherichia coli (mg/ml)

3 256 256
7 256 256
8 256 256
17 ND ND
18 256 256
16 128 128
19 128 128

ND: Not determined.
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pyridinyl rings. A shorter 3.573 Å Cg…Cg distance was also
observed between the fused phenyl rings of neighboring quinolinyl
moieties. Furthermore, non-classical intermolecular CeH/O
hydrogen bonding exists between H10 and O1 of carboxaldehyde

groups to form a six membered ring a graphset notation R22ð6Þ as
depicted in Fig. 5b.

The intermolecular p…p interactions link neighboring mole-
cules to form one dimensional chains that extend along the crys-
tallographic a axis. These chains are connected by the
intermolecular CeH/O hydrogen bonds along the crystallographic
c axis to generate two dimensional (2D) supramolecular architec-
ture extending across the plane ac (Fig. 6).

3.4. Antimicrobial evaluation

All the synthesized quinoline compounds, fluorinated pyran and
dihydropyridine (DHP) derivatives were screened for anti-bacterial
activity (in vitro) against gram-negative Escherichia coli (ATCC
25922) and Pseudomonas aeruginosa (ATCC 27853) and gram-
positive Staphylococcus aureus (ATCC 29213) bacterial strains us-
ing ciprofloxacin and nalidixic acid as positive controls. The anal-
ysis of the activity data revealed that compounds showed no
significant inhibitory effect against S. aureus, whereas against the
strains E. coli and P. aeruginosa, they exhibited minimum inhibitory
concentration (MIC) at 256 mg/ml (Table 4) except for compounds
16 and 19 (MIC ¼ 128 mg/ml).

In the supplementary data, Fig. S29 showed a typical microtitre
plate of MIC’s for the tested compounds against Gram-negative
bacteria P. aeruginosa, whilst Fig. S30 indicated a typical micro-
titre plate of MIC’s for tested compounds against Gram-negative
bacteria E. coli. Similarly, Fig. S31 depicted a typical microtitre
plate of the MIC’s for tested compounds against Gram-positive
S. aureus.

3.5. Molecular docking studies

Docking of the synthesized compounds with human MDM2
protein provided insights into the binding regions. The theoretical
conformations of 3, 7, 8, 16, 17, 18 and 19 in the binding cleft fur-
nished valuable details of the interaction with active site of the
humanMDM2 protein. The binding energies of all compoundswere
found to be�7.750919 kcal/mol,�7.21025 kcal/mol,�6.84675 kcal/

mol, �6.651432 kcal/mol, �6.7 kcal/mol, �4.324394 kcal/mol,
and �0.654346 kcal/mol, respectively. Only the ligand 16 consti-
tuted with least glide score of �7.7509244 kcal/mol and glide en-
ergy of �34.14 kcal/mol (Table S1-Supplementary data). Three
hydrogen bonds were formed between the Thr 26, Glu 25 and Tyr
104 residues. The distances between the three bonded atoms are
2.18 Å, 1.88 Å, and 2.48 Å, respectively. The conformations of the
docked compound 18 with the P53 are shown in the Fig. 7 and the
docked pose of the compound 7 is presented in Supporting infor-
mation (Fig. S32).

4. Conclusion

Novel heterocyclic compounds were synthesized using facile
one-pot method involving TPGS-water system and characterized
spectroscopically. This methodology provided higher yields of
compounds, cleaner conversion, cost-effectiveness, excellent
reusability of the surfactant and simplicity of operation. Optimi-
zation of the reactions through the study of effect of concentration
resulted in the identification of suitable condition of 2 % wt of TPGS
inwater to yield 96%. Recycling and reusability analysis of the TPGS
through various trial reactions suggested that TPGS can be reused
for five times without any loss of its catalytic activity. X-ray deter-
mined structure of compound 3 provided valuable structural in-
formation such as molecular conformation, the presence of
intermolecular p…p interactions between neighboring quinolinyl
moieties and non-classical CeH/O hydrogen bonding patterns in
the crystal packing. The antimicrobial evaluation of the selected
derivatives showed MIC of 256 mg/ml against E. coli and
P. aeruginosa. The compound 16 exhibited potent MIC value of
128 mg/ml against both E. coli and P. aeruginosa. The in silico mo-
lecular docking predicted the possible therapeutic potential of
novel pyridine- and pyran-based ligands as p53-MDM2 inhibitors.
Further, in vitro studies are required in order to deduce more ac-
curate SAR and their anti-cancer activity on selected cancer cell-
lines.
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Abstract. In this paper we introduce the concepts of various sets namely Nano generalized
θ semiclosed, Nano generalized θ pre closed and Nano generalized θβ closed. Also we discuss
various basic topological properties of the above said sets and interconnections between them.

1. Introduction and Preliminaries
Lellis Thivagar [7] introduced the notion of Nano topology (briefly, NT) by using theory
approximations and boundary region of a subset of an universe in terms of an equivalence
relation on it and also defined Nano closed (briefly, Nc) sets , Nano-interior (briefly, Nint) and
Nano-closure (briefly, Ncl) in a nano topological spaces (briefly, Nts). Carmel [5] discussed some
weak forms of No sets and Nθ open (briefly, Nθo) sets.

The class of sets namely, θ-open sets are playing more important role in topological spaces,
because of their applications in various fields of Mathematics and other real fields. In [4] Caldas
et al. studied various kinds of θ-open sets and their properties in topological spaces. Various
kinds of generalized set in Nts by [1, 2, 3, 5, 9, 11]. By this motivation, we present the concepts
of nano θ-open sets in Nts.

Definition 1.1 [12] Let (U, τR(X)) be a NTS and A ⊆ U. Then A is said to be, Nano θ semi
open (resp. Nano θ pre open and Nano θβ open) (breifly, Nso (resp. Npo and Nβo)), if
A ⊆ Ncl(Nintθ(A)) (resp. A ⊆ Nint(Nclθ(A)) and A ⊆ Ncl(Nint(Nclθ(A)))).

Definition 1.2 [5, 7, 8, 12] Let (U, τR(X)) be a NTS and A ⊆ U then Nθs (resp.
Nθp, Nθβ, Ns, Np, Nα and Nβ) interior is defined as Nθsint(A) (resp. Nθpint(A),
Nθβint(A), Nsint(A), Npint(A), Nαint(A) and Nβint(A)) = ∪{B : B ⊆
A,B is Nθso (resp.Nθpo,Nθβo,Nso,Npo, Nα0 and Nβo)}.
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Definition 1.3 [5, 7, 8, 12] Let (U, τR(X)) be a NTS and A ⊆ U then Nθs (resp.
Nθp, Nθβ, Ns, Np, Nα and Nβ) closure is defined as Nθscl(A)(resp. Nθpcl(A),
Nθβcl(A), Nscl(A), Npcl(A), Nαcl(A) and Nβcl(A)) = ∩{B : B ⊇ A,B is Nθsc
(resp.Nθpc,Nθβc,Nsc,Npc, Nαc and Nβc)}.

Remark 1.4 [10] Let A be a subset of a NTS (U, τR(X)). Then
(i) (Nθcl(A))c = Nθint(Ac), (Nθint(A))c = Nθcl(Ac).

(ii) (Nθscl(A))c = Nθsint(Ac), (Nθsint(A))c = Nθscl(Ac).

(iii) (Nθpcl(A))c = Nθpint(Ac), (Nθpint(A))c = Nθpcl(Ac).

(iv) (Nθβcl(A))c = Nθβint(Ac), (Nθβint(A))c = Nθβcl(Ac).

(v) (Nscl(A))c = Nsint(Ac), (Nsint(A))c = Nscl(Ac).

(vi) (Npcl(A))c = Npint(Ac), (Npint(A))c = Npcl(Ac).

(vii) (Nαcl(A))c = Nαint(Ac), (Nαint(A))c = Nαcl(Ac).

(viii) (Nβcl(A))c = Nβint(Ac), (Nβint(A))c = Nβcl(Ac).

2. Generalizations of nano θ-closed sets
Definition 2.1 A subset A of (U, τR(X)) is called Nano generalized θ semi (resp. θ pre and
θβ) closed, (briefly, Ngθsc (resp. Ngθpc and Ngθβc)) set if Nθscl(A) ⊆ V (resp. Nθpcl(A) ⊆ V
and Nθβcl(A) ⊆ V ) whenever A ⊆ V and V is No in (U, τR(X)).

Definition 2.2 A subset A of a Nano generalized θ semi open (resp. θ pre open and θβ open)
(briefly, Ngθso (resp. Ngθpo and Ngθβo)) if its compliment AC is Ngθsc (resp. Ngθpc and
Ngθβc).

The collection of all Ngθso (resp. Ngθpo and Ngθβo) subsets of (U, τR(X)) is denoted by
NgθsO(U,X) (resp. NgθpO(U,X) and NgθβO(U,X)).

Definition 2.3 The Ngθ (resp. Ngθs, Ngθp, Ngθβ, Ngs, Ngp, Ngα and Ngβ)
interior of A ⊆ U in a NTS, (U, τR(X)), is defined as Ngθint(A)(resp. Ngθsint(A),
Ngθpint(A), Ngθβint(A), Ngsint(A), Ngpint(A), Ngαint(A) and Ngβint(A)) = ∪{B :
B ⊆ A,B is Ngθo (resp.Ngθso,Ngθpo,Ngθβo,Ngso,Ngpo,Ngα0 and Ngβo)}.

Definition 2.4 The Ngθ (resp. Ngθs, Ngθp, Ngθβ, Ngs, Ngp, Ngα and Ngβ)
closure of A ⊆ U in a NTS, (U, τR(X)), is defined as Ngθcl(A)(resp. Ngθscl(A),
Ngθpcl(A), Ngθβcl(A), Ngscl(A), Ngpcl(A), Ngαcl(A) and Ngβcl(A)) = ∩{B : B ⊇
A,B is Ngθc (resp.Ngθsc,Ngθpc,Ngθβc,Ngsc,Ngpc,Ngαc and Ngβc)}.

Theorem 2.5 In a NTS, (U, τR(X)),

(i) Every Ngθc set is Ngθsc set.
(ii) Every Ngθc set is Ngsc set.
(iii) Every Ngαc set is Ngθsc set.
(iv) Every Ngαc set is Ngpc set.
(v) Every Ngpc set is Ngθpc set.
(vi) Every Ngsc set is Ngβc set.
(vii) Every Ngβc set is Ngθβc set.
(viii) Every Ngαc set is Ngsc set.
(ix) Every Ngpc set is Ngβc set.
But not conversely.
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Example 2.6 Let U = {a, b, c, d} with U/R = {{a}, {b, c}, {d}} and X = {b,d}. Then, the NT
τR(X) = {U, ϕ, {a}, {b, c}, {a, b, c, }} .

(i) {a} is Ngθsc, Ngsc and Ngβc but neither Nθc nor Ngθc nor Ngpc.

(ii) {b, c} is Ngθsc but not Ngαc.

(iii) {a, b} is both Ngβc and Ngθpc but neither Ngsc nor Ngpc.

(iv) {b} is Ngpc but not Ngαc.

(v) {a, b, c} is Ngθβc but not Ngβc.

(vi) {c} is Ngsc but not Ngαc.

From the above discussions we have the following implications.

gθsc gαc gpc gθpc

gθc gsc gβc gθβc

Remark 2.7 Let A be a subset of a NTS, (U, τR(X)). Then
(i) (Ngθcl(A))c = Ngθint(Ac), (Ngθint(A))c = Ngθcl(Ac).

(ii) (Ngθscl(A))c = Ngθsint(Ac), (Ngθsint(A))c = Ngθscl(Ac).

(iii) (Ngθpcl(A))c = Ngθpint(Ac), (Ngθpint(A))c = Ngθpcl(Ac).

(iv) (Ngθβcl(A))c = Ngθβint(Ac), (Ngθβint(A))c = Ngθβcl(Ac).

(v) (Ngscl(A))c = Ngsint(Ac), (Ngsint(A))c = Ngscl(Ac).

(vi) (Ngpcl(A))c = Ngpint(Ac), (Ngpint(A))c = Ngpcl(Ac).

(vii) (Ngαcl(A))c = Ngαint(Ac), (Ngαint(A))c = Ngαcl(Ac).

(viii) (Ngβcl(A))c = Ngβint(Ac), (Ngβint(A))c = Ngβcl(Ac).

Theorem 2.8 The intersection of two Ngθso, Ngso and Ngβo sets need not be Ngθso, Ngso
and Ngβo set.

Example 2.9 In Example 2.6 the sets {b, c, d} and {a, c, d} are Ngθso (resp. Ngso) but {c, d}
is not Ngθso (resp. Ngso), the sets {a, c, d} and {a, b, d} are Ngpo but {a, d} is not Ngpo and
the sets {c, d} and {b, d} are Ngβo but {d} is not Ngβo.

Theorem 2.10 A subset A of U is Ngθo (resp. Ngθso, Ngθpo, Ngαo, Ngθβo, Ngso, Ngpo,
Ngβo) if and only if F ⊆ Ngθint(A) (resp. F ⊆ Ngθsint(A), F ⊆ Ngθpint(A), F ⊆ Ngαint(A),
F ⊆ Ngθβint(A), F ⊆ Ngsint(A), F ⊆ Ngpint(A), F ⊆ Ngβint(A)) whenever F is Nc and
F ⊆ A.

Proof. (i) (Necessity) Let A be Ngθo set. Let F be Nc and F ⊆ A, then Ac ⊆ F c whenever F c is
No. Since Ac is Ngθc set Nθcl(Ac) ⊆ F c, by remark 1.4 Nθ(int)(A)c ⊆ F c. Thus F ⊆ Nθint(A).

(Sufficiency) F is Nc set with F ⊆ Nθint(A) and F ⊆ A. Then (Nθint(A))c ⊆ F c. Thus
Nθcl(Ac) ⊆ F c. Hence Ac is Ngθc set and A is Ngθo set in U.

Proof of the other cases are similar as (i).

Theorem 2.11 For any subsets A and B in a NTS, (U, τR(X)),

(i) If Nθint(A) ⊆ B ⊆ A and A is Ngθo, then B is also Ngθo.
(ii) If Nθsint(A) ⊆ B ⊆ A and A is Ngθso, then B is also Ngθso.
(iii) If Nθpint(A) ⊆ B ⊆ A and A is Ngθpo, then B is also Ngθpo.
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(iv) If Nθβint(A) ⊆ B ⊆ A and A is Ngθβo, then B is also Ngθβo.
(v) If Nαint(A) ⊆ B ⊆ A and A is Ngαo, then B is also Ngαo.
(vi) If Nsint(A) ⊆ B ⊆ A and A is Ngso, then B is also Ngso.
(vii) If Npint(A) ⊆ B ⊆ A and A is Ngpo, then B is also Ngpo.
(viii) If Nβint(A) ⊆ B ⊆ A and A is Ngβo, then B is also Ngβo.

Proof. (i) Let A is Ngθo set and Nθint(A) ⊆ B ⊆ A then Ac ⊆ Bc ⊆ (Nθint(A))c that is
Ac ⊆ Bc ⊆ Nθcl(Ac) by remark 1.4. Since Ac is Ngθc, Bc is also Ngθc. Therefore B be Ngθo.

Proof of the other cases are similar.

Theorem 2.12 For any subsets A and No set G in a NTS, (U, τR(X)),

(i) If a set A is Ngθo in U, then G = U whenever Nθint(A) ∪Ac ⊆ G.

(ii) If a set A is Ngθso in U, then G = U whenever Nθsint(A) ∪Ac ⊆ G.

(iii) If a set A is Ngθpo in U, then G = U whenever Nθpint(A) ∪Ac ⊆ G.

(iv) If a set A is Ngθβo in U, then G = U whenever Nθβint(A) ∪Ac ⊆ G.

(v) If a set A is Ngαo in U, then G = U whenever Nαint(A) ∪Ac ⊆ G.

(vi) If a set A is Ngso in U, then G = U whenever Nsint(A) ∪Ac ⊆ G.

(vii) If a set A is Ngpo in U, then G = U whenever Npint(A) ∪Ac ⊆ G.

(viii) If a set A is Ngβo in U, then G = U whenever Nβint(A) ∪Ac ⊆ G.

Proof. (i) Suppose that A be Ngθo in U. Let G is No set and Nθint(A) ∪ Ac ⊆ G.
Thus Gc ⊆ (Nθint(A) ∪ Ac)c = (Nθint(A))c ∩ A = Nθcl(Ac) − Ac, by remark 1.4 that is
(Nθint(A))c = Nθcl(Ac). Now Gc is Nc and Ac is Ngθc, then Nθcl(Ac)−Ac cannot contain any
non-empty Nc set by theorem 3,13 [6]. Therefore Gc = ϕ. That is G = U.

Proof of the other cases are similar as (i).

Theorem 2.13 If a Nc set A of a NTS, (U, τR(X)), is
(i) Ngθo then it is Nθo.
(ii) Ngθso then it is Nθso.
(iii) Ngθpo then it is Nθpo.
(iv) Ngθβo then it is Nθβo.
(v) Ngαo then it is Nαo.
(vi) Ngso then it is Nso.
(vii) Ngpo then it is Npo.
(viii) Ngβo then it is Nβo.

Proof. (i) Let A be Nc and Ngθo in (U, τR(X)) . Now Nθint(A) ⊆ A then by theorem 2.10,
we have A ⊆ Nθint(A). Therefore Nθint(A) = A which means that A is Nθo.

Proof of the other cases are similar as (i).

Theorem 2.14 Let H be a subset of NTS (U, τR(X)). If H is
(i) Ngθc then Nθcl(H)−H does not contain any non-empty Nc sets.
(ii) Ngθsc then Nθscl(H)−H does not contain any non-empty Nc sets.
(iii) Ngθpc then Nθpcl(H)−H does not contain any non-empty Nc sets.
(iv) Ngθβc then Nθβcl(H)−H does not contain any non-empty Nc sets.
(v) Ngαc then Nαcl(H)−H does not contain any non-empty Nc sets.
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(vi) Ngsc then Nscl(H)−H does not contain any non-empty Nc sets.
(vii) Ngpc then Npcl(H)−H does not contain any non-empty Nc sets.
(viii) Ngβc then Nβcl(H)−H does not contain any non-empty Nc sets.

Proof. (i) Let P in Nc such that P ⊆ Nθcl(H) − H. Since U − P is No, H ⊆ U − P and
P is Ngθc, it follows that Nθcl(H) ⊆ U − P and thus P ⊆ U − Nθcl(H). This implies that
P ⊆ (U −Nθcl(H)) ∩ (Nθcl(H)−H) = ϕ and hence P = ϕ.

Proof of the other cases are similar as (i).

Theorem 2.15 Let H be a subset of (U, τR(X)) and let H be a
(i) Ngθc set. Then H is Nθc iff Nθcl(H)−H is Nc.
(ii) Ngθsc set. Then H is Nθsc iff Nθscl(H)−H is Nc.
(iii) Ngθpc set. Then H is Nθpc iff Nθpcl(H)−H is Nc.
(iv) Ngθβc set. Then H is Nθβc iff Nθβcl(H)−H is Nc.
(v) Ngαc set. Then H is Nαc iff Nαcl(H)−H is Nc.
(vi) Ngpc set. Then H is Npc iff Npcl(H)−H is Nc.
(vii) Ngsc set. Then H is Nsc iff Nscl(H)−H is Nc.
(viii) Ngβc set. Then H is Nβc iff Nβcl(H)−H is Nc.

Proof. (i) Let H be a Ngθc set. If H is Nθc, then we have Nθcl(H)−H = ϕ which is Nc set.
Conversely, let Nθcl(H) −H be a Nc. Then by Theorem 2.14 Nθcl(H) −H does not contain
any non-empty Nc subset and since Nθcl(H)−H is Nc subset of itself, then Nθcl(H)−H = ϕ.
This implies that H = Nθcl(H) and so H is θ-closed set.

Proof of the other cases are similar as (i).

Theorem 2.16 Let a No set H in (U, τR(X)), and let H is a
(i) Ngθc set. Then H ∩ P is Ngθc whenever P is Nθc.
(ii) Ngθsc set. Then H ∩ P is Ngθsc whenever P is Nθsc.
(iii) Ngθpc set. Then H ∩ P is Ngθpc whenever P is Nθpc.
(iv) Ngθβc set. Then H ∩ P is Ngθβc whenever P is Nθβc.
(v) Ngαc set. Then H ∩ P is Ngαc whenever P is Nαc.
(vi) Ngsc set. Then H ∩ P is Ngsc whenever P is Nsc.
(vii) Ngpc set. Then H ∩ P is Ngpc whenever P is Npc.
(viii) Ngβc set. Then H ∩ P is Ngβc whenever P is Nβc.

Proof. (i) Since H is Ngθc and No, then Nθcl(H) ⊆ H and thus H is Nθc. Hence H ∩ P is
Nθc in U which implies that H ∩ P is Ngθc in U.

Proof of the other cases are similar as (i).

Theorem 2.17 Let H, Q be any subsets of (U, τR(X)) satisfying H ⊆ Q and
(i) Q ⊆ Nθcl(H), then Q is Ngθc set.
(ii) Q ⊆ Nθscl(H), then Q is Ngθsc set
(iii) Q ⊆ Nθpcl(H), then Q is Ngθpc set.
(iv) Q ⊆ Nθβcl(H), then Q is Ngθβc set.
(v) Q ⊆ Nαcl(H), then Q is Ngαc set.
(vi) Q ⊆ Npcl(H), then Q is Ngpc set.
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(vii) Q ⊆ Nscl(H), then Q is Ngsc set.
(viii) Q ⊆ Nβcl(H), then Q is Ngβc set.

Proof. (i) Let Q ⊆ G where G is No set. Since H is Ngθc and H ⊆ G, then Nθcl(H) ⊆ G and
also Nθcl(G) = Nθcl(Q). Therefore Nθcl(Q) ⊆ G and hence Q is Ngθc set.

Proof of the other cases are similar as (i).

Theorem 2.18 Let H be a subset in V , relative topology of U, suppose that H is
(i) Ngθc in U, then H is Ngθc relative to V.

(ii) Ngθsc in U, then H is Ngθsc relative to V.

(iii) Ngθpc in U, then H is Ngθpc relative to V.

(iv) Ngθβc in U, then H is Ngθβc relative to V.

(v) Ngαc in U, then H is Ngαc relative to V.

(vi) Ngsc in U, then H is Ngsc relative to V.

(vii) Ngpc in U, then H is Ngpc relative to V.

(viii) Ngβc in U, then H is Ngβc relative to V.

Proof. (i) Given that H ⊆ V ⊆ U and H is Ngθc in U. To show that H is Ngθc relative to V.
Let H ⊆ V ∩G, where G is No in U. Since H is Ngθc, H ⊆ G, implies Nθcl(H) ⊆ G. It follows
that V ∩Nθcl(H) ⊆ V ∩G. Then H is Ngθc relative to V.

Proof of the other cases are similar as (i).

Theorem 2.19 Let Q is any subset of H, relative topology of U, if H ⊆ U is both No and
(i) Ngθc, then Q is Ngθc set relative to U.

(ii) Ngθsc, then Q is Ngθsc set relative to U.

(iii) Ngθpc, then Q is Ngθpc set relative to U.

(iv) Ngθβc, then Q is Ngθβc set relative to U.

(v) Ngsc, then Q is Ngsc set relative to U.

(vi) Ngαc, then Q is Ngαc set relative to U.

(vii) Ngpc, then Q is Ngpc set relative to U

(viii) Ngβc, then Q is Ngβc set relative to U.

Proof. (i) Let Q ⊆ G and G be a No set in U. But given that Q ⊆ H ⊆ U, therefore Q ⊆ H
and Q ⊆ G. This implies Q ⊆ H ∩ G. Since Q is Ngθc relative to H, H ∩Nθcl(Q) ⊆ H ∩ G.
Implies (H ∩ Nθcl(Q)) ⊆ G. Thus (H ∩ Nθcl(Q)) ⊆ (Nθcl(Q))c ⊆ G ⊆ (Nθcl(Q))c. Implies
H ⊆ (Nθcl(Q))c ⊆ G ⊆ (Nθcl(Q))c. Since H is Ngθc in U, we have Nθcl(H) ⊆ G ⊆ (Nθcl(Q))c.
Also Q ⊆ H implies Nθcl(Q) ⊆ Nθcl(H). This Nθcl(Q) ⊆ Nθcl(H) ⊆ G ⊆ (Nθcl(Q))c.
Therefore Nθcl(Q) ⊆ G, since Nθcl(Q) is not contained in Nθcl(Q) is not contained in
(Nθcl(Q))c. Thus Q is Ngθc set relative to U.

Proof of the other cases are similar as (i).
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Abstract
Objectives: To analyse the writing skills of professional students at the undergraduate level and also to suggest some of 
the ways to rectify their mistakes and refine their writing. Methods/statistical analysis: To test the professional students’ 
writing skills, 10 students were selected and were allowed to answer the questionnaire given to them. The answer scripts 
were evaluated by English faculty members mainly to project the mistakes of the students in their writing.  Findings: 
High achievers in English (HAs) and low achievers in English (LAs) were identified through the evaluation. It was also 
found that professional students made more mistakes in grammar part, specifically, tense forms, prepositions, articles, etc. 
Application/improvements: Ways to improve their writing skills are suggested.

1. Introduction
In the current scenario, every profession requires good 
writing skills, which polishes and organises our thinking 
process and makes us to shine in a better way. Good 
writing skills play a vital role in the professional growth of 
an individual. Even while writing resumes, clear and well-
written sentences highlighting one’s experience, qualities 
and characters will clearly project the candidates to the 
recruiter.

A crystal-clear, structured, and correct writing can 
effectively convey one’s thoughts to the reader. But 
nowadays, in schools and colleges, spoken language 
is focused much more than the written language. The 
written language should also be given its importance in 
all the schools and colleges. Thus, this paper clearly brings 
out the pitfalls in the writing skills of professional students 
at the undergraduate level and suggests some of the ways 
to improve the writing skills of students.

It has become mandatory that all professional students 
should excel in writing during their course. This research 

clearly projects the mistakes done by professional students, 
particularly poor writers (low achievers), and suggests 
some strategies and ways to rectify those mistakes and 
improve their writing skills.

It focuses on writing skills with a special emphasis on 
academic writing. A significance of this study is that it not 
only examines the factors causing failure in low achievers, 
but it also identifies evolving strategies for improvement 
and instruction in academic writing. In addition, an 
effort was made in this study to examine if the mother 
tongue (L1) has any influence on English (L2) writing and 
thinking.

2. Discussion

2.1  Differences between Skilled and 
Unskilled Writers

The main problem that prevails among students is poor 
writing skills. Often students who had their mother 
tongue (L1) as the medium of instruction in schools have 

Keywords: Writing Skills, English Language, Low Achievers, High Achievers
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less proficiency in English, and so when they enter college, 
they have difficulty in coping with the academic situation 
as all the subjects are taught in English. As this study 
focuses on academic writing skills, the nature of academic 
writing is to be examined and also a search is to be made 
to find methods to improve the same. Furthermore, this 
research can bring about self-development among the 
students and teachers.

2.2 Methods
The following methods were followed to assess the level of 
students in writing.

Phase 1: In this phase, an attempt was made to explore 
the possible reasons for the lack of writing skills among 
LAs. To test the writing skills of professional students, 
10–15 students from the first year at the undergraduate 
level were selected. The selection ranged from poor 
writers to good writers in English. For selecting students, 
a questionnaire was prepared, which includes spotting 
errors, rearranging words to frame meaningful sentences, 
and a paragraph on a general topic. The questionnaire 
would vividly assess the level of students in writing and 
also would convey how unskilled writers are different 
from skilled writers.

Phase 2: In this phase, the questionnaire was issued 
to the students, who were allowed to answer the 
questionnaire within a stipulated time. The answer scripts 
were evaluated by English department teachers to identify 
mistakes in students’ writing.

2.3 Findings
Upon evaluation, it was found that the writing of skilled 
writers was different from that of unskilled writers. Based 
on the findings, HAs (high achievers in English) and LAs 
(low achievers in English) were distinguished.

Identification of LAs and HAs

Students

Part I 
(spotting 

errors and 
framing 

sentences)

Part II 
(paragraph)

Total 
marks

LA/
HA

S1 9 7 16 HA
S2 11 8 19 HA
S3 2 3 5 LA

S4 6 3 9 LA

S5 8 8 16 HA

S6 5 3 8 LA

S7 9 6 15 HA

S8 8 3 11 LA

S9 2 4 6 LA

S10 4 3 7 LA

From the table, S1, S2, S5, and S7 were considered as 
HAs, and the remaining students, S3, S4, S6, S8, S9, and 
S10, were considered as LAs. From the findings, a profile 
of LAs was arrived at. An LA is one who has a very low 
proficiency in English. It may be because she/he might 
have received education in a local language. LAs should 
be made aware of this shortcoming and a sincere effort 
be put in to improve them. LAs lack confidence and self-
esteem, but are highly motivated to learn and improve 
their skills. The questionnaire and subsequent evaluation 
clearly provided an insight into the difficulties faced by 
LAs. LAs had many difficulties in writing, while HAs had 
only one or two difficulties.

Upon evaluating the answer scripts of students, 
generally it was found that LAs were not good at 
grammar. They were not able to frame sentences without 
grammatical errors. Grammar consists of a set of rules 
for constructing and analysing sentences. Language 
use has two aspects – synthesis and analysis. Analysis is 
based on what are called “units of grammar”. Grammar is 
how you put words together to fashion a thought. These 
thoughts are to be expressed in a speech and writing to 
communicate an idea to a listener or a reader. English 
usage is the application of a set of rules of grammar to 
speech and writing. It includes syntax, style and choice 
of words. Consider a sentence taken from a student’s (S4) 
answer script:

Mass media for us many part of the things very usefully.

This student has not used any verb, which indicates 
action in the sentence. Verb plays a major role in a 
sentence and without it we cannot make a sentence. 
Another LA student (S8) framed a sentence thus:

All the people to see TV. 

In this sentence, the student used a verb but not in 
an appropriate place. And also ‘to’, a preposition, is not 
necessary in that sentence.
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Another student (S10) has written thus:

He pretends to be ill.

In this sentence, the subject has no agreement with the 
verb. So it is grammatically incorrect.

To write well in English, grammar parts such as 
sentence patterns, articles, prepositions, etc., should be 
given much importance. 

3. Cues to Enhance Writing Skills
It is important that LAs be made strong in grammar by 

English language teachers. Teachers should focus on the 
building blocks of grammar, i.e., parts of speech, tenses, 
sentence patterns, etc. Tenses play a major role in writing 
to convey the time of an action. Incorrect use of tense is 
one of the common mistakes that students make. Students 
should be made clear about the tense forms of the verb.

In addition, articles, prepositions, etc., also play a 
major role in writing. Rules of grammar should be strictly 
followed by students.

Apart from grammar, vocabulary should also be 
given importance. All successful communicators have a 
reasonable stock of words. Therefore, all should develop 
our vocabulary to become a good communicator.

Learning or knowing a new word involves knowing its 
different shades of meaning, use in context, grammatical 
characteristics, pronunciation and so on. Some of the 
ways to develop vocabulary are:

 1. New words can be learnt every day in order to enrich 
vocabulary. Sometimes, new vocabularies can be 
learnt in context with the help of appropriate phrases. 
To refine our language, those learnt words can be put 
into practice.

 2. Vocabulary cards will also be helpful to improve and 
develop vocabulary. While reading, unfamiliar words 
or phrases should be noted down on a card. Vocab-
ulary cards are helpful in recalling the meaning and 
practicing pronunciation. 

 3. Listening and reading are known as receptive skills, 
which play an active role in expanding one’s vocabu-
lary. While reading or listening, one can come across 
many new words and expressions which would help to 
improve one’s vocabulary.

 4. It is important to understand the differences between 
everyday language and the language used for profes-
sional communication. Our choice of words largely 

depends on our relationship with the person we are 
talking or writing to. Formal words should be used 
officially in business correspondence and technical 
writing, and informal vocabulary may be used in a 
personal communication.

The next micro skill which makes writing effective is 
spelling. To master the art of spelling, the rules of spelling 
should be emphasised among the students. A few spelling 
rules are given below:

 1. “s” is added to a noun to make it a plural. However, 
nouns ending in s, sh, ch, and x require “es”. For exam-
ple, a book – two books; bench – benches.

 2. Verbs ending in o have “es”. For example, do – does.

A dictionary or the spell checker on your computer 
can be resorted to. If one needs to improve the knowledge 
of spelling, a regular use of a dictionary should be done. 
Good spelling is learned by memory and repetition. 

Punctuation also plays a significant role in writing. 
Punctuation marks are signals to the readers. Punctuation 
shows how the sentence should be read and makes the 
meaning clear.

Every sentence should include, at least, a capital letter 
at the start, a full stop, exclamation mark or question 
mark at the end. In writing, we use the following marks 
of punctuation to emphasise and clarify what we mean. 

•	 Period (.) is used at the end of the sentence.
•	 Question mark (?) is used at the end of a direct 

question.
•	 Exclamation mark (!) is used to express strong feelings 

or an urgent command.
•	 Comma (,) is used to introduce a series of words. 

Punctuation marks should be taught to students in 
an attempt to improve one’s writing. Along with these 
micro skills, strategies such as planning, generating and 
organising the ideas, reviewing, etc., to improve writing 
skills should also be focused in language classrooms.

4. Conclusion
English teachers should facilitate students to enrich their 
writing skills with the help of some interesting activities 
in language classrooms. Teachers should regularly assign 
writing exercises in language classes. To vary the pace of 
a lecture course, students should be asked to write a few 
minutes during class. Teachers should provide guidance 
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throughout the writing process. Developing writing skills 
can help all aspects of one’s life, from professional life to 
social gatherings and everything in between. It’s never too 
late to work on one’s writing skills.
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Single crystals of 4-nitrophenol 8-hydroxyquinoline has grown by slow evaporation 

solution growth technique at room temperature.  The crystal structure and crystallinity of 

the compound was confirmed by using X-Ray diffraction analysis. Vibrational modes of 

the functional groups were identified by using FTIR technique. Percentage of C, H and N 

present in the compound was confirmed by elemental analysis. Optical transmittance 

spectrum and Band gap was recorded by using UV-Vis-NIR spectrum. Thermal stability 

of the crystal was evaluated by Thermo Gravimetric and Differential Scanning 

Calorimetric studies. Dielectric, DC and photoconductivity measurements were also 

carried out  for the grown crystal. The second harmonic generation efficiency of the grown 

crystal was found to be 7.81 times greater than that of standard KDP. Photoluminescence 

study was also taken for the grown crystal.   
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1. Introduction  
 

In the field of nonlinear optics in the area of material science associated with the 

optoelectronics device technologies. Organic materials became alternative to inorganic materials. 

Particularly, materials with aromatic rings have been focused much attention because of their large 

hyperpolarizability (β), high electronic susceptibility (χ
(2)

), low cost, fast response time, ease of 

synthesis and device fabrication [1-6]. In order to get high molecular polarizability, material 

requires increase in number of π electrons and π delocalization length. 4-nitrophenol is a dipolar 

NLO chromophore consists of highly delocalized conjucated systems linking donor and the 

acceptor shows large NLO response. Presence of phenolinc OH favours the formation of salts with 

various inorganic and organic bases. Previously 4-nitrophenol based organic NLO crystals such as 

Tri-nitrophenol methyl p-hydroxybenzoate, L-Histidinium-4-nitrophenolate 4-nitrophenol, 

Dimethyl amino pyridinium 4-nitrophenolate-4-nitrophenol, 2,6-diaminopyridinium 4-

nitrophenolate-4-nitrophenol, 2-Aminopyridinium 4-nitrophenolate-4-nitrophenol, L-arginine 4-

nitrophenolate-4-nitrophenol dehydrate and L-phenylalanine 4-nitrophenol were grown by slow 

evaporation solution growth techniques [7-16]. 8-hydroxyquinoline is an organic nonlinear optical 

material in which OH acts as an electron donor and N group acts as an acceptor. Its NLO 

efficiency is compared with KDP which is 4.78 times higher. Previously its physiochemical and 

theoretical properties were studied by several workers and also 8-HQ mixed with some organic 

acids (8-hydroxyquinolinium picrate and 8-hydroxyquinolinium hydrogen maleate) and their NLO 

properties were already reported [17-22]. On the basis of these facts, in the present 

communication, for the first time 4-nitrophenol mixed with 8-hydroxyquinoline and the new 

adduct crystal is grown. 4n8Q is synthesized using 4-nitrophenol and 8-hydroxyquinoline in the 

ratio of 1:1 and the crystals were grown by slow evaporation solution growth technique. The 

grown crystals were subjected to elemental analysis, single crystal XRD, powder XRD, UV, FTIR, 

TG/DSC, dielectric, photoconductivity and powder SHG studies and the results were discussed.       
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2. Experimental  
 

Material synthesis and crystal growth 

Commercially available 4-nitrophenol (Merck 99%) and 8-hydroxyquinoline (Himedia 

99%) both reactants were taken in equimolar ratio and dissolved separately using acetone and 

stirred well for about 20 min. Then the solutions were mixed together and stirred for about 1 hr 

using magnetic stirrer. The saturated solution was filtered twice using whatman filter paper (No.42 

grade) and transferred to 250 ml beaker. To control the solvent evaporation rate, top of the beaker 

was covered with thin plastic sheet and kept at undisturbed place for slow evaporation. After 4 

days good quality crystals were acquired from the mother solution. Quality of the crystals was 

depicted in Fig. 1. 

 

 

Fig. 1. As grown crystals of 4n8Q. 

 

3. Results and discussion  
 

Elemental analysis 

The elemental composition percentage of 4n8Q crystals were determined using Vario EL 

III Elemental analyser (Germany). The analysed results were given in Table 1. Experimental and 

theoretical carbon, hydrogen and nitrogen percentages well matches with each other which 

confirms the presence of compound. 

 
Table 1. Elemental composition percentage of 4n8Q. 

 
Elements          Experimental (%)          Theoretical (%)                                                    

Carbon      63.26                                  63.37                                      

Hydrogen 

Nitrogen  

     4.16                                 4.25      

      9.71                                9.85 

  

 

Single crystal XRD 

The as grown single crystals of 4n8Q were subjected to single crystal XRD with 

MoKα radiation, graphite monochromator; λ=0.71073A. Results indicate that the titled 

compound belongs to the triclinic system with a space group of P1. The lattice parameter 

values are found to be a =7.6957 Å, b =12.6780 Å, c =14.5545 Å and α=88.99˚, β= 

82.006˚, γ= 81.208˚. The volume of the 4n8Q crystal was found to be 1389.69(Å
3
). Pure 

4-nitrophenol and 8-hydroxyquinoline crystals lattice parameters were compared with the 

4n8Q and depicted in Table 2. 

 
 

 

 

 

 

 

 

Page 2479 of 3066Page 2479 of 3066



327 

 

 

Table 2. The comparison of cell parameters of pure 4-nitrophenol, 8-hydroxyquinoline and  

4n8Q single crystal. 

________________________________________________________________________ 

Lattice  4-nitrophenol   8-hydroxyquinoline  Present work 

parameters      [Ref 23]          [Ref 24] 

_____________________________________________________________________________________ 

a (Å)   6.16      29.18   7.6957 

b (Å)    8.83      25.36   12.6780 

c (Å)   11.54      3.91   14.5545 

Space  group  P21/c    Fdd2   P1 

System   Monoclinic   Orthohombic  Triclinic 

________________________________________________________________________ 

 

Powder XRD analysis 

Powder X-ray diffraction pattern for the grown crystals were carried out by using Rich 

seifert diffractometer. Diffraction pattern data were collected on the diffractometer equipped with 

monochromated CuKα radiation (1.540598A) and detected by a scintillation counter. The sample 

was scanned over the 2 theta range of 5-80
0
 at a scan rate of 3/min. Fig. 2 depicts the powder X-

ray pattern for the 4n8Q crystal. The charateristic Bragg’s peaks at specific 2theta angle 

testimonies the crystalline nature of the sample. The peak corresponding to (1 2 2) plane has the 

maximum intensity of 51531 counts per second. The various planes of reflections (hkl) were 

indexed using TREOR 90 programme.  

 

 

Fig. 2 XRD spectrum of 4n8Q crystal 

 

 

Optical studies  

The optical transmittance spectrum for the grown crystal was recorded using a Perkin-

Elmer Lambda 35 Spectrophotometer in the wavelength range from 200-1200 nm. The recorded 

spectrum is shown in Fig. 3a. The grown crystal has a wider transparency range in the visible and 

NIR region. From the figure it is observed that the crystal has UV cut-off wavelength at 473 nm 

and it is assigned to π- π* transition of the aromatic moiety in the crystal. High transmittance of 

grown crystal in the visible region facilitates it to be a potential crystal for optoelectronics 

applications. Grown crystal exhibits good transparency from 470 nm to 1100 nm with the 

transmittance more than 90 %. The higher optical transmission in solution grown 4n8Q crystal 

may be due to lesser defects and absence of inclusions, which in turn reduced scattering in 4n8Q 

crystals and increases the output intensity [25-28]. The optical absorption coefficient (α) was 

calculated from the transmittance using the given formula  
 

   α =
2.3036 log (1/T)

d
                                                (1) 
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where T is the measured crystal transmittance and d is the thickness of the sample. Assuming 

parabolic trends, the relation between α and Eg is given by  
 

𝛼 =
𝐴(ℎʋ−𝐸𝑔)𝑛

ℎʋ
                                         (2) 

 

where A is a constant, Eg is the optical band gap of the material, υ is the frequency of the incident 

photon and h is the planck’s constant. Fig 3b shows the plot of hυ and (αhυ)
2
. Optical band gap of 

the material was obtained by extrapolating the linear portion of the plots of (αhυ)
2
 and hυ. The 

optical band gap was found to be 2.97eV. Crystals with wide band gap expected to possess high 

laser damage threshold and large transmittance in the visible region [7, 29, 30].  

 

  
a) b) 

 

Fig. 3. a) Optical transmittance spectrum of 4n8Q crystal. 

b Plot of hυ Vs (αhυ)
2
 4n8Q crystal. 

 

 

FTIR studies  

The middle infra-red spectrum of the grown crystal was recorded in the wavelength range 

of 400-4000 cm
-1

. The recorded spectrum is depicted in Fig. 4. The peaks at 3309, 3055, 2924, 

2854 and 2623 cm
-1 

is due to symmetric and asymmetric stretching modes of OH and CH groups. 

Bands observed at 1280, 1165, 1095, 1064 and 971 cm
-1

are assigned to in-plane CH bending 

vibration. Peaks appear at 1496 and 1573 is due to C=C Vibration. Band at 1381, 1496 and 1573 

cm
-1 

are due to the symmetric and asymmetric stretching of NO2 vibration. CN stretching vibration 

is positions at 810 cm
-1

. The aromatic C-H stretch vibration is occurred at 3055 cm
-1

. Vibration at 

1494 cm
-1

is assigned to aromatic ring skeleton vibration. Vibrations at 702, 740, 779, 810 and 848 

cm
-1 

are due to CH out of plane bending vibration. The peaks at 702, 632, 578 cm
-1 

are due to OH 

out-of plane bending vibrations.     

      

 
 

Fig. 4. FT-IR spectrum of 4n8Q crystal. 
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Dielectric studies 

Dielectric measurement is important to study the lattice dynamics of the crystal. Also it 

provides useful information such as nature of atoms, defects, ions and their bonding as well as 

polarization mechanism in the materials. Generally dielectric properties are correlated with 

electro-optic property of the crystal. Measurements were carried out in the temperature ranging 

from 303K to 335K. Capacitance of the crystal was measured by varying the frequency range 

50Hz to 5MHz. The dielectric constant of the crystal was calculated using the obtained capacitance 

values by the given formula 

εr =
Cd

εoA
                                                                    (3) 

 

where C is the measured capacitance, d is the thickness of the crystal, A is the cross sectional area 

of the crystal and εo is the free space permitivity of the crystal. Fig. 5a shows dielectric constant 

Vs frequency for the grown crystal. From the figure it is concluded that dielectric constant is high 

at low frequency and also it increases with increase in temperature. As the frequency increases 

dielectric constant value decreases and attains a constant value at very high frequency. Dielectric 

studies provide useful information concerning dielectric constant thus arises from different 

polarizations namely electronic, ionic, space charge and orientation. In these polarizations space 

charge polarization will reckon on the crystalline perfection and quality of the sample. So in the 

present system it is active at low frequency region and high temperature [31-33]. Fig. 5b shows 

frequency dependent dielectric loss for the grown crystal. The dielectric loss is very low at high 

frequency. This low value indicates crystals own good quality with lesser defects which makes it a 

suitable candidate for optoelectronic applications [34, 35]. In accordance with Miller rule, the 

lower value of dielectric constant for the grow crystal with higher frequency is a suitable 

parameter for the improvement of SHG coefficient [36] and electro-optical and microelectronics 

applications [37, 38].   

 

  
a) b) 

 

Fig. 5. a) Dielectric constant Vs frequency of 4n8Q crystal. 

b) Dielectric loss Vs frequency of 4n8Q crystal. 

 

 

Photoconductivity 

Dark and photocurrent measurements on the harvested crystal were carried out by two 

probe technique at room temperature. Fig. 6 depicts the dark current and photocurrent response for 

4n8Q crystal. From the figure it is visible V-I characteristics of the as prepared sample shown 

linear with the applied voltage.  The photocurrent is higher than dark current which is termed as 

positive photoconductivity. It may be due to the increase of charge carriers in the presence of 

illumination of the sample with halogen lamp. Materials with positive photoconductivity nature 

can be used towards solution wave communications [39].   
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Fig. 6. Photoconductivity response of 4n8Q crystal. 

 

 

TG/DTA studies 

Thermo gravimetric (TG) and differential thermal analysis (DTA) gives useful 

information regarding phase transition and different stages of decomposition of the compound. To 

study the thermal stability of the grown crystal TG/DTA analysis were carried out using SDT Q 

600V 8.3 instrument from room temperature to 800
°
C in nitrogen atmosphere at a heating rate of 

20°C/min. Fig. 7a and 7b shows the TG/ DTA analysis spectrum of 4n8Q and pure 4-nitrophenol 

crystals. 

 

  
a) b) 

 

Fig. 7.a)  TG/DTA spectrum of 4n8Q crystal. 

b) TG/DTA spectrum of pure 4-nitrophenol crystal. 

 

 

 From the TG curve it is observed that the crystal undergoes single stage decomposition 

occurred between 70
°
C to 157

°
C which is due to the liberation of volatile substance like NO2. Also 

TG curve shows full degradation at 158
°
C. In DTA there is a sharp endothermic at 72

°
C is 

assigned to melting point of the compound which are fit well with the TG spectrum. TG curve 

indicate that there are no endothermic or exothermic transitions below the melting point. This 

shows that the material is moisture free and stable up to 72°C.  With the temperature increasing 

above 158
°
C volatile substances such as CO, CO2, CH4 and NH3 molecules will be liberated [16]. 

Fig. 7b shows the TG/DTA spectrum of pure 4-nitrophenol. TG spectrum indicates the single stage 

decomposition. In DTA sharp endothermic peak at 115°C assigned to melting point of the 

compound. Whereas the pure 8-hydroxyquinoline is thermally stable up to 78°C [40]. A variation 

in the TG, DTA and melting point confirms the presence of new compound.  
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Fluorescence studies  

The photoluminescence spectrum of the grown crystals was carried out using Varian Cary 

Eclipse Fluorescence Spectrophotometer in room temperature. The excitation spectrum of 4n8Q 

crystal was recorded in the range of 200-1100 nm, which is shown in Fig. 8a. Two bands were 

observed at 237 and 315 nm. Fig. 8b reveals the emission spectrum. The emission peak at 420 and 

442 nm attributed to blue fluorescence emission. It is observed that emission intensity suddenly 

decreases after 442 nm. Strong PL emission indicates that the grown crystal can be useful 

candidate for optoelectronic applications [41]. 

 

  
a) b) 

 

Fig. 8. a) Excitation spectrum of 4n8Q crystal. 

b) Emission spectrum of 4n8Q crystal. 

 

 

DC conductivity  

DC electrical conductivity for the grown crystals were carried out using the Keithley 

6517B electrometer at various temperatures (303 K to 363 K). The observations were made while 

cooling the sample. Fig. 9a shows the current–voltage response for the crystals. From the graph it 

is identified that the current was linearly increasing with the applied voltage. Moreover the current 

increased with respect to the temperature. DC conductivity was calculated using the given formula 

 

𝜎 𝑑𝑐 =
𝑑

𝑅𝐴
                                                                 (4) 

 

where, d is the thickness of the sample, R is the measured resistance and A is the area of the face 

in contact with the electrode. Fig. 9b shows that electrical conductivity linearly increased with the 

increase in temperature and it confirms the semi conductor nature of the crystal. When the 

temperature increases, defects will be created inside the crystal. The defect concentration 

furthermore increases with increase in temperature, thus increasing the conductivity. The increase 

of conductivity with increasing temperature is attributed to “thermal activated behavior” [42-44].  

Fig. 9c depicts the (ln (σdc) Vs 1000/T) ohmic behavior. The conductivity values were fitted with 

the equation below and the activation energy was calculated. The calculated activation energy is 

0.047 eV.  

 

𝜎 =  𝜎 𝑜𝑒𝑥𝑝 (
−𝐸

𝑘𝑇
)                                                     (5) 
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a) b) 

 

 
c) 

 

Fig. 9. a) I-V response of of 4n8Q crystal. 

b) Conductivity Vs temeparture for 4n8Q crystal. 

c) ln σdc Vs 1000/T for 4n8Q crystal. 

 

 

Powder SHG measurement 

The optical second harmonic generation behavior of the 4n8Q crystal was tested by the 

modified Kurtz and Perry technique [45]. The grown crystals were ground well into powder using 

mortar and pestle. The powder sample was densely packed in a micro capillary tube and exposed 

to laser radiation. High intense Q-Switched Nd:YAG laser (Quanta – Ray, spectra Physics ) with 

output wavelength of 1064 nm is used. Frequency repetition of 10Hz and a pulse rate of 8ns were 

passed through the powdered sample. The SHG behavior of the compound was confirmed from the 

green light emission (532 nm). The input beam energy was measured using power meter and it is 

3mJ/pulse. The relative SHG signal outputs are 11mV and 86mV for KDP and 4n8Q respectively. 

The optical green output was detected by a photomultiplier tube and converted into voltage output 

at oscilloscope. The SHG efficiency of the 4n8Q compound was compared to standard KDP and it 

is found to be 7.81 times greater than that of standard KDP.  

 

 

4. Conclusions  
 

Good quality crystals of 4n8Q were grown by slow evaporation solution growth technique 

at room temperature. Compositional percentage of the elements were confirmed though CHN 

analysis. Single crystal XRD confirms that grown crystal belongs to the triclinic system. Powder 

XRD shows the crystalline nature of the sample. Functional groups present in the system were 

identified using FTIR technique. Optical transmission study shows above 90 % transparency.  Low 

value of dielectric loss confirms the sample quality. Photoconductivity study reveals the positive 

nature of the crystal. In powder SHG studies title compound is 7.81 times greater than KDP. 
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Fluorescence studies reveal the blue fluorescence emission. All above results indicate that 4n8Q 

can be used as potential of optoelectronic applications.   
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Abstract: In this paper we introduce the concepts of various sets namely Nano generalized 𝛿 closed, 

Nano generalized 𝛿 semiclosed, Nano generalized 𝛿 preclosed, Nano generalized 𝛿𝛼 closed and Nano 

generalized 𝛿𝛽 closed. Also we discuss various basic topological properties of the above said sets and 

interconnections between them.  
 

 

1  Introduction and Preliminaries 
 Lellis Thivagar [3] introduced the notion of Nano topology (briefly, 𝔑𝔗) by using theory 

approximations and boundary region of a subset of an universe in terms of an equivalence relation on it and 

also defined Nano closed (briefly, 𝔑𝑐) sets , Nano-interior (briefly, 𝔑𝑖𝑛𝑡) and Nano-closure (briefly, 𝔑𝑐𝑙) 
in a nano topological spaces (briefly, 𝔑𝑡𝑠) . 

The class of sets namely, 𝛿-open sets are playing more important role in topological spaces, 

because of their applications in various fields of Mathematics and other real fields. In [4, 5] studied various 

kinds of 𝛿-open sets and their properties in topological spaces. By this motivation, we present the concept 

of nano generalized 𝛿-open sets and study their properties and applications in nano topological space. 
 
Definition 1.1  [6] Let (𝑈, 𝜏𝑅(𝑋)) be a 𝔑𝑡𝑠 and let 𝐴 ⊆ 𝑈 then the nano 𝛿-interior (resp. nano 

𝛿-closure) of 𝐴 is defined and denoted by 𝔑𝑖𝑛𝑡𝛿(𝐴) = ⋃ {𝑥 ∈ 𝑈:𝔑𝑖𝑛𝑡𝔑𝑐𝑙(𝑄) ⊆ 𝐴, 𝑄 ∈ 𝔑0𝑎𝑛𝑑𝑥 ∈
𝑄} (resp. 𝔑𝑐𝑙𝛿(𝐴) = {𝑥 ∈ 𝑈:𝔑𝑖𝑛𝑡(𝔑𝑐𝑙(𝑄)) ∩ 𝐴 ≠ 𝜙,𝑄 ∈ 𝔑𝑜𝑎𝑛𝑑𝑥 ∈ 𝑄}).  

 

 
Definition 1.2  [7] Let (𝑈, 𝜏𝑅(𝑋)) be a 𝔑𝑇𝑆 and 𝐴 ⊆ 𝑈. Then 𝐴 is said to be, Nano 𝛿 (resp. 

𝛿 semi, 𝛿 pre, 𝛿𝛼&𝛿𝛽) open if 𝐴 = 𝔑𝑖𝑛𝑡𝛿(𝐴) (resp. 𝐴 ⊆ 𝔑𝑐𝑙(𝔑𝑖𝑛𝑡𝛿(𝐴)), 𝐴 ⊆ 𝔑𝑖𝑛𝑡(𝔑𝑐𝑙𝛿(𝐴)), 𝐴 ⊆
𝔑𝑖𝑛𝑡(𝔑𝑐𝑙(𝔑𝑖𝑛𝑡𝛿(𝐴)))&𝐴 ⊆ 𝔑𝑐𝑙(𝔑𝑖𝑛𝑡(𝔑𝑐𝑙𝛿(𝐴)))).  

 

 
Definition 1.3  [7] 𝐴 subset 𝐴 of 𝑋 is said to be nano 𝛿-open (resp. nano 𝛿-closed) (briefly, 

𝔑𝛿𝑜 (resp. 𝔑𝛿𝑐)) set if 𝐴 = 𝔑𝑖𝑛𝑡𝛿(𝐴) (resp. 𝐴𝑐 is a nano 𝛿-open set).  
 

 
Definition 1.4  [7] Let (𝑈, 𝜏𝑅(𝑋)) be a 𝔑𝑇𝑆 and 𝐴 ⊆ 𝑈 then 𝔑𝛿𝑠 (resp. 𝔑𝛿𝑝, 𝔑𝛿𝛼 and 

𝔑𝛿𝛽) interior is defined as 𝔑𝛿𝑠𝑖𝑛𝑡(𝐴)(𝑟𝑒𝑠𝑝.𝔑𝛿𝑝𝑖𝑛𝑡(𝐴),𝔑𝛿𝛼𝑖𝑛𝑡(𝐴)𝑎𝑛𝑑𝔑𝛿𝛽𝑖𝑛𝑡(𝐴)) =∪ {𝐵:𝐵 ⊆
𝐴, 𝐵𝑖𝑠𝔑𝛿𝑠𝑜(𝑟𝑒𝑠𝑝.𝔑𝛿𝑝𝑜,𝔑𝛿𝛼𝑜𝑎𝑛𝑑𝔑𝛿𝛽𝑜, )}. 
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Definition 1.5  [7] Let (𝑈, 𝜏𝑅(𝑋)) be a 𝔑𝑇𝑆 and 𝐴 ⊆ 𝑈 then 𝔑𝛿𝑠 (resp. 𝔑𝛿𝑝, 𝔑𝛿𝛼 and 

𝔑𝛿𝛽) closure is defined as 𝔑𝛿𝑠𝑐𝑙(𝐴)(𝑟𝑒𝑠𝑝.𝔑𝛿𝑝𝑐𝑙(𝐴), 𝔑𝛿𝛼𝑐𝑙(𝐴)𝑎𝑛𝑑𝔑𝛿𝛽𝑐𝑙(𝐴)) =∪ {𝐵:𝐵 ⊆
𝐴, 𝐵𝑖𝑠𝔑𝛿𝑠𝑐(𝑟𝑒𝑠𝑝. 𝔑𝛿𝑝𝑐,𝔑𝛿𝛼𝑐𝑎𝑛𝑑𝔑𝛿𝛽𝑐, )}. 

 

 
Remark 1.6  [7] Let 𝐴 be a subset of a 𝔑𝑇𝑆(𝑈, 𝜏𝑅(𝑋)). Then [(i)]  
    1.  (𝔑𝛿𝑐𝑙(𝐴))𝑐 = 𝔑𝛿𝑖𝑛𝑡(𝐴𝑐), (𝔑𝛿𝑖𝑛𝑡(𝐴))𝑐 = 𝔑𝛿𝑐𝑙(𝐴𝑐). 
    2.  (𝔑𝛿𝑠𝑐𝑙(𝐴))𝑐 = 𝔑𝛿𝑠𝑖𝑛𝑡(𝐴𝑐), (𝔑𝛿𝑠𝑖𝑛𝑡(𝐴))𝑐 = 𝔑𝛿𝑠𝑐𝑙(𝐴𝑐). 
    3.  (𝔑𝛿𝑝𝑐𝑙(𝐴))𝑐 = 𝔑𝛿𝑝𝑖𝑛𝑡(𝐴𝑐), (𝔑𝛿𝑝𝑖𝑛𝑡(𝐴))𝑐 = 𝔑𝛿𝑝𝑐𝑙(𝐴𝑐). 
    4.  (𝔑𝛿𝛼𝑐𝑙(𝐴))𝑐 = 𝔑𝛿𝛼𝑖𝑛𝑡(𝐴𝑐), (𝔑𝛿𝛼𝑖𝑛𝑡(𝐴))𝑐 = 𝔑𝛿𝛼𝑐𝑙(𝐴𝑐). 
    5.  (𝔑𝛿𝛽𝑐𝑙(𝐴))𝑐 = 𝔑𝛿𝛽𝑖𝑛𝑡(𝐴𝑐), (𝔑𝛿𝛽𝑖𝑛𝑡(𝐴))𝑐 = 𝔑𝛿𝛽𝑐𝑙(𝐴𝑐). 
 
 In [1, 2] Nano generalized closed (briefly, 𝔑𝑔𝑐), Nano generalized open (briefly, 𝔑𝑔𝑜 set 𝔑𝑔 

interior (briefly, 𝔑𝑔𝑖𝑛𝑡(𝐴)), 𝔑𝑔 closure (briefly, 𝔑𝑔𝑐𝑙(𝐴)) were studied. 
The collection of all Nano generalized open subsets of (𝑈, 𝜏𝑅(𝑋)) is denoted by 𝔑𝑔𝑂(𝑈, 𝑋). 
 

2  Generalizations of nano 𝜹-closed sets 
 

 
Definition 2.1  A subset 𝐴 of (𝑈, 𝜏𝑅(𝑋)) is called Nano generalized [(i)]  
    1.  𝛿 closed, (briefly, 𝔑𝑔𝛿𝑐) set if 𝔑𝛿𝑐𝑙(𝐴) ⊆ 𝑉 whenever 𝐴 ⊆ 𝑉 and 𝑉 is 𝔑𝑜 in 

(𝑈, 𝜏𝑅(𝑋)). 
    2.  𝛿 semi closed, (briefly, 𝔑𝑔𝛿𝑠𝑐) set if 𝔑𝛿𝑠𝑐𝑙(𝐴) ⊆ 𝑉 whenever 𝐴 ⊆ 𝑉 and 𝑉 is 𝔑𝑜 in 

(𝑈, 𝜏𝑅(𝑋)). 
    3.  𝛿 pre closed, (briefly, 𝔑𝑔𝛿𝑝𝑐) set if 𝔑𝛿𝑝𝑐𝑙(𝐴) ⊆ 𝑉 whenever 𝐴 ⊆ 𝑉 and 𝑉 is 𝔑𝑜 in 

(𝑈, 𝜏𝑅(𝑋)). 
    4.  𝛿𝛼 closed, (briefly, 𝔑𝑔𝛿𝛼𝑐) set if 𝔑𝛿𝛼𝑐𝑙(𝐴) ⊆ 𝑉 whenever 𝐴 ⊆ 𝑉 and 𝑉 is 𝔑𝑜 in 

(𝑈, 𝜏𝑅(𝑋)). 
    5.  𝛿𝛽 closed, (briefly, 𝔑𝑔𝛿𝛽𝑐) set if 𝔑𝛿𝛽𝑐𝑙(𝐴) ⊆ 𝑉 whenever 𝐴 ⊆ 𝑉 and 𝑉 is 𝔑𝑜 in 

(𝑈, 𝜏𝑅(𝑋)). 
 

 

 
Definition 2.2  A subset 𝐴 of a Nano generalized 𝛿 open (resp. 𝛿 semi open, 𝛿 pre open, 𝛿𝛼 

open and 𝛿𝛽 open) (briefly, 𝔑𝑔𝛿𝑜 (resp. 𝔑𝑔𝛿𝑠𝑜,𝔑𝑔𝛿𝑝𝑜, 𝔑𝑔𝛿𝛼𝑜 and 𝔑𝑔𝛿𝛽𝑜)) if its compliment 𝐴𝐶 

is 𝔑𝑔𝛿𝑐 (resp. 𝔑𝑔𝛿𝑠𝑐,𝔑𝑔𝛿𝑝𝑐, 𝔑𝑔𝛿𝛼𝑐 and 𝔑𝑔𝛿𝛽𝑐).  
 
The collection of all 𝔑𝑔𝛿𝑜 (resp. 𝔑𝑔𝛿𝑠𝑜,𝔑𝑔𝛿𝑝𝑜, 𝔑𝑔𝛿𝛼𝑜 and 𝔑𝑔𝛿𝛽𝑜) subsets of (𝑈, 𝜏𝑅(𝑋)) 

is denoted by 𝔑𝑔𝛿𝑂(𝑈, 𝑋) (resp. 𝔑𝑔𝛿𝑠𝑂(𝑈, 𝑋),𝔑𝑔𝛿𝑝𝑂(𝑈, 𝑋), 𝔑𝑔𝛿𝛼𝑂(𝑈, 𝑋) and 𝔑𝑔𝛿𝛽𝑂(𝑈, 𝑋)). 
 
Definition 2.3  Let (𝑈, 𝜏𝑅(𝑋)) be a 𝔑𝑇𝑆 and 𝐴 ⊆ 𝑈 then 𝔑𝑔𝛿𝑠 (resp. 𝔑𝑔𝛿𝑝, 𝔑𝑔𝛿𝛼 and 

𝔑𝑔𝛿𝛽) interior is defined as 𝔑𝑔𝛿𝑠𝑖𝑛𝑡(𝐴)(𝑟𝑒𝑠𝑝.𝔑𝑔𝛿𝑝𝑖𝑛𝑡(𝐴),𝔑𝑔𝛿𝛼𝑖𝑛𝑡(𝐴)𝑎𝑛𝑑𝔑𝑔𝛿𝛽𝑖𝑛𝑡(𝐴)) =∪
{𝐵: 𝐵 ⊆ 𝐴, 𝐵𝑖𝑠𝔑𝑔𝛿𝑠𝑜(𝑟𝑒𝑠𝑝.𝔑𝑔𝛿𝑝𝑜,𝔑𝑔𝛿𝛼𝑜𝑎𝑛𝑑𝔑𝑔𝛿𝛽𝑜)}. 

 

 
Definition 2.4  Let (𝑈, 𝜏𝑅(𝑋)) be a 𝔑𝑇𝑆 and 𝐴 ⊆ 𝑈 then 𝔑𝑔𝛿𝑠 (resp. 𝔑𝑔𝛿𝑝, 𝔑𝑔𝛿𝛼 and 

𝔑𝑔𝛿𝛽) closure is defined as 𝔑𝑔𝛿𝑠𝑐𝑙(𝐴)(𝑟𝑒𝑠𝑝.𝔑𝑔𝛿𝑝𝑐𝑙(𝐴)𝔑𝑔𝛿𝛼𝑐𝑙(𝐴)𝑎𝑛𝑑𝔑𝑔𝛿𝛽𝑐𝑙(𝐴)) =∩ {𝐵:𝐵 ⊇
𝐴, 𝐵𝑖𝑠𝔑𝑔𝛿𝑠𝑐(𝑟𝑒𝑠𝑝.𝔑𝑔𝛿𝑝𝑐,𝔑𝑔𝛿𝛼𝑐𝑎𝑛𝑑𝔑𝑔𝛿𝛽𝑐)}. 
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Theorem 2.5  Let (𝑈, 𝜏𝑅(𝑋)) be a 𝔑𝑇𝑆 and 𝐴 ⊆ 𝑈. Then [(i)]  
    1.  Every 𝔑𝑔𝛿𝑐 set is 𝔑𝑔𝛿𝑠𝑐 set.  
    2.  Every 𝔑𝑔𝛿𝑐 set is 𝔑𝑔𝛿𝑝𝑐 set.  
    3.  Every 𝔑𝑔𝛿𝑠𝑐 set is 𝔑𝑔𝛿𝛽𝑐 set.  
    4.  Every 𝔑𝑔𝛿𝑝𝑐 set is 𝔑𝑔𝛿𝛽𝑐 set.  
    5.  Every 𝔑𝑔𝛿𝛼𝑐 set is 𝔑𝑔𝛿𝑠𝑐 set.  
    6.  Every 𝔑𝑔𝛿𝛼𝑐 set is 𝔑𝑔𝛿𝑝𝑐 set.  
    7.  Every 𝔑𝑔𝛿𝛼𝑐 set is 𝔑𝑔𝛿𝛽𝑐 set.  
 But not conversely.  
 

 
Example 2.6   Let 𝑈 = {𝑎, 𝑏, 𝑐, 𝑑} with 𝑈/𝑅 = {{𝑎}, {𝑏, 𝑐}, {𝑑}} and 𝑋 = {𝑏, 𝑑}. Then, the 

nano topology 𝜏𝑅(𝑋) = {𝑈, 𝜙, {𝑎}, {𝑏, 𝑐}, {𝑎, 𝑏, 𝑐, }} . [(i)]  
    1.  {𝑏} is both 𝔑𝑔𝛿𝑠𝑐 and 𝔑𝑔𝛿𝑝𝑐 but neither 𝔑𝑔𝛿𝑐 nor 𝔑𝑔𝛿𝛼𝑐. 
    2.  {𝑏, 𝑑} is 𝔑𝑔𝛿𝛽𝑐 but neither 𝔑𝑔𝛿𝑠𝑐 nor 𝔑𝑔𝛿𝑝𝑐. 
    3.  {𝑏} is 𝔑𝑔𝛿𝛽𝑐 but not 𝔑𝑔𝛿𝛼𝑐. 
 

 
From the discussions we have, 
 
Remark 2.7  For a subset 𝐴 in a 𝔑𝑇𝑆, (𝑈, 𝜏𝑅(𝑋)), [(i)]  
    1.  (𝔑𝑔𝛿𝑐𝑙(𝐴))𝑐 = 𝔑𝑔𝛿𝑖𝑛𝑡(𝐴𝑐), (𝔑𝑔𝛿𝑖𝑛𝑡(𝐴))𝑐 = 𝔑𝑔𝛿𝑐𝑙(𝐴𝑐). 
    2.  (𝔑𝑔𝛿𝑠𝑐𝑙(𝐴))𝑐 = 𝔑𝑔𝛿𝑠𝑖𝑛𝑡(𝐴𝑐), (𝔑𝑔𝛿𝑠𝑖𝑛𝑡(𝐴))𝑐 = 𝔑𝑔𝛿𝑠𝑐𝑙(𝐴𝑐). 
    3.  (𝔑𝑔𝛿𝑝𝑙(𝐴))𝑐 = 𝔑𝑔𝛿𝑝𝑖𝑛𝑡(𝐴𝑐), (𝔑𝑔𝛿𝑝𝑖𝑛𝑡(𝐴))𝑐 = 𝔑𝑔𝛿𝑝𝑐𝑙(𝐴𝑐). 
    4.  (𝔑𝑔𝛿𝛼𝑐𝑙(𝐴))𝑐 = 𝔑𝑔𝛿𝛼𝑖𝑛𝑡(𝐴𝑐), (𝔑𝑔𝛿𝛼𝑖𝑛𝑡(𝐴))𝑐 = 𝔑𝑔𝛿𝛼𝑐𝑙(𝐴𝑐). 
    5.  (𝔑𝑔𝛿𝛽𝑐𝑙(𝐴))𝑐 = 𝔑𝑔𝛿𝛽𝑖𝑛𝑡(𝐴𝑐), (𝔑𝑔𝛿𝛽𝑖𝑛𝑡(𝐴))𝑐 = 𝔑𝑔𝛿𝛽𝑐𝑙(𝐴𝑐). 
 

 

 
Theorem 2.8   A subset 𝐴 of 𝑈 is 𝔑𝑔𝛿𝑜 (resp. 𝔑𝑔𝛿𝑠𝑜, 𝔑𝑔𝛿𝑝𝑜,𝔑𝑔𝛿𝛼𝑜 and 𝔑𝑔𝛿𝛽𝑜) if and 

only if 𝐹 ⊆ 𝔑𝑔𝛿𝑖𝑛𝑡(𝐴) (resp. 𝐹 ⊆ 𝔑𝑔𝛿𝑠𝑖𝑛𝑡(𝐴), 𝐹 ⊆ 𝔑𝑔𝛿𝑝𝑖𝑛𝑡(𝐴), 𝐹 ⊆ 𝔑𝑔𝛿𝛼𝑖𝑛𝑡(𝐴) and 𝐹 ⊆
𝔑𝑔𝛿𝛽𝑖𝑛𝑡(𝐴)) whenever 𝐹 ⊆ 𝐴 and 𝐹 is 𝔑𝑐. 

 Proof. We prove (i) only, as the other cases are similar as (i). (Necessity) Let 𝐴 be 𝔑𝑔𝛿𝑜 set. Let 

𝐹  be 𝔑𝑐  and 𝐹 ⊆ 𝐴, then 𝐴𝑐 ⊆ 𝐹𝑐  whenever 𝐹𝑐  is 𝔑𝑜 . Since 𝐴𝑐  is 𝔑𝑔𝛿𝑐  set 𝔑𝛿𝑐𝑙(𝐴𝑐) ⊆ 𝐹𝑐 , by 

remark 1.6 𝔑𝛿(𝑖𝑛𝑡)(𝐴)𝑐 ⊆ 𝐹𝑐 . Thus 𝐹 ⊆ 𝔑𝛿𝑖𝑛𝑡(𝐴). 
(Sufficiency) 𝐹  is 𝔑𝑐  with 𝐹 ⊆ 𝔑𝛿𝑖𝑛𝑡(𝐴) & 𝐹 ⊆ 𝐴.  And (𝔑𝛿𝑖𝑛𝑡(𝐴))𝑐 ⊆ 𝐹𝑐 .  Therefore 

𝔑𝛿𝑐𝑙(𝐴𝑐) ⊆ 𝐹𝑐 . Hence 𝐴𝑐 is 𝔑𝑔𝛿𝑐 set and 𝐴 is 𝔑𝑔𝛿𝑜 set in 𝑈. 
 
Theorem 2.9   For any subsets 𝐴 and 𝐵 in a 𝔑𝑇𝑆, (𝑈, 𝜏𝑅(𝑋)), [(i)]  
    1.  If 𝔑𝛿𝑖𝑛𝑡(𝐴) ⊆ 𝐵 ⊆ 𝐴 and 𝐴 is 𝔑𝑔𝛿𝑜, then 𝐵 is 𝔑𝑔𝛿𝑜.  
    2.  If 𝔑𝛿𝑠𝑖𝑛𝑡(𝐴) ⊆ 𝐵 ⊆ 𝐴 and 𝐴 is 𝔑𝑔𝛿𝑠𝑜, then 𝐵 is 𝔑𝑔𝛿𝑠𝑜.  
    3.  If 𝔑𝛿𝑝𝑖𝑛𝑡(𝐴) ⊆ 𝐵 ⊆ 𝐴 and 𝐴 is 𝔑𝑔𝛿𝑝𝑜, then 𝐵 is 𝔑𝑔𝛿𝑝𝑜.  
    4.  If 𝔑𝛿𝛼𝑖𝑛𝑡(𝐴) ⊆ 𝐵 ⊆ 𝐴 and 𝐴 is 𝔑𝑔𝛿𝛼𝑜, then 𝐵 is 𝔑𝑔𝛿𝛼𝑜.  
    5.  If 𝔑𝛿𝛽𝑖𝑛𝑡(𝐴) ⊆ 𝐵 ⊆ 𝐴 and 𝐴 is 𝔑𝑔𝛿𝛽𝑜, then 𝐵 is 𝔑𝑔𝛿𝛽𝑜.  
 
 Proof. We prove (i) only, as the other cases are similar as (i). Let 𝐴  is 𝔑𝑔𝛿𝑜  set and 

𝔑𝛿𝑖𝑛𝑡(𝐴) ⊆ 𝐵 ⊆ 𝐴 then 𝐴𝑐 ⊆ 𝐵𝑐 ⊆ (𝔑𝛿𝑖𝑛𝑡(𝐴))𝑐  that is 𝐴𝑐 ⊆ 𝐵𝑐 ⊆ 𝔑𝛿𝑐𝑙(𝐴𝑐) by remark 1.6. Since 

𝐴𝑐 is 𝔑𝑔𝛿𝑐, 𝐵𝑐 is also 𝔑𝑔𝛿𝑐. Therefore 𝐵 be 𝔑𝑔𝛿𝑜. 
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Theorem 2.10   For any subsets 𝐴 and 𝔑𝑜 set 𝐺, [(i)]  
    1.  If a set 𝐴 is 𝔑𝑔𝛿𝑜 in 𝑈, then 𝐺 = 𝑈 whenever 𝔑𝛿𝑖𝑛𝑡(𝐴) ∪ 𝐴𝑐 ⊆ 𝐺. 
    2.  If a set 𝐴 is 𝔑𝑔𝛿𝑠𝑜 in 𝑈, then 𝐺 = 𝑈 whenever 𝔑𝛿𝑠𝑖𝑛𝑡(𝐴) ∪ 𝐴𝑐 ⊆ 𝐺. 
    3.  If a set 𝐴 is 𝔑𝑔𝛿𝑝𝑜 in 𝑈, then 𝐺 = 𝑈 whenever 𝔑𝛿𝑝𝑖𝑛𝑡(𝐴) ∪ 𝐴𝑐 ⊆ 𝐺. 
    4.  If a set 𝐴 is 𝔑𝑔𝛿𝛼𝑜 in 𝑈, then 𝐺 = 𝑈 whenever 𝔑𝛿𝛼𝑖𝑛𝑡(𝐴) ∪ 𝐴𝑐 ⊆ 𝐺. 
    5.  If a set 𝐴 is 𝔑𝑔𝛿𝛽𝑜 in 𝑈, then 𝐺 = 𝑈 whenever 𝔑𝛿𝛽𝑖𝑛𝑡(𝐴) ∪ 𝐴𝑐 ⊆ 𝐺. 
 
 Proof. We prove (i) only, as the other cases are similar as (i). Suppose that 𝐴 be 𝔑𝑔𝛿𝑜 in 𝑈. Let 

𝐺  is 𝔑𝑜  set and 𝔑𝛿𝑖𝑛𝑡(𝐴) ∪ 𝐴𝑐 ⊆ 𝐺.  Thus 𝐺𝑐 ⊆ (𝔑𝛿𝑖𝑛𝑡(𝐴) ∪ 𝐴𝑐)𝑐 = (𝔑𝛿𝑖𝑛𝑡(𝐴))𝑐 ∩ 𝐴 =
𝔑𝛿𝑐𝑙(𝐴𝑐) − 𝐴𝑐 , by remark 1.6 that is (𝔑𝛿𝑖𝑛𝑡(𝐴))𝑐 = 𝔑𝛿𝑐𝑙(𝐴𝑐). Now 𝐺𝑐 is 𝔑𝑐 and 𝐴𝑐 is 𝔑𝑔𝛿𝑐, then 

𝔑𝛿𝑐𝑙(𝐴𝑐) − 𝐴𝑐 cannot contain any non-empty 𝔑𝑐 set by theorem 3,13 [?]. Therefore 𝐺𝑐 = 𝜙. That is 

𝐺 = 𝑈. 
 
Theorem 2.11   If a 𝔑𝑐 set 𝐻 is [(i)]  
    1.  𝔑𝑔𝛿𝑜 then it is 𝔑𝛿𝑜.  
    2.  𝔑𝑔𝛿𝑠𝑜 then it is 𝔑𝛿𝑠𝑜.  
    3.  𝔑𝑔𝛿𝑝𝑜 then it is 𝔑𝛿𝑝𝑜.  
    4.  𝔑𝑔𝛿𝛼𝑜 then it is 𝔑𝛿𝛼𝑜.  
    5.  𝔑𝑔𝛿𝛽𝑜 then it is 𝔑𝛿𝛽𝑜.  
 
 Proof. (i) Let 𝐻 be 𝔑𝑐 and 𝔑𝑔𝛿𝑜. Now 𝔑𝛿𝑖𝑛𝑡(𝐻) ⊆ 𝐻 then by theorem 2.8, we have 𝐻 ⊆

𝔑𝛿𝑖𝑛𝑡(𝐻). Therefore 𝔑𝛿𝑖𝑛𝑡(𝐻) = 𝐻 which means that 𝐻 is 𝔑𝛿𝑜. 
Proof of the other cases are similar as (i). 
 
Theorem 2.12   In a 𝔑𝑇𝑆(𝑈, 𝜏𝑅(𝑋)), If 𝐻 is 𝔑𝑔𝛿𝑐 (resp. 𝔑𝑔𝛿𝑠𝑐, 𝔑𝑔𝛿𝑝𝑐, 𝔑𝑔𝛿𝛼𝑐 and 

𝔑𝑔𝛿𝛽𝑐) then 𝔑𝛿𝑐𝑙(𝐻) − 𝐻 (resp. 𝔑𝛿𝑠𝑐𝑙(𝐻) − 𝐻, 𝔑𝛿𝑝𝑐𝑙(𝐻) − 𝐻, 𝔑𝛿𝛼𝑐𝑙(𝐻) − 𝐻 and 𝔑𝛿𝛽𝑐𝑙(𝐻) −
𝐻) does not contain any non-empty 𝔑𝑐 sets. 

 
 Proof. We prove the 𝔑𝑔𝛿𝑐 case only, as the other cases are similar. Let 𝑃 in 𝔑𝑐 such that 𝑃 ⊆

𝔑𝛿𝑐𝑙(𝐻) − 𝐻. Since 𝑈 − 𝑃 is 𝔑𝑜, 𝐻 ⊆ 𝑈 − 𝑃 and 𝑃 is 𝔑𝑔𝛿𝑐, it follows that 𝔑𝛿𝑐𝑙(𝐻) ⊆ 𝑈 − 𝑃 and 

thus 𝑃 ⊆ 𝑈 −𝔑𝛿𝑐𝑙(𝐻). This implies that 𝑃 ⊆ (𝑈 − 𝔑𝛿𝑐𝑙(𝐻)) ∩ (𝔑𝛿𝑐𝑙(𝐻) − 𝐻) = 𝜙 and hence 𝑃 =
𝜙. 

 
Theorem 2.13   Let 𝐻 ⊆ 𝑈 such that [(i)]  
    1.  𝔑𝑔𝛿𝑐 set. Then 𝐻 is 𝔑𝛿𝑐 iff 𝔑𝛿𝑐𝑙(𝐻) − 𝐻 is 𝔑𝑐.  
    2.  𝔑𝑔𝛿𝑠𝑐 set. Then 𝐻 is 𝔑𝛿𝑠𝑐 iff 𝔑𝛿𝑠𝑐𝑙(𝐻) − 𝐻 is 𝔑𝑐.  
    3.  𝔑𝑔𝛿𝑝𝑐 set. Then 𝐻 is 𝔑𝛿𝑝𝑐 iff 𝔑𝛿𝑝𝑐𝑙(𝐻) − 𝐻 is 𝔑𝑐.  
    4.  𝔑𝑔𝛿𝛼𝑐 set. Then 𝐻 is 𝔑𝛿𝛼𝑐 iff 𝔑𝛿𝛼𝑐𝑙(𝐻) − 𝐻 is 𝔑𝑐.  
    5.  𝔑𝑔𝛿𝛽𝑐 set. Then 𝐻 is 𝔑𝛿𝛽𝑐 iff 𝔑𝛿𝛽𝑐𝑙(𝐻) − 𝐻 is 𝔑𝑐.  
 
 Proof. We prove (i) only, as the other cases are similar as (i). Let 𝐻 be a 𝔑𝑔𝛿𝑐 set. If 𝐻 is 𝔑𝛿𝑐, 

then we have 𝔑𝛿𝑐𝑙(𝐻) − 𝐻 = 𝜙 which is 𝔑𝑐  set. Conversely, let 𝔑𝛿𝑐𝑙(𝐻) − 𝐻  be a 𝔑𝑐 . Then by 

Theorem 2.12 𝔑𝛿𝑐𝑙(𝐻) − 𝐻 has no 𝔑𝑐 proper subset and since 𝔑𝛿𝑐𝑙(𝐻) − 𝐻 is 𝔑𝑐 subset of itself, 

then 𝔑𝛿𝑐𝑙(𝐻) − 𝐻 = 𝜙. This implies that 𝐻 = 𝔑𝛿𝑐𝑙(𝐻) and so 𝐻 is 𝛿-closed set. 
 
Theorem 2.14   Let a 𝔑𝑜 set 𝐻 in (𝑈, 𝜏𝑅(𝑋)), and let 𝐻 is a [(i)]  
    1.  𝔑𝑔𝛿𝑐 set. Then 𝐻 ∩ 𝑃 is 𝔑𝑔𝛿𝑐 whenever 𝑃 is 𝔑𝛿𝑐.  
    2.  𝔑𝑔𝛿𝑠𝑐 set. Then 𝐻 ∩ 𝑃 is 𝔑𝑔𝛿𝑠𝑐 whenever 𝑃 is 𝔑𝛿𝑠𝑐.  
    3.  𝔑𝑔𝛿𝑝𝑐 set. Then 𝐻 ∩ 𝑃 is 𝔑𝑔𝛿𝑝𝑐 whenever 𝑃 is 𝔑𝛿𝑝𝑐.  
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    4.  𝔑𝑔𝛿𝛼𝑐 set. Then 𝐻 ∩ 𝑃 is 𝔑𝑔𝛿𝛼𝑐 whenever 𝑃 is 𝔑𝛿𝛼𝑐.  
    5.  𝔑𝑔𝛿𝛽𝑐 set. Then 𝐻 ∩ 𝑃 is 𝔑𝑔𝛿𝛽𝑐 whenever 𝑃 is 𝔑𝛿𝛽𝑐.  
 
 Proof. We prove (i) only, as the other cases are similar as (i). Since 𝐻 is 𝔑𝑔𝛿𝑐 and 𝔑𝑜, then 

𝔑𝛿𝑐𝑙(𝐻) ⊆ 𝐻 and thus 𝐻 is 𝔑𝛿𝑐. Hence 𝐻 ∩ 𝑃 is 𝔑𝛿𝑐 in 𝑈 which implies that 𝐻 ∩ 𝑃 is 𝔑𝑔𝛿𝑐 in 𝑈. 
 
Theorem 2.15   Let 𝐻,𝑄 be any subsets of (𝑈, 𝜏𝑅(𝑋)) satisfying 𝐻 ⊆ 𝑄 and [(i)]  
    1.  𝑄 ⊆ 𝔑𝛿𝑐𝑙(𝐻), then 𝑄 is 𝔑𝑔𝛿𝑐 set.  
    2.  𝑄 ⊆ 𝔑𝛿𝑠𝑐𝑙(𝐻), then 𝑄 is 𝔑𝑔𝛿𝑠𝑐 set  
    3.  𝑄 ⊆ 𝔑𝛿𝑝𝑐𝑙(𝐻), then 𝑄 is 𝔑𝑔𝛿𝑝𝑐 set.  
    4.  𝑄 ⊆ 𝔑𝛿𝛼𝑐𝑙(𝐻), then 𝑄 is 𝔑𝑔𝛿𝛼𝑐 set.  
    5.  𝑄 ⊆ 𝔑𝛿𝛽𝑐𝑙(𝐻), then 𝑄 is 𝔑𝑔𝛿𝛽𝑐 set.  
 
 Proof. We prove (i) only, as the other cases are similar as (i). Let 𝑄 ⊆ 𝐺 where 𝐺 is 𝔑𝑜 set. 

Since 𝐻  is 𝔑𝑔𝛿𝑐  and 𝐻 ⊆ 𝐺,  then 𝔑𝛿𝑐𝑙(𝐻) ⊆ 𝐺  and also 𝔑𝛿𝑐𝑙(𝐺) = 𝔑𝛿𝑐𝑙(𝑄).  Therefore 

𝔑𝛿𝑐𝑙(𝑄) ⊆ 𝐺 and hence 𝑄 is 𝔑𝑔𝛿𝑐 set. 
 
Theorem 2.16   Let 𝐻 be a subset in 𝑉, relative topology of 𝑈, suppose that 𝐻 is [(i)]  
    1.  𝔑𝑔𝛿𝑐 in 𝑈, then 𝐻 is 𝔑𝑔𝛿𝑐 relative to 𝑉. 
    2.  𝔑𝑔𝛿𝑠𝑐 in 𝑈, then 𝐻 is 𝔑𝑔𝛿𝑠𝑐 relative to 𝑉. 
    3.  𝔑𝑔𝛿𝑝𝑐 in 𝑈, then 𝐻 is 𝔑𝑔𝛿𝑝𝑐 relative to 𝑉. 
    4.  𝔑𝑔𝛿𝛼𝑐 in 𝑈, then 𝐻 is 𝔑𝑔𝛿𝛼𝑐 relative to 𝑉. 
    5.  𝔑𝑔𝛿𝛽𝑐 in 𝑈, then 𝐻 is 𝔑𝑔𝛿𝛽𝑐 relative to 𝑉. 
 
 Proof. We prove (i) only, as the other cases are similar as (i). Given that 𝐻 ⊆ 𝑉 ⊆ 𝑈 and 𝐻 is 

𝔑𝑔𝛿𝑐 in 𝑈. To show that 𝐻 is 𝔑𝑔𝛿𝑐 relative to 𝑉. Let 𝐻 ⊆ 𝑉 ∩ 𝐺, where 𝐺 is 𝔑𝑜 in 𝑈. Since 𝐻 is 

𝔑𝑔𝛿𝑐, 𝐻 ⊆ 𝐺, implies 𝔑𝛿𝑐𝑙(𝐻) ⊆ 𝐺. It follows that 𝑉 ∩ 𝔑𝛿𝑐𝑙(𝐻) ⊆ 𝑉 ∩ 𝐺. Then 𝐻 is 𝔑𝑔𝛿𝑐 relative 

to 𝑉. 
 
Theorem 2.17   Let 𝑄 is any subset of 𝐻, relative topology of 𝑈, if 𝐻 is both 𝔑𝑜 and 𝔑𝑔𝛿𝑐 

(resp. 𝔑𝑔𝛿𝑠𝑐, 𝔑𝑔𝛿𝑝𝑐, 𝔑𝑔𝛿𝛼𝑐 and 𝔑𝑔𝛿𝛽𝑐) subset of 𝑈, then 𝑄 is 𝔑𝑔𝛿𝑐 (resp. 𝔑𝑔𝛿𝑠𝑐, 𝔑𝑔𝛿𝑝𝑐, 

𝔑𝑔𝛿𝛼𝑐 and 𝔑𝑔𝛿𝛽𝑐) set relative to 𝑈. 
 
 Proof. We prove the 𝔑𝑔𝛿𝑐 case only, as the other cases are similar. Let 𝑄 ⊆ 𝐺 and 𝐺 be a 𝔑𝑜 

set in 𝑈. But given that 𝑄 ⊆ 𝐻 ⊆ 𝑈, therefore 𝑄 ⊆ 𝐻 and 𝑄 ⊆ 𝐺. This implies 𝑄 ⊆ 𝐻 ∩ 𝐺. Since 𝑄 is 

𝔑𝑔𝛿𝑐  relative to 𝐻,𝐻 ∩ 𝔑𝛿𝑐𝑙(𝑄) ⊆ 𝐻 ∩ 𝐺.  Implies (𝐻 ∩ 𝔑𝛿𝑐𝑙(𝑄)) ⊆ 𝐺.  Thus (𝐻 ∩ 𝔑𝛿𝑐𝑙(𝑄)) ⊆
(𝔑𝛿𝑐𝑙(𝑄))𝑐 ⊆ 𝐺 ⊆ (𝔑𝛿𝑐𝑙(𝑄))𝑐 .  Implies 𝐻 ⊆ (𝔑𝛿𝑐𝑙(𝑄))𝑐 ⊆ 𝐺 ⊆ (𝔑𝛿𝑐𝑙(𝑄))𝑐 .  Since 𝐻  is 𝔑𝑔𝛿𝑐  in 

𝑈, we have 𝔑𝛿𝑐𝑙(𝐻) ⊆ 𝐺 ⊆ (𝔑𝛿𝑐𝑙(𝑄))𝑐 . Also 𝑄 ⊆ 𝐻 implies 𝔑𝛿𝑐𝑙(𝑄) ⊆ 𝔑𝛿𝑐𝑙(𝐻). This 𝔑𝛿𝑐𝑙(𝑄) ⊆
𝔑𝛿𝑐𝑙(𝐻) ⊆ 𝐺 ⊆ (𝔑𝛿𝑐𝑙(𝑄))𝑐 . Therefore 𝔑𝛿𝑐𝑙(𝑄) ⊆ 𝐺, since 𝔑𝛿𝑐𝑙(𝑄) is not contained in 𝔑𝛿𝑐𝑙(𝑄) is 

not contained in (𝔑𝛿𝑐𝑙(𝑄))𝑐 . Thus 𝑄 is 𝔑𝑔𝛿𝑐 set relative to 𝑈. 
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1. Introduction

Transition-metal oxides [TMOs] have been found place in
many research areas due to their exclusive properties, such as,
semiconducting behavior, spin-polarization, magnetic, optical, so-
lar cells and antibacterial activity. Intensive research is presently
being carried out on enhancing these properties and the adding
novel functionalities to the oxides (Søndenå et al., 2007). In recent
years, development of solar cells that the directly convert sun
light into electricity. Solar cell is one of the most promising
technologies for collecting that the sun energy as the largest non-
carbon and carbon based natural source. Photovoltaic acceptance
has been growing to present in satisfactory for alternatives to the
conventional solar cells. Solar cells, that the lowest cost and the
simplest fabrication method for solar cells is solution processing
that provides roll-to-roll printing as a beneficial method for large
scale production. In recent years, Fuel cells have advantages over
other systems because of their high electrical efficiency and fuel
flexibility. Several type of fuel cell requires specific materials
and the fuels for different applications. Recent advances, fuel
cell types, such as, alkaline fuel cells (AFCs), molten carbonate
fuel cells (MCFCs) and solid oxide fuel cells (SOFCs). Currently,
researchers focus on SOFCs. SOFCs have many advantages for a
wide range of applications because of their electrical efficiency,
potential to use natural gas, biogas or CH4 as a fuel and high per-
formance. Solid oxide fuel cells (SOFCs) are considered as a highly
encouraging way for green electric power generation from fossil
fuels and the renewable energy with much fewer impressions
on the environment. It is the key to develop new cathode with
excellent electro-catalytic activity toward the oxygen reduction
reaction (ORR) within the intermediate temperature range, as
it is the limitation for the total polarization (Zhu et al., 2016).
The most important factor influencing fuel cell performance is
the material used as a catalyst. Catalysts speed up the reac-
tions at both anode and cathode. There are several types of
fuel cells. They are categorized depending on the nature of the
electrolyte (Brousse et al., 2015). Nowadays, that the challenges
associated with up conversion of sub-bandgap photons lie in both
the solar cell technology and the up converter material side.

Various synthetic approaches for cobalt oxide based nanoma-
terials are being developed in the last few years with respect to
achieving control of crystallite size, shape, and assembly behav-
ior (Gogotsi and Penner, 2018). Spinel-type cobalt oxide (Co3O4)
is commonly prepared by the ceramic technique that the involves,
combustion method (Bilecka et al., 2008), or microwave irradia-
tion (Jiu et al., 2002), or hydrothermal/solvothermal method (Gu
et al., 2007) or chemical spray pyrolysis (Gardey-Merino et al.,
2012), or sonochemical method (Ai and Jiang, 2009) and modified
sol–gel method (Li and Ren, 2006). New fuel based methods
has been developed as a mild hydrothermal method to synthe-
size cobalt oxides by the using thioglycolic acid (TGA). We have
presented here a hydrothermal method, which is milder, sim-
pler, and more environmental friendly than other methods. The
unique advantage of this method is inexpensive raw materials
and simple preparation process. Therefore, it is possible to control
both kinetic and thermodynamic factors of the preparation using
hydrothermal method (Sharma et al., 2010).

Currently, that the efficiently of engineer the cobalt oxide
surfaces/interfaces; the quest to find an optimal and the cham-
pion passivating material that can efficiently improve the cobalt
oxide solar cell performance is appealing and the success could
be much reliant on the understanding of the structures and the
properties of the passivating layer/ cobalt oxide system. In recent
years, efforts should be spent on elucidating the mechanisms
of passivating layer effects on the cobalt oxide solar cell per-
formance. A number of efforts have been made to minimize

that the two major losses occurring in single junction solar cells
i.e., the sub band gap transmission and thermalization of hot
carriers (Schouwink et al., 2014). To the best of our consent,
we mainly research work, the progress and achievements in the
preparation processes. Finally, we outline the challenges and the
perspectives of this promising solar cell.

2. Materials and methods

2.1. Preparation of Co3O4

Analytical grade Co(NO3)2.6H2O from Sigma–Aldrich company
with minimum purity of 99 wt.% as received, and thioglycolic
acid (TGA) from Sigma Aldrich company, 99.5 wt.%, were used
as starting materials. A mixed solution of cobalt nitrate [1 M]
is dissolved in 100 ml distilled water and 100 ml 0.08 M of
thioglycolic acid (TGA) was mixed slowly under stirring. After
stirring, the reactants were put into a 250 ml capacity Teflon-
lined autoclave. The autoclave was maintained at 100–160 ◦C for
5–7 h and then cooled down to room temperature naturally. The
product was centrifuged, washed with alcohol and distilled water
for several times, and dried in the air at 120 ◦C for 5 h.

2.2. Characterization of cobalt oxide

Cobalt oxide chemical analysis was analyzed by a Scanning
Electron Microscope (SEM) model, CARL ZEISS EVO MA15. The
structural studies on cobalt oxide nanoparticles were done using
Seifert 3003 TT X-ray diffractometer with Cu Kα radiation with a
wavelength of 1.540 Å and the system was operated at 30 keV in
a scan range of 20–100◦ Phillips TECHNAI FE 12. Stereo-scan LEO
440 and a high resolution transmission electron microscope (HR-
TEM). Diffuse reflectance measurements were performed by Jasco
V-670 double-beam spectrometer for energy gap determination.

2.3. Fabrication of solar cells

The cobalt oxide was used as photo-anodes in DSSCs with a 3-
mm thickness, sensitized in a 0.03 mM acetone solution of Ruthe-
nium (II) cis-di(thiocyano) bis (2,2′-bypyr-idyl-4,4’dicarboxylic
acid) (N3) dyes for at least 10 h at 50 ◦C. The excess unanchored
dyes were rinsed off using absolute acetone and dried in air,
then the covered with platinum sheet as counter electrodes. The
internal space of the cell was filled with liquid electrolyte (0.3
M LiI, 0.03 M I2) dissolved in acetonitrile by the capillary action.
The photovoltaic characteristics were measured by 614 Keithley
picoammeter under Oriel solar simulator illumination (AM1.5,
100 mW/cm2).

3. Results and discussion

XRD analysis supplies the width and the intensity of the
diffraction peaks is depending on lattice strain, crystallite size,
and other imperfections, such as, stacking responsibilities. The
XRD patterns of cobalt oxide nanoparticles are shown in Fig. 1.
2θ values at 24.53◦, 27.25◦, 31.30◦, 36.99◦, 44.97◦, 49.56◦, 55.14◦,
59.78◦, 65.90◦, and 77.12◦ appeared. XRD analysis supplies the
width and the intensity of the diffraction peaks is contingent
on lattice strain, crystallite size, and other imperfections, such
as, stacking responsibilities. The XRD patterns of cobalt oxide
nanoparticles are shown in Fig. 1. 2θ values at 31.30◦, 36.99◦,
44.97◦, 49.56◦, 55.14◦, 59.78◦, and 65.90◦, appeared. (220), (311),
(222), (400), (331), (511) and (440) crystal planes of the cubic
spinel structure, respectively. Cobalt oxides presented in diffrac-
tion peak positions, inter planar distanced (Å) values of (FWHM)
full-width at half-maximum, [1.0012], [0.9345], [1.0967], [1.3467],
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Fig. 1. XRD pattern of cobalt oxide prepared by Hydrothermal method.

[1.4744], [1.0242] and [1.2287], respectively. These diffraction
peaks are indexed to the crystalline cubic phase of Co3O4 with
lattice constants of a = 8.076 Å and a space group of Fd3 m,
which are in agreement with the reported values (JCPDS card no.
76-1802). These diffraction peaks are indexed to the crystalline
cubic phase of Co3O4 with lattice constants of a = 8.076 Å and
a space group of Fd3 m, which are in consent with the reported
values (JCPDS card no. 76–1802).

The average crystallite size is obtained from XRD peaks using
Scherrer equation (Becheri et al., 2008).

L =
0.89λ
β cos θ

where, L = average crystallite size (Å), λ = wavelength of the
incident X-ray beam (1.54 Å), β = the FWHM (rad), and θ =

Bragg’s angle. The average crystallite size for the sample was
found to be 17.2 nm, respectively.

By SEM analysis it is observed that the Co3O4 exhibited a high
degree of agglomeration, as is shown in Fig. 2(a, b). The EDX
result showed (Fig. 2c) the presence of Co3O4 by the appearance
of Co and O peaks in the spectrum. Though, the presence of cobalt
oxides no impurity is also evidenced from the EDX spectrum.

A comparable agglomeration is evidenced in Co3O4 powders
synthetized by synthesis using thioglycolic acid (TGA) as fuel.
Fig. 3(c, d) is the TEM image of the cobalt oxide nanopowder.
It shows the formation of the agglomerated spherical shaped
nanoparticles. The average crystal size observed from XRD is con-
siderably small compared to the mean size calculated from TEM
particle size histograms. Nonetheless, a more rapidly appearance
arguments available that the particle size represented by the
mean intensity peaks form maximum peak obtained XRD spectra
(crystal region) is a considerable agreement with the mean size
calculated from the TEM measurement in visible region (particle
size for tiny particles into present in agglomerated/ aggregates)
within acceptable error limit for present instrumentation. Co3O4
nanoparticle (interaction for Co-O) means that the outstanding to
the micro-nano motions for nanoparticle, that the atoms in the
nano sized metal oxides are more active than those of the base
metal oxides in preparation method (Bindu and Thomas, 2014;
Paul et al., 2010). In hydrothermal process the decomposition of
the precursors at a specific flush depends on the temperature and
pressure inside the reaction container. Now, pressure is related
to the fraction of the solvent and is kept constant for all the

experiments. Initially synthesis is achieved in water with in con-
centrations of thioglycolic acid (TGA). Synthesis is carried out in
different experimental conditions to get the optimum condition
for the formation of Co3O4 based nanoparticles.

The fundamental absorption, which agrees to the conversion
from valence to the conduction band, can be used to regulate
the band gap energy of the oxide material. For analysis purposes,
the diffuse-reflectance (R) of the sample can be related to the
Kubelka–Munk function F(R) by the relation F(R)=(1-R)2/2R (He
et al., 2005). The optical property of the cobalt oxide is con-
sidered by the DRS in the UV–Vis region. Fig. 4a shows the
DRS spectra recorded at room temperature in the wavelength
choice of 200–800 nm. From this spectra, it may be observed
that the absorption edge of the Co3O4 is slightly shifted (350–
550) to lower wavelength with increasing Co3+ concentration.
The first band (200–300) is assigned to the O2−

→Co2+charge
transfer process while the second band (350–700) is assigned to
the O2−

→ Co3+charge transfer (Subba Ramaiah et al., 2001).
Present work, that the bandgap energies are (Fig. 4b) 4.10 eV
for the Co3O4 nanoparticles. The increases in the optical band
gap energy exhibitions an increasing trend as the particle size
decreases due to the quantum confinement of cobalt oxides. the
nanoparticles influence the optical devices (Ramamoorthy and
Rajendran, 2017).

Fig. 5a shown the photocurrent–voltage curve of the DSSCs ob-
tained with the 2-mm cobalt oxide. During the photocurrent mea-
surements, the cell efficiency (h) is expressed by the following
equation:

η = (Voc JscFF )/Pin (1)
FF = Vopt Jopt/Voc Jsc (2)

Which P in is the power of white light, FF is fill factor, Vopt
and Jopt are voltage and current for determined power output,
and Voc and Jsc are open-circuit photovoltage and short-circuit
photocurrent, respectively. The cell effectiveness, small circuit
current and the open-circuit photovoltage of cobalt oxide DSSC
is 1.3%, 5.10 mA cm−2 and 397 mV, respectively (Peh et al.,
2010). Present work, J–V curves of the fabricated DSSCs sen-
sitized by the N719 under standard AM 1.5 illumination (100
Ma/cm−2) are shown in Fig. 5b. The detailed values for pho-
tovoltaic parameters of all devices, including the short-circuit
photocurrent density Jsc(mA/cm2) 19.02 ± 0.21, open-circuit volt-
age (Voc) 0.812 ± 0.008, fill factor (FF) 0.69 ± 0.09 and PCE
% (9.05 ± 0.02) are collected in cobalt oxides. Cobalt oxides
aggregated have been effectively decreased the surface area, and
with direct contact to the dye molecules, it resulted in a lower
amount of adhered dye molecules to convert sunlight thereby
leading to a lower Jsc (Peter and Wijayantha, 1999).

Fig. 6 shows the XPS spectra of Co3O4,the binding energy of
Co3+2p3/2 electrons on for 782 eV and Co2+2p 1/2 for 797 eV. The
relative ratio of Co 2þ to Co 3þ can be assessed by calculating the
corresponding integrated areas. The binding energy shifts about
to a lower value, indicating the (Co2+–O−) bond in (Co3+–O−)
high value indicated for Co3O4. As suggested by the mechanism,
as follows

2Co3+ − O−
→ Co3+ − O − O − Co3+ → O2 + 2Co2+

To extend the in above mechanism, it is assumed that the two
adsorbed oxygen atoms (Co3+–O−) produced. The bond energies
of these peaks are very consistent with the Co3+and Co2+cations
reported in previous literature of Co3O4 (Zhang et al., 2016;
Kumar et al., 2016).
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Fig. 2. (a,b) SEM pattern of cobalt oxide prepared by Hydrothermal method. (c) EDS spectrum of cobalt oxide.

Fig. 3. (a,b) TEM pattern of cobalt oxide prepared by Hydrothermal method.
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Fig. 4. (a) Diffuse reflectance spectra of cobalt oxide prepared by Hydrothermal
method. (b) Bandgap energy for of cobalt oxide.

Fig. 5. (a) Photocurrent–voltage curves of cobalt oxide DSSC. (b) J–V
characteristics of DSSCs using cobalt oxide.

4. Conclusion

The Co3O4 is well-dispersed with high crystallinity, terms of
size, morphology, optical and the Co3O4 particles thereby leading
to high solar cell efficiency. Experimental design and analysis of
cobalt oxide based DSSC is carried out. Thus in the present study
we explained an improved DSSC constructed with hydrother-
mally synthesized cobalt oxide. In addition, hydrothermal method

Fig. 6. XPS spectrum for cobalt oxide.

is very simple, inexpensive and energy efficient to obtain Co3O4
materials in nanoscale range. Therefore, Co3O4nanoparticles in
the large area processes are a positive step for the development
of low-cost antireflection and are a good choice for the easy
low temperature fabrication solar cells as well as environmental
friendly deposition methods.

References

Ai, L.-H., Jiang, J., 2009. Powder Tech. 195, 11–14.
Becheri, A., Durr, M., Nostro, P.L., Baglioni, P., 2008. J. Nanopart. Res. 10, 679–689.
Bilecka, I., Djerdj, I., Niederberger, M., 2008. Chem. Commun. 886–888.
Bindu, P., Thomas, S., 2014. J. Theor. Appl. Phys. 8, 123–134.
Brousse, T., Belanger, D., Long, J.W., 2015. J. Electrochem. Soc. 162, A5185–A5189.
Gardey-Merino, M.C., Palermo, M., Belda, R., Fernández De Rapp, M.E.,

Lascalea, G.E., Vázquez, P.G., 2012. Proc. Mater. Sci. 1, 588–593.
Gogotsi, Y., Penner, R.M., 2018. ACS Nano 12, 2081–2083.
Gu, F., Li, C., Hu, Y., Zhang, L., 2007. J. Cryst. Growth 304, 369–373.
He, T., Chen, D.R., Jiao, X.L., Wang, Y.L., Duan, Y.Z., 2005. Chem. Mater. 17,

4023–4030.
Jiu, J., Ge, Y., Li, X., Nie, L., 2002. Mater. Lett. 54, 260–263.
Kumar, K., Canaff, C., Rousseau, J., Arrii-Clacens, S., Napporn, T.W., Habrioux, A.,

Kokoh, K.B., 2016. J. Phys. Chem. C 120, 7949–7958.
Li, L., Ren, J., 2006. Mater. Res. Bull. 41, 2286–2290.
Paul, G., Pal, T., Manna, I., 2010. J. Colloid Interface Sci. 349, 434–437.
Peh, C.K.N., KE, L., Ho, G.W., 2010. Mater. Lett. 64, 1372–1375.
Peter, L.M., Wijayantha, K.G., 1999. Electrochem. Commun. 1, 576–580.
Ramamoorthy, C., Rajendran, V., 2017. Optik 145, 330–335.
Schouwink, P., Ley, M.B., Tissot, A., Hagemann, H., Jensen, T.R., Smrčok, Ľ.,

Černý, R., 2014. Nature Commun. 5, 5706.
Sharma, D., Rajput, J., Kaith, B.S., Kaur, M., Sharma, S., 2010. Thin Solid Films

519, 1224–1229.
Søndenå, Rune, Stølen, Svein, Ravindran, P., Grande, Tor, Allan, Neil L., 2007.

Phys. Rev. B 75, 184105.
Subba Ramaiah, K., Pilkington, R.D., Hill, A.E., Tomlinson, R.D., Bhatnagar, A.K.,

2001. Mater. Chem. Phys. 68, 22–30.
Zhang, C., Xiao, J., Lv, X., Qian, L., Yuan, S., Wang, S., Lei, P., 2016. J. Mater. Chem.

A 4, 16516–16523.
Zhu, Y., Zhou, W., Ran, R., Chen, Y., Shao, Z., Liu, M., 2016. Nano Lett. 16, 512–518.

Page 2498 of 3066Page 2498 of 3066

http://refhub.elsevier.com/S2352-4847(18)30162-8/sb1
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb2
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb3
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb4
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb5
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb6
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb6
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb6
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb7
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb8
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb9
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb9
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb9
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb10
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb11
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb11
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb11
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb12
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb13
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb14
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb15
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb16
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb17
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb17
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb17
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb18
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb18
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb18
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb19
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb19
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb19
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb20
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb20
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb20
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb21
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb21
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb21
http://refhub.elsevier.com/S2352-4847(18)30162-8/sb22


Malaya Journal of Matematik, Vol. S, No. 1, 656-660, 2019

https://doi.org/10.26637/MJM0S01/0117

New notions of nano M-open sets
A. Padma1, M. Saraswathi2, A. Vadivel3,* and G. Saravanakumar4

Abstract
In this paper we introduce the concepts of new class of sets namely nano M-open sets. Also we discuss various
topological properties and interconnections with the existing nano sets.

Keywords
nano M-open, nano δ -preopen, nano θ -semiopen, nano e-open sets.

AMS Subject Classification
54B05.

1Department of Mathematics, Annai Women’s College, Karur-639 136, Tamil Nadu, India.
2Department of Mathematics, Kandaswamy Kandar’s College, P-velur, Tamil Nadu-638182, India.
3PG and Research Department of Mathematics, Government Arts College (Autonomous), Karur - 639005; Department of Mathematics,
Annamalai University, Annamalai Nagar -608002, India,
4Department of Mathematics, M.Kumarasamy College of Engineering (Autonomous), Karur - 639113, India.
*Corresponding author: avmaths@gmail.com
Article History: Received 24 June 2019; Accepted 09 October 2019 c©2019 MJM.

Contents

1 Introduction and Preliminaries. . . . . . . . . . . . . . . . . . . .656

2 Nano M-open sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 657

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 660

1. Introduction and Preliminaries
Lellis Thivagar [3] introduced the notion of Nano topology

(briefly, NT) by using theory approximations and boundary
region of a subset of an universe in terms of an equivalence
relation on it and also defined Nano closed (briefly, Nc) sets ,
Nano-interior (briefly, Nint) and Nano-closure (briefly, Ncl)
in a nano topological spaces (briefly, Nts). Carmel [7] dis-
cussed some weak forms of No sets and Nθ open (briefly,
Nθo) sets. The notion of M-open sets in topological spaces
were introduced by El-Maghrabi and Al-Juhani [1] in 2011
and studied some of their properties. The class of sets namely,
M-open sets are playing more important role in topological
spaces, because of their applications in various fields of Math-
ematics and other real fields. By these motivations, we present
the concept of nano M-open sets and study their properties
and applications in nano topological space.

Proposition 1.1. [2] If (U,R) is an approximation space and
X ,Y ⊆U , then

(i) LR(X)⊆ X ⊆UR(X).

(ii) LR(φ) = UR(φ) = φ and LR(U) = UR(U) =U.

(iii) UR(X ∪Y ) = UR(X)∪UR(Y ).

(iv) UR(X ∩Y )⊆UR(X)∩UR(Y ).

(v) LR(X ∪Y )⊇LR(X)∪LR(Y ).

(vi) LR(X ∩Y ) = LR(X)∩LR(Y ).

(vii) LR(X) ⊆ LR(Y ) and UR(X) ⊆ UR(Y ), whenever X
⊆ Y.

(viii) UR(Xc) = [LR(X)]c and LR(Xc) = [UR(X)]c.

(ix) URUR(X) = LRUR(X) = UR(X).

(x) LRLR(X) = URLR(X) = LR(X).

Definition 1.2. [7] Let (U,τR(X)) be a Nts and let A ⊆U
then the nano θ -interior (resp. nano θ -closure) of A is de-
fined and denoted by Nintθ (A) =

⋃
{B : B is a No set and

Ncl(B) ⊆ A} (resp. Nclθ (A) =
⋃
{x ∈ U : Ncl(B)∩ A 6=

φ , B is a No set and x ∈ B}).

Definition 1.3. [7] A subset A of X is said to be nano θ -
open (resp. nano θ -closed) (briefly, Nθo (resp. Nθc)) set if
A =Nintθ (A) (resp. Ac is a nano θ -open set).

Definition 1.4. [3, 6] Let (U,τR(X)) be a Nts and A ⊆ U .
Then A is said to be nano regular open (briefly, Nro) if A =
Nint(Ncl(A)).
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Definition 1.5. [4] Let (U,τR(X)) be a Nts and let A ⊆U
then the nano δ -interior (resp. nano δ -closure) of A is de-
fined and denoted by Nintδ (A) =

⋃
{B : B is a Nro set and

B ⊆ A} (resp. Nclδ (A) =
⋃
{x ∈ U : Nint(Ncl(B))∩A 6=

φ , B is a No set and x ∈ B}).

Definition 1.6. [4] A subset A of X is said to be nano δ -
open (resp. nano δ -closed) (briefly, Nδo (resp. Nδc)) set if
A =Nintδ (A) (resp. Ac is a nano δ -open set).

Definition 1.7. [4, 8]Let (U,τR(X)) be a Nts and A⊆U. Then
A is said to be a nano δ -pre (resp. nano δ -semi, nano e and
nano θ -semi) open set (briefly NδPo (resp. NδS o, Neo
and NθS o)) if A⊆Nint(Nclδ (A)) (resp. A⊆Ncl(Nintδ (A)),
A⊆Ncl(Nintδ (A))∪Nint(Nclδ (A)) and A⊆Ncl(Nintθ (A))).

The complements of the above respective open sets are
their respective closed sets.

The family of all NδPo (resp. NδS o, Neo and NθS o)
sets is denoted by NδPO(U,τR(X)), (resp. Nδ S O(U,τR(X)),
NeO(U,τR(X)) and NθS O(U,τR(X))) and the family of all
nano δ -pre (resp. nano δ -semi, nano e and nano θ -semi)
closed (briefly, NδPc (resp. NδS c, Nec and NθS c)) sets
is denoted by NδPC(U, τR(X)), (resp. NδSC(U,τR(X)),
NeC(U,τR(X)) and Nθ SC(U, τR(X))).

Definition 1.8. [4, 8] Let (U,τR(X)) be a Nts and let A⊆U
then the nano δ -pre (resp. nano δ -semi, nano e and nano
θ -semi) interior of A is the union of all NδPo (resp. NδS o,
Neo and NθS o) sets contained in A and denoted by NPintδ (A)
(resp. NS intδ (A), Neint(A) and NS intθ (A)).

Definition 1.9. Let (U,τR(X)) be a Nts and let A ⊆U then
the nano δ -pre (resp. nano δ -semi, nano e and nano θ -
semi) closure of A is the intersection of all NδPc (resp.
NδS c, Nec and NθS c) sets containing A and denoted by
NPclδ (A) (resp. NS clδ (A), Necl(A) and NS clθ (A)).

Definition 1.10. Let (U,τR(X)) be a Nts and A ⊆U. Then
A is said to be a nano θ -pre (resp. nano θ -semi and nano
θβ ) open set (briefly NθPo (resp. NθS o and Nθβo))
if A ⊆ Nint(Nclθ (A)) (resp. A ⊆ Ncl(Nintθ (A)) and A ⊆
Ncl(Nint(Nclθ (A)))).

Proposition 1.11. [8] Let A be a subset of a NT S (U,τR(X)).
Then

(i) (Nclθ (A))c =Nintθ (Ac), (Nintθ (A))c =Nclθ (Ac).

(ii) (NS clθ (A))c =NS intθ (Ac),
(NS intθ (A))c =NS clθ (Ac).

(iii) (NPclθ (A))c =NPintθ (Ac),
(NPintθ (A))c =NPclθ (Ac).

(iv) (Necl(A))c =Neint(Ac), (Neint(A))c =Necl(Ac).

(v) (Nβclθ (A))c =Nβ intθ (Ac),
(Nβ intθ (A))c =Nβclθ (Ac).

(vi) NS clθ (A) = A∪Nint(Nclθ (A)).

(vii) NS intθ (A) = A∩Ncl(Nintθ (A)).

Throughout this paper, (U,τR(X)) is a Nts with respect
to X where X ⊆U, R is an equivalence relation on U. Then
U/R denotes the family of equivalence classes of U by R. All
other undefined notions from [2, 3, 5].

2. Nano M-open sets
The purpose of this section is to introduce and investigate
some properties of nano M-open sets in Nts. Also obtain the
relationship between various nano sets.

Definition 2.1. Let (U,τR(X)) be a Nts and A ⊆U. Then A
is said to be a nano M-open (resp. nano M-closed) set (briefly
NM o (resp. NM c)) if A⊆Ncl(Nintθ (A)∪Nint(Nclδ (A))
(resp. A⊇Nint(Nclθ (A))∩Ncl(N intδ (A))).

The family of all NM o (resp. NM c ) sets are denoted
by NM O(U,τR(X)), (resp. NMC(U,τR(X))).

Definition 2.2. Let (U,τR(X)) be a Nts and let A⊆U then
the nano M-interior of A is the union of all NM o sets con-
tained in A and denoted by NM int(A).

Definition 2.3. Let (U,τR(X)) be a Nts and let A ⊆U then
the nano M-closure of A is the intersection of all NM c sets
containing A and denoted by NM cl(A).

Proposition 2.4. Let A be subset in a Nts, (U,τR(X)). Then

(i) Nintθ (A) ⊆NS intθ (A) ⊆NM int(A) ⊆Neint(A) ⊆
A.

(ii) Nintθ (A) ⊆ Nintδ (A) ⊆ Nint(A) ⊆ NPintδ (A) ⊆ N
M int(A)⊆ A.

(iii) Nintδ (A)⊆NS intδ (A)⊆Neint(A)⊆ A.

Proposition 2.5. Let A be subset in a Nts, (U,τR(X)). Then

(i) Nclθ (A)⊇NS clθ (A)⊇NM cl(A)⊇Necl(A)⊇ A.

(ii) Nclθ (A) ⊇ Nclδ (A) ⊇ Ncl(A) ⊇ NPclδ (A) ⊇ NM
cl(A)⊇ A.

(iii) Nclδ (A)⊇NS clδ (A)⊇Necl(A)⊇ A.

Remark 2.6. Let A be a subset of a NT S (U,τR(X)). Then
(NM cl(A))c =NM int(Ac), (NM int(A))c =NM cl(Ac).

Proposition 2.7. Let (U,τR(X)) be a Nts. Then,

(i) Every Nθo set is Nδo set.

(ii) Every NθS o set is NM o set.

(iii) Every NδPo set is NM o set.

(iv) Every NM o set is Neo set.
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The converse of the above propositions need not to be true.
The following examples show it.

Example 2.8. Let U = {a,b,c,d} with U/R = {{a},{d},
{b,c}} and X = {b,d}. The Nt τR(X) = {U,φ ,{d},{b,c},
{b,c,d}}

(i) The nano set {d} is Nδo set but not Nθo set.

(ii) The nano set {b} is NM o set but not NθSo set.

(iii) The nano set {a,b,c} is Neo set but NM o set.

(iv) The nano set {a,d} is NM o set but not NδPo set.

From the above discussions and from the discussions made
in [4, 8], the following implications are hold for any set in
Nts.

Note: A→ B denotes A implies B, but not conversely.

Proposition 2.9. If A is a NM o set in a Nts (U,τR (X)) and
Nintθ (A) = φ , then A is NδPo.

Proposition 2.10. Arbitrary union (resp. intersection) of
NM o (resp. NM c) sets is NM o (resp. NM c) set.

Proof. (1) Let {Ai, i ∈ I} be a family of NM o sets.
Then Ai ⊆Ncl(Nintθ (Ai))∪Nint(Nclδ (Ai)), hence

⋃
i Ai ⊆⋃

i(Ncl(Nintθ (Ai))∪Nint(Nclδ (Ai)))⊆Ncl(Nintθ (
⋃

i Ai))
∪Nint(Nclδ (

⋃
i Ai)), for all i ∈ I. Thus

⋃
i Ai is NM o.

(2) Let {Ai,i ∈ I} be a family of NM c sets. Then Ai ⊇
Nint(Nclθ (Ai))∩Ncl(Nintδ (Ai)), hence

⋂
i Ai ⊇

⋂
i

(Nint (Nclθ (Ai))∩Ncl(Nintδ (Ai)))⊇Nint(Nclθ (
⋂

i Ai))∩
Ncl(N intδ (

⋂
i Ai)), for all i ∈ I. Thus

⋂
i Ai is NM c.

The intersection of any two NM o sets need not be a
NM o set.

Example 2.11. In Example 2.8, the sets {a,b,d} and {a,b,c}
are NM o sets but their intersection {a,b} is not a NM o set.

Lemma 2.12. The following hold for a subset H in a Nts
(U,τR(X)).

(i) NPclδ (H) = H∪Ncl(Nintδ (H)) and NPintδ (H) =
H ∩Nint(Nclδ (H)),

(ii) NPclδ (NPintδ (H)) =NPintδ (H)∪Ncl(Nintδ (H
)) and NPintδ (NPclδ (H)) =NPclδ (H)∩Nint(N
clδ (H)),

(iii) NS intδ (H) = H∩Ncl(Nintδ (H)) and NS clδ (H) =
H ∪Nint(Nclδ (H)).

(iv) U\(Nintδ (A)) =Nclδ (U\A) and Nintδ (U\A) =U\N
clδ (A).

Theorem 2.13. Let A be subset in a Nts (U,τR(X)). Then A
is an NM o (resp. NM c) set iff A=NS intθ (A)∪NPintδ (A)
(resp. A =NS intθ (A)∩NPintδ (A).)

Proof. Let A be an NM o set. Then A ⊆ Ncl(Nintθ (A))∪
Nint(Nclδ (A)), hence by Lemma 2.12 NS intθ (A)∪NP
intδ (A) = (A ∩Ncl(Nintθ (A))) ∪ (A ∩N int(Nclδ (A))) =
A∩ (Ncl(Nintθ (A)))∪Nint(Nclδ (A)) = A.

Conversely, suppose that A =NS intθ (A)∪NPintδ (A).
Then by Lemma 2.12 A = (A∩Ncl(N intθ (A)))∪
(A∩Nint(Nclδ (A)))⊆Ncl(Nintθ (A)∪Nint(N clδ (A))).
Therefore, A is NM o.

Proposition 2.14. Let A be subset in a Nts (U,τR(X)). Then
A is an NM c set iff A =NS clθ (A)∩NPclδ (A).

Proof. Let A be an NM c set. Then A ⊇ Nint(Nclθ (A))∩
Ncl(Nintδ (A)), hence by Lemma 2.12 NS clθ (A)∩NP
clδ (A) = (A∪Nint(Nclθ (A)))∩(A∪Ncl(Nintδ (A))) = A∪
(Nint(Nclθ (A))∩Ncl(Nintδ (A)) = A).

Conversely, suppose that A = NS clθ (A)∩NPclδ (A).
Then by Lemma 2.12 A = (A∪Nint(Nclθ (A)))∩
(A∪Ncl(Nintδ (A)))⊇Nint(Nclθ (A)∩Ncl(N intδ (A))).
Therefore, A is NM c.

Theorem 2.15. Let A be subset in a Nts (U,τR(X)). Then

(1) NM cl(A) =NS clθ (A)∩NPclδ (A),

(2) NM int(A) =NS intθ (A)∪NPintδ (A).

Proof. (1) We claim that NM cl(A) = NS clθ (A) ∩NP
clδ (A). Also, NS clθ (A)∩NPclδ (A) = (A∪Nint(Nclθ
(A))∩A∪Ncl(Nintδ (A))) = A∪ (Nint(Nclθ (A))∩Ncl(N
intδ (A))). But, NM cl(A) is NM c, hence NM cl(A) ⊇
Nint(Nclθ (NM cl(A)))∩Ncl(Nintδ (NM cl(A))) ⊇ Nint(
Nclθ (A))∩Ncl(Nintδ (A)). Thus A∪ (Nint(Nclθ (A))
∩Ncl(Nintδ (A))) ⊆ A∪NM cl(A) =NM cl(A), therefore,
NS clθ (A)∩NPclδ (A)⊆NM cl(A). So, NM cl(A)
=NS clθ (A)∩NPclδ (A).

(2) We claim that NM int(A) = NS intθ (A)∪NPintδ
(A). Also, NS intθ (A)∪NPclδ (A) = (A∩Ncl(Nintθ (A))
∪A∩Nint(Nclδ (A))) =A∩(Ncl(Nintθ (A))∪Nint(Nclδ (A))).
But, NM int(A) is NM o, hence NM int(A) ⊆ Ncl(Nintθ
(NM int(A)))∪Nint(Nclδ (NM int(A)))⊆Ncl (Nintθ (A))∪
Nint(Nclδ (A)). Thus A∩(Ncl(Nintθ (A))∪Nint(Nclδ (A)))⊇
A∩NM int(A)=NM int(A), therefore, NSintθ (A)∪NPintδ (A)⊇
NM int(A). So, NM int(A) =NSintθ (A)∪NPintδ (A).

Theorem 2.16. Let A be subset in a Nts (U,τR(X)). Then

(1) A is an NM o set iff A =NM int(A),

(2) A is an NM c set iff A =NM cl(A).

Proof. (1) Let A be an NM o set. Then by Theorem 2.13,
A =NSintθ (A)∪NPintδ (A) and by Theorem 2.15, we have
A = NM int(A). Conversely, let A = NM int(A). Then by
Theorem 2.15, A =NSintθ (A)∪NPintδ (A) and by Theorem
2.13, A is NM o .
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(2) Let A be an NM c set. Then by Theorem 2.13, A =
NS clθ (A)∩NPclδ (A) and by Proposition 2.14, we have
A = NM cl(A). Conversely, let A = NM cl(A). Then by
Proposition 2.14, A =NS clθ (A)∩NPclδ (A) and by Theo-
rem 2.13, A is NM c .

Theorem 2.17. Let A and B be subsets in a Nts (U,τR (X)).
Then the following are hold

(1) NM cl(U\A) =U\NM int(A).

(2) NM int(U\A) =U\NM cl(A).

(3) If A⊆ B, then NM cl(A)⊆NM cl(B) and
NM int(A)⊆NM int(B).

(4) x∈NM cl(A) iff there exists an NM o set G and x∈G
such that G∩A 6= φ .

(5) NM cl(NM cl(A)) =NM cl(A) and
NM int(NM int(A)) =NM int(A).

(6) NM cl(A)∪NM cl(B)⊆NM cl(A∪B) and
NM int(A)∪NM int(B)⊆NM int(A∪B).

(7) NM int(A∩B)⊆NM int(A)∩NM int(B) and
NM cl(A∩B)⊆NM cl(A)∩NM cl(B).

Proof. We prove only (1)-(3) and (5), as others are obvious.
(1) Since (U\A)⊆U , by Theorem 2.16 NM cl(U\A) =

NS clθ (U\A)∩NPclδ (U\A) and by Lemma 2.12, N M
cl(U\A) = (U\NSintθ (A))∩ (U\NPintδ (A)) =U\(NS intθ
(A)∪NPintδ (A)), hence by Theorem 2.16, NM cl(U \A) =
U\NM int(A).

(2) Since U ⊆ (U\A), by Theorem 2.16 NM int(U\A)
=NSintθ (U\A)∪NPintδ (U\A) and by Lemma 2.12, NM
int(U\A) = (U\NS clθ (A))∪ (U\NPclδ (A)) = U\(NS
clθ (A)∩NPclδ (A)), hence by Theorem 2.16, NM int(U
\A) =U\NM cl(A).

(3) Since, NM cl(A) =NS clθ (A)∩NPclδ (A) and A⊆
B, NM cl(A)=NS clθ (A)∩NPclδ (A)⊆NS clθ (B)∩NPclδ (B)=
NM cl(B).

(5) Since, NM cl(NM cl(A)) = NS clθ (NM cl(A))∩
NPclδ (NM cl(A)), by Theorem 2.16 NS clθ (NS clθ (A)
∩NPclδ (A))∩NPclδ (NS clθ (A)∩NPclδ (A)) ⊆ (NS
clθ (A)∩NS clθ (NPclδ (A)))∩ (NPclδ (NS clθ (A))∩N
Pclδ (A)) = NS clθ (A)∩NPclδ (A) = NM cl(A), hence
NM cl(NM cl(A))⊆NM cl(A). But, NM cl(A)⊆NM cl
(NM cl(A)). Therefore, NM cl(NM cl(A)) = NM cl(A).

Remark 2.18. The inclusion relation in part (6),(7) of the
above theorem cannot be replaced by equality as shown by
the following example.

Example 2.19. In Example 2.8,

(i) If A = {b}, B = {d} and A∪B = {b,d}, then NM cl
(A) =A, NM cl(B) =B and NM cl(A∪B) = {a,b, d}.
Hence, NM cl(A∪B) 6⊆NM cl(A)∪NM cl(B).

(ii) If A= {b,d}, C = {a,d} and A∩B= {d}, then NM cl(A)=
{a,b,d}, NM cl(C) = C and NM cl(A ∩C) = {d}.
Therefore, NM cl(A)∩NM cl(c) 6⊆NM cl(A∩C).

(iii) If D = {a}, C = {d} and D∪C = {a,d}, then NM int
(D) = φ , NM int(C) = {d} and NM int(D∪C) = {
a,d}. So, NM int(D∪C) 6⊆NM int(D)∪NM int(C).

Lemma 2.20. Let A be subset in a Nts (U,τR(X)). Then

(1) NPint(NPclδ (A)) =NPclδ (A)∩Nint(Ncl(A))
and NPcl(Pintδ (A)) = Pintδ (A)∪Ncl(Nint(A)).

(2) NPintθ (NPclδ (A)) =NPclδ (A)∩Nint(Nclθ ( A))
and NPclθ (NPintδ (A)) =NPintδ (A)∪Ncl(Nintθ
(A)).

(3) NS clθ (Nintθ (A)) =NS cl(Nintθ (A)) =Nint(Ncl(
Nintθ (A)))

Proposition 2.21. Let A be subset in a Nts (U,τR(X)). Then:

(1) NM cl(A) = A∪NPintθ (NPclδ (A)).

(2) NM int(A) = A∩NPclθ (NPintδ (A)).

Proof. (1) By Lemma 2.20, A∪NPintθ (NPclδ (A)) = A∪
(NPclδ (A) ∩ Nint(Nclθ (A))) = (A ∪ NPclδ (A))
∩(A∪Nint(Nclθ (A))) =NPclδ (A)∩NS clθ (A)=NM cl(A).

(2) By Lemma 2.20, A ∩NPclθ (NPintδ (A)) = A ∩
(NPintδ (A)∪Ncl(Nintθ (A))) = (A∩NPintδ (A))∪ (A∩
Ncl(Nintθ (A))) =NPintδ (A)∪NS intθ (A) =NM int(A).

Theorem 2.22. Let A be subset in a Nts (U,τR(X)). Then A
is an NM o set iff A⊆NPclθ (NPintδ (A)).

Proof. Let A be an NM o set. Then by Theorem 2.16, A =
NM int(A) and by Proposition 2.21, A=A∩NPclθ (NPintδ (A))
and hence, A⊆NPclθ (NPintδ (A)).

Conversely, let A⊆NPclθ (NPintδ (A)). Then by Propo-
sition 2.21,
A⊆ A∩NPclθ (NPintδ (A)) =NM int(A).
so, A ⊆ NM int(A). Then A = NM int(A) and hence,
A is NM o.

Theorem 2.23. Let A be subset in a Nts (U,τR(X)). Then
A⊆NPclθ (NPintδ (A)) iff NPclθ (A)=NPclθ (NPintδ (A)).

Proof. Let A ⊆ NPclθ (NPintδ (A)). Then NPclθ (A) ⊆
NPclθ (NPintδ (A)) and hence,NPclθ (A)
=NPclθ (N Pintδ (A)).

Conversely, let NPclθ (A) =NPclθ (NPintδ (A)).
Then NPclθ (A) ⊆ NPclθ (NPintδ (A)) and hence,
A⊆NPclθ (NPintδ (A)).

Theorem 2.24. Let A be subset in a Nts (U,τR(X)). Then A
is an NM c set iff NPintθ (NPclδ (A))⊆ A.
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Proof. Let A be an NM c set. Then by Theorem 2.16, A =
NM cl(A) and by Proposition 2.21, A = A ∪ NPintθ
(NPclδ (A)) and hence, A⊇NPintθ (NPclδ (A)).

Conversely, let A⊇NPintθ (NPclδ (A)). Then by Propo-
sition 2.21, A⊇ A∪NPintθ (NPclδ (A)) =NM cl (A). so,
A⊇NM cl(A). Then A =NM cl(A) and hence, A is NM c.

Theorem 2.25. Let A be subset in a Nts (U,τR(X)). Then
NPintθ (NPclδ (A)) ⊆ A iff NPintθ (A) = NPintθ
(NPclδ (A))

Proof. (1)⇒ (2). Let A be an NM c set. Then by Theo-
rem 2.16, A =NM cl(A) and by Proposition 2.21, A = A∪
NPintθ (NPclδ (A)) and hence, A⊇NPintθ (NPclδ (A)).

(2)⇒ (1). Let A⊇NPintθ (NPclδ (A)). Then by Propo-
sition 2.21,
A⊇ A∪NPintθ (NPclδ (A)) =NM cl(A).
so, A ⊇ NM cl(A). Then A = NM cl(A) and hence, A is
NM c .

(2)⇒ (3). Let A⊇NPintθ (NPclδ (A)). Then
NPintθ (A)⊇NPintθ (NPclδ (A)) and hence,
NPintθ (A) =NPintθ (NPclδ (A)).

(3) ⇒ (2). Let NPintθ (A) = NPintθ (NPclδ (A)) .
Then NPintθ (A) ⊇ NPintθ (NPclδ (A)) and hence,A ⊇
NPintθ (NPclδ (A)).

Definition 2.26. A subset A of a Nts, (U,τR(X)) is said to
be locally NM c∗∗ (briefly, NlMc∗∗) if A = G∩F for each G
is No and F is NM c.

Theorem 2.27. Let H be a subset of a Nts, (U,τR(X)). Then
H is NlMc∗∗ iff H = G∩NM cl(H).

Proof. Since H is a NlMc∗∗ set, H = G∩F , for each G is
No and F is NM c, hence H ⊆NM cl(H)⊆NM cl(F) = F ,
thus H ⊆ G∩NM cl(H) ⊆ G∩NM cl(F) = H. Therefore
H = G∩NM cl(H). Conversely, since NM cl(H) is NM c
and H = G∩NM cl(H), then H is NlMc∗∗.

Theorem 2.28. Let A be a NlMc∗∗ subset of a Nts, (U,τR(X)).
Then

(1) NM cl(A)\A is an NM c set.

(2) (A∪ (U\NM cl(A))) is an NM o .

(3) A⊆NMNint(A∪ (U\NM cl(A))).

Proof. (1) If A is NlMc∗∗ set, then there exist an No set
G such that A = G ∩NM cl(A). Hence, NM cl(A)\A =
NM cl(A)\(G∪NM cl(A))) = NM cl(A)∩ [U\(G∩NM
cl(A))] = NM cl(A)∩ [(U\G)∪ (U\NM cl(A))] = NM cl
(A)∩ (U\G) which is NM c .

(2) From (1), NM cl(A)\A is NM c , then U\[NM cl
(A)\A)] is an NM o set and U\[NM cl(A)\A)] =U\NM cl
(A)∪ (U ∩A) = A∪ (U\NM cl(A)), hence A∪ (U\NM cl
(A)) is NM o .

(3) It is clear that, A ⊆ (A∪ (U\NM cl(A))) =NM int
(A∪ (U\NM cl(A))).

Remark 2.29. The family NM O(U,τR(X)) is a supra topol-
ogy on U.

Proposition 2.30. NθS O(U,τR(X))∪NδPO(U,τR(X ))⊆
NM O(U,τR(X)).

Conclusion
In this paper, we have studied the class of NM o sets and their
properties in Nts.
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Abstract. In this paper studies the approximate controllability of neutral sto- chastic integro-

differential systems with impulsive effects. Sufficient conditions are formulated and proved for the

approximate controllability. The results are obtained by using the Nussbaum fixed point theorem

and the theory of ana- lytic resolvent operator. An example is given to show the applications of the

proposed results.

1. Introduction

In this article, we study the approximate controllability of the following neutral stochastic integro-

differential systems with impulsive effects

d[x(t) + F (t, xt)] = [−Ax(t) +

∫ t

0
γ(t− s)x(s)ds+Bu(t)]dt+G(t, xt)dw(t),

t ∈ J, t 6= tk, (1.1)

4x(t) = Ik(x(t−)), t = tk, k = 1, 2, 3, · · · ,m,

x0 = ϕ ∈ L2(Ω, Cα), t ∈ [−r, 0],

where J = [0, T ], φ is F0 -measurable and the linear operator −A generates an analytic semigroup

on a separable Hilbert space H with inner product < ·, c>̇ and norm ‖ · ‖. u(·) ∈ LF2 (J, U) is the

control function where U is a Hilbert space. γ(·) is a family of closed linear operators to be specified

later. B is a bounded linear operator from U into H. Define the Banach space D(Aα) with the norm
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‖x‖α = ‖Aαx‖ for x ∈ D(Aα), where D(Aα) denotes the domain of the fractional power operator

Aα : H → H. Let Hα := D(Aα) and Cα = C([−r, 0], Hα) be the space of all continuous functions

from [−r, 0] into Hα. Define K be an another separable Hilbert space. Suppose w(t) is a given K-

valued wiener process with a finite trace nuclear covariance operator Q ≥ 0. F : J × Cα → Hα,

G : J × Cα → L0
2(K,H) and Ik : H → H, where L0

2(K,H) is the space of all Q-Hilbert-Schmidt

operators from K into H. The collection of all strongly measurable, square integrable, Cα-valued

random variables denoted by L2(Ω, Cα). The histories xt : Ω→ Cα, t ∈ J , which are defined by setting

xt(θ) = x(t+ θ), θ ∈ [−r, 0]. 4x(t) denotes the jump of x at t, 4x(t) = x(t+)− x(t−) = x(t+)− x(t).

The concept of controllability is an important part of mathematical control the- ory. Generally

speaking, controllability means that it is possible to steer a dynami- cal control system from an

arbitrary initial state to an arbitrary final state using the set of admissible controls. Controllability

problems for different kinds of dynamical systems have been studied by several authors, see [4], [7],

[?], [11], [13], [14]].

Dauer and Mahmudov [4] established sufficient conditions for the controllability of stochastic semi-

linear functional differential equations in Hilbert spaces under the assumption that the associated

linear part of systems is approximately control- lable. They obtained the results by using the Banach

fixed point theorem and the fractional power theory. Sakthivel et al [13] considered the approximate

control- lability issue for nonlinear impulsive differential and neutral functional differential equations

in Hilbert spaces. Finally, they applied their results to a control system governed by a heat equation

with impulses.

In [14], the authors studied the approximate controllability of stochastic impul- sive functional

system with infinite delay in abstract space. They obtained some sufficient conditions with no

compactness requirement imposed on the semigroup generated by the linear part of the system by

using the contraction mapping prin- ciple. Then they dropped the restriction of the combination of

system parameters with the help of the Nussbaum fixed point theorem.

The theory of integro-differential systems has recently become an important area of investigation,

stimulated by their numerous applications to problems from electronics, fluid dynamics, biological

models. In many cases, deterministic models often fluctuate due to noise, which is random or at least

to be so. So, we have to move from deterministic problems to stochastic ones.

Balachandran et al [1] derived sufficient conditions for the controllability of sto- chastic integro-

differential systems in finite dimensional spaces. Muthukumar and Balasubramaniam [9] investigated

the appromimate controllability of mixed sto- chastic Volterra-Fredholm type integro-differential in
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Hilbert space by employing the Banach fixed point theorem.

In recent years, the study of impulsive integro-differential systems has received increasing interest,

since dynamical systems involving impulsive effects occur in nu- merous applications: the radiation of

electromagnetic waves, population dynamics, biological systems, etc. Subalakshmi and Balachandran

[15] studied the approxi- mate controllability properties of nonlinear stochastic impulsive integro-

differential and neutral stochastic impulsive integro-differential equations in Hilbert spaces un- der

the assumption that the associated linear part of system is approximately con- trollable. Moreover,

Shen et al. [?] obtained the complete controllability of impul- sive stochastic integro-differential

systems by using Schaefers fixed point theorem.

Recently, Mokkedem and Fu [?] studied the approximate controllability of the following semi-linear

neutral integro-differential equations with finite delay

d

dt
[x(t) + F (t, xt)] = −Ax(t) +

∫ t

0
γ(t− s)x(s)ds+Bu(t) +G(t, xt), (1.2)

t ∈ J, x0 = φ, t ∈ [−r, 0].

They assumed that the linear control system corresponding to system (1.2)

d

dt
x(t) = −Ax(t) +

∫ t

0
γ(t− s)x(s)ds+Bu(t), t ∈ J (1.3)

x0 = φ, t ∈ [−r, 0].

is approximately controllable on J. With the help of the theory of analytic re- solvent operator, the

authors defined the mild solution of system (1.2), then they used the Sadovskii fixed point theorem

and the fractional power operator theorem to prove the existence of solution. Then the authors

obtained the approximate controllability of semi-linear neutral integro-differential systems with finite

delay in Hilbert space. However, the authors did not consider the stochastic and impulsive effects.

Very recently, Yan and Lu [16] studied the approximate controllability of a class of impulsive partial

stochastic functional integro-differential inclusions with infinite delay in Hilbert spaces of the form

d[x(t)−G(t, xt)] ∈ A[x(t) +

∫ t

0
h(t− s)x(s)ds]dt+Bu(t)dt+ F (t, xt)dw(t),

tinJ = [0, b], t 6= tk, k = 1, 2, · · · ,m, (1.4)

x0 = ϕ ∈ B,
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4x(tk) = Ik(xtk), k = 1, 2, · · · ,m.

They achieved the approximate controllability result for (1.4) by imposing com- pactness assumption

on the resolvent operator Φ(t), they also assumed that the corresponding linear system of (1.4) is

approximately controllable.

The aim of the present work is to study the approximate controllability for the system (1.1) with

the aid of the resolvent operator theory and the fractional power theory. The resolvent operator is

similar to the semigroup operator for abstract differential equations in Banach spaces. However, the

resolvent operator does not satisfy semigroup properties. In many practical models the nonlinear

terms involve frequently spacial derivatives, in this case, we can not discuss the problem on the whole

space H because the history variables of the functions F and G are only defined on C([−r, 0];Hα).

In order to study the controllability for system (1.1), we first apply the theory of fractional power

operator and α-norm. We also suppose that (−A,D(−A)) generates a compact analytic semigroup

on H so that the resolvent operator Φ(t) is analytic. We point out here that we do not require that

the resolvent operator be compact which differs greatly from that in [16]. Then with the help of the

Nussbaum fixed theorem, some sufficient conditions will be obtained.

This article is organized as follows. In section 2, we give the preliminaries for the paper. In section

3, we consider the existence of mild solutions of system (1.1) and provide the main result. In section

4, an example is given to illustrate the applications of the approximate controllability results.

2. Preliminaries

In this article, the operator−A is the infinitesimal generator of a compact analytic semigroup (S(t))t≥0.

Hα is the space (D(Aα), ‖‖α), Hα ⊂ H. For each 0 < α ≤ 1, Hα is a Banach space, Hα → Hβ for

0 < β < α ≤ 1 and the embedding is compact whenever the resolvent operator of A is compact.

£(Hα;Hβ) is the space of bounded linear operators from Hα into Hβ with norm ‖ · ‖α,β and H0 = H.

Let (Ω, F, P ) be a probability space on which an increasing and right continuous family {Ft : t ≥ 0}

of complete sub-σ-algebras of F is defined. The collection of all square integrable and Ft -adapted

processes is denoted by LFt2 (J,H). Let βn(t)(n = 1, 2, · · · ) be a sequence of real valued one dimensional

standard Brownian motions mutually independent over (Ω, F, P ). We assume there exists a complete

orthonormal basis {en} in K and a bounded sequence of nonnegative real numbers λn such that

w(t) =
∑∞

n=1

√
λnβn(t)en, t ≥ 0. Let Q ∈ L(K,K) be an operator defined by Qen = λnen ,

(n = 1, 2, 3 · · · ) with finite trace trQ =
∑∞

n=1 λn < ∞. Then the above K-valued stochastic process

w(t) is called a Q-Wiener process. We assume that Ft = σ(w(s) : 0 ≤ s ≤ t) is the σ-algebra generated
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by w and Ft = F . Let ψ ∈ L0
2(K,H) with the norm

‖ψ‖2Q = tr(ψQψ∗) =

∞∑
n=1

‖
√
λnψen‖2.

If ‖ψ‖Q < ∞, then ψ is called a Q-Hilbert-Schmidt operator. Define the space of all F0 -measurable

Cα -valued function ψ : Ω→ Cα with the norm

E‖ψ‖2Cα = E{ sup
θ∈[−r,0]

‖Aαψ(θ)‖2} <∞.

Let L2(Ω, F, P ;H) be the space of all Ft-measurable square integrable random variables with value

in H. We assume that: PC(J0, L2(Ω, F, P ;H)) = {x(t) : J0 = [−r, T ] → L2(Ω, F, P ;H) is

continuous everywhere except some tk at which x(t+k ) and x(t−k ) exist with x(tk) = x(t−k ) satisfying

sups∈J0 E‖x(s)‖ <∞. Let PC(J0, L2) be the closed subspace of PC(J0, L2(Ω, F, P ;H)) consisting of

measurable and Ft-adapted processes and F0 -adapted processes y ∈ L2(Ω, F0, P ;Cα). Let ‖ · ‖∗ be a

seminorm in PC(J0, L2) defined by ‖y‖∗ = (supt∈JE‖yt‖2Cα)1/2 <∞.

Definition 2.1. ([5]). A family of bounded linear operators Φ(t) ∈ £(H) for t ∈ J is called resolvent

operator for

d

dt
x(t) = −Ax(t) +

∫ t

0
γ(t− s)x(s)ds, t ∈ J,

x(0) = x0 ∈ H, (2.1)

if (i) Φ(0) = I and ‖Φ(t)‖ ≤ N1e
ωt for some N1 > 0, ω ∈ R.

(ii) For all x ∈ H, Φ(t)x is strongly continuous in t on J.

(iii) Φ(t) ∈ £(Y ), for t ∈ J , where Y is the Banach space formed from D(−A) endowed with the

graph norm. Moreover for x ∈ Y , Φ(·)x ∈ C1(J ;H) ∩ C(J ;Y ) and, for t ≥ 0, the following equality

holds

d

dt
Φ(t)x = −AΦ(t)x+

∫ t

0
γ(t− s)Φ(s)xds

= −Φ(t)Ax+

∫ t

0
Φ(t− s)γ(s)xds.

The hypotheses on the operator A and γ(·) follow from [[?], Hypotheses (V1) − (V3)]. Then, Φ(t)

is also analytic and there exist N, Nα > 0 such that ‖Φ(t)‖ ≤ N and

‖AαΦ(t)‖ ≤ Nα

tα
, 0 < t ≤ T, 0 ≤ α ≤ 1.

Lemma 2.2. ([6]). Φ(t) is continuous for t > 0 in the uniform operator topology of £(H).
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Lemma 2.3. ([?]). AΦ(t) is continuous for t > 0 in the uniform operator topology of £(H).

To simplify notation, let AαΦ(t)x = Φ(t)Aαx, for any 0 ≤ α ≤ 1, x ∈ D(Aα). Now we define the

mild solution of (1.1) expressed by the resolvent operator Φ(t).

Definition 2.4. A stochastic process x(·) ∈ PC(J0, L2(Ω, F, P ;H)) is called a mild solution of (1.1)

if the following condition are satisfied:

(1) the initial value ϕ ∈ L2(Ω, Cα) and the control u(·) ∈ LFt2 (J, U).

(2) the function AΦ(t− s)F (s, xs), s ∈ J is integrable and on J0 it satisfies

x(t) =



φ(t), t ∈ [−r, 0],

Φ(t)(φ(0) + F (0, φ))− F (t, xt) +
∫ t
0 AΦ(t− s)F (s, xs)ds

+
∫ t
0 Φ(t− s)Bu(s)ds−

∫ t
0 Φ(t− s)

∫ s
0 γ(s− v)F (v, xv)dvds

+
∫ t
0 Φ(t− s)G(s, xs)dw(s) + Σ0<tk<tΦ(t− tk)Ik(x(tk)), t ∈ J

(2.2)

Definition 2.5. System (1.1) is said to be approximately controllable on J if

R(T ;φ, u) = L2(Ω, F, P ;H),

where R(T ;φ, u) = {x(T ;φ, u), u(·) ∈ LFt2 (J, U)}.

To discuss the approximate controllability of system (1.1), we introduce the following operators.

(1) The controllability Grammian ΓTt is defined by

ΓTt =

∫ T

t
Φ(T − s)BB∗Φ∗(T − s)ds,

where Φ∗ denotes the adjoint operator of Φ.

(2) The resolvent operator

R(λ,ΓTt ) = (λI + ΓTt )−1.

At first, we assume

(H0) λR(λ,ΓTt )→ 0, as λ→ 0+ in the strong operator topology.

Note that the deterministic linear system corresponding to (1.1) is approximately controllable on

[t, T ] if and only if (H0) holds , see [10].

We need the Nussbaum fixed-point theorem to prove the existence of mild solutions of system (1.1).

Lemma 2.6. ([12]) Let S be a closed, bounded convex subset of a Banach space H, and P1 , P2 be

continuous mappings from S into H such that (P1+P2)S ⊂ S, ‖P1x−P1y‖ ≤ k‖x−y‖ for all x, y ∈ S,

where 0 ≤ k < 1 is a constant, and P 2 S is compact, then the operator P1 +P2 has a fixed point in S.
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Lemma 2.7. ([?]) For any h ∈ L2(Ω, F, P ;H), there exist ϕ ∈ LFt2 (J, L0
2(K,H)) such that

h = Eh+

∫ T

0
ϕ(s)dw(s).

3. Approximate controllability

To study the approximate controllability of system (1.1), we introduce the following hypotheses:

(H1) There exist positive constants M1, d and dk , k = 1, 2, · · ·m, such that

‖B‖ ≤M1, ‖Ik(x)‖ ≤ dk, d =

m∑
k=1

dk.

(H2) For arbitrary β, ξ ∈ Cα, x, y ∈ H and t ∈ J , suppose that there exists constants d1k , N1 > 0,

such that

‖F (t, β)− F (t, ξ)‖2α + ‖G(t, β)−G(t, ξ)‖2Q ≤ N1‖β − ξ‖2Cα ,

‖F (t, ξ)‖2α + ‖G(t, ξ)‖2Q ≤ N1(1 + ‖ξ‖2Cα),

‖Ik(x)− Ik(y)‖2 ≤ d1k‖x− y‖2.

(H3) The function γ(t) ∈ L(Hα,H) for each t ∈ J suppose that there exist a positive constant M2,

such that ‖γ(t)‖α,0 ≤M2.

(H4) The function F : J ×Cα → Hα and G : J ×Cα → L0
2(K,H) are uniformly bounded for t ∈ J ,

xt ∈ Cα, there exist a positive constant M3 , such that

‖F (t, xt)‖α + ‖G(t, xt)‖Q ≤M3.

For any λ ∈ (0, 1], we define the control function for system (1.1) as:

uλ(t, x) = B∗Φ∗(T − t)R(λ,ΓT0 )[Eh− Φ(T )(φ(0) + F (0, φ)) + F (T, xT )]

− B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )AΦ(T − s)F (s, xs)ds

+ B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )Φ(T − s)

∫ s

0
γ(s− v)F (v, xv)dvds

− B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )[Φ(T − s)G(s, xs)− φ(s)]dw(s)

− B∗Φ∗(T − t)R(λ,ΓT0 )
∑

0<tk<t

Φ(T − tk)Ik(x(tk)).

Journal of Scientific Computing

Volume 8 Issue 11 2019

ISSN NO: 1524-2560

http://jscglobal.org/165Page 2510 of 3066Page 2510 of 3066



and the operator P λ on PC(J0, L2(Ω, F, P ;H) as follows

(P λx)(t)

=



φ(t), t ∈ [−r, 0],

Φ(t)(φ(0) + F (0, φ))− F (t, xt) +
∫ t
0 AΦ(t− s)F (s, xs)ds

+
∫ t
0 Φ(t− s)G(s, xs)dw(s)

−
∫ t
0 Φ(t− s)

∫ s
0 γ(s− v)F (v, xv)dvds

+
∫ t
0 Φ(t− s)Buλ(s, xs)ds+ Σ0<tk<tΦ(t− tk)Ik(x(tk)), t ∈ J

(3.1)

We can see the fixed point of P λ is a mild solution of system (1.1). Now, we prove the following

existence theorem.

Theorem 3.1. Let φ ∈ L2(Ω, Cα). If the assumptions (H0) − (H3) are satisfied then, the operator

P λ has a fixed point provided that

K := 2N1

(
‖A−α‖2 +

N2
1−αT

2α

α2

)
< 1.

Proof. We prove this theorem by using Lemma 2.6. Put

Yr = {x ∈ PC(J0, L2), ‖x‖∗ ≤ r}.

It is obvious that Yr is a bounded, closed and convex set. We first prove that for arbitrary 0 < λ ≤ 1,

there is a positive constant r0 = r0(λ) such that P λ(Yr0) ⊂ Yr0 . For any x ∈ Yr0 , we have

E‖uλ(t, x)‖2 = E‖B∗Φ∗(T − t)R(λ,ΓT0 )[Eh− Φ(T )(φ(0) + F (0, φ)) + F (T, xT )]

− B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )AΦ(T − s)F (s, xs)ds

+ B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )Φ(T − s)

∫ s

0
γ(s− v)F (v, xv)dvds

− B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )[Φ(T − s)G(s, xs)− φ(s)]dw(s)

− B∗Φ∗(T − t)R(λ,ΓT0 )
∑

0<tk<t

Φ(T − tk)Ik(x(tk))‖2. (3.2)
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≤ 6E‖B∗Φ∗(T − t)R(λ,ΓT0 )[Eh− Φ(T )(φ(0) + F (0, φ))]‖2

+ 6E‖B∗Φ∗(T − t)R(λ,ΓT0 )A−αAαF (T, xT )‖2

+ 6E‖B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )A1−αAαΦ(T − s)F (s, xs)ds‖2

+ 6E‖B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )Φ(T − s)

∫ s

0
γ(s− v)F (v, xv)dvds‖2

+ 6E‖B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )[Φ(T − s)G(s, xs)− φ(s)]dw(s)‖2

+ 6E‖B∗Φ∗(T − t)R(λ,ΓT0 )
∑

0<tk<t

Φ(T − tk)Ik(x(tk))‖2.

≤ 6M2
1N

2

λ2
E‖Eh−N(φ(0) + F (0, φ))‖2 +

6M2
1N

2

λ2
‖A−α‖2E‖F (T, xT )‖2α

+
6M2

1N
2

λ2
N2

1−αT
2α

α2
E‖F (s, xs)‖2α +

6M2
1N

4M2
2T

2

λ2
E
∫ T

0
‖F (s, xs)‖2αdv

+
12M2

1N
4

λ2
E
∫ T

0
‖G(s, xs)‖2Qds+ +

12M2
1N

2

λ2
E
∫ T

0
‖ϕ(s)‖2Qds+

6M2
1N

4d2

λ2

≤ 6M2
1N

2

λ2
E{‖Eh−N(φ(0) + F (0, φ))‖2 + ‖A−α‖2N1(1 + ‖xs‖2Cα)

+
N2

1−αT
2α

α2
N1(1 + ‖xs‖2Cα) +N2(2 +M2

2T
2)

∫ T

0
N1(1 + ‖xs‖2Cα)ds

+ 2

∫ T

0
‖ϕ(s)‖2Qds+N2d2}.

Here we employ the assumption (H0) that

‖R(λ,ΓTs )‖ ≤ 1

λ
, λ ∈ (0, 1].

Similarly, for x, y ∈ PC(J0, L2), we can also obtain

E‖uλ(t, x)− uλ(t, y)‖2

≤ 5E‖B∗Φ∗(T − t)R(λ,ΓT0 )A−αAα[F (T, xT )− F (T, yT )]‖2

+ 5E‖B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )A1−αAαΦ(T − s)[F (s, xs)− F (s, ys)]ds‖2

+ 5E‖B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )Φ(T − s)

×
∫ s

0
γ(s− v)[F (v, xv)− F (v, yv)]dvds‖2

+ 5E‖B∗Φ∗(T − t)
∫ t

0
R(λ,ΓTs )[Φ(T − s)[G(s, xs)−G(s, ys)]dw(s)‖2

+ 5E‖B∗Φ∗(T − t)R(λ,ΓT0 )
∑

0<tk<t

Φ(T − tk)[Ik(x(tk))− Ik(y(tk))]‖2. (3.3)
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≤ 5M2
1N

2

λ2
‖A−α‖2EN1‖xT − yT ‖2Cα

+
5M2

1N
2

λ2
N2

1−αT
2α

α2
EN1‖xs − ys‖2Cα

+
5M2

1N
4M2

2T
2

λ2

∫ T

0
EN1‖xs − ys‖2Cαds

+
5M2

1N
4

λ2

∫ T

0
EN1‖xs − ys‖2Cαds

+
5M2

1N
4

λ2

m∑
k=1

d21kEN1‖xtk − ytk‖
2

≤ 5M2
1N

2

λ2
{N1[N

2T (M2
2T

2 + 1) +
N2

1−αT
2α

α2

+‖A−α‖2] +N2
m∑
k=1

d21k‖x− y‖2∗.

Then we have

E‖(P λx)(t)‖2

E‖Φ(t)(φ(0) + F (0, φ))− F (t, xt) +

∫ t

0
AΦ(t− s)F (s, xs)ds

+

∫ t

0
Φ(t− s)G(s, xs)dw(s)−

∫ t

0
Φ(t− s)

∫ t

0
γ(s− v)F (v, xv)dvds

+

∫ t

0
Φ(t− s)Buλ(s)ds+

∑
0<tk<t

Φ(t− tk)Ik(x(tk))‖2

≤ 7E‖Φ(t)(φ(0) + F (0, φ))‖2 + 7E‖A−αAαF (t, xt)‖2

+7E‖
∫ t

0
A1−αAαΦ(t− s)F (s, xs)ds‖2 + 7E‖

∫ t

0
Φ(t− s)Buλ(s)ds‖2

+7E‖
∫ t

0
Φ(t− s)

∫ t

0
γ(s− v)F (v, xv)dvds‖2

+7E‖
∫ t

0
Φ(t− s)G(s, xs)dw(s)‖2 + 7E‖

∑
0<tk<t

Φ(t− tk)Ik(x(tk))‖2

≤ 7E‖N(φ(0) + F (0, φ))‖2 + 7N1‖A−α‖2(1 + ‖x‖2∗)

+7
N2

1−αT
2α

α2
N1(1 + ‖x‖2∗) + 7T 4N2M2

2N1(1 + ‖x‖2∗)

+7N2TN1(1 + ‖x‖2∗) + 7N2M2
1TE‖uλ(t, s)‖2 + 7N2d2

≤ 7N1(1 + ‖x‖2∗)(‖A− α‖2 +
N2

1−αT
2α

α2
+ T 4N2M2

2 +N2T )

+7E‖N(φ(0) + F (0, φ))‖2 + 7N2M2
1TE‖uλ(t, s)‖2 + 7N2d2.

From (3.2) we can imply that E‖(P λx)(t)‖2 <∞. So there exist a constant r0 such that P λ(Yr0) ∈ Yr0 .
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Next we prove that P λ has a fixed point on Yr0 . To begin, we rewrite P λ as P λ = P λ1 + P λ2 , where

(P λ1 x)(t) =

 0, t ∈ [−r, 0]

Φ(t)F (0, φ)− F (t, xt) +
∫ t
0 AΦ(t− s)F (s, xs)ds, t ∈ J.

(P λ2 x)(t)

=



φ(t), t ∈ [−r, 0],

Φ(t)(φ(0)) +
∫ t
0 Φ(t− s)G(s, xs)dw(s)

−
∫ t
0 Φ(t− s)

∫ s
0 γ(s− v)F (v, xv)dvds

+
∫ t
0 Φ(t− s)Buλ(s, xs)ds+ Σ0<tk<tΦ(t− tk)Ik(x(tk)), t ∈ J

To prove that P λ1 is a contraction, we take x, y ∈ Yr0 , then, for each t ∈ J , we can verify

E‖(P λ1 x)(t)− (P λ1 y)(t)‖2

= E‖A−αAα(F (t, xt)− F (t, yt)) +

∫ t

0
A1−αAαΦ(t− s)(F (t, xs)− F (t, ys))ds‖2

≤ 2‖A−α‖2N1‖x− y‖2∗ + 2
N1−αT

2α

α2
N1‖x− y‖2∗

= 2N1(‖A−α‖2 +
N1−αT

2α

α2
)‖x− y‖2∗.

So we have

‖P λ1 x− P λ1 y‖2∗ ≤ K‖x− y‖2∗.

So P λ1 is a contraction mapping on Yr0 .

Next we prove that P λ2 is continuous on Yr0 . Let {xm(·)} ⊆ Yr0 with xm(·) → x(·), (m → ∞).

Then we have
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E‖(P λ2 xm)(t)− (P λ2 x)(t)‖2

≤ 4E‖
∫ t

0
Φ(t− s)[G(s, xms )−G(s, xs)dw(s)]‖2

+4E‖
∫ t

0
Φ(t− s)

∫ t

0
γ(s− v)[F (v, xmv )− F (v, xv)]dvds‖2

+4E‖
∫ t

0
Φ(t− s)B[uλ(s, xm)− uλ(s, x)]ds‖2

+4E‖
∑

0<tk<t

Φ(t− tk)[Ik(xm(tk))− Ik(x(tk))]‖2

≤ 4N2E
∫ T

0
N1‖xms − xs‖2Cα)ds

+4N2M2
2E
∫ T

0

∫ T

0
N1‖xmv − xv‖Cαdvds

+4N2M2
1

∫ T

0
E‖uλ(s, xm)− uλ(s, x)‖2ds

+4N2
m∑
k=1

d21kE‖xmtk − xt‖2.

From (3.3) and the Lebesgue-dominated convergence theorem, we obtain

E‖(P λ2 xm)(t)− (P λ2 x)(t)‖2 → 0,

as m→∞. So P λ2 is continuous.

We finally prove that the operator P λ2 maps Yr0 into a relatively compact subset of Yr0 . Denote

the set

V (t) = {(P λ2 x)(t) : x ∈ Yr0}.

Step 1. P λ2 (Yr0) is clearly bounded.

Step 2. we have to show that V (t) is equicontinuous on J0. Let x ∈ Yr0 , t1, t2 ∈ (0, T ]. Then
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E‖(P λ2 x)(t2)− (P λ2 x)(t1)‖2

≤ 5E‖φ(0)(Φ(t2)− Φ(t1))‖2

+5E‖[
∫ t2

0
Φ(t2 − s)G(s, xs)−

∫ t1

0
Φ(t1 − s)G(s, xs)]dw(s)‖2

+5E‖[
∫ s

0
γ(s− v)F (v, xv)[

∫ t2

0
Φ(t2 − s)−

∫ t1

0
Φ(t1 − s)]dvds‖2

+5E‖[
∫ t2

0
Φ(t2 − s)−

∫ t1

0
Φ(t1 − s)]Buλ(s, x)]ds‖2

+5E‖
∑

0<tk<t

[Φ(t2 − tk)− Φ(t1 − tk)]Ik(x(tk))‖2

= I1 + I2 + I3 + I4 + I5.

Thus we have

I2 ≤ 10E‖
∫ t1

0
(Φ(t2 − s)− Φ(t1 − s))G(s, xs)dw(s)‖2

+ 10E‖
∫ t2

t1

Φ(t2 − s)G(s, xs)dw(s)‖2

≤ 10N2N1T (1 + ‖x‖2∗)E‖Φ(t2 − t1)− I‖2 + 10N2N1(t2 − t1)(1 + ‖x‖2∗).

I3 ≤ 10E‖
∫ t1

0
Φ(t1 − s)(Φ(t2 − t1)− I)

∫ s

0
γ(s− v)F (v, xv)dvds‖2

+ 10E‖
∫ t2

t1

Φ(t2 − s)
∫ s

0
γ(s− v)F (v, xv)dvds‖2

≤ 10N2M2
2T

2N1(1 + ‖x‖2∗)E‖Φ(t2 − t1)− I‖2

+ 10N2M2
2TN1(1 + ‖x‖2∗)(t2 − t1),

I4 ≤ 10E‖
∫ t1

0
Φ(t1 − s)(Φ(t2 − t1)− I)Buλ(s, x)ds‖2

+ 10E‖
∫ t2

t1

Φ(t2 − s)Buλ(s, x)]ds‖2

≤ 10N2M2
1TE‖uλ(s, x)‖2‖Φ(t2 − t1)− I‖2 + 10N2M2

1 (t2 − t1).E‖uλ(s, x)‖2.

In a similar way, we have

I5 ≤ 10N2d2E‖Φ(t2 − t1)− I‖210N2d2(t2 − t1).

It is easy to see that, as t2 → t1 the right-hand side of the above inequality tends to zero, since Φ(t)

is continuous in t in the uniform operator topology by Lemma 2.2. So we obtain the equicontinuity

of V .

Step 3. We show that for fixed t, the set V (t) is relatively compact. Obviously, V (t) = φ(t), t ∈ [−r, 0]
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which is trivially relatively compact. So let t ∈ (0, T ] be fixed, then

V (t) = Φ(t)φ(0) +

m∑
k=1

Φ(t− tk)Ik(x(tk)) + V1(t),

where V1(t) is defined by

V1(t) := {ν(t) =

∫ t

0
Φ(t− s)G(s, xs)dw(s)−

∫ t

0
Φ(t− s)

∫ t

0
γ(s− v)F (v, xv)dvds

+

∫ t

0
Φ(t− s)Buλ(s, x)ds, x ∈ Yr0}.

Since
∑m

k=1 Φ(t− tk)Ik(x(tk)) is uniform bounded and equicontinuous. By the Ascoli-Arzela theorem∑m
k=1 Φ(t − tk)Ik(x(tk)) is relatively compact. Φ(t)φ(0) is a single point in H. So we just have to

show that V1(t) is relatively compact, let 0 < α < α1 < 1, we have

E‖Aα1ν(t)‖2 ≤ 3E‖
∫ t

0
Aα1Φ(t− s)G(s, xs)dw(s)‖2

+ 3E‖
∫ t

0
Aα1Φ(t− s)

∫ t

0
γ(s− v)F (v, xv)dvds‖2

+ 3E‖
∫ t

0
Aα1Φ(t− s)Buλ(s, x)ds‖2

≤ 3
N2
α1
T 2−2α1

(1− α1)2
(1 + ‖x‖2∗) + 3

N2
α1
T 4−2α1M2

2

(1− α1)2
(1 + ‖x‖2∗)

+ 3
N2
α1
T 2−2α1M2

1

(1− α1)2
E‖uλ(s, x)‖2 <∞,

which implies that Aα1V1(t) is bounded inH. Hence we obtain that V1(t) is relatively compact inHα by

the compactness of the operator A−α1 : H → Hα1 , (noting that the embeddingHα1 → Hα is compact).

Therefore, from the Ascoli-Arzela theorem, P λ2 (Yr0) is compact. So, the operator P λ = P λ1 + P λ2 has

a fixed point from Lemma 2.6. The proof is complete.

Theorem 3.2. Assume that (H0)−(H4) are satisfied, then system (1.1) is approximately controllable

on J .

Proof.Because the hypotheses of Theorem 3.1 are fulfilled, there is a solution xλ(·) of (1.1) under the
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control uλ(t, x). Using the stochastic Fubini theorem we can obtain

xλ(T ) = Φ(T )(φ(0) + F (0, φ))− F (T, xλT ) +

∫ T

0
AΦ(T − s)F (s, xλs )ds

+

∫ T

0
Φ(T − s)G(s, xλs )dw(s)−

∫ T

0
Φ(T − s)

∫ s

0
γ(s− v)F (v, xλv )dvds

+

m∑
k=1

Φ(T − tk)Ik(xλ(tk)) + ΓT0R(λ,ΓT0 )Eh− Φ(T )(φ(0) + F (0, φ))

+ F (T, xT )

−
∫ T

0

∫ T

r
Φ(T − s)BB∗Φ∗(T − s)R(λ,ΓTr )AΦ(T − r)F (r, xλr )dsdr

+

∫ T

0

∫ T

r
Φ(T − s)BB∗Φ∗(T − s)R(λ,ΓTr )Φ(T − r)

×
∫ r

0
γ(r − v)F (v, xλv )dvdsdr

−
∫ T

0

∫ T

r
Φ(T − s)BB∗Φ∗(T − s)R(λ,ΓTr )

× [Φ(T − r)G(r, xλr )− ϕ(r)]dsdw(r)

− ΓT0R(λ,ΓT0 )

m∑
k=1

Φ(T − tk)Ik(xλ(tk))

= h− λR(λ,ΓT0 )[Eh− Φ(T )(φ(0) + F (0, φ)) + F (T, xT )]

+

∫ T

0
λR(λ,ΓTs )AΦ(T − s)F (s, xλs )ds

−
∫ T

0
λR(λ,ΓTs )Φ(T − s)

∫ s

0
γ(s− v)F (v, xλv )dvds

+

∫ T

0
λR(λ,ΓTs )[Φ(T − s)G(s, xλs )− ϕ(s)]dw(s)

+ λR(λ,ΓT0 )
m∑
k=1

Φ(T − tk)Ik(xλ(tk)).

By (H4),

‖F (t, xt)‖α + ‖G(t, xt)‖Q ≤M3.

Then there is a subsequence, still denoted by {F (s, xλs ), G(s, xλs )}, weakly converging to say,

{F (s, w), G(s, w)} in H × L0
2(K,H). By (H0), λR(λ,ΓTs ) → 0 as λ → 0+ and ‖λR(λ,ΓTs )‖ ≤ 1,

from which, together with Lebesgue dominated convergence theorem, we have
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Ekxλ(T )− hk2

≤ 10E‖λR(λ,ΓT0 )[Eh− Φ(T )(φ(0) + F (0, φ))‖2

+10E‖λR(λ,ΓT0 )‖2‖A−α‖2‖F (T, xλT )]‖2α

+10E
(∫ T

0
‖λR(λ,ΓTs )‖‖AΦ(T − s)‖‖A−α‖‖F (s, xλs )− F (s)‖αds

)2

+10E
(∫ T

0
‖λR(λ,ΓTs )‖‖AΦ(T − s)‖‖A−α‖‖F (s)‖αds

)2

+10E
(∫ T

0
‖λR(λ,ΓTs )Φ(T − s)

∫ s

0
γ(s− v)A−α‖‖F (v, xλv )− F (v)‖αdvds

)2

+10E
(∫ T

0
‖λR(λ,ΓTs )Φ(T − s)

∫ s

0
γ(s− v)F (v)‖dvds

)2

+10E‖λR(λ,ΓTs )‖2‖Φ(T − s)‖2kG(s, xλs )−G(s)‖2Qds

+10E‖λR(λ,ΓTs )‖2‖Φ(T − s)‖2kG(s)‖2Qds

+10E‖λR(λ,ΓTs )‖2‖φ(s)‖2Qds

+10E‖λR(λ,ΓT0 )

m∑
k=1

Φ(T − tk)Ik(xλ(tk))‖2 → 0, asλ→ 0+.

This gives the approximate controllability. The proof is complete.

4. Example

As an application, we consider the neutral stochastic integro-differential system with impulses,

d[z(t, x) + f(t, z(t− r1(t), x))]

= [
∂2

∂x2
z(t, x) + u(t, x) +

∫ t

0
b(t− s) ∂

2

∂x2
z(s, x)ds]dt+ g(t, z(t− r2(t), x))dβ(t),

0 < t ≤ T, t 6= tk, 0 ≤ x ≤ π,

z(t, 0) = z(t, π) = 0, 0 ≤ t ≤ T,

z(t, x) = φ(t, x), −r ≤ t ≤ 0, 0 ≤ x ≤ π,

∆z(tk, x) =

∫ π

0
K(tk, x, y)z(tk, y)dy, k = 1, 2, 3, · · · ,m, (4.1)

where r1, r2 are continuous functions with 0 < r1(t) ≤ r, 0 < r2(t) ≤ r for all t ∈ J , β(t) denotes a

one-dimensional standard Brownian motion. The functions f , g, φ, K and b will be described below.

System (4.1) arises in the study of heat flow in materials of the so-called retarded type ([8], [?]).

Here, z(t, x) represents the temperature of the point x at time t. As stated in [3], these problems
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also arise in systems related to couple oscillators in a noisy environment or in viscoelastic materials

under random or stochastic influences. Meanwhile, an impulsive perturbation occurs very often in

many practical models. For instance, the system of rigid heat conduction with impulsive effect can be

modeled in the form of (4.1).

Let H = L2[0, π], and letA : H → H be the operator defined by

Aξ = − ∂2

∂x2
ξ,

with domain

D(A) = {ξ ∈ H : ξ, ξ are absolutely continuous, ξ ∈ H, ξ(0) = ξ(π) = 0}.

Then −A is self-adjoint, negative definite and the resolvent operator R(λ,−A) = (λI + A)−1 is

compact when it exist. Moreover, −A generates a strongly semigroup {S(t)}t≥0 which is analytic,

compact and self-adjoint. There exists a complete orthonormal set {en} of eigenvectors of −A with

en(x) =
√

2
πsin(nx), n = 1, 2, 3, · · · Then the following properties hold:

Aξ =

∞∑
n=1

n2 < ξ, en > en, ξ ∈ D(A),

S(t)ξ =

∞∑
n=1

exp(−n2t) < ξ, en > en, ξ ∈ H.

Set Hα = D(Aα) and Cα = C([−r, 0], Hα). By the classical spectral theorem, we deduce that

AαS(t)ξ =

∞∑
n=1

(n2)αexp(−n2t) < ξ, en > en.

We assume that the following conditions hold:

(i) The functions f : J ×R→ R and g : J ×R→ R are continuous and global Lipschitz continuous

and uniformly bounded.

(ii) The function φ is defined by φ(θ)(x) = φ(θ, x) belongs to Cα.

(iii) b(t) ∈ L1(R+)∩C1(R+) with primitive B(t) ∈ L1
loc(R

+), B(t) is non- positive, non-decreasing

and B(0) = −1.

(iv) K(t, x, y) : J → L2([0, π] × [0, π]) is measurable and continuous, thus bounded. lk :=∫ π
0

∫ π
0 |K(tk, x, y)|2dxdy, k = 1, 2, · · · ,m.

Now define the abstract functions F , G, Ik and the operator γ(t) respectively by

F (t, ψ)(x) = f(t, ψ(−r1(t))(x), ψ ∈ Cα, x ∈ [0, π],
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G(t, ψ)(x) = g(t, ψ(−r1(t))(x), ψ ∈ Cα, x ∈ [0, π],

Ik(ϕ)(x) =

∫ π

0
K(tk, x, y)ϕ(y)dy, ϕ ∈ H,

γ(t) = b(t)A, t ∈ J.

Then system (4.1) is rewritten into the form of (1.1). Moreover, B = I, satisfy (H1), and γ(t) satisfies

condition (H3). From [?], the linear system of (4.1) has an analytic resolvent operator (W (t))t ≥ 0

which is given by W (0) = I.

By condition (i) we have

‖F (t, ψ)− F (t, π)‖2α =

∫ π

0
|f(t, ψ(−r1(t))(x))− f(t, π(−r1(t))(x))|2dx

≤ N2‖ψ(−r1(t))(x)− π(−r1(t))(x)‖2

= N2
∞∑
n=1

< ψ(−r1(t))− π(−r1(t)), en >2

≤ N2
∞∑
n=1

n4α < ψ(−r1(t))− π(−r1(t)), en >2

= N2‖Aα(ψ(−r1(t))− π(−r1(t))‖2

≤ N2‖ψ − π‖2Cα ,

where N is appropriate constant.

By condition (iiii) we have

‖Ik(ϕ1)− Ik(ϕ2)‖2 =

∫ π

0

[∫ π

0
K(tk, x, y)ϕ1(y)dy −

∫ π

0
K(tk, x, y)ϕ2(y)dy

]2
dx,

=

∫ π

0

[∫ π

0
K(tk, x, y)(ϕ1(y)− ϕ2(y))

]2
dx,

=

∫ π

0

[∫ π

0
|K(tk, x, y)|2

∫ π

0
‖ϕ1(y)− ϕ2(y)‖2dy

]
dx,

≤ πlk‖ϕ1 − ϕ2‖2.

Similarly we can show that F , G and Ik satisfy the assumptions (H2), (H4). From [[?], Lemma 4.1],

the resolvent operator W (t) of (4.1) is self adjoint. Thus

B∗W ∗(t)ξ = W (t)ξ, ξ ∈ H.

Let B∗W ∗(t)ξ = 0, for all t ∈ J , thus

B∗W ∗(t)ξ = W (t)ξ = 0, t ∈ J.
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It follows from the fact W (0) = I that ξ = 0, so by [[2], Theorem 4.1.7], the deterministic linear

system corresponding to (4.1) is approximately controllable on J . Hence, (H0) holds. Therefore, by

Theorem 3.2, system (4.1) is approximately controllable on J .
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Solving Transportation Problem with Four Different 
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1,2Department of Mathematics, M.Kumarasamy college of Engineering (Autonomous), Karur-639113 

sathyamax06@gmail.com1 , drshalinimath@gmail.com2 

 

ABSTRACT-In this article, finding an optimal solution is the prime requirement for the transportation 
problems. We compared a four different proposed mean (PAM, PHM, PGM, PQM) to find out the optimum 
solution of a TP. The most attractive feature of this method is that requires very simple statistical and rational 
calculation, that’s why it is very easy even for layman to understand and use. This method will be very 

beneficial for those decision makers who are dealing with logistics and supply chain related issues. A 
Numerical illustration is established and the optimality of the result received by this method is also verified.  
MSC: 90C08 
Keywords: Transportation problems (TP), Initial Basic Feasible Solution (IBFS), PAM, PHM, PGM, PQM, 
NWC. LCM, VAM, MODI, Optimal Solution (OS), (PMM). 
 

1. Introduction  
Now a day, transportation problem is famous in operation research for its wide application in real life. 
This is a special kind of the network optimization problems in which goods are transported from a set of 
sources to a set of destinations subject to the supply and demand of the source and destination, 
respectively, such that the total cost of transportation is minimized. The basic transportation problem 
was originally developed by Hitchcock in 1941 [1]. Efficient methods for finding solution were 
developed, primarily by Dantzig in 1951 [2] and then by Charnes, Cooper and Henderson in 1953 [3]. 
Basically, the solution procedure for the transportation problem consists of the following stages:  

• Stage 1: Arithmetic formulation of the transportation problem.  

• Stage 2: Finding an initial basic feasible solution.  

• Stage 3: Optimize the optimal solution which is obtained in Stage 3.  

In this paper, Stage 3 has been focused in order to obtain a better optimal solution for the transportation 
problems. 

In the past few year Abdual Quddoos et.al [4] and Sudhaker et.al [5] implemented two different methods 
in 2012 respectively, for finding an optimal solution. In 1954 charnes and copper [5] was developed 
Stepping Stone method on “The Simplex method is not suitable for the Transportation problem 
especially for large scale transportation problem due to its special structure of model”.  
Now days the researchers recently focus on many different methods that provide a betterment for 
transportation problem. Urvashikumari D.Patel et.al. [6] established “Transportation Problem using 
Stepping Stone Method and its Application. And also Neetu M.Sharma et.al [7] cope with “An 
alternative method to north west corner method for solving transportation problem which is totally new 
concept. A.Amaravathy et.al [8], Reena G.Patel et.al [9, 10] and Sushma Duraphe et.al [11] implemented 
the method is very helpful by solving less iterations and also required minimum time period for getting 
optimal solution. 
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In this article we proposed a new concept for solving TP in easiest manner.  

(i) Arithmetic Mean AM = 
∑ ������

� . 

(ii) Harmonic Mean, HM = 
�

�
	�
 �

	�
⋯
 �
	�

 
(iii) Geometric Mean, GM = (� ∙ � ∙⋅⋅⋅⋅⋅⋅⋅⋅∙ �)� �� = (∏ ����� )� ��  

(iv) Quadratic Mean, QM = ����
���
⋯..
���
� . 

 
2.  Procedure for Proposed Approach to Find an optimal Solution  

In the proposed approach, different mean is formed to find the optimum solution for the transportation 
problem.  

� Step-1: Construct a Transportation Table (TT) from the given transportation problem.  
� Step-2: Ensure whether the TP is balanced or not, if not, make it balanced.  
� Step-3: Obtain the PAM / PHM / PGM / PQM for each row and column by using the corresponding 

principle.  
� Step4: Choose the maximum mean value from step2 and assign the min (supply or demand) at the 

place of lowest value of corresponding row or column. 
� Step5: Reiterate step2 and step3 till the demand and supply are exhausted.  
� Step6: Now transfer this allocation to the original TP.  
� Step7: Finally calculate the total transportation cost of the TP. 

 
3. Numerical Illustrations 

  
Example 3.1.  
 
(i)          Illustrate Solution: 

  D1 D2 D3 D4  Supply 

S1 4 6 8 8 40 

S2 6 8 6 7 60 

 S3  5 7 6 8 50 

Demand 20 30 50 50 150 

 

 

The above mentioned transportation table is balanced, therefore it exist a IBFS to PGM method. 

 

(ii) Arithmetic Mean 

  D1 D2 D3 D4  Supply 
    

S1 4          10 6          30 8 8 40, 10 (6.50) (6) (6) (6) 
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S2 6 8 6         10 7           50 60, 10 (6.75) (6.67) (6) ** 

 S3  5           10 7 6          40 8 50, 10 (6.50) (6) (5.50) (5.50) 

Demand 20,10 30 50, 40 50 150 
    

 
(5) (7) (6.67) (7.67) 

     

 
(5) (7) (6.67) ** 

     

 
(5) ** (6.67) ** 

     

 
(4.50) ** (7) ** 

     
 

The Transportation cost is 

� = 4 ∗ 10 + 6 ∗ 30 + 6 ∗ 10 + 7 ∗ 50 + 5 ∗ 10 + 6 ∗ 40 = ���/- 
 

 
(ii) Harmonic Mean 

  D1 D2 D3 D4  Supply 
    

S1 4          10 6          30 8 8 40, 10 (6) (5.54) (5.33) (5.33) 

S2 6 8 6         10 7           50 60, 10 (6.65) (6.55) (6) ** 

 S3  5           10 7 6          40 8 50, 10 (6.30) (5.89) (5.45) (5.45) 

Demand 20,10 30 50, 40 50 150 
    

 
(4.86) (6.90) (6.55) (7.64) 

     

 
(4.86) (6.90) (6.55) ** 

     

 
(4.86) ** (6.55) ** 

     

 
(4.44) ** (6.86) ** 

     
The Transportation cost is 

� = 4 ∗ 10 + 6 ∗ 30 + 6 ∗ 10 + 7 ∗ 50 + 5 ∗ 10 + 6 ∗ 40 = ���/- 
 

(iii) Geometric mean 

  D1  D2 D3 D4  Supply 
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S1 
4          
10 

 6          
30 

8 8 40, 10 (6.26) (5.77) (5.66) (5.66) 

S2 6  8 
6         
10 

7           
50 

60, 10 (6.70) (6.60) (6) ** 

 S3  
5           
10 

 7 
6          
40 

8 50, 10 (6.40) (5.94) (5.48) (5.48) 

Demand 20,10  30 50, 40 50 150 
    

 
(4.93)  (6.95) (6.60) (7.65) 

     

 
(4.93)  (6.95) (6.60) ** 

     

 
(4.93)  ** (6.60) ** 

     

 
(4.47)  ** (6.93) ** 

     
The Transportation cost is 

� = 4 ∗ 10 + 6 ∗ 30 + 6 ∗ 10 + 7 ∗ 50 + 5 ∗ 10 + 6 ∗ 40 = ���/- 
 

(iv) Quadratic mean 

  D1 D2 D3 D4  Supply 
    

S1 4          10 6          30 8 8 40, 10 (6.71) (6.22) (6.32) (6.32) 

S2 6 8 6         10 7           50 60, 10 (6.80) (6.73) (6) ** 

 S3  5           10 7 6          40 8 50, 10 (6.60) (6.06) (5.52) (5.52) 

Demand 20,10 30 50, 40 50 150 
    

 
(5.07) (7.05) (6.73) (7.68) 

     

 
(5.07) (7.05) (6.73) ** 

     

 
(5.07) ** (6.73) ** 

     

 
(5.10) ** (7.07) ** 

     
 

The Transportation cost is 

� = 4 ∗ 10 + 6 ∗ 30 + 6 ∗ 10 + 7 ∗ 50 + 5 ∗ 10 + 6 ∗ 40 = ���/- 
 

Example 3.2.  

   Illustrate 
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  D1 D2 D3 D4  D5  Supply 

S1 12 8 11 18 11 6 

S2 14 22 8 12 14 2 

 S3  14 14 16 14 15 4 

S4  19 11 14 17 15 10 

S5 13 9 17 20 11 9 

Demand 2 8 7 10 4 31 

Solution: 

The above mentioned transportation table is balanced, therefore it exist a IBFS to PGM method. 

 

  D1 D2 D3 D4  D5  
Supp

ly 
       

S1 12 8 11    6 18 11 6  (12) (12)   (12)  (10.5
)  

(10.
5)  

(10.
5)   ** 

S2 14 22 8 12    2 14 2  (14)  ** ** ** ** ** ** 

 S3  14 14 16 14    4 15 4  (12.
6) 

 (12.
6) **  ** ** ** ** 

S4  19 11   6 14 17   4 15 10, 6 (15.
2)  

(15.2
)   

 (15.
2)  

 (14.
8)  

(14.
8)  ** ** 

S5 
13     
2 

9     2 17    1 20 
11     
4 

9,8,6
,2  (14) (14) (14) (12.5

) 
(12.
5) 

(12.
5) 

(12.
5) 

Dema
nd 2 8, 2 7 10, 

8, 4 4 31        

  (14.
4) 

(12.
8) 

(13.
2) 

(16.
2) 

(13.
2) 

        

  (14.
5) 

 (10.
5) 

(14.
5)  

 (17.
3) 

(13)
  

        

  (14.
7) (9.3) (14) (18.

3) 
(12.
3) 

        

  (14.
7) (9.3) (14) ** (12.

3) 
        

  (14.
7) (9.3) (14) ** (12.

3) 
        

  (12.
5) (8.5) (14) ** (11)         
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(i) Arithmetic Mean 

 

The Transportation cost is 

� = 11 ∗ 6 + 12 ∗ 2 + 14 ∗ 4 + 11 ∗ 6 + 17 ∗ 4 + 11 ∗ 4 + 13 ∗ 2 + 9 ∗ 2 + 17 ∗ 1 = ���/− 

 
(ii) Harmonic Mean 
(iii) Geometric Mean 

 
 
 
 
 

  (13) (9) ** ** (11)         

  D1 D2 D3 D4  D5  
Supp

ly 
       

S1 12 8 
11    
6 

18 11 6  (11.
2) 

(11.2
)  

 (11.
2)  

(10.3
)  

(10.
3)  **   ** 

S2 14 22 8 
12    
2 

14 2  (12.
6)  ** ** ** ** ** ** 

 S3  14 14 16 
14    
4 

15 4  (14.
6) 

 (14.
6) **  ** ** ** ** 

S4  19 11   6 14 17   4 15 10, 6 (14.
7)  

(14.7
)   

 (14.
7)  

 (14.
2)  ** ** ** 

S5 
13     
2 

9     2 
17    
1 

20 
11     
4 

9,8,6
,2 

 (12.
9) 

(12.9
) 

(12.9
) 

(11.9
) 

(11.
9) 

(11.
9) 

(10.
8) 

Dema
nd 2 8, 2 7 10, 

8, 4 4 31        

  (14.
6) 

(11.
3) 

(12.
2) 

(15.
7) 

(12.
9) 

        

  (14.
1) 

 (10
) 

(14)
  

 (17
) 

(12.
7)  

        

  (14.
1) 

(9.2
) 

(13.
6) 

(18.
3) 

(12.
1) 

        

  (14.
1) 

(9.2
) 

(13.
6) ** (12.

6) 
        

  (12.
5) 

(8.5
) 

(13.
4) ** (10.

9) 
        

  (13) (9) (17) ** (11)         

  (13) (9) ** ** (11)         

  D1 D2 D3 D4  D5  Supply       

S1 12 8 11    6 18 11 6  (11.6) (11.6)   (11.6)  (10.4)  (10.4)  **   

S2 14 22 8 12    2 14 2  (13.3)  ** ** ** ** ** 

 S3  14 14 16 14    4 15 4  (14.6)  (14.6) **  ** ** ** 

S4  19 11   6 14 17   4 15 10, 6 (15)  (15)    (15)  (15)   ** ** 

S5 13     2 9     2 17    1 20 11     4 9,8,6,2  (13.4) (13.4) (13.4) (12.2) (12.2) (12.2) (

Demand 2 8, 2 7 10, 8, 4 4 31       

  (14.2) (11.9) (12.7) (15.9) (13.1)        

  (14.3)  (10.3) (14.3)   (17.11) (12.8)         

  (14.4) (9.25) (13.8) (18.3) (12.2)        

  (14.4) (9.25) (13.8) ** (12.2)        

  (14.4) (8.5) (13.8) ** (12.2)        

  (12.5) (8.5) (13.7) ** (11)        

  (13) (9) ** ** (11) 
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(iv) Quadratic Mean 

 
 
 

The Transportation cost is 

� = 11 ∗ 6 + 12 ∗ 2 + 14 ∗ 4 + 11 ∗ 6 + 17 ∗ 4 + 11 ∗ 4 + 13 ∗ 2 + 9 ∗ 2 + 17 ∗ 1 = ���/− 

 
 
4. Result Analysis  

After obtaining an optimum by the “proposed Mean Method”, the obtained result is compared with the 
results obtained by other existing methods shown below 

Table 1: Result Analysis 

  D1 D2 D3 D4  D5  Supply        

S1 12 8 11    6 18 11 6  (12.4) (12.4)   (12.4)  (10.6)  (10.4)  **   ** 

S2 14 22 8 12    2 14 2  (14.7)  ** ** ** ** ** ** 

 S3  14 14 16 14    4 15 4  (14.6)  (14.6) **  ** ** ** ** 

S4  19 11   6 14 17   4 15 10, 6 (15.4)  (15.4)    (15.4)  (15.2)   ** ** ** 

S5 13     2 9     2 17    1 20 11     4 9,8,6,2  (14.6) (14.6) (14.6) (12.9) (12.9) (12.9) (11) 

Demand 2 8, 2 7 10, 8, 
4 4 31        

  (14.6) (13.8) (13.6)) (16.5) (13.3)         

  (14.8)  (10.8) (14.7)   (17.4) (13.2)          

  (14.9) (9.42) (14.2) (18.4) (12.5)         

  (14.9) (9.42) (14.2) ** (12.5)         

  (12.5) (8.5) (14.3) ** (11)         

  (13) (9) (17) ** (11)         

  (13) (9) ** ** (11)         

Method Example 3.1 Example3.2  

Proposed Arithmetic 
920 385  
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5. RESULTS AND DISCUSSION 
 In this article, we implemented the algorithm for less iterations and getting minimum optimal solution. 
And also we have described the comparison results for various methods of TPM and (PAM, PHM, 
PGM, PQM) is same as MODI's method in Table 4. Finally, we conclude that the (PAM, PHM, PGM, 
PQM) is an important Geometrical tool for the decision makers when they are handling the variety of 
logistic problems. 

 
6. CONCLUSION 

In this article, we implemented the algorithm for less iterations and getting minimum optimal solution. 
And also we have described the comparison results for (PAM, PHM, PGM, PQM) which is same as 
MODI method. The Four different mean methods (PAM, PHM, PGM, PQM) are important statistical 
tool for the decision makers when they are handling the variety of logistic problems. 
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1. Introduction and Preliminaries

Fuzzy theory (Zadeh (1965)) was initiated in 1965. Later on, Chang (1968) utilized it to define
fuzzy topological spaces. Intuitionistic fuzzy topologies introduced by Coker (1996) and Coker
(1997), are based on intuitionistic fuzzy sets. In Samanta and Mondal (2002), the authors succeeded
to intuitionism the structure of topology. The name “intuitionistic" is no longer used in mathematics
because of some suspicions about the convenience of this term. This suspicions were refuted in
Garcia and Rodabaugh (2005), when the authors substituted the term “intuitionistic" by “double"
and renamed its related topologies. The concept of intuitionistic gradation of openness has been
renamed to “double fuzzy topological spaces:.

There are a variety of applications for topology. For instance, ophthalmologist have found that
when the sight is restored to a blind person, the person will have a topological vision for some
time. During this short time, the person who has recovered from the blindness cannot differentiate
between a circle and a square and any closed curves. He has to exercise for some time to precisely
characterize various closed curves. Based on this idea, Zeeman has constructed a topological model
of the brain and the visual perception (Zeeman (1962)).

Topological psychology (Leeper (1930); Lewin (1930)) is a dialectical topic in which mathemati-
cians have different opinions on it. The German scientist Lewin studied topology and applied the
topological notions in his theories in psychology. He tried hard to formalize his theories into an
evident form in order to avoid the rigidity and obstinacy of the results. Lewin presented concepts
incidentally and progressively developed them through experimental and observation methods.

The topological relaionships between spatial objects are essential information used in Geographic
information system (GIS), along with positional and attribute information. Information on topolog-
ical relationships can be used for spatial queries, spatial analyses, data quality control, and others.
Topological relationships may be fuzzy or crisp based on the certainty or uncertainty of spatial
objects and the nature of their relationships (Shi et al. (2007)). The initiations of e-open sets, e-
continuity and e-compactness in topological spaces are due to Ekici (2007), Ekici (2008a), Ekici
(2008b), Ekici (2008c), and Ekici (2009).

In this paper X 6= φ, I0 = (0, 1], I1 = [0, 1) and I − [0, 1]. IX is the family of fuzzy sets defined
on the universal setX. Pt(X) refers to the collection of all fuzzy points defined onX. 0 and 1 refer
to the smallest and the largest elements in IX , respectively. The complement of A ∈ IX is denoted
by 1 − A. For any crisp map f : X → Y, the direct image f(A) and inverse image f−1(A) of f
are given by f(A)(y) =

∨
f(x)=y A(x) and f−1(B)(x) = B(f(x)) for all A ∈ IX , B ∈ IY and

x ∈ X, respectively.

The notion of double fuzzy topology (briefly, dfts), (r, s)-fuzzy open (briefly, (r, s)-fo) and its
complement are introduced and studied in Samanta and Mondal (1997). The closure and interior
operators in dfts are introduced and studied in Lee and Im (2001). The concept of (r, s)-generalized
fuzzy closed (briefly, (r, s)-gfc) and its complement, the closure and interior operators of the same
are studied in Abbas and El-Sanousy (2012). The class of new sets namely, (r, s)-fuzzy regular
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open (briefly, (r, s)-fro), (r, s)-fuzzy δ semiopen (briefly, (r, s)-fδso), (r, s)-fuzzy δ pre open
(briefly, (r, s)-fδpo), (r, s)-fuzzy β open (briefly, (r, s)-fβo ), (r, s)-fuzzy e-open (briefly, (r, s)-
feo), (r, s)-generalized fuzzy δ semiopen (briefly, (r, s)-gfδso), (r, s)-generalized fuzzy δ pre-
open (briefly, (r, s)-gfδpo), (r, s)-generalized fuzzy β-open (briefly, (r, s)-gfβo),(r, s)-generalized
fuzzy e-open (briefly, (r, s)-gfeo) and its complement with their closure and interior operators are
introduced and studied in Periyasamy et al. (2019). Also (r, s)-generalized fuzzy border, (r, s)-
generalized fuzzy frontier and (r, s)-generalized fuzzy exterior are introduced in Fatimah et al.
(2017).

This paper takes some investigations on (r, s)-generalized fuzzy e-border, (r, s)-generalized fuzzy
e-exterior and (r, s)-gneralized fuzzy e-frontier in double fuzzy topological spaces. Moreover,
some characteristic properties of generalized double fuzzy e-continuous, generalized double fuzzy
e-open, generalized double fuzzy e-closed and generalized double fuzzy e-closure irresolute func-
tion are studied and investigated. Also, we present the relationships between the new notions and
already known functions. Our new results are a generalization to the corresponding notions in
topology and fuzzy topology, and therefore, we believe that it will be more useful and applicable
for GIS modeling and for other scientific fields.

2. Properties of (r, s)-generalized fuzzy e-open sets

In this section, we study (r, s)-generalized fuzzy e-border, (r, s)-generalized fuzzy e-exterior and
(r, s)-generalized fuzzy e-frontier. Some of its interesting properties and characterizations are ex-
amined.

Definition 2.1.

For any dfts (X,T, T ?), A ∈ IX , α ∈ I0 and β ∈ I1, we have

(1) geCT,T ?(A, r, s) =
∧
{B ∈ IX |A ≤ B and B is (r, s)-gfec}, where geCT,T ?(A, r, s) is the

(r, s)-generalized fuzzy e-closure of A.
(2) geIT,T ?(A, r, s) =

∨
{B ∈ IX |B ≤ A and B is (r, s)-gfeo}, where geIT,T ?(A, r, s) is the

(r, s)-generalized fuzzy e-interior of A.

Proposition 2.2.

For any dfts (X,T, T ?), A ∈ IX , α ∈ I0 and β ∈ I1, we have

(1) geIT,T ?(A, r, s) is the largest (r, s)-gfeo set such that geIT,T ?(A, r, s) ≤ A.

(2) A = geIT,T ?(A, r, s), if A is an (r, s)-gfeo set.
(3) geIT,T ?(geIT,T ?(A, r, s), r, s) = geIT,T ?(A, r, s), if A is an (r, s)-gfeo set.
(4) 1− geIT,T ?(A, r, s) = geCT,T ?(1− A, r, s).
(5) 1− geCT,T ?(A, r, s) = geIT,T ?(1− A, r, s).
(6) If A ≤ B, then geIT,T ?(A, r, s) ≤ geIT,T ?(B, r, s).
(7) If A ≤ B, then geCT,T ?(A, r, s) ≤ geCT,T ?(B, r, s).
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(8) geIT,T ?(A, r, s) ∧ geIT,T ?(B, r, s) = geIT,T ?(A ∧B, r, s).
(9) geIT,T ?(A, r, s) ∨ geIT,T ?(B, r, s) = geIT,T ?(A ∨B, r, s).

Proof:

(i) and (ii) follow from the definitions and (iii) follows from (ii).

(iv) geCT,T ?(1− A, r, s) =
∧
{B|B is (r, s)-gfec set, B ≥ 1− A}.

= 1−
∨
{1−B|1−B is (r, s) gfeo set, 1−B ≤ A}.

= 1− geIT,T ?(A, r, s).

(v) It is similar to (iv).

(vi) It is clear that geIT,T ?(A, r, s) =
∨
{D|D is (r, s)-gfeo and, D ≤ A}.

=
∨
{D|D ≤ B D is an (r, s)-gfeo}

= geIT,T ?(B, r, s).

(vii) If A ≤ B, it is similar to (vi).

(viii)geIT,T ?(A ∧B, r, s) =
∨
{D|D is (r, s)-gfeo and, D ≤ (A ∧B)}.

= (
∨
{D|D is (r, s)-gfeo and D ≤ A})

∧ (
∨
{D|D is (r, s)-gfeo and D ≤ B})

= (geIT,T ?(A, r, s)) ∧ (geIT,T ?(B, r, s)).

(ix) It is similar to (viii). �

Definition 2.3.

For any dfts (X,T, T ?), A ∈ IX , r ∈ I0 and s ∈ I1, we have

(1) eBT,T ?(A, r, s) = A− eIT,T ?(A, r, s), where eBT,T ?(A, r, s) is the (r, s)-fuzzy e-border of A.
(2) geBT,T ?(A, r, s) = A− geIT,T ?(A, r, s), where geBT,T ?(A, r, s) is the (r, s)-generalized fuzzy

e-border of A.

Proposition 2.4.

For any dfts (X,T, T ?), A ∈ IX , r ∈ I0 and s ∈ I1, we have

(1) geBT,T ?(A, r, s) ≤ eBT,T ?(A, r, s).
(2) If A is an (r, s)-gfeo, then geBT,T ?(A, r, s) = 0.
(3) geBT,T ?(A, r, s) ≤ geCT,T ?(1− A, r, s).
(4) geIT,T ?(geBT,T ?(A, r, s), r, s) ≤ A.
(5) geBT,T ?(A ∨B, r, s) ≤ (geBT,T ?(A, r, s)) ∨ (GeBT,T ?(B, r, s)).
(6) geBT,T ?(A ∧B, r, s) ≥ (geBT,T ?(A, r, s)) ∧ (GeBT,T ?(B, r, s)).
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Proof:

(i)For any A ∈ IX , since eIT,T ?(A, r, s) ≤ geIT,T ?(A, r, s), then A − geIT,T ?(A, r, s) ≤ A −
eIT,T ?(A, r, s). Therefore geBT,T ?(A, r, s) ≤ eBT,T ?(A, r, s).

(ii) For any an (r, s)-gfeo set A ∈ IX , we have A = geIT,T ?(A, r, s). Thus geBT,T ?(A, r, s) = 0.

(iii) geBT,T ?(A, r, s) = A− geIT,T ?(A, r, s)
= A− (1− geCT,T ?(1− A))
≤ 1− 1 + geCT.T ?(1− A, r, s)
= geCT,T ?(1− A).

(iv) geIT,T ?(geBT,T ?(A, r, s), r, s) = geIT,T ?(A− geIT,T ?(A, r, s), r, s) ≤ A− geIT,T ?(A, r, s) ≤
A,

by (i) of Proposition 2.2. Therefore geIT,T ?(geBT,T ?(A, r, s), r, s) ≤ A.

(v) geBT,T ?(A ∨B, r, s) = (A ∨B)− geIT,T ?(A ∨B)
= (A ∨B)− (geIT,T ?(A, r, s)) ∨ (geIT,T ?(B, r, s))
≤ (A− geIT,T ?(A, r, s)) ∨ (B − geIT,T ?(B, r, s))
= (geBT,T ?(A, r, s)) ∨ (geBT,T ?(B, r, s)).

Therefore, geBT,T ?(A ∨B, r, s) ≤ (geBT,T ?(A, r, s)) ∨ (geBT,T ?(B, r, s)).

(vi) It is similar to (v). �

Definition 2.5.

For any dfts (X,T, T ?), A ∈ IX , α ∈ I0 and β ∈ I1, we have

(1) eFT,T ?(A, r, s) = eCT,T ?(A, r, s) − eIT,T ?(A, r, s), where eFT,T ?(A, r, s) is the (r, s)-fuzzy
e-frontier of A.

(2) geFT,T ?(A, r, s) = geCT,T ?(A, r, s) − geIT,T ?(A, r, s), where geFT,T ?(A, r, s) is the (r, s)-
generalized fuzzy e-frontier of A.

Proposition 2.6.

For any dfts (X,T, T ?), A ∈ IX , r ∈ I0 and s ∈ I1, we have

(1) geFT,T ?(A, r, s) ≤ eFT,T ?(A, r, s).
(2) geBT,T ?(A, r, s) ≤ geFT,T ?(A, r, s).
(3) geFT,T ?(1− A, r, s) = geFT,T ?(A, r, s).
(4) geFT,T ?(geIT,T ?(A, r, s), r, s) ≤ geFT,T ?(A, r, s).
(5) geFT,T ?(geCT,T ?(A, r, s), r, s) ≤ geFT,T ?(A, r, s).
(6) A− geFT,T ?(A, r, s) ≤ geIT,T ?(A, r, s).
(7) geFT,T ?(A ∨B, r, s) ≤ (geFT,T ?(A, r, s)) ∨ (GeFT,T ?(B, r, s)).
(8) geFT,T ?(A ∧B, r, s) ≥ (geFT,T ?(A, r, s)) ∧ (GeFT,T ?(B, r, s)).
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Proof:

(i) geFT,T ?(A, r, s) = geCT,T ?(A, r, s)− geIT,T ?(A, r, s)
≤ eCT,T ?(A, r, s)− eIT,T ?(A, r, s)
= eFT,T ?(A, r, s).

(ii) geBT,T ?(A, r, s) = A− geIT,T ?(A, r, s)
≤ geCT,T ?(A, r, s)− geIT,T ?(A, r, s),

since A ≤ geCT,T ?(A, r, s) = geFT,T ?(A, r, s). Therefore, geBT,T ?(A, r, s) ≤ geFT,T ?(A, r, s).

(iii) geFT,T ?(A, r, s) = geCT,T ?(A, r, s)− geIT,T ?(A, r, s)
= geCT,T ?(A, r, s)− (1− geCT,T ?(1− A, r, s))
= geCT,T ?(A, r, s)− 1 + geCT,T ?(1− A, r, s)
= −geIT,T ?(1− A, r, s) + geCT,T ?(1− A, r, s)
= geFT,T ?(1− A, r, s).

(iv) geFT,T ?(geIT,T ?(A, r, s), r, s) = geCT,T ?(geCT,T ?(A, r, s), r, s)
− geIT,T ?(geIT,T ?(A, r, s), r, s)
≤ geCT,T ?(A, r, s)− geIT,T ?(A, r, s)
= geFT,T ?(A, r, s).

(v) geFT,T ?(geCT,T ?(A, r, s), r, s) = geCT,T ?(geCT,T ?(A, r, s), r, s)
− geIT,T ?(geCT,T ?(A, r, s), r, s)
= geCT,T ?(A, r, s)− geIT,T ?(geCT,T ?(A, r, s), r, s)
≥ geCT,T ?(A, r, s)− geIT,T ?(A, r, s)
= geFT,T ?(A, r, s).

(vi) A− geFT,T ?(A, r, s) = A− (geCT,T ?(A, r, s)− geIT,T ?(A, r, s))
≤ geCT,T ?(A, r, s)− geCT,T ?(A, r, s) + geIT,T ?(A, r, s)
= geIT,T ?(A, r, s).

(vii) geFT,T ?(A ∨B, r, s) = geCT,T ?(A ∨B, r, s)− geIT,T ?(A ∨B, r, s)
= geCT,T ?(A ∨B, r, s)− (geIT,T ?(A, r, s) ∨ geIT,T ?(B, r, s))

= (geCT,T ?(A, r, s)∨geCT,T ?(B, r, s))−(geIT,T ?(A, r, s)∨geIT,T ?(B, r, s))
≤ (geCT,T ?(A, r, s)−geIT,T ?(A, r, s))∨(geCT,T ?(A, r, s)−geIT,T ?(B, r, s))

= geFT,T ?(A, r, s) ∨ geFT,T ?(B, r, s).

(viii) It is similar to (vii). �

Definition 2.7.

For any dfts (X,T, T ?), for each A ∈ IX , r ∈ I0 and s ∈ I1, we have

(1) eET,T ?(A, r, s) = eIT,T ?(1− A, r, s) where eET,T ?(A, r, s) is the (r, s)-fuzzy e-exterior of A.
(2) geET,T ?(A, r, s) = geIT,T ?(1 − A, r, s) where geET,T ?(A, r, s) is the (r, s)-generalized fuzzy

e-exterior of A.
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Proposition 2.8.

For any dfts (X,T, T ?), for every A ∈ IX , r ∈ I0 and s ∈ I1, we have

(1) eET,T ?(A, r, s) ≤ geET,T ?(A, r, s).
(2) geET,T ?(A, r, s) = 1− geCT,T ?(A, r, s).
(3) geET,T ?(geET,T ?(A, r, s), r, s) = geIT,T ?(geCT,T ?(A, r, s), r, s).
(4) If A ≤ B, then geET,T ?(A, r, s) ≥ geET,T ?(B, r, s).
(5) geET,T ?(1, r, s) = 0.
(6) geET,T ?(0, r, s) = 1.
(7) geIT,T ?(A, r, s) ≤ geET,T ?(geET,T ?(A, r, s), r, s).
(8) geET,T ?(A ∨B, r, s) = geET,T ?(A, r, s) ∧ geET,T ?(B, r, s).
(9) geET,T ?(A ∧B, r, s) = geET,T ?(A, r, s) ∨ geET,T ?(B, r, s).

Proof:

(i) Since

geCT,T ?(A, r, s) ≤ eCT,T ?(A, r, s),

1− geCT,T ?(A, r, s) ≥ 1− eCT,T ?(A, r, s)

⇒ geIT,T ?(1− A, r, s) ≥ eIT,T ?(1− A, r, s),

therefore, by definition, geET,T ?(A, r, s) ≥ eET,T ?(A, r, s).

(ii) It follows from the definitions.

(iii) geET,T ?(geET,T ?(A, r, s), r, s) = geIT,T ?(1 − geET,T ?(A, r, s), r, s) = geIT,T ?(1 −
geIT,T ?(A, r, s), r, s). Therefore geET,T ?(geET,T ?(A, r, s), r, s) = geIT,T ?(geCT,T ?(A, r, s), r, s).

(iv) Let A ≤ B. By using Proposition 2.2(i), geCT,T ?(A, r, s) ≤ geCT,T ?(B, r, s). Therefore
1 − geCT,T ?(A, r, s) ≥ 1 − geCT,T ?(B, r, s). But geIT,T ?(1 − A, r, s) ≥ geIT,T ?(1 − B, r, s).
Hence, geET,T ?(A, r, s) ≥ geET,T ?(B, r, s). (v) By (ii) geET,T ?(1, r, s) = 1 − geCT,T ?(1, r, s)
= 1− 1 = 0.

(vi) It is similar to (v).

(vii) Since A ≤ geCT,T ?(A, r, s), and geIT,T ?(A, r, s) ≤ geIT,T ?(geCT,T ? (A, r, s), r, s). Then by
(iii), geIT,T ?(A, r, s) ≤ geET,T ?(geET,T ?(A, r, s), r, s).

(viii) geET,T ?(A ∨ B, r, s) = geIT,T ?(1 − (A ∨ B), r, s) = geIT,T ?(1 − A) ∧ (1 − B), r, s) =
(geIT,T ?((1− A), r, s) ∧ (geIT,T ?((1−B), r, s)) = geET,T ?(A, r, s) ∧ geET,T ?(B, r, s)

(ix) Obvious. �
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3. Characterizations of generalized double fuzzy e-closure irresolute and
generalized double fuzzy e-continuous functions

In this section, some characterizations of generalized double fuzzy e-continuous,generalized dou-
ble fuzzy e-open, generalized double fuzzy e-closed and generalized double fuzzy e-closure irres-
olute functions are studied.

Definition 3.1.

A map f : (X,T, T ?)→ (Y, S, S?) between any two dfts’s (X,T, T ?) and (Y, S, S?) is called:

(1) generalized double fuzzy e-open (briefly, gdfe-open) if for every (r, s)-gfeo setA ∈ IX , r ∈ I0
and s ∈ I1, f(A) is an (r, s)-gfeo in IY .

(2) generalized double fuzzy e-closed (briefly, gdfe-closed) if for every (r, s)-gfec setA ∈ IX , r ∈
I0 and s ∈ I1, f(A) is an (r, s)-gfec in IY .

(3) generalized double fuzzy e-continuous (briefly, gdfe-continuous) if for every (r, s)-fo set A ∈
IY , r ∈ I0 and s ∈ I1, f−1(A) is an (r, s)-gfeo in IX .

(4) generalized double fuzzy e-closure irresolute (briefly, gdfec-Irr) if f−1(geCT,T ?(f(A), r, s) is
an (r, s)-gfec set for every (r, s)-gfec set A ∈ IY , r ∈ I0, s ∈ I1.

Theorem 3.2.

For any two dfts’s (X,T, T ?) and (Y, S, S?) and any bijective map f : (X,T, T ?) → (Y, S, S?),
we have

(1) f is gdfec-Irr function.
(2) For every fuzzy set A in IX , f(geCT,T ?(A, r, s)) ≤ geCS,S?(f(A), r, s).
(3) For every fuzzy set B in IY , geCT,T ?(f−1(B), r, s) ≤ f−1(geCS,S?(B, r, s).

Proof:

(i) ⇒ (ii) Suppose A ∈ IX and geCT,T ?(f(A), r, s) ∈ IY is an (r, s)-gfec, then by (i), we
have have f−1(geCS,S?(f(A), r, s) ∈ IX is an (r, s)-gfec set, r ∈ I0 and s ∈ I1. There-
fore, geCS,S?(f−1(geCS,S?(f(A), r, s), r, s) = f−1(geCS,S?(f(A), r, s)). Since A ≤ f−1(f(A))
and geCT,T ?(A, r, s) ≤ geCS,S?(f−1(f(A), r, s)). Also, f(A) ≤ geCS,S?(f(A), r, s). Then
geCT,T ?(A, r, s) ≤ geCS,S?(f−1(geCS,S?(f(A), r, s), r, s))
= f−1(geCS,S?(f(A), r, s)).

(ii)⇒ (iii) Suppose B ∈ IY , by (ii)

f(geCS,S?(f−1(B), r, s) ≤ geCS,S?(f(f−1(B)), r, s) ≤ geCS,S?(B, r, s).

That is, f(geCT,T ?(f−1(B), r, s)) ≤ geCS,S?(B, r, s).

Therefore, f−1(f(geCS,S?(f−1(B), r, s))) ≤ f−1(geCS,S?(B, r, s)).
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Hence, geCT,T ?(f−1(B), r, s) ≤ f−1(geCS,S?(B, r, s))

(iii) ⇒ (i) Suppose B ∈ IY is an (r, s)-gfec set. Then, geCS,S?(B, r, s) = B. By (iii)
geCT,T ?(f−1(B), r, s) ≤ f−1(geCS,S?(B, r, s)) = f−1(B).

But f−1(B) ≤ geCT,T ?(f−1(B), r, s).

Therefore, f−1(B) = geCS,S?(B, r, s). That is, f−1(B) ∈ IX is (r, s)-gfec. Thus, f is gdfec-Irr
map. �

Proposition 3.3.

The map f : (X,T, T ?) → (Y, S, S?) between any two dfts’s (X,T, T ?) and (Y, S, S?) is a gdfe-
closed iff for each A ∈ IX , geCT,T ?(f(A), r, s) ≤ f(geCT,T ?(A, r, s)).

Proof:

Suppose that f is a gdfe-closed function and A is any fuzzy set in X. Then f(geCT,T ?(A, r, s)) is
an (r, s)-gfec in IY . Therefore, geCT,T ?(f(geCT,T ?(A, r, s), r, s) = f(geCT,T ?(A, r, s)). Since
A ≤ geCT,T ?(A, r, s) ⇒ f(A) ≤ f(geCT,T ?(A, r, s)). Therefore, geCT,T ?(f(A), r, s) ≤
geCT,T ?(f(geCT,T ?(A, r, s)), r, s) = f(geCT,T ?(A, r, s)). Hence, for every fuzzy set A ∈
IX , geCT,T ?(f(A), r, s) ≤ f(geCT,T ?(A, r, s). Conversely, suppose that for every fuzzy set
A ∈ IX , geCT,T ?(f(A), r, s) ≤ f(geCT,T ?(A, r, s)). Since A is an (r, s)-gfec set, we have
geCT,T ?(A, r, s) = A. Therefore, f(geCT,T ?(A, r, s)) = f(A) ≤ geCS,S?(A, r, s). Hence,
f(A) = f(geCT,T ?(A, r, s)) = geCT,T ?(f(A), r, s), which implies that f(A) ∈ IY is an (r, s)-
gfec set, that is f is gdfe-closed function. �

Proposition 3.4.

For any two dfts’s (X,T, T ?) and (Y, S, S?) and any gdfec-Irr function f : (X,T, T ?) →
(Y, S, S?), geBT,T ?(f−1(A), r, s) is zero for every (r, s)-gfeo set A ∈ IY .

Proof:

Let A be an (r, s)-gfeo set in IY , f−1(A) ∈ IX is (r, s)-gfeo. Therefore, geIS,S?(f−1(A), r, s) =
f−1(A). By definition, geBS,S?(f−1(A), r, s) = f−1(A) − geIS,S?(f−1(A), r, s). Hence,
geBT,T ?(f−1(A), r, s) = f−1(A)− f−1(A) = 0. �

Definition 3.5.

A dfts (X,T, T ?) is said to be a double fuzzy e-(T, T ?) 1

2
space (briefly, dfe-(T, T ?) 1

2
), if each

(r, s)-fec set is (r, s)-fc set in X.

Proposition 3.6.

For any dfts (X,T, T ?) and dfe-(T, T ?) 1

2
space (Y, S, S?), if the map f : (X,T, T ?)→ (Y, S, S?)

is a bijective, the next statements will be equivalent:
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(1) f and f−1 are gdfec-Irr.
(2) f is gdfe-continuous and gdfe-open.
(3) f is gdfe-continuous and gdfe-closed.
(4) f(geCT,T ?(A, r, s)) = geCS,S?(f(A), r, s), for every A ∈ IX .

Proof:

(i)⇒ (ii) Suppose B is an (r, s)-gfeo set in X. Since f−1 is gdfec-Irr, (f−1)−1(B) ∈ IY is (r, s)-
gfeo set, so f is gdfe-open. Now, let C ∈ IY be an (r, s)-feo set, then it is an (r, s)-gfeo. But by
hypothesis, f−1 are gdfec-Irr, then f−1(D) ∈ IX is an (r, s)-gfeo, that is f is gdfe-continuous.

(ii) ⇒ (iii) Let A ∈ IX is an (r, s)-gfec set, then 1 − A ∈ IX is an (r, s)-gfeo set. By (ii),
1−f(A) = f(1−A) is an (r, s)-gfeo set in Y, which implies that f(A) is an (r, s)-gfec set. Hence
f is a gdfe-closed function.

(iii) ⇒ (iv) Let A ∈ IX , we have A ≤ f−1(f(A)) and f(A) ≤ geCS,S?(f(A), r, s) ⇒ A ≤
f−1(geCS,S?(f(A), r, s). Now, geCS,S?(f(A), r, s) ∈ IY is an (r, s)-gfec set. But (Y, S, S?)
is a dfe-(T, T ?) 1

2
space, and geCS,S?(f(A), r, s) is an (r, s)-fc set, then geCS,S?(f(A), r, s) ∈

IY is an (r, s)-fec set. Since f is gdfe-continuous, f−1(geCS,S?(f(A), r, s)) is an (r, s)-
gfec set, which implies geCS,S?(f−1(geCS,S?(f(A), r, s), r, s) = f−1(geCS,S?(f(A), r, s)).
But geCS,S?(f(A), r, s) ≤ geCS,S?(f−1(geCS,S?(f(A), r, s)), r, s), and geCS,S?(f(A), r, s)
≤ f−1(geCS,S?(f(A), r, s)). Therefore, f(geCT,T ?(A, r, s)) ≤ geCS,S?(f(A), r, s). Also,
geCS,S?(f(A), r, s) ≤ f(geCT,T ?(A, r, s))
⇒ f(geCT,T ?(A, r, s) = geCS,S?(f(A), r, s).

(iv)⇒ (i) Let A ∈ IX , by hypothesis of (iv), f(geCT,T ?(A, r, s) = geCS,S?(f(A), r, s). Therefore,
f(geCT,T ?(A, r, s) ≤ geCS,S?(f(A), r, s). Then, by Proposition 3.3, f is a gdfec-Irr function. Now,
suppose B ∈ IY is (r, s)-gfec. Then, geCS,S?(B, r, s) = B ⇒ f(geCS,S?(B, r, s)) = f(B). But
by (iv), geCT,T ?(f(B), r, s) = f(geCS,S?(B, r, s)). Therefore, geCT,T ?(f(B), r, s) = f(B). Then,
f(B) ∈ IY is an (r, s)-gfec set. Therefore, f−1 is gdfec-Irr. �

4. Interrelations

In this section, we present the relationship among the concepts introduced in Sections 3 and 4.

Proposition 4.1.

If A is an (r, s)-gfec set in a dfts (X,T, T ?) then:

(1) geBT,T ?(A, r, s) = geFT,T ?(A, r, s).
(2) geET,T ?(A, r, s) = 1− A.

Proof:

(i) Let A ∈ IX be an (r, s)-gfec, we have geCT,T ?(A, r, s) = A. But by definiton
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geBT,T ?(A, r, s) = A− geIT,T ?(A, r, s) = geCT,T ?(A, r, s)− geIT,T ?(A, r, s) = geFT,T ?(A, r, s).
Therefore geBT,T ?(A, r, s) = geFT,T ?(A, r, s).

(ii) Let A be an (r, s)-gfec set, we get geCT,T ?(A, r, s) = A ⇒ geIT,T ?(1 − A, r, s) = 1 − A.

Therefore by definition, geET,T ?(A, r, s) = 1− A. �

Proposition 4.2.

For any two dfts’s (X,T, T ?) and (Y, S, S?) and any map f : (X,T, T ?)→ (Y, S, S?)

(1) If f is any function, then geET,T ?(f−1(A), r, s) ≤ geCT,T ?(1 − f−1(A), r, s), for each fuzzy
set A ∈ IY .

(2) If f is a gdfe-continuous function, then for every (r, s)-fec set A ∈ IY , we have
geBT,T ?(f−1(A), r, s) = geFT,T ?(f−1(A), r, s).

Proof:

(i) Let A ∈ IY . Then, by definition geET,T ?(f−1(A), r, s) = geIT,T ?(1 − f−1(A), r, s) ≤ 1 −
f−1(A).

Also, geET,T ?(f−1(A), r, s) ≤ 1− geIT,T ?(f−1(A), r, s) = geCT,T ?(1− f−1(A), r, s).

Therefore, geET,T ?(f−1(A), r, s) ≤ geCT,T ?(1− f−1(A), r, s).

(ii) Let A be an (r, s)-fec set in Y. Then, f−1(A) is an (r, s)-gfec set in X. Therefore,
geCT,T ?(f−1(A), r, s) = f−1(A). Hence, geFT,T ?(f−1(A), r, s) = geCT,T ?(f−1(A), r, s) −
geIT,T ?(f−1(A), r, s) = f−1(A) − geIT,T ?(f−1(A), r, s) = geBT,T ?(f−1(A), r, s). Therefore,
geFT,T ?(f−1(A), r, s) = geBT,T ?(f−1(A), r, s). �

Definition 4.3.

A dfts (X,T, T ?) is said to be a g? double fuzzy e-(T, T ?) 1

2
space (briefly, g?dfe-(T, T ?) 1

2
if each

(r, s)-gfec set in X is an (r, s)-gfc set.

Proposition 4.4.

Let (X,T, T ?) be a g?dfe-(T, T ?) 1

2
space and A be an (r, s)-gfec set in X. Then the following

statements hold:

(1) gBT,T ?(A, r, s) = gFT,T ?(A, r, s).
(2) gET,T ?(A, r, s) = 1− A.

Proof:

Let A ∈ IX be an (r, s)-gfec set. Then A is an (r, s)-gfc set in X, which implies gCT,T ?(A, r, s) =
A. But by definition, gBT,T ?(A, r, s) = A − gIT,T ?(A, r, s) = gCT,T ?(A, r, s) − gIT,T ?(A, r, s)
= gFT,T ?(A, r, s).
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(ii) By definition, gET,T ?(A, r, s) = gIT,T ?(A, r, s) = 1− A. �

Proposition 4.5.

Let (X,T, T ?) and (Y, S, S?) be dfts’s and let f : (X,T, T ?) → (Y, S, S?) be gdfec-Irr function
such that (X,T, T ?) is g?dfe-(T, T ?) 1

2
. Then for every an (r, s)-gfec set A ∈ IX , the following

statements hold:

(1) gBT,T ?(f−1(A), r, s) = gFT,T ?(f−1(A), r, s).
(2) gET,T ?(f−1(A), r, s) = 1− f−1(A).

Proof:

(i) Suppose A ∈ IY is an (r, s)-gfec set. Then, f−1(A) is an (r, s)-gfec set in X.
Since by hypothesis, (X,T, T ?) is g?dfe-(T, T ?) 1

2
space, f−1(A) is an (r, s)-gfc set in

X. Therefore, gCT,T ?(f−1(A), r, s) = f−1(A). Also gBT,T ?(f−1(A), r, s) = f−1(A) −
gIT,T ?(f−1(A), r, s) = gCT,T ?(f−1(A), r, s)−gIT,T ?(f−1(A), r, s) = gFT,T ?(f−1(A), r, s). There-
fore gBT,T ?(f−1(A), r, s) = gFT,T ?(f−1(A), r, s).

(ii) By definition gET,T ?(f−1(A), r, s) = gIT,T ?(1− f−1(A), r, s) = 1− f−1(A). �

The above is not true if (X,T, T ?) is not g?dfe-(T, T ?) 1

2
space, as in the following example.

Example 4.6.

Let X = {a, b} and f : (X,T, T ?) → (Y, S, S?) be the identity map. Define A1, A2, A3, B1 and
B2 as follows: A1(a) = 0.67, A1(b) = 0.64, A2(a) = 0.67, A2(b) = 0.35, A3(a) = 0.33, A3(b) =
0.34, B1(a) = 0.20, B1(b) = 0.30, B2(a) = 0.67, B2(b) = 0.49, and define (T, T ?) and (S, S?) as
follows:

T (A) =



1, if A ∈ {0, 1},
1
4
, if A = A1,

1
2
, if A = A2,

3
4
, if A = A3,

0, otherwise.

T ?(A) =



0, if A ∈ {0, 1},
3
4
, if A = A1,

1
2
, if A = A2,

1
4
, if A = A3,

1, otherwise.

S(A) =


1, if A ∈ {0, 1},
1
4
, if A = B1,

1
8
, if A = B2,

0, otherwise.

S?(A) =


0, if A ∈ {0, 1},
1
8
, if A = B1,

1
4
, if A = B2,

1, otherwise.

Then, A is an (r, s)-gfec set in (X,S, S?) and f−1(A) = A is an (r, s)-gfec set which is not
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(r, s)-gfc set in (X,T, T ?). Therefore, f is gdfec-Irr function, but (X,T, T ?) is not g?dfe-(T, T ?) 1

2

space.

Proposition 4.7.

Let f : (X,T, T ?) → (Y, S, S?) be gdfe-closed map such that (Y, S, S?) is g?dfe-(T, T ?) 1

2
space.

Then for each (r, s)-gfec set A in IX , the following statements hold:

(1) gBS,S?(f(A), r, s) = gFS,S?(f(A), r, s).
(2) gES,S?(f(A), r, s) = 1− f(A).

Proof:

Similar to the proof of Proposition 4.5. �

The above statement is not true if (Y, S, S?) is not g?dfe-(T, T ?) 1

2
space, as shown in the following

example.

Example 4.8.

Let X = {a, b} and f : (X,T, T ?) → (Y, S, S?) be the identity map. Define A1, A2, A3, B1 and
B2 as follows: A1(a) = 0.67, A1(b) = 0.64, A2(a) = 0.67, A2(b) = 0.35, A3(a) = 0.33, A3(b) =
0.34, B1(a) = 0.20, B1(b) = 0.30, B2(a) = 0.67, B2(b) = 0.49, and define (T, T ?) and (S, S?) as
follows:

T (A) =


1, if A ∈ {0, 1},
1
4
, if A = B1,

1
8
, if A = B2,

0, otherwise.

T ?(A) =


0, if A ∈ {0, 1},
1
8
, if A = B1,

1
4
, if A = B2,

1, otherwise.

S(A) =



1, if A ∈ {0, 1},
1
4
, if A = A1,

1
2
, if A = A2,

3
4
, if A = A3,

0, otherwise.

S?(A) =



0, if A ∈ {0, 1},
3
4
, if A = A1,

1
2
, if A = A2,

1
4
, if A = A3,

1, otherwise.

Then, A is an (r, s)-gdfe closed set in (X,T, T ?) Therefore, f is gdfe closed function. but f(A) =
A is not (r, s)-gfc set in (X,S, S?). Hence (X,S, S?) is not g?dfe-(T, T ?) 1

2
space.

Proposition 4.9.

Let (X,T, T ?), (Y, S, S?) and (Z,U, U?) be dfts’s f : (X,T, T ?) → (Y, S, S?) and g :
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(Y, S, S?)→ (Z,U, U?) be gdfec-Irr functions such that (X,T, T ?) is g?dfe-(T, T ?) 1

2
space. Then

for each (r, s)-gfec set in Z, the following statements hold:

(1) gBT,T ?((g ◦ f)−1(A), r, s) = gFT,T ?((g ◦ f)−1(A), r, s).
(2) gET,T ?((g ◦ f)−1(A), r, s) = 1− (g ◦ f)−1(A).

Proof:

(i) Let A be a (r, s)-gfec set in Z. Then by hypothesis of g is gdfec-Irr, g−1(A) ∈ IY is a (r, s)-
gfec set. Also, f is gdfec-Irr, so f−1(g−1(A)) ∈ IX is (r, s)-gfec set. Thus (g ◦ f)−1(A) ∈ IX is a
(r, s)-gfec. Since (X,T, T ?) is g?dfe-(T, T ?) 1

2
, (g ◦ f)−1(A) is a (r, s)-gfc in X. So by definition,

we have gBT,T ?((g ◦ f)−1(A), r, s) = (g ◦ f)−1(A) − gIT,T ?((g ◦ f)−1(A), r, s) = gCT,T ?((g ◦
f)−1(A), r, s)− gIT,T ?((g ◦ f)−1(A), r, s) = gFT,T ?((g ◦ f)−1(A), r, s).

(ii) By definition, gET,T ?((g ◦ f)−1(A), r, s) = gIT,T ?(1 − (g ◦ f)−1(A), r, s) 1 − gCT,T ?((g ◦
f)−1(A), r, s) = 1 − (g ◦ f)−1(A), since (g ◦ f)−1(A) is a (r, s)-gfc set. Therefore, gET,T ?((g ◦
f)−1(A), r, s) = 1− (g ◦ f)−1(A).

The above statement is not true if (X,T, T ?) is not a g?dfe-(T, T ?) 1

2
space, as shown in the fol-

lowing example. �

Example 4.10.

Let X = {a, b} and f : (X,T, T ?) → (Y, S, S?) and g : (Y, S, S?) → (Z,U, U?)be the iden-
tity map. Define A1, A2, A3, B1, B2 and C1 as follows: A1(a) = 0.67, A1(b) = 0.64, A2(a) =
0.67, A2(b) = 0.35, A3(a) = 0.33, A3(b) = 0.34, B1(a) = 0.20, B1(b) = 0.30, B2(a) =
0.67, B2(b) = 0.49, C1(a) = 0.50, C1(b) = 0.40, and define (T, T ?), (S, S?) and (U,U?) as
follows:

T (A) =



1, if A ∈ {0, 1},
1
4
, if A = A1,

1
2
, if A = A2,

3
4
, if A = A3,

0, otherwise.

T ?(A) =



0, if A ∈ {0, 1},
3
4
, if A = A1,

1
2
, if A = A2,

1
4
, if A = A3,

1, otherwise.

S(A) =


1, if A ∈ {0, 1},
1
4
, if A = B1,

1
8
, if A = B2,

0, otherwise.

S?(A) =


0, if A ∈ {0, 1},
1
8
, if A = B1,

1
4
, if A = B2,

1, otherwise.
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U(A) =


1, if A ∈ {0, 1},
1
4
, if A = C1,

0, otherwise.

U?(A) =


0, if A ∈ {0, 1},
1
8
, if A = C1,

1, otherwise.

Then, f and g are gdfec-Irr function, but (X,T, T ?) is not g?dfp-(T, T ?) 1

2
space as (g ◦ f)−1(A) is

a (r, s)-gfec set but not an (r, s)-gfc set.

5. Conclusion

In this paper (r, s)-generalized fuzzy e-border, (r, s)-generalized fuzzy e-exterior and (r, s)-
generalized fuzzy e-frontier in double fuzzy topologies. Furthermore, some characterizations of
generalized double fuzzy e-continuous, generalized double fuzzy e-open, generalized double fuzzy
e-closed and generalized double fuzzy e-closure-irresolute functions are studied and investigated.
Moreover, the interrelations among the new concepts are discussed with some necessary examples.
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Abstract 

 

    In this paper, we introduce the  notions of     property in fuzzy topological spaces 

by using quasi-coincidence sense and we show relations among ours and other such notions. 

Then, we establish that all these notions satisfy good extension property. Also hereditary, 

productive and projective properties are satisfied by these notions. We observe that all these 

concepts are preserved under one-one, onto, fuzzy   open and fuzzy   continuous mappings. 

Finally, we discuss initial and final fuzzy topological spaces on our concepts.  

 

Keywords and phrases: Quasi-coincidence,    , fuzzy topological spaces, initial and final 

fuzzy topology. 

AMS (2000) subject classification: 54A40 

1. Introduction Chang [7] introduced the notion of fuzzy topology in 1968 by using the 

concepts of fuzzy sets introduced by Zadeh [29] in 1965. Since then an extensive work on fuzzy 

topological spaces has been carried out by many researchers like Gouguen [8], Wong[26], Lowen[14], 

Warren[25], Hutton[11] and others. Separation axioms are important parts in fuzzy topological spaces. 

Many works [[1],[3],[9],[20],[22],[24]] on separation axioms have been done by researchers. Among 

those axioms, fuzzy    type is one and it has been already introduced in the literature. There are many 

articles on fuzzy    topological space which are created by many authors like Wuyts and Lowen [28], 

Ali [2], Srivastava et. al [23], Hossain and Ali [10] and many others. 

The purpose of this paper is to further contribute to the development of fuzzy topological 

spaces specially on fuzzy regular    topological spaces. In the present paper, fuzzy      topological 

spaces is defined by using quasi-coincidence sense and relation among the given and other such 

notions are shown here. It is showed that the good extension property is satisfied on our notions. It is 

also showed that the hereditary, order preserving, productive, and projective properties hold on the 

new concepts. In the last section of this paper initial and final fuzzy topological spaces are discussed 

on author’s concept.  Preliminaries  

In this section, we recall some concepts occurring in the papers [[2], [29]] which will be 

needed in the sequel. In the present paper,   and   always denote non empty sets and        , 
        . The class of all fuzzy sets on a non empty set   is denoted by    and fuzzy sets on   are 

denoted as       etc. Crisp subsets of   are denoted by capital letters       etc. throughout this 

paper. 

2. Preliminaries 

Definition 2.1  [29] A function   from   into the unit interval   is called a fuzzy set in  . 

For every            is called the grade of membership of   in  . Some authors say that   is a 

fuzzy subset of   instead of saying that   is a fuzzy set in  . The class of all fuzzy sets from   into 

the closed unit interval   will be denoted by   .  

Definition 2.2  [17] A fuzzy set   in   is called a fuzzy singleton if and only if      
       , for a certain     and        for all points   of   except  . The fuzzy singleton 
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is denoted by    and   is its support. The class of all fuzzy singletons in   will be denoted by     . 

If      and        , then we say that      if and only if         
Definition 2.3  [27] A fuzzy set   in   is called a fuzzy point if and only if          

   , for a certain     and        for all points   of   except  . The fuzzy point is denoted 

by    and   is its support.  

Definition 2.4  [12] A fuzzy singleton    is said to be quasi-coincidence with  , denoted by 

     if and only if         . If    is not quasi-coincidence with  , we write      and defined 

as         .  

Definition 2.5  [7] Let   be a mapping from a set   into a set   and   be a fuzzy subset of 

 . Then   and   induce a fuzzy subset   of   defined by  

     (                           
           

 

Definition 2.6  [7] Let   be a mapping from a set   into a set   and   be a fuzzy subset of 

 . Then the inverse of   written as        is a fuzzy subset of   defined by                  , 

for    .  

Definition 2.7  [7] Let           be a non empty set and    be the collection of all 

mappings from   into  , i.e. the class of all fuzzy sets in  . A fuzzy topology on   is defined as a 

family   of members of   , satisfying the following conditions.   

    1.        

    2.  If     for each    , then ⋃         , where   is an index set.  

    3.  If       then      .  

 The pair       is called a fuzzy topological space(in short fts) and members of   are called 

 -open fuzzy sets. A fuzzy set   is called a  -closed fuzzy set if      .  

Definition 2.8 [6] A fuzzy subset   of a space   is called fuzzy   open(resp. fuzzy   closed) 

if              (resp.             . 

The set of all fuzzy   open sets (resp. fuzzy regular   sets) of   is denoted by      (resp. 

     ). 

Definition 2.9 The function               is called a   

    1.  fuzzy continuous [18] if for every             .  

    2.  fuzzy homeomorphic [18] if   is bijective and both   and     are fuzzy continuous.  

    3.  fuzzy   continuous[21] if for every    ,            .  

Definition 2.10  The function               is called a   

    1.  fuzzy open [16] if for every fuzzy open set   in            is fuzzy open set in 

     .  

    2.  fuzzy closed [16] if for every closed fuzzy set   in            is closed fuzzy set in 

     .  

    3.  fuzzy   open[21] if for every fuzzy open set   in            is fuzzy   open set in 

     .  

    4.  fuzzy   close[21]d if for every fuzzy closed set   in           is fuzzy   closed 

set in      .  

Definition 2.11  [6] If   and   are two fuzzy subsets of   and   respectively then the 

Cartesian product     of two fuzzy subsets   and   is a fuzzy subset of     defined by 

                         , for each pair          .  

Definition 2.12  [13] Let         , be any class of sets and let   denotes the Cartesian 

product of these sets, i.e.,         . Note that   consists of all points           , where 

     . Recall that, for each     , we define the projection     from the product set   to the 
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coordinate space    , i.e.           by                  . These projections are used to 

define the product topology.  

Definition 2.13  [26] Let          be a family of non empty sets. Let          be the 

usual product of   ’s and let    be the projection from   into   . Further assume that each    is an 

fuzzy topological space with fuzzy topology   . Now the fuzzy topology generated by    
          

        as a sub basis, is called the product fuzzy topology on  . Clearly if   is a basis element in 

the product, then there exist               such that                             , where 

           .  

Definition 2.14  [19] Let   be a real valued function on a topological space. If         
   is open for every real  , then   is called lower semi continuous function.  

Definition 2.15  [14] Let   be a non empty set and   be a topology on  . Let        be 

the set of all lower semi continuous functions from       to   (with usual topology). Thus      
                  for each     . It can be shown that      is a fuzzy topology on  .  

Let   be the property of a topological space       and FP be its fuzzy topological analogue. 

Then FP is called a ’good extension’ of   if and only if the statement       has   if and only if 

         has FP holds good for every topological space      . 

Definition 2.16  [15] The initial fuzzy topology on a set   for the family of fuzzy topological 

space              and the family of functions                   is the smallest fuzzy topology on 

  making each    fuzzy continuous. It is easily seen that it is generated by the family    
          

      .  

Definition 2.17  [15] The final fuzzy topology on a set   for the family of fuzzy topological 

spaces              and the family of functions                   is the finest fuzzy topology on   

making each    fuzzy continuous.  

Theorem 2.1  [4] A bijective mapping from an fts       to an fts       preserves the value 

of a fuzzy singleton (fuzzy point).  

 

Note: Preimage of any fuzzy singleton (fuzzy point) under bijective mapping preserves its 

value. 

 

 

 

3.    -type separation axioms  

 

In this section, we Introduce    - type separation axioms and some well-known properties are 

discussed. 

Definition 3.1 A fuzzy topological space       is called   

    1.  fuzzy      (briefly,       ) if for any pair             with    , there exists 

    such that     ,       or there exists     such that      ,     .  

    2.  fuzzy       (briefly,        ) if for any pair             with    , there exists 

    such that     ,         or there exists     such that      ,       .  

    3.  fuzzy        (briefly,         ) if for any pair       with    , there exists 

    such that       ,        or there exists     such that       ,       .  

 

Definition 3.2 A fuzzy topological space       is called   

    1.        (briefly,        ) if for any pair             with    , there exists 
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        such that     ,       or there exists         such that      ,     .  

    2.         (briefly,         ) if for any pair             with    , there exists 

        such that     ,         or there exists         such that      ,       .  

    3.          (briefly,          ) if for any pair       with    , there exists 

        such that       ,        or there exists         such that       ,      
 .  

Example 3.1  Let                 , where                         
                           . Consider the fuzzy topology   on   generated by 

              . Let        be fuzzy points in   with    . Then           and          
  for               . Therefore             . This shows that       is       . Also, as 

       ,         . Thus,       is        .  

Theorem 3.2 For a fuzzy topological space       the following implications are true: 

                                               . But, in general the converse is not true.  

 Proof.              : Let       be a fuzzy topological space and       is         we 

have to prove that       is       . Let        be fuzzy points in   with    . Since       is 

        fuzzy topological space, we have, there exist         such that              or 

there exists         such that             . To prove       is       , it is only needed to 

prove that      . 

Now                              . 

It follows that there exists         such that     ,      . Hence       is       . 

To Show       is              is        , we give a counter example. 

 Counter example (a): Let                  , where                 
                                     . Consider the fuzzy topology   on   generated 

by               . Let        be fuzzy points in   with    . Then           and       
     for               . Therefore             . This shows that       is       . But 

                  Hence       is not        . 

               : Let       be a fuzzy topological space and       is         . We have 

to prove that       is       . Let        be fuzzy points in   with    . Since       is          

fuzzy topological space, we have, there exists         such that               or there 

exists         such that              . To prove       is       , it is needed to prove 

that           . 

Now,                , for any              

and                 , for any               . 

It follows that there exist         such that           . Hence       is       . 

To show       is              is         , we give a counter example. 

 Counter example (b): Consider the Counter example (a),         which implies       

is not         . 

                : Let       be a fuzzy topological space and       is         . We have 

to prove that       is        . Let        be fuzzy points in   with    . Since       is 

         fuzzy topological space, we have, there exist         such that               or 

there exists         such that              . To prove       is        , it is needed to 

prove that             . 

Now,                , for any              

and               . 

It follows that there exist         such that             . Hence       is        . 
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To show       is               is         , we give a counter example. 

 Counter example (c): In Example 0.1,                , Therefore       is not 

        .              

 

Now, we shall show that our notions satisfy the good extension property. 

 

Theorem 3.3  Let       be a topological space. Consider the following statements:   

    1.        be a    - topological space.  

    2.           be an        space.  

    3.           be an         space.  

 Then the following implications are true.         and         .  

 Proof. (1)   (2): Let       be a topological space and       is    . We have to prove 

that          is       . Let        be fuzzy points in   with    . Since       is     

topological space, we have, there exists     such that        . From the definition of lower 

semi continuous we have         and                . Then                 

and                  . It follows that there exists         such that             . 

Hence          is       . Thus         holds. 

(2)   (1): Let          be a fuzzy topological space and          is       . We have to 

prove that       is    . Let     be points in   with    . Since          is        

topological space, we have, for any fuzzy points        in  , there exists         such that 

           or there exist         such that           . 

Now,                                     
and                                            . 
Also,           . It follows that             such that                      . 

Thus         holds. Similarly, we can prove that        .              

Now, we shall show that the hereditary property is satisfied on our notions. 

Theorem 3.4 Let       be a fuzzy topological space,    ,              , then   

    1.        is               is       .  

    2.        is                is        .  

 Proof. (1) Let       be a fuzzy topological space and       is       . We have to prove 

that        is       . Let        be fuzzy points in   with    . Since    , these fuzzy points 

are also fuzzy points in  . Also since       is        fuzzy topological space, we have, there exists 

        such that            or there exists         such that           . For    , we 

have          . 

Now,                                           

and                                              . 

Hence,        is       . Proof of (2) is similar to proof of (1).              

Then, we discuss the productive and projective properties on our concepts. 

Theorem 3.5 Let             be fuzzy topological spaces and          and   be the 

product topology on  , then   

    1.  for all             is        if and only if       is       .  

    2.  for all             is         if and only if       is        .  

Proof.(2) Let for all             is         space. We have to prove that       is        . 

Let        be fuzzy points in   with    . Then              are fuzzy points with       for 

some    . Since         is        , there exists           such that                      
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or there exists           such that                     . But, we have          and 

        . 

Now,                                       

                           

and                                          

                           . 

It follows that there exists            such that                         . Hence, 

      is        . 

Conversely, Let       be a fuzzy topological space and       is        . We have to prove 

that             is        . Let    be a fixed element in   . Let                   

             . Then    is a subset of  , and hence        
  is a subspace of      . Since       

is        , so        
  is        . Now we have    is homeomorphic image of   . Hence it is clear 

that for all             is         space. Thus (2) holds. Proof of (1) is similar to proof of (2 

Now, we shall show that our notions satisfy the order preserving property. 

Theorem 3.6 Let       and       be two fuzzy topological spaces and       be a 

one-one, onto and   open map then,   

    1.        is              is       .  

    2.        is               is        .  

 Proof. (1) Let       be a fuzzy topological space and       is       . We have to prove 

that       is       . Let   
     

  be fuzzy points in   with      . Since   is onto then there exist 

      with                 and        are fuzzy points in   with     as   is one-one. 

Again since       is        space, there exists         such that     ,       or there exists 

        such that      ,     . 

Now,               and                . 

Now,                                         , for some   

and                                         , for some  . 

Also, since   is   open map then            as    . 

Again,                         
       

and,                            
      . 

It follows that there exists            such that   
          

      . Hence, it is clear that 

      is        space. Proof of (2) is similar to proof of (1).              

Theorem 3.7 Let       and       be two fuzzy topological spaces and       be a 

one-one, onto and   continuous map then,   

    1.        is              is       .  

    2.        is               is        .  

 Proof. (2) Let       be a fuzzy topological space and       is        . We have to prove 

that       is        . Let        be fuzzy points in   with    . Then                  are 

fuzzy points in   with           as   is one-one. Again, since       is         space, there 

exists         such that                        or there exist         such that 

                      . 

Now,                                     

                           

and,                                    

                           . 

Now, since   is   continuous map and     then             . It follows that there 
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exist              such that                       . Hence it is clear that       is 

        space. Proof of (1) is similar to proof of (2).             

Theorem 3.8 If              is a family of         fts and                  , a family of 

one-one and fuzzy   continuous functions, then the initial fuzzy topology on   for the family         

is        .  

 Proof. Let   be the initial fuzzy topology on   for the family        . Let        be fuzzy 

points in   with    . Then                and             as    is one-one. Since         

is        , then for every two distinct fuzzy points                    in   , there exists regular 

fuzzy sets    or            such that                            or                       
    . 

Now,             and               . 

That is               and            . 

That is   
              and   

           . 

This is true for every    . So, inf   
              and inf   

           . Let 

  inf  
      . Then         as    is fuzzy   continuous. So,          and       . 

Hence,      and        . Therefore,       is must        . Thus, the proof is complete.             

 

Theorem 3.9  If              is a family of         fts and                 , a family of 

fuzzy   open and bijective function, then the final fuzzy topology on   for the family         is 

        .  

 Proof. Let   be the final fuzzy topology on   for the family        . Let        be fuzzy 

points in   with    . Then   
        

         and   
        

      as    is bijective. Since 

        is        , then for every two distinct fuzzy points    
           

         in   , there exists 

regular fuzzy sets    or           such that    
              

              or 

   
               

            . 

Now,    
           and    

             . 

That is      
           and      

        . 

That is               and            . 

This is true for every    . So, inf              and inf           . Let   inf      . 

Then         as    is   open. So,          and       . Hence,      and        . 

Therefore,       is must        . Thus, the proof is complete.             

 Conclusion: In this paper, we introduce and study notion of     separation axiom in fts in 

quasi-coincidence sense. We have shown that all of our concepts are good extension of their 

counterparts and are stronger than other such notion [23]. Further, we have shown that hereditary, 

productive, projective and other preserving properties hold on our concepts. Finally, initial and final 

fuzzy topologies are studied on one of our notions. We hope that the findings of this paper will be 

helpful for researchers to carry out a general framework for more expansion of fuzzy mathematics. 
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Abstract. In paper [14], the class of sets, namely nano θ-preopen, nano θ-semiopen and nano θβ-open sets were introduced by
using nano θ-open sets. Here we discuss some basic topological properties of neighborhood, limit points, derived set, frontier,
exterior and border of the above said sets in nano topological spaces.

Keywords and phrases: Nano gθ (resp. gθ-semi, gθ-pre and gθβ) neighbourhoods, Nano gθ (resp. gθ-semi,
gθ-pre and gθβ) exterior,Nano gθ (resp. gθ-semi, gθ-pre and gθβ) frontier

AMS (2000) subject classification: 54B05

Introduction

The notion of Nano topology was introduced by Lellis Thivagar [8] which was defined in terms of approximations
and boundary region of a subset of an universe using an equivalence relation on it and also defined Nano closed sets,
Nano-interior and Nano-closure. The class of sets namely, θ-open sets are playing more important role in topological
spaces, because of their applications in various fields of Mathematics and other real fields. In [4, 5] Caldas et al.
studied various kinds of θ-open sets and their properties in topological spaces. In [14], Vadivel et. al., introduced the
class of sets, namely nano θ-preopen, nano θ-semiopen and nano θβ-open sets using nano θ-open sets. The purpose
of this paper is to discuss some basic topological properties of the operators namely closure, interior, neighborhood,
limit points, derived set, frontier, exterior and border by using the sets nano θ (resp. θ-semi, θ-pre and θβ) open sets.

Preliminaries

Definition 1.1 [8] Let U be a non-empty finite set of objects called the universe and R be an equivalence
relation on U named as the indiscernibility relation. Elements belonging to the same equivalence class are said to be
indiscernible with one another. Let X ⊆ U. Then,

(i) The lower approximation of X with respect to R is the set of all objects, which can be for certain classified as
X with respect to R and it is denoted by LR(X). That is, LR(X)) =

∪
x∈u
{R(x) : R(x) ⊆ X}, where R(x) denotes

the equivalence class determined by x.
(ii) The upper approximation of X with respect to R is the set of all objects, which can be possibly classified as

X with respect to R and it is denoted byUR(X). That is,UR(X) =
∪
x∈u
{R(x) : R(x) ∩ X , ϕ}.

(iii) The boundary region of X with respect to R is the set of all objects, which can be classified neither as X nor
as not-X with respect to R and it is denoted by BR(X). That is, BR(X) = UR(X) − LR(X)).
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Proposition 1.2 [8] If (U,R) is an approximation space and X,Y ⊆ U, then

(i) LR(X) ⊆ X ⊆ UR(X).
(ii) LR(ϕ) = UR(ϕ) = ϕ and LR(U) = UR(U) = U.

(iii) UR(X ∪ Y) = UR(X) ∪UR(Y).
(iv) UR(X ∩ Y) ⊆ UR(X) ∪UR(Y).
(v) LR(X ∪ Y) ⊇ LR(X) ∪ LR(Y).

(vi) LR(X ∩ Y) ⊆ LR(X) ∩ LR(Y).
(vii) LR(X)) ⊆ LR(Y) andUR(X) ⊆ UR(Y), whenever X ⊆ Y.

(viii) UR(Xc) = [LR(X))]c and LR(X)c) = [UR(X)]c.

(ix) URUR(X) = LRUR(X) = UR(X).
(x) LRLR(X)) = URLR(X)) = LR(X).

Definition 1.1[8] Let U be the universe, R be an equivalence relation on U and τR(X) = {U, ϕ,
LR(X)),UR(X),BR(X)} where X ⊆ U. Then by preposition c), τR(X) satisfies the following axioms:

(i) U and ϕ ∈ τR(X).
(ii) The union of the elements of arbitrary sub collection of τR(X) is in τR(X).

(iii) The intersection of the elements of any finite sub-collection of τR(X) is in τR(X).

That is, τR(X) is a topology on U called the nano topology on U with respect to R and X. We call (U, τR(X)) as the
nano topological space (briefly, NTS ). The elements of τR(X) are called as nano-open (briefly, No) sets and [τR(X)]c

is called as the dual nano topology of τR(X). The elements of [τR(X)]c are called as nano-closed (briefly, Nc).

Remark 1.4 [8] If τR(X) is the nano topology on U with respect to X, then the set B = {U, ϕ,LR(X)),BR(X)} is
the basis for τR(X).

Definition 1.5 [8] If (U, τR(X)) is a nano topoogical space with respect to X and if A ⊆ U, then the nano interior
of A is defined as the union of all No subsets of A and it is denoted by int(A). That is, Nint(A) is the largest No subset
of A.

The nano closure of A is defined as the intersection of all Nc sets containing A and it is denoted by Ncl(A). That
is, Ncl(A) is the smallest Nc set containing A.

Definition 1.6 [8, 9] Let (U, τR(X)) be a NTS and A ⊆ U. Then A is said to be,

(i) Nano semiopen, if A ⊆ Ncl(Nint(A)).
(ii) Nano preopen, if A ⊆ Nint(Ncl(A)).

(iii) Nano α-open, if A ⊆ Nint(Ncl(Nint(A))).
(iv) Nano β-open, if A ⊆ Ncl(Nint(Ncl(A))).

Definition 1.7 [6] Let (U, τR(X)) be a nano topological space and let A ⊆ U then the nano θ-interior (resp.
nano θ-closure) of A is defined and denoted by Nintθ(A) =

∪{B : B is a nano open set and Ncl(B) ⊆ A} (resp.
Nclθ(A) =

∩{B : B is a nano closed set and Nint(B) ⊇ A}).

Definition 1.8 [6] A subset A of X is said to be nano θ-open (resp. nano θ-closed) (briefly, Nθo (resp. Nθc)) set
if A = Nintθ(A) (resp. Ac is a nano θ-open set).

Definition 1.9 Let (U, τR(X)) be a NTS and A ⊆ U. Then A is said to be,

(i) Nano θ open [6], if A = Nintθ(A).
(ii) Nano θ semi open [14], if A ⊆ Ncl(Nintθ(A)).

(iii) Nano θ pre open [14], if A ⊆ Nint(Nclθ(A)).
(iv) Nano θβ open [14], if A ⊆ Ncl(Nint(Nclθ(A))).

020020-2
Page 2561 of 3066Page 2561 of 3066



Definition 1.10 [6, 8, 9, 14] Let (U, τR(X)) be a NTS and A ⊆ U then Nθs (resp. Nθp, Nθβ, Ns, Np,
Nα and Nβ) interior is defined as Nθsint(A)(resp. Nθpint(A), Nθβint(A), Nsint(A), Npint(A), Nαint(A) and
Nβint(A)) = ∪{B : B ⊆ A, B is Nθso (resp.Nθpo,Nθβo,Nso,Npo, Nα0 and Nβo)}.

Definition 1.11 [6, 8, 9, 14] Let (U, τR(X)) be a NTS and A ⊆ U then Nθs (resp. Nθp, Nθβ, Ns, Np, Nα and Nβ)
closure is defined as Nθscl(A)(resp. Nθpcl(A), Nθβcl(A), Nscl(A), Npcl(A), Nαcl(A) and Nβcl(A)) = ∩{B : B ⊇
A, B is Nθsc (resp.Nθpc,Nθβc,Nsc,Npc, Nαc and Nβc)}.

Remark 1.12 [11] Let A be a subset of a NTS (U, τR(X)). Then

(i) (Nθcl(A))c = Nθint(Ac), (Nθint(A))c = Nθcl(Ac).
(ii) (Nθscl(A))c = Nθsint(Ac), (Nθsint(A))c = Nθscl(Ac).

(iii) (Nθpcl(A))c = Nθpint(Ac), (Nθpint(A))c = Nθpcl(Ac).
(iv) (Nθβcl(A))c = Nθβint(Ac), (Nθβint(A))c = Nθβcl(Ac).
(v) (Nscl(A))c = Nsint(Ac), (Nsint(A))c = Nscl(Ac).

(vi) (Npcl(A))c = Npint(Ac), (Npint(A))c = Npcl(Ac).
(vii) (Nαcl(A))c = Nαint(Ac), (Nαint(A))c = Nαcl(Ac).

(viii) (Nβcl(A))c = Nβint(Ac), (Nβint(A))c = Nβcl(Ac).

Definition 1.13 A subset A of (U, τR(X)) is called

(i) Nano generalized closed [1, 6] (briefly, Ngc) set if Ncl(A) ⊆ V whenever A ⊆ V and V is No in (U, τR(X)).
(ii) Nano generalized semi closed [2, 6], (briefly, Ngsc ) set if Nscl(A) ⊆ V whenever A ⊆ V and V is No in

(U, τR(X)).
(iii) Nano generalized pre closed [3], (briefly, Ngpc ) set if Npcl(A) ⊆ V whenever A ⊆ V and V is No in

(U, τR(X)).
(iv) Nano generalized α closed [12], (briefly, Ngαc ) set if Nαcl(A) ⊆ V whenever A ⊆ V and V is No in

(U, τR(X)).
(v) Nano generalized β closed [10], (briefly, Ngβc ) set if Nβcl(A) ⊆ V whenever A ⊆ V and V is No in

(U, τR(X)).
(vi) Nano generalized θ closed [6], (briefly, Ngθc) set if Nθcl(A) ⊆ V whenever A ⊆ V and V is No in (U, τR(X)).

Definition 1.14 [2, 3, 6, 10, 12]A subset A of a Nano generalized open (resp. Nano generalized semi open, Nano
generalized pre open, Nano generalized α open, Nano generalized β open and Nano generalized θ open) (briefly,
Ngo(resp. Ngso, Ngpo, Ngαo, Ngβo and Ngθo)) if its compliment AC is Nano generalized closed (resp. Nano gen-
eralized semi closed, Nano generalized pre closed, Nano generalized α closed, Nano generalized β closed and Nano
generalized θ closed).

The collection of all Nano generalized open (resp. Nano generalized semi open, Nano generalized pre open,
Nano generalized α open, Nano generalized β open and Nano generalized θ open) subsets of (U, τR(X)) is denoted by
NgO(U, X)(resp. NgsO(U, X), NgpO(U, X), NgαO(U, X) NgβO(U, X) and NgθO(U, X)).

Definition 1.15 [6] Let (U, τR(X)) be a NTS and A ⊆ U then Ng interior is defined as Ngint(A) = ∪{B : B ⊆
A, B is Ngo}. Clearly Ngint(A) is the largest Ngo set over U which is contained in A.

Definition 1.16 [6] Let (U, τR(X)) be a NTS and A ⊆ U then Ng closure is defined as Ngcl(A) = ∩{B : B ⊇
A, B is Ngc}. Clearly Ngcl(A) is the smallest Ngc set over U which contains A.

Definition 1.17 [13] A subset A of (U, τR(X)) is called Nano generalized

(i) θ semi closed, (briefly, Ngθsc) set if Nθscl(A) ⊆ V whenever A ⊆ V and V is No in (U, τR(X)).
(ii) θ pre closed, (briefly, Ngθpc) set if Nθpcl(A) ⊆ V whenever A ⊆ V and V is No in (U, τR(X)).

(iii) θβ closed, (briefly, Ngθβc) set if Nθβcl(A) ⊆ V whenever A ⊆ V and V is No in (U, τR(X)).
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Definition 1.18 [13] A subset A of a Nano generalized θ semi open (resp. θ pre open and θβ open) (briefly, Ngθso
(resp. Ngθpo and Ngθβo)) if its compliment AC is Ngθsc (resp. Ngθpc and Ngθβc).

The collection of all Ngθso (resp. Ngθpo and Ngθβo) subsets of (U, τR(X)) is denoted by NgθsO(U, X) (resp.
NgθpO(U, X) and NgθβO(U, X)).

Definition 1.19 [13] Let (U, τR(X)) be a NTS and A ⊆ U then Ngθ (resp. Ngθs, Ngθp, Ngθβ, Ngs, Ngp, Ngα
and Ngβ) in-
terior is defined as Ngθint(A)(resp. Ngθsint(A), Ngθpint(A), Ngθβint(A), Ngsint(A), Ngpint(A), Ngαint(A) and
Ngβint(A)) = ∪{B : B ⊆ A, B is Ngθo (resp.Ngθso,Ngθpo,Ngθβo,Ngso,Ngpo,Ngα0 and Ngβo)}.

Definition
1.20 [13] Let (U, τR(X)) be a NTS and A ⊆ U then Ngθ (resp. Ngθs, Ngθp, Ngθβ, Ngs, Ngp, Ngα and Ngβ) clo-
sure is defined as Ngθcl(A)(resp. Ngθscl(A), Ngθpcl(A), Ngθβcl(A), Ngscl(A), Ngpcl(A), Ngαcl(A) and Ngβcl(A))
= ∩{B : B ⊇ A, B is Ngθc (resp.Ngθsc,Ngθpc,Ngθβc,Ngsc,Ngpc,Ngαc and Ngβc)}.

Throughout this paper, (U, τR(X)) is a NTS with respect to X where X ⊆ U, R is an equivalence relation on U.
Then U/R denotes the family of equivalence classes of U by R.

Nano gθ (resp. gθ-Semi, gθ-Pre and gθβ) Neighbourhoods

In this section we introduce and study various types of neighbourhoods namely nano gθ (resp. gθ-semi, gθ-pre and
gθβ) neighbourhoods and study some basic properties of them.

Definition 2.1 A subset Mx ⊆ U is called a nano gθ (resp. gθ-semi, gθ-pre and gθβ) neighbourhood (briefly,
NgθNbd (resp. NgθSNbd, NgθPNbd and NgθβNbd)) of a point x ∈ U if there exists A ∈ NgθO(U, τR(X)) (resp.
NgθSO(U, τR(X)), NgθPO(U, τR(X)) and NgθβO(U, τR(X))) such that x ∈ A ⊆ Mx and a point x is called NgθNbd
(resp. NgθSNbd, NgθPNbd and NgθβNbd) point of the set A.

The family of all NgθNbd (resp. NgθSNbd, NgθPNbd and NgθβNbd) of a point x ∈ U is called NgθNbd
(resp. NgθSNbd, NgθPNbd and NgθβNbd) system of x and is denoted by NgθNbdS (x) (resp. NgθSNbdS (x),
NgθPNbdS (x) and NgθβNbdS (x)).

Remark 2.2 But the intersection of NgθSNbd, NgSNbd, NgβNbd of a point x ∈ U is not a NgθSNbd, NgSNbd,
NgβNbd of th e point x ∈ U in general.

Example 2.3 Let U = {a, b, c, d}, U/R = {{a}, {b, c}, {d}} and X = {a, c}, then the Nt, τR(X) =
{ϕ, {a}, {b, c}, {a, b, c}}. Now in the Nts, (U, τR(X)), the sets

(i) {b, c, d} and {a, b, d} are NgθSNbd(b) but their intersection {b, d} is not a NgθSNbd(b).
(ii) {b, c, d} and {a, b, d} are NgSNbd(b) but their intersection {b, d} is not a NgSNbd(b).

(iii) {c, d} and {b, d} are NgβNbd(d) but their intersection {d} is not a NgβNbd(d).

Theorem 2.4 Let (U, τR(X)) be a Nts. Then,

(i) Every NgθNbd of x ∈ U is NgθSNbd of x ∈ U.
(ii) Every NgθNbd of x ∈ U is NgSNbd of x ∈ U.

(iii) Every NgαNbd of x ∈ U is NgθSNbd of x ∈ U.
(iv) Every NgαNbd of x ∈ U is NgPNbd of x ∈ U.
(v) Every NgαNbd of x ∈ U is NgSNbd of x ∈ U.

(vi) Every NgSNbd of x ∈ U is NgβNbd of x ∈ U.
(vii) Every NgPNbd of x ∈ U is NgβNbd of x ∈ U.

(viii) Every NgPNbd of x ∈ U is NgθPNbd of x ∈ U.
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(ix) Every NgβNbd of x ∈ U is NgθβNbd of x ∈ U.

Proof. (i) Let A be an arbitrary NgθNbd of x ∈ U then there exists an Ngo set B such that x ∈ G ⊆ A. From
Proposition 2.4 in [? ], every Ngθo set is NgθSo set, B is NgθSo set such that x ∈ B ⊆ A. Thus A is NgθSNbd of x.

The other cases are similar.

Remark 2.5 The converse of the Theorem c) is need not be true. It can be verified by the forthcoming example.

Example 2.6 In the Example c), the set

(i) {a, d} is a NgθSNbd(d) and NgSNbd(d) but not a NgθNbd(d).
(ii) {c, d} is a NgβNbd(d) but not a NgSNbd(d), NgPNbd(d).

(iii) {a, b, d} is a NgSNbd(d), NgPNbd(d) and NgθSNbd(d) but not NgαNbd(d).
(iv) {d} is a NgθPNbd(d) but not a NgPNbd(d).
(v) {d} is a NgθβNbd(d) but not a NgβNbd(d).

Definition 2.7 A nano subset A of a Nts, (U, τR(X)) is called nano gθ (briefly,Ngθ)-dense subset if Ngclθ(A) = U.

Definition 2.8 A Nts, (U, τR(X)) is called nano gθ extremally disconnected space (briefly, NgθEDS), if the nano
gθ closure of each Ngθo set is Ngθo set.

Definition 2.9 A Nts, (U, τR(X)) is called nano gθ submaximal (briefly, NgθSM) if each Ngθ-dense subset of U
is Ngθo set.

Proposition 2.10 A Nts, (U, τR(X)) is NgθSM and NgθEDS then every NgθβNbd is NgθSNbd and NgθPNbd of
x ∈ U .

Theorem 2.11 For any point x ∈ U, NgθNbdS (x) satisfies

(i) NgθNbdS (x) , ϕ.
(ii) if a subset A ∈ NgθNbdS (x) then x ∈ A.

(iii) if a subset A ∈ NgθNbdS (x) and A ⊆ C then C ∈ NgθNbdS (x).
(iv) if a subset A ∈ NgθNbdS (x) then there exists a B ∈ NgθNbdS (x) such that B ⊆ A and B ∈ NgθNbdS (y), for

all y ∈ B.

Proof. (i) Since for each x ∈ U, U is a Ngθo set. Therefore x ∈ U ⊆ U, implies U is NgθNbd of x. Hence
U ∈ NgθNbdS (x). Therefore NgθNbdS (x) , ϕ.

(ii) Given A ∈ NgθNbdS (x) implies A is a NgθNbd of x, which implies there exists a Ngθo set B such that
x ∈ B ⊆ A. This implies x ∈ A.

iii) Given A ∈ NgθNbdS (x) implies there exists a Ngθo set B such that x ∈ B ⊆ A and A ⊆ C which implies
x ∈ B ⊆ A ⊆ C. This shows that C ∈ NgθNbd(x).

(iv) From (iii) and the hypothesis it is obvious.
The systems NgθSNbdS (x), NgθPNbdS (x) and NgθβNbdS (x) satisfy the Theorem c)

Theorem 2.12 Let A be a subset of a Nts, (U, τR(X)) and NgθSO(U, τR(X)) (resp. NgθO(U, τR(X)),
NgθPO(U, τR(X)) and NgθβO(U, τR(X))) is closed under arbitrary union then A is a NgθSo (resp. Ngθo, NgθPo
and Ngθβo) set iff A is NgθSNbd (resp. NgθNbd, NgθPNbd and NgθβNbd) of each of its points.

Proof. Let A be any NgθSo set of U. Then for each x ∈ A ⊆ A, implies A is NgθSNbd of x. Since x is arbitrary
point of A, implies A is NgθSNbd of each of its points.

Conversely, A is NgθSNbd of each of its points which implies for each x ∈ A, there exists NgθSo set Gx such
that x ∈ Gx ⊆ A. Suppose if x ∈ A, there exist atleast one NgθSo set Gx such that x ∈ Gx ⊆ ∪x∈AGx. Therefore
A ⊆ ∪x∈AGx. Again y ∈ ∪x∈AGx implies y ∈ Gx for some x ∈ A. Then y ∈ A. Therefore ∪x∈AGx ⊆ A. Thus it follows
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that A = ∪x∈AGx. As each Gx is NgθSo set, A is also NgθSo set. The other cases are similar.

Theorem 2.13 Let NgθSO(U, τR(X)) (resp. NgθO(U, τR(X)), NgθPO(U, τR(X)) and NgθβO(U, τR(X))) is closed
under finite intersection, if A is NgθSc (resp. Ngθc, NgθPc and Ngθβc) subset of U and x ∈ U − A then there exists a
NgθSNbd (resp. NgθNbd, NgθPNbd and NgθβNbd) H of x such that H ∩ A = ϕ.

Proof. Given A is NgθSc set, U − A is NgθSo set. By Theorem c), U − A is NgθSNbd of each of its points. Let
x ∈ U − A, implies there exists a NgθSo set H such that x ∈ H ⊆ U − A which implies H ∩ A = ϕ. The other cases are
similar.

Definition 2.14 A point x ∈ U is said to be nano gθ (resp. nano gθ semi, nano gθ pre and nano gθβ) limit points
of A if for each K ∈ NgθO(U, τR(X)) (resp. NgθSO(U, τR(X)), NgθPO(U, τR(X)) and NgθβO(U, τR(X))) containing x,
satisfies K ∩ (A − {x}) , ϕ.

Definition 2.15 The set of all nano gθ (resp. nano gθ semi, nano gθ pre and nano gθβ) limit points of A is said to
be nano gθ (resp. nano gθ-semi, nano gθ-pre and nano gθβ) derived set and is denoted by NgDθ(A) (resp. NgSDθ(A),
NgPDθ(A) and NgβDθ(A)).

Theorem 2.16 Let A and B are the subsets of a Nts, (U, τR(X)). Then the following properties hold.

(i) NgDθ(ϕ) = ϕ.
(ii) if A ⊆ B then NgDθ(A) ⊆ NgDθ(B).

(iii) if x ∈ NgDθ(A) then x ∈ NgDθ(A − {x}).
(iv) NgDθ(A) ∪ NgDθ(B) ⊆ NgDθ(A ∪ B).
(v) NgDθ(A ∩ B) ⊆ NgDθ(A) ∩ NgDθ(B).

Proof. (i) Let x ∈ U and G be a Ngθo set containing x. Then (G − {x}) ∩ ϕ = ϕ. This implies x < NgDθ(ϕ).
Therefore for any x ∈ U, x is not Nano θ limit point of ϕ. Hence NgDθ(ϕ) = ϕ.
(ii) Let x ∈ NgDθ(A). Then G∩(A−{x}) , ϕ, for everyNgθo set G containing x. Since A ⊆ B implies G∩(B−{x}) , ϕ.
This implies x ∈ NgDθ(B). Thus x ∈ NgDθ(A) implies x ∈ NgDθ(B). Therefore NgDθ(A) ⊆ NgDθ(B).
(iii) Let x ∈ NgDθ(A). Then G ∩ (A − {x}) , ϕ, for every Ngθo set G containing x. This implies every Ngθo set G
containing x, contains atleast one point other than x of A − {x}. Therefore x ∈ NgDθ(A − {x}).
(iv) Since A ⊆ A ∪ B and B ⊆ A ∪ B, by (ii), NgDθ(A) ⊆ NgDθ(A ∪ B) and NgDθ(B) ⊆ NgDθ(A ∪ B). Hence
NgDθ(A) ∪ NgDθ(B) ⊆ NgDθ(A ∪ B).
(v) Since A ∩ B ⊆ A and A ∩ B ⊆ B, by (ii), NgDθ(A ∩ B) ⊆ NgDθ(A) and NgDθ(A ∩ B) ⊆ NgDθ(B). Hence
NgDθ(A ∩ B) ⊆ NgDθ(A) ∩ NgDθ(B).

The derived sets NgSDθ(.), NgPDθ(.) and NgβDθ(.) satisefies the Theorem c)

Theorem 2.17 Let NgθSC(U, τR(X)) (resp. NgθC(U, τR(X)), NgθPC(U, τR(X)) and NgθβC(U, τR(X))) is closed
under arbitrary union and if A is a subset of Nts, (U, τR(X)) then A ∪ NgSDθ(A) (resp. A ∪ NgDθ(A), A ∪ NgPDθ(A)
and A ∪ NgβDθ(A)) is a NgθSc (resp. Ngθc, NgθPc and Ngθβc) set.

Proof. To prove A ∪ NgSDθ(A) is a NgθSc set, it is sufficient to prove U − (A ∪ NgSDθ(A)) is NgθSo set.
Case 1: Let U − (A ∪ NgSDθ(A)) = ϕ, the result is obvious.
Case 2: Let U− (A∪NgSDθ(A)) , ϕ and x ∈ U− (A∪NgSDθ(A)), implies x < A∪NgSDθ(A). This implies x < A and
x < NgSDθ(A). Now x < NgSDθ(A) implies x is not NgθS limit point of A. Therefore there exist a NgθSo set G such
that G∩(A−{x}) = ϕ. Since x < A, implies G∩A = ϕ. This implies x ∈ G ⊆ U−A. Again G isNgθSo set and G∩A = ϕ
implies no point of G can be NgθS limit point of A. This follows G∩NgSDθ(A) = ϕ, implies x ∈ G ⊆ U−NgSDθ(A).
This shows, x ∈ G ⊆ (U − A)∩ (U −NgSDθ(A)) = U − (A∪NgSDθ(A)). That is x ∈ G ⊆ U − (A∪NgSDθ(A)). This
implies U − (A∪NgSDθ(A)) is NgθSNbd of each of its points. By Theorem c), U − A∪NgSDθ(A) is NgθSo set and
hence A ∪ NgSDθ(A) is NgθSc set. The other cases are similar.

Theorem 2.18 Let (U, τR(X)) be a Nts and A ⊆ U. Then A is a Ngθc (resp. NgθSc, NgθPc and Ngθβc) set iff
NgDθ(A) ⊆ A (resp. NgSDθ(A) ⊆ A, NgPDθ(A) ⊆ A and NgβDθ(A) ⊆ A).
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Proof. Suppose A is a Ngθc set.
Case 1: If NgDθ(A) = ϕ, then the result is obvious.
Case 2: If NgDθ(A) , ϕ then let x ∈ NgDθ(A), implies G ∩ (A − {x}) , ϕ for every Ngθo set G containing x. If x < A,
then x ∈ U − A. Since A is Ngθc set and U − A is Ngθo set containing x and not containing any other point of A which
is a contradiction to x ∈ NgDθ(A). Therefore x ∈ A. Thus x ∈ NgDθ(A) implies x ∈ A. Hence NgDθ(A) ⊆ A.

Conversely, Let NgDθ(A) ⊆ A. Let x ∈ U − A implies x < A. Since NgDθ(A) ⊆ A, x < NgDθ(A) there exists a
Ngθo set G containing x such that G ∩ (A − {x}) = ϕ. That is G ∩ A = ϕ as x < A, implies x ∈ G ⊆ U − A. Therefore
U − A is NgθNbd(x). Since x is arbitrary, U − A is NgθNbd of each of its points. By Theorem c), U − A is Ngθo set.
Hence A is Ngθc set. The other cases are similar.

Theorem 2.19 Let NgθSC(U, τR(X)) (resp. NgθPC(U, τR(X)) and NgθβC(U, τR(X))) be closed under arbitrary
intersection and let A be any subset of a Nts, (U, τR(X)). Then the following holds.

(i) NgSclθ(A)(resp. NgPclθ(A) and Ngβclθ(A)) is the smallest NgθSc (resp. NgθPc and Ngθβc) super set of A.
(ii) A is NgθSc (resp. NgθPc and Ngθβc) iff NgSclθ(A) = A (resp. NgPclθ(A) = A and Ngβclθ(A) = A).

Proof. (i) Let {Fi : i ∈ I} be the collection of all NgθSc subsets of U containing the set A. Therefore NgSclθ(A) =
∩{Fi : i ∈ I}, by the definition of the NgSclθ(A). Since the intersection of an arbitrary collection of NgθSc sets is
NgθSc, implies ∩{Fi : i ∈ I} is NgθSc. Therefore NgSclθ(A) is a NgθSc set. Also since A ⊆ Fi, for each i ∈ I, implies
A ⊆ ∩{Fi : i ∈ I} = NgSclθ(A). Thus NgSclθ(A) is a NgθSc set containing the set A. Since NgSclθ(A) = ∩{Fi : i ∈ I},
implies NgSclθ(A) ⊆ F, for each i ∈ I. Consequently, NgSclθ(A) is the smallest NgθSc superset of A.

(ii) If A is a NgθSc set, then obviously it is the smallest NgθSc superset of A, therefore it must coincide with
NgSclθ(A) = A. Hence A is NgθSc, implies NgSclθ(A) = A. Again if NgSclθ(A) = A, then NgSclθ(A) is NgθSc set,
so A is a NgθSc set. Hence A is NgθSc iff NgSclθ(A) = A. The other cases are similar.

Lemma 2.20 Let NgθC(U, τR(X)) (resp. NgθSC(U, τR(X)), NgθPC(U, τR(X)) and NgθβC(U, τR(X))) be closed
under arbitrary intersection and let A be any subset of a Nts, (U, τR(X)). Then

(i) Nclθ(A) = A ∪ NgDθ(A).
(ii) NgSclθ(A) = A ∪ NgSDθ(A).

(iii) NgPclθ(A) = A ∪ NgPDθ(A).
(iv) Ngβclθ(A) = A ∪ NgβDθ(A).

Proof. (i) By Theorem c), A∪NgDθ(A) is a Ngθc set. Therefore A∪NgDθ(A) is Ngθc set containing A. Therefore
Ngclθ(A) ⊆ A ∪ NgDθ(A). Again A ⊆ Ngclθ(A), implies NgDθ(A) ⊆ NgDθ(Ngclθ(A)) ⊆ Ngclθ(A), because Ngclθ(A)
is Ngθc set and by Theorem c) Hence A ∪ NgDθ(A) ⊂ Ngclθ(A). Thus Ngclθ(A) = A ∪ NgDθ(A). The other cases are
similar.

Theorem 2.21 Let A and B be two subsets of a Nts, (U, τR(X)), then the following properties hold.

(i) Ngβclθ(ϕ) = ϕ, Ngβclθ(U) = U and Ngβclθ(Ngβclθ(A)) = Ngβclθ(A).
(ii) If A ⊆ B then Ngβclθ(A) ⊆ Ngβclθ(B).

(iii) Ngβclθ(A) ∪ Ngβclθ(B) = Ngβclθ(A ∪ B).
(iv) Ngβclθ(A ∩ B) ⊆ Ngβclθ(A) ∩ Ngβclθ(B).

Proof. (i) Since each one of the sets ϕ, U and Ngβclθ(A) being Ngθβc sets. By Theorem c) (ii), Ngβclθ(ϕ) =
ϕ, Ngβclθ(U) = U and Ngβclθ(Ngβclθ(A)) = Ngβclθ(A).

(ii) Let A ⊆ B, then A ⊆ B ⊂ Ngβclθ(B). This implies Ngβclθ(B) is a Ngθβc superset of A. But Ngβclθ(A) is the
smallest Ngθβc superset of A. Therefore Ngβclθ(A) ⊆ Ngβclθ(B).

(iii) Since A ⊆ A ∪ B and B ⊆ A ∪ B from (ii), Ngβclθ(A) ⊆ Ngβclθ(A ∪ B) and Ngβclθ(B) ⊆ Ngβclθ(A ∪ B).
Therefore Ngβclθ(A) ∪ Ngβclθ(B) ⊆ Nβclθ(A ∪ B).

(iv) Since A ∩ B ⊆ A and A ∩ B ⊆ B from (ii), Ngβclθ(A ∩ B) ⊆ Ngβclθ(A) and Ngβclθ(A ∩ B) ⊆ Ngβclθ(B).
Therefore Ngβclθ(A ∩ B) ⊆ Ngβclθ(A) ∩ Ngβclθ(B).

The operators NgSclθ(.) and NPclθ(.) are satisfy the Theorem c).
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Theorem 2.22 Let A be a subset of a Nts, (U, τR(X)). Then x ∈ Ngclθ(A) (resp. NgSclθ(A), NgPclθ(A) and
Ngβclθ(A)) iff G ∩ A , ϕ for every Ngθo (resp. NgθSo, NgθPo and Ngθβo) set containing x.

Proof. Let x ∈ Ngclθ(A). Suppose there exists Ngθo set G containing x such that G ∩ A = ϕ. Then A ⊆ U − G.
Now U − G is a Ngθc set containing A implies Ngclθ(A) ⊆ U − G and x < U − G implies x < Ngclθ(A). This is
contradiction to hypothesis. Hence G ∩ A , ϕ.

Conversely, let G ∩ A , ϕ for every Ngθo set G containing x. Suppose x < Ngclθ(A), there exists a Ngθc set F
containing A such that x < F. This implies A ∩ (U − F) = ϕ and U − F is Ngθo set containing x. This is contradiction
to the hypothesis. Therefore x ∈ Ngclθ(A). The other cases are similar.

Proposition 2.23 Let A and B be two subsets of a Nts, (U, τR(X)), then the following properties hold.

(i) If NgθC(U, τR(X)) is closed under finite union, then Ngclθ(A ∪ B) = Ngclθ(A) ∪ Ngclθ(B) for every A, B ∈
NgθC(U, τR(X)).

(ii) If NgθSC(U, τR(X)) is closed under finite union, then NgSclθ(A ∪ B) = NgSclθ(A) ∪ NgSclθ(B) for every
A, B ∈ NgθSC(U, τR(X)).

(iii) If NgθPC(U, τR(X)) is closed under finite union, then NgPclθ(A ∪ B) = NgPclθ(A) ∪ NgPclθ(B) for every
A, B ∈ NgθPC(U, τR(X)).

(iv) If NgθβC(U, τR(X)) is closed under finite union, then Ngβclθ(A ∪ B) = Ngβclθ(A) ∪ Ngβclθ(B) for every
A, B ∈ NgθβC(U, τR(X)).

Proof. (i) Let A and B be Ngθc sets in U. By hypothesis, A ∪ B is Ngθc. Then Ngclθ(A ∪ B) = A ∪ B =
Ngclθ(A) ∪ Ngclθ(B). The other cases are similar.

Theorem2.24 Let A and B be two subsets of Nts, (U, τR(X)), the following properties hold.

(i) NgPintθ(A) is largest NgθPo set contained in A.
(ii) A is NgθPo set iff A = NgPintθ(A).

(iii) NgPintθ(ϕ) = ϕ and NgPintθ(U) = U.
(iv) If A ⊆ B then NgPintθ(A) ⊆ NgPintθ(B).
(v) NgPintθ(A) ∪ NgPintθ(B) ⊆ NgPintθ(A ∪ B).

(vi) NgPintθ(A ∩ B) ⊆ NgPintθ(A) ∩ NPintθ(B).
(vii) NgPintθ(NgPintθ(A)) = NgPintθ(A).

Proof. (i) Let G be any NgθPo subset of A and if x ∈ G, then x ∈ G ⊆ A. Since G being NgθPo, A is NgθPNbd
of x. Therefore x ∈ G implies x ∈ NgPintθ(A). This implies every NgθPo subset of A is contained in NgPintθ(A).
Therefore NgPintθ(A) is the largest NgθPo set contained in A.

(ii) Let A be a NgθPo set. Since A ⊆ A, A is identical with largest NgθPo subset of A. By (i), NgPintθ(A) is the
largest NgθPo subset of A. Therefore A = NgPintθ(A).

(iii) Since ϕ and U are NgθPo sets, by (ii), NgPintθ(ϕ) = ϕ and NgPintθ(U) = U.
(iv) Let A ⊆ B, then x ∈ NgPintθ(A), implies there exists NgθPo set G such that x ∈ G ⊆ A, which implies

x ∈ G ⊆ A ⊆ B. That is x ∈ G ⊆ B. Therefore x ∈ NgPintθ(B). Thus NgPintθ(A) ⊆ NgPintθ(B).
(v) Since A ⊆ A∪ B and B ⊆ A∪ B, from (iv), NgPintθ(A) ⊆ NgPintθ(A∪ B) and NgPintθ(B) ⊆ NgPintθ(A∪ B).

Therefore NgPintθ(A) ∪ NgPintθ(B) ⊆ NgPintθ(A ∪ B).
(vi) Since A∩B ⊆ A and A∩B ⊆ B, from (iv), NgPintθ(A∩B) ⊆ NgPintθ(A) and NgPintθ(A∩B) ⊆ NgPintθ(B).

Therefore NgPintθ(A ∩ B) ⊆ NgPintθ(A) ∩ NgPintθ(B).
(vii) By (ii), A is NgθPo iff A = NgPintθ(A) and by (i), NgPintθ(A) is the largest NgθPo set contained in A.

Therefore NgPintθ(NgPintθ(A)) = NgPintθ(A).
The operators Ngintθ(.), NgSintθ(.) and Ngβintθ(.) are satisfy the Theorem c) for respective open sets.

Theorem 2.25 If A is a subset of a Nts, (U, τR(X)), then Ngintθ(A) equals to the set of all points of A which are
not Ngθ limit points of (U − A) . That is Ngintθ(A) = A − NgDθ(U − A).
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Proof. Let x ∈ A − NgDθ(U − A), implies x ∈ A and x < NgDθ(U − A). This implies x is not Ngθ limit point of
(U −A), therefore there exists Ngθo set G containing x but not contains the points of (U −A). That is G∩ (U −A) = ϕ.
This implies G ⊆ A. Thus x ∈ G ⊆ A implies x ∈ Ngintθ(A). Therefore A − NgDθ(U − A) ⊆ Ngintθ(A). On the other
hand, if x ∈ Ngintθ(A) then x ∈ A asNgintθ(A) ⊆ A and alsoNgintθ(A) isNgθo set containing X and not containing any
other points of (U−A), implies x is notNgθ limit point of (U−A). Since x is arbitrary, every point ofNgintθ(A) is point
of A but not a limit point of (U − A). This shows that x ∈ A−NgDθ(U − A). Therefore Ngintθ(A) ⊆ A−NgDθ(U − A).
Hence Ngintθ(A) = A − NgDθ(U − A). Thus Ngintθ(A) equals to the set of all points of A which are not Ngθ limit
points of (U − A).

The operators NgSintθ(.), NgPintθ(.) and Ngβintθ(.) are satisfy the Theorem c) for respective derived sets.

Theorem 2.26 For the subsets A and B of space U, the following statements are true.

(i) Ngintθ(U − A) ⊆ U − Ngintθ(A).
(ii) Ngintθ(A − B) ⊆ Ngintθ(A) − Ngintθ(B).

Proof. (i) Let x ∈ Ngintθ(U − A). Since Ngintθ(U − A) ⊆ (U − A) implies x < A and hence x < Ngintθ(A). This
implies x ∈ U − Ngintθ(A). Therefore Ngintθ(U − A) ⊆ U − Ngintθ(A).

(ii) Let Ngintθ(A − B) = Ngintθ(A ∩ (U − B)) ⊆ Ngintθ(A) ∩ Ngintθ(U − B) ⊆ Ngintθ(A) ∩ (U − Ngintθ(B)) =
Ngintθ(A) − Ngintθ(B).

The operators NgSintθ(.), NgPintθ(.) and Ngβintθ(.) are satisfy the Theorem c)

Nano gθ (resp. gθ-Semi, gθ-Pre and gθβ) Exterior

In this section, we introduce and study various exterior of a set namely nano gθ (resp. gθ-semi, gθ-pre and gθβ) exte-
rior. Also introduce and study various border of a set namely nano gθ (resp. gθ-semi, gθ-pre and gθβ) border of a set
in a Nts.

Definition 3.1 For a subset A ⊆ U, the nano gθ (resp. gθ-semi, gθ-pre and gθβ) exterior (briefly,
NgErθ,NgSErθ,NgPErθ and NgβErθ) of A is defined as

(i) NgErθ(A) = Ngintθ(U − A).
(ii) NgSErθ(A) = NgSintθ(U − A).

(iii) NgPErθ(A) = NgPintθ(U − A).
(iv) NgβErθ(A) = Ngβintθ(U − A).

Definition 3.2 For a subset A ⊆ U, the nano gθ (resp. gθ-semi, gθ-pre and gθβ) border (briefly,
NgBrθ,NgSBrθ,NgPBrθ and NgβBrθ) of A is defined as

(i) NgBrθ(A) = A − Ngintθ(A).
(ii) NgSBrθ(A) = A − NgSintθ(A).

(iii) NgPBrθ(A) = A − NgPintθ(A).
(iv) NgβBrθ(A) = A − Ngβintθ(A).

Theorem 3.3 Let A and B be two subsets of Nts, (U, τR(X)). Then the following holds.

(i) NgErθ(A) ⊆ NgβErθ(A).
(ii) NgβErθ(A) is Ngθβo set.

(iii) NgβErθ(A) = U − Ngβclθ(A).
(iv) NgβErθ[NgβErθ(A)] = Ngβintθ[Ngβclθ(A)].
(v) If A ⊆ B, then NgβErθ(B) ⊆ NgβErθ(A).

(vi) NgβErθ(A ∪ B) ⊆ NgβErθ(A) ∪ NgβErθ(B).
(vii) NgβErθ(A) ∩ NgβErθ(B) ⊆ NgβErθ(A ∩ B).

(viii) NgβErθ(A ∪ B) = NgβErθ(A) ∩ NgβErθ(B).
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(ix) NgβErθ(U) = ϕ and NgβErθ(ϕ) = U.
(x) NgβErθ(A) = NgβErθ[U − NgβErθ(A)].

(xi) Ngβintθ(A) ⊆ NgβErθ[NgβErθ(A)].
(xii) Ngβintθ(A),NgβErθ(A) and NgβFrθ(A) are mutually disjoint and U = Ngβintθ(A)∪NgβErθ(A)∪NgβFrθ(A).

(xiii) A ∩ NgβErθ(A) = ϕ.
(xiv) NgβErθ(A) ⊆ U − A.

Proof. (i) For any subset B of U, Ngintθ(B) ⊆ Ngβintθ(B). Put B = U − A then Ngint(U − A) ⊆ Ngintθ(U − A).
This implies NgErθ(A) ⊆ NgErθ(A).

(ii) By definition,NgβErθ(A) = Ngβintθ(U − A) and Ngβintθ(A) is Ngθβo set. Therefore NgErθ(A) is Ngθβo set.
(iii) By definition, NgβErθ(A) = Ngβintθ(U − A) = U − Ngβclθ(A).
(iv) Consider NgβErθ(NgβErθ(A)) = NgβErθ(Ngβintθ(U − A)) = NgβErθ(U − Ngβclθ(A)) = Ngβintθ(U − (U −

Ngβclθ(A))) = Ngβintθ(Ngβclθ(A)).
(v) If A ⊆ B then U − B ⊆ U − A . This implies Ngβintθ(U − B) ⊆ Ngβintθ(U − A). Therefore NgβErθ(B) ⊆

NgβErθ(A).
(vi) Since A ⊆ A ∪ B and B ⊆ A ∪ B. By (v), NgβErθ(A ∪ B) ⊆ NgβErθ(A) and NgβErθ(A ∪ B) ⊆ NgβErθ(B).

Hence NgβErθ(A ∪ B) ⊆ NgβErθ(A) ∪ NgβErθ(B).
(vii) Since A ∩ B ⊆ A and A ∩ B ⊆ B . By (v), NgβErθ(A) ⊆ NgβErθ(A ∩ B) and NgβErθ(B) ⊆ NgβErθ(A ∩ B).

Hence NgβErθ(A) ∩ NgβErθ(B) ⊆ NgβErθ(A ∩ B).
(viii) Consider NgβErθ(A ∪ B) = Ngβintθ(U − (A ∪ B)) = Ngβintθ[(U − A) ∩ (U − B)] ⊇ Ngβintθ(U − A) ∩

Ngβintθ(U − B) = NgβErθ(A) ∩ NgβErθ(B). That is,

NgβErθ(A ∪ B) ⊇ NgβErθ(A) ∩ NgβErθ(B). (1)

Also, we have A ⊆ A ∪ B and B ⊆ A ∪ B. By (v), NgβErθ(A ∪ B) ⊆ NgβErθ(A) and NgβErθ(A ∪ B) ⊆ NgβErθ(B).
Hence,

NgβErθ(A ∪ B) ⊆ NgβErθ(A) ∩ NgβErθ(B). (2)

From, (1) and (2), we have NgβErθ(A ∪ B) = NgβErθ(A) ∩ NgβErθ(B).
(ix) By definition, NgβErθ(U) = Ngintθ(U −U) = Ngintθ(ϕ) = ϕ and NgβErθ(ϕ) = Ngintθ(U −ϕ) = Ngintθ(U) =

U.
(x) Consider NgβErθ(U − NgβErθ(A)) = Ngβintθ(U − (U − NgβErθ(A))) = Ngβintθ(NgβErθ(A)) =

Ngβintθ(Ngβintθ(U − A)) = Ngβintθ(U − A) = NgβErθ(A).
(xi) Since A ⊆ Ngβclθ(A), implies Ngβintθ(A) ⊆ Ngβintθ(Ngβclθ(A)) = Ngβintθ(U − Ngβintθ(U − A)) =

NgβErθ(Ngβintθ(U − A)) = NgβErθ(NgβErθ(A)) . Thus Ngβintθ(A) ⊆ NgβErθ(NgβErθ(A)).
(xii) Let us assume that NgβErθ(A) ∩ Ngβintθ(A) , ϕ, then, there exists x ∈ NgβErθ(A) ∩ Ngβintθ(A). Therefore

x ∈ NgβErθ(A) and x ∈ Ngβintθ(A) implies x ∈ U − A and x ∈ A, which is not possible. Therefore our assumption is
wrong. Hence NgβErθ(A) ∩ Ngβintθ(A) = ϕ. Similarly other cases can be obtained. Now we consider NgβErθ(A) =
U − Ngβclθ(A) = U − [Ngβintθ(A) − NgβFrθ(A)].

(xiii) A ∩ NgβErθ(A) = A ∩ Ngβintθ(U − A) ⊆ A ∩ (U − A) = ϕ by (ii). Therefore A ∩ NgβErθ(A) = ϕ.
(xiv) By definition, NgβErθ(A) = Ngβintθ(U − A) ⊆ U − A.

Theorem3.4 Let A and B be two subsets of Nts, (U, τR(X)). Then the following holds.

(i) NgβBrθ(A) ⊆ NgBrθ(A).
(ii) Ngβintθ(A) ∩ NgβBrθ(A) = ϕ.

(iii) A is Ngθβo set iff NgβBrθ(A) = ϕ.
(iv) Ngβintθ(NgβBrθ(A)) = ϕ.
(v) NgβBrθ(Ngβintθ(A)) = ϕ.

(vi) NgβBrθ(NgβBrθ(A)) = NgβBrθ(A).
(vii) NgβBrθ(A) = A − Ngβintθ(A) = A ∩ Ngβclθ(U − A).

(viii) A ⊆ B then NgβBrθ(B) ⊆ NgβBrθ(A).
(ix) NgβBrθ(A ∪ B) ⊆ NgβBrθ(A) ∪ NgβBrθ(B).
(x) NgβBrθ(A) ∩ NgβBrθ(B) ⊆ NgβBrθ(A ∩ B).

(xi) NgβBrθ(A) = NgβDθ(U − A) & NgβDθ(A) = NgβBrθ(U − A).
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(xii) A = Ngβintθ(A) ∪ NgβBrθ(A).

Proof. (i) Since Nintθ(A) ⊆ Nβintθ(A) ⇒ U − Nβintθ(A) ⊆ U − Nintθ(A) ⇒ A ∩ (U − Nβintθ(A)) ⊆ A ∩ (U −
Nintθ(A))⇒ A − Nβintθ(A) ⊆ A − Nintθ(A). Therefore NβBrθ(A) ⊆ NBrθ(A).

(ii) Consider Ngβintθ(A)∩NgβBrθ(A) = Ngβintθ(A)∩ (A−Ngβintθ(A)) = Ngβintθ(A)∩ (A∩ (U −Ngβintθ(A))) =
Ngβintθ(A) ∩ (U − Ngβintθ(A)) ∩ A = ϕ ∩ A = ϕ.

(iii) Any subset A of space U is Ngθβo set iff A = Ngβintθ(A)⇔ A − Ngβintθ(A) = ϕ⇔ NgβBrθ(A) = ϕ.
(iv) Consider Ngβintθ(NgβBrθ(A)) = Ngβintθ(A−Ngβintθ(A)) = Ngβintθ(A∩ (U −Ngβintθ(A))) ⊆ Ngβintθ(A)∩

Ngβintθ(U−Ngβintθ(A)) ⊆ Ngβintθ(A)∩(U−Ngβintθ(A)) = ϕ asNgβintθ(A) ⊆ A. ThereforeNgβintθ(NgβBrθ(A)) = ϕ.
(v) Consider NgβBrθ(Ngβintθ(A)) = Ngβintθ(A) − Ngβintθ(Ngβintθ(A)) = Ngβintθ(A) − Ngβintθ(A) = ϕ.
(vi) Consider NβBrθ(NgβBrθ(A)) = NgβBrθ(A) − Ngβintθ(NgβBrθ(A)) = NgβBrθ(A) by (iv).
(vii) NgβBrθ(A) = A − Ngβintθ(A) = A ∩ (U − Ngβintθ(A)) = A ∩ Ngβclθ(U − A).
(viii) If A ⊆ B then Ngβintθ(A) ⊆ Ngβintθ(B) ⇒ U − Ngβintθ(B) ⊆ U − Ngβintθ(A) ⇒ A ∩ (U − Ngβintθ(B)) ⊆

A ∩ (U − Ngβintθ(A))⇒ B − Ngβintθ(B) ⊆ A − Ngβintθ(A)⇒ NβBrθ(B) ⊆ NβBrθ(A).
(ix) Since A ⊆ A ∪ B and B ⊆ A ∪ B by (viii) NgβBrθ(A ∪ B) ⊆ NgβBrθ(A) and NgβBrθ(B) ⊇ NgβBrθ(A ∪ B).

Hence NgβBrθ(A ∪ B) ⊆ NgβBrθ(A) ∪ NgβBrθ(B).
(x) Since A ∩ B ⊆ A and A ∩ B ⊆ B by (viii) NgβBrθ(A) ⊆ NgβBrθ(A ∩ B) and NgβBrθ(B) ⊆ NgβBrθ(A ∩ B).

Hence NgβBrθ(A) ∩ NgβBrθ(B) ⊆ NgβBrθ(A ∩ B).
(xi) By definition NgβBrθ(A) = A−Ngβintθ(A) = A− (A−NgβDθ(U − A)) = NgβDθ(U − A) by Theorem c) and

NgβDθ(A) = NgβBrθ(U − A) is obtained by replacing A by U − A.
(xii) Ngβintθ(A) ∪ NgβBrθ(A) = Ngβintθ(A) ∪ (A − Ngβintθ(A)) = Ngβintθ(A) ∪ (A ∩ (U − Ngβintθ(A))) =

(Ngβintθ(A) ∪ A) ∩ (Ngβintθ(A) ∪ (U − Ngβintθ(A))) = A ∩ U = A. Therefore A = Ngβintθ(A) ∪ NgβBrθ(A).
The Theorem c) is satisefied by NgSBrθ,NgPBrθ and NgBrθ of a set A.

Nano gθ (resp. gθ-Semi, gθ-Pre and gθβ) Frontier

In this section we introduce and study various frontier namely nano gθ (resp. gθ-semi, gθ-pre and gθβ) frontier of a
given set in Nts.

Definition 4.1 For a subset A ⊆ U, the nano gθ (resp. gθ-semi, gθ-pre and gθβ) frontier (briefly, NgFrθ (resp.
NgSFrθ,NgPFrθ and NgβFrθ)) of A is defined as,

(i) NgFrθ(A) = Ngclθ(A) − Ngintθ(A).
(ii) NgSFrθ(A) = NgSclθ(A) − NgSintθ(A).

(iii) NgPFrθ(A) = NgPclθ(A) − NgPintθ(A).
(iv) NgβFrθ(A) = Ngβclθ(A) − Ngβintθ(A).

Theorem 4.2 Let A and B be two subsets of Nts, (U, τR(X)). Then the following holds.

(i) NgβFrθ(A) ⊆ NgFrθ(A).
(ii) NgβBrθ(A) ⊆ NgβFrθ(A).

(iii) Ngβclθ(A) = Ngβintθ(A) ∪ NgβFrθ(A).
(iv) Ngβintθ(A) ∩ NgβFrθ(A) = ϕ.
(v) NgβFrθ(A) = NgβBrθ(A) ∪ NgβDθ(A).

(vi) A is Ngθβo set iff NgβFrθ(A) = NgβDθ(A).
(vii) NgβFrθ(A) = Ngβclθ(A) ∩ Ngβclθ(U − A).

(viii) NgβFrθ(A) = NβFrθ(U − A).
(ix) NgβFrθ(A) is a Ngθβc set.
(x) Ngβintθ(A) = A − NβFrθ(A).

(xi) NgβFrθ(A) = ϕ iff A is both Ngθβo and A is both Ngθβc set.
(xii) NgβFrθ[Ngβintθ(A)] ⊆ NgβFrθ(A).

(xiii) U − NgβFrθ(A) = Ngβintθ(A) ∪ Ngβintθ(U − A).
(xiv) NgβFrθ[Ngβclθ(A)] ⊆ NgβFrθ(A).
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(xv) Ngβclθ(A) = A ∪ NgβFrθ(A).
(xvi) NgβFrθ[NgβFrθ(A)] ⊆ NgβFrθ(A).

Proof. (i) Since Ngintθ(A) ⊆ Ngβintθ(A) implies U − Ngβintθ(A) ⊆ U − Ngintθ(A). Also Ngβclθ(A) ⊆ Ngclθ(A).
Therefore Ngβclθ(A) ∩ (U − Ngβintθ(A)) ⊆ Ngclθ(A) ∩ (U − Ngintθ(A)). This implies Ngβclθ(A) − Ngβintθ(A) ⊆
Ngclθ(A) − Ngintθ(A). Hence NgβFrθ(A) ⊆ NFrθ(A).

(ii) Since A ⊆ Ngβclθ(A) implies A ∩ (U − Ngβintθ(A)) ⊆ Ngβclθ(A) ∩ (U − Ngβintθ(A)). This implies A −
Ngβintθ(A) ⊆ Ngβclθ(A) − Ngβintθ(A). This shows NgβBrθ(A) ⊆ NgβFrθ(A).

(iii) Ngβintθ(A) ∪ NgβFrθ(A) = Ngβintθ(A) ∪ (Nβclθ(A) ∩ (U − Ngβintθ(A))) = (Ngβintθ(A) ∪ Nβclθ(A)) ∩
(Ngβintθ(A) ∪ (U − Ngβintθ(A))) = Ngβclθ(A) ∩ U = Ngβclθ(A).

(iv) Nβintθ(A) ∩ NgβFrθ(A) = Ngβintθ(A) ∩ (Ngβclθ(A) ∩ (U − Ngβintθ(A))) = (Ngβintθ(A) ∩ Ngβclθ(A)) ∩
(Ngβintθ(A) ∩ (U − Ngβintθ(A))) = Ngβintθ(A) ∩ ϕ = ϕ.

(v) From (iii), Ngβclθ(A) = Ngβintθ(A) ∪ NgβFrθ(A). This implies A ∪ NgβDθ(A) = Ngβintθ(A) ∪ NgβFrθ(A)
by Lemma c) But A = Ngβintθ(A) ∪ NgβBrθ(A) by Theorem c) Therefore Ngβintθ(A) ∪ NgβBrθ(A) ∪ NgβDθ(A) =
Ngβintθ(A) ∪ NgβFrθ(A). Hence NgθBrθ(A) ∪ NgβD(A) = NgβFrθ(A).

(vi) Suppose A is Ngθβo set and by Theorem c) (iii), NgβBrθ(A) = ϕ. From (v) NgβFrθ(A) = NgβBrθ(A) ∪
NgβDθ(A) = NgβDθ(A). Therefore if A is Ngθβo set, NgβFrθ(A) = NgβDθ(A). Conversely, suppose NgβFrθ(A) =
NgβDθ(A) from (iii), Ngβclθ(A) = Ngβintθ(A) ∪ NgβFrθ(A). That is A ∪ NgβDθ(A) = Ngβintθ(A) ∪ NgβFrθ(A) by
Lemma c) implies A ∪ NgβDθ(A) = Ngβintθ(A) ∪ NgβDθ(A) by hypothesis. Therefore A = Ngβintθ(A) and hence A
is Ngθβo set.

(vii) NgβFrθ(A) = Ngβclθ(A) − Ngβintθ(A) = Ngβclθ(A) ∩ (U − Ngβintθ(A)) = Ngβclθ(A) ∩ Ngβclθ(U − A).
(viii) NgβFrθ(U − A) = Ngβclθ(U − A) −Ngβintθ(U − A) = (U −Ngβintθ(A)) − (U −Ngβclθ(A)) = Ngβclθ(A) −

Ngβintθ(A) = NgβFrθ(A).
(ix) A subset A of U is Ngθβc iff A = Ngβclθ(A). Consider Ngβclθ(NgβFrθ(A)) = Ngβclθ(Ngβclθ(A) −

Ngβintθ(A)) = Ngβclθ(Ngβclθ(A)∩ (U −Ngβintθ(A))) = Ngβclθ(Ngβclθ(A)∩Ngβclθ(U − A)) ⊆ Ngβclθ(Ngβclθ(A))∩
Ngβclθ(Ngβclθ(U − A)) = Ngβclθ(A) ∩ Ngβclθ(U − A) = NgβFrθ(A), by (ii), Ngβclθ(NgβFrθ(A)) ⊆ NgβFrθ(A). But
NgβFrθ(A) ⊆ Ngβclθ(NgβFrθ(A)) is always true. Therefore Ngβclθ(NgβFrθ(A)) = NgβFrθ(A) and hence NgβFrθ(A)
is Ngθβc set.

(x) A−NgβFrθ(A) = A∩ (U −NgβFrθ(A)) = A∩ (U − (Ngβclθ(A)∩Ngβclθ(U − A))) = A∩ ((U −Ngβclθ(A))∪
(U − Ngβclθ(U − A))) = (A ∩ (U − Ngβclθ(A))) ∪ (A ∩ (U − Ngβclθ(U − A))) = ϕ ∪ (A ∩ Ngβintθ(A)) = Ngβintθ(A).

(xi) If A is both Ngθβo and Ngθβc set, then A = Ngβintθ(A) and A = Ngβclθ(A). Now NgβFrθ(A) = Ngβclθ(A) −
Ngβintθ(A) = A−A = ϕ. Conversely,NgβFrθ(A) = ϕ implies,Ngβclθ(A)−Ngβintθ(A) = ϕwhich implies,Ngβclθ(A)−
Ngβintθ(A) ⊆ A. That is, Ngβclθ(A) ⊆ A. But, A ⊆ Ngβclθ(A) is always true. Therefore A = Ngβclθ(A). Hence A is
Ngθβc set. Again NgβFrθ(A) = ϕ implies Ngβclθ(A) − Ngβintθ(A) = ϕ which implies Ngβclθ(A) = Ngβintθ(A)
implies A ∪ NgβDθ(A) = Ngβintθ(A) which implies A ⊆ = Ngβintθ(A). But Ngβintθ(A) ⊆ A is always true. Therefore
A = Ngβintθ(A). Hence A is Ngθβo set.

(xii) Now, NgβFrθ(Ngβintθ(A)) = Ngβclθ(Ngβintθ(A)) − Ngβintθ(Ngβintθ(A)) ⊆ Ngβclθ(A) − Ngβintθ(A) as
Ngβintθ(A) ⊆ A. This implies NgβFrθ(Ngβintθ(A)) ⊆ NgβFrθ(A).

(xiii) Consider U −NgβFrθ(A) = U − (Ngβclθ(A)−Ngβintθ(A)) = (U −Ngβclθ(A))∪Ngβintθ(A) = Ngβintθ(U −
A) ∪ Ngβintθ(A).

(xiv) Now

NgβFrθ(Ngβclθ(A)) = Ngβclθ(Ngβclθ(A)) − Ngβintθ(Ngβclθ(A))
= Ngβclθ(Ngβclθ(A)) ∩ (U − Ngβintθ(Ngβclθ(A)))
= Ngβclθ(A) ∩ Ngβclθ(U − Ngβclθ(A)) (3)

Also A ⊆ Ngβclθ(A) ⇒ U − Ngβclθ(A) ⊆ U − A ⇒ Ngβclθ(U − Ngβclθ(A)) ⊆ Ngβclθ(U − A) sub in (3),
NgβFrθ(Ngβclθ(A)) ⊆ Ngβclθ(A) − Ngβclθ(U − A) = NgβFrθ(A). Thus NgβFrθ(Ngβclθ(A)) ⊆ NgβFrθ(A).

(xv) From (iii), Ngβclθ(A) = Ngβintθ(A) ∪ NgβFrθ(A) ⊆ A ∪ NgβFrθ(A) as Ngβintθ(A) ⊆ A. Also from (iii),
NgβFrθ(A) ⊆ Ngβclθ(A) and A ⊆ Ngβclθ(A) is always true. Therefore A ∪ NgβFrθ(A) ⊆ Ngβclθ(A). It follows that,
A ∪ NgβFrθ(A) = Ngβclθ(A).

The Theorem c) is satisefied by NgSFrθ,NgPFrθ and NgβFrθ of a set A.
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Conclusion

In this paper, we have studied many interesting notions on various forms of generalized nano sets.
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Abstract-- A methodical hypothesis of dependability depends on likelihood hypothesis. It is 
outstanding that the ordinary unwavering quality examination utilizing the probabilities has been 
observed to be insufficient to deal with the uncertainty of disappointment in information and 
displaying. The fluffy set hypothesis gives a helpful instrument to supplement customary 
dependability speculations. This paper proposes the transmission stream framework outline in 
arrangement parallel structure to assess the most extreme unwavering quality subject to the frame 
work cost. The co-productive of variation (CV) is acquainted with evaluate every enrollment work. 
This approach is to discover least CV with high reliability gauge. 
Keywords: Reliability Optimization, Multi-stage series- parallel System, Co-Productive of Variation,
Estimation of uncertainty, Triangular Fuzzy number. 
2010 Mathematics Subject Classification: 68M15, 03E72, 49M37, 60K10 

1. INTRODUCTION 
Reliability is an important aspect in the management, scheduling and design of any engineering 
product. A methodical theory of reliability is based on probability assumption. It is sound known that 
the conventional reliability analysis using the probabilities has been found to be insufficient to 
handle the uncertainty of failure in data and modeling. The fuzzy set theory provides a useful tool to 
harmonize conservative reliability theories. The percept of fuzzy reliability has been introduced and 
formulated in Cai [2] due to uncertainties and imprecision of data. Chen [3] offered a method for 
fuzzy system reliability analysis using Simplified Fuzzy Arithmetic Operations of fuzzy numbers. 
Hong et al [5] accessible fuzzy system reliability by the use of t-norm based convolution of fuzzy 
arithmetic operation. Abdul Razak et al [1] proposed a new method for finding fuzzy system 
reliability in which evolution fuzzy model is represented by trapezoidal fuzzy number. Basically the 
problem of series, parallel system reliability may be twisted as a typical non-linear programming 
with cost constraints in fuzzy environment. Park [11] proposed series system reliability subject to a 
constraint by fuzzy non-linear programming technique. Ruan and Sun [12] offered the method of 
cost minimization in series reliability system with multiple components. 

Sung et al [14] presented a series system reliability with multiple-choice to maximize the system 
reliability subject to the system cost. Mahapatra et al [8] offered a series system reliability model 
through fuzzy parametric geometric programming using max-min and max additive operator. Sardar 
Donighi et al [13] presented a new approach for series-parallel system reliability in which beta type 
distribution as its membership function. Liu C.M [7] suggested redundancy – reliability allocation 
problems in multi-stage series parallel system under uncertain environment. Many researchers have 
applied special techniques and solutions using Series system, Series-Parallel system [6, 10] in 
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different environment. In this paper, a non-linear programming problem is firstly suggested and 
analyzed the transmission flow system. General it is series-parallel construction and the flow is 
transmitted from left to right and to evaluate the maximum reliability subject to the system cost. The 
cost function is taken as the interval for triangular fuzzy number. In fuzzy system reliability the 
variance of the module and system reliability estimate is used as a metric. A new approach co-
productive of variation (CV) is introduced in the the system reliability estimate for each interval 
membership function. The advantage of this approach is to find minimum CV with high reliability 
estimate. The system reliability estimate of CV is obtained by Hatice Tekiner and Coit [4]. 

This paper is fragmented as the under alluded to areas. Segment 2 offers the scientific model for 
arrangement parallel structures, documentations and fluffy science essentials. Area 3 gives the 
scientific definition in fresh model and feathery rendition. Segment four depicts the numerical 
assessment and the co-proficient of difference for accumulation Parallel device designs. Area 5 gives 
the arrangement technique for the gathering - Parallel framework models. Segment 6 shows the 
development of the transmission float gadget. In stage 7 the most extreme dependability with CV has 
been finished up. 

2. MATHEMATICAL MODEL FOR SERIES - PARALLEL SYSTEMS: 
For a series –parallel system, there are m subsystem connected in series and those subsystems 
consisting of nj components in parallel for j = 1,2 ........... nk. Fig.1 shows the diagram for m-unit 
series-parallel systems. 

A. NOTATIONS  

The Series-Parallel System reliability has been urbanized and worked out for the following notations 

Ri- Reliability of subsystem i, for i=1,2 ... m 

L
ijr -Left interval value reliability of jth component in subsystem i, for i=1,2 ... m, j=1,2,.... nk

R
ijr -  Right interval value reliability of jth component in subsystem i, for i=1,2 ... m, j= 1,2,.... nk

L
ijc  - Left interval cost value of jth component in subsystem i, for i=1,2 ...m, j=1,2,.... nk

R
ijc  - Right interval cost value of jth component in subsystem i, for i=1,2 ...m, j=1,2,.... nk

RSP(R1,R2,... Rm) – Reliability of m subsystem with each reliability Ri, for i=1,2 ... m 

CSP(R1,R2,... Rm) – Cost of m subsystem with each reliability Ri, for i=1,2 ...m 

The reliability for the series system is  � �
m

i
i

S i
1

R R R
�

��  i=1,2 ... m  

The reliability for parallel system is RP (Ri) = � �
kn

ij
j 1

1 1 r
�

� ��  for j=1,2,.... nk

The reliability for Series-Parallel System has m subsystem with reliability Ri, i=1,2...m is 

� � � �
knm m

P i ij
i 1 i 1 j

P
1

S 1 2 m R (R )R R ,R ... R 1 1 r
� � �

� �
� � � �	 


� �
� � �
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B. Fuzzy Mathematics Prerequisites 

Definition 2.2.1: Triangular Fuzzy Number 

Let 1 2 3a a a  . A Triangular Fuzzy number (TFN) AA  in R is a fuzzy number with the 

membership function A
μ (x):X [0,1]�

A
(x):X

A  is defined as follows.         

1
1 2

2 1

3
2 3A

3 2

x-a
for a x a

a -a

a -xμ = for a x a
a -a

0 otherwise

�  �
�
�

 �
�
�
�
�

A
=

A �
�
��

3. MATHEMATICAL FORMULATION 
A. Crisp Model 

Consider the reliability of m-unit series-parallel system. The maximization of reliability is found to be
� �SP 2 m1R R R ., .. R,  have subject to the limited available cost Cj, j= 1,2... nk.  

The mathematical forms of ith stage series- parallel system are as follows 

Max � � � �
k

i

n

SP ij
j 1

1R R   1 r
�

� � ��

Sub to � �
kn

SP ij ij i i ii j k
j 1

c r C ,where 0 R 1, 0 r 1 and i 1,2...m, jC R 1,2....n
�

  �   � ���                (1) 

B. Fuzzy Model 

Commonly the gadget reliability of fee element and price constraints can be involved in unsure 
elements. So the constraint of device reliability becomes uncertain in a reliability optimization 
trouble. Therefore it can be represented as fuzzy non-linear programming fuzzy range. The above 
problem may be changed as follows. 

For ith Stage of given fuzzy model as  

Max � � � �
kn

i
j

iSP j
1

1 rR R 1
�

�� ��

Sub to � �
kn

ij ij i i ij
j=1

c r C , where 0 < R 1 and 0 < r 1for all i,j�   � hwherec r Cij ij iic r Cij ij iij iCC wiiSP iC R                (2) 

4. MATHEMATICAL ANALYSIS 
Consider a non-linear programming problem having one imbalance imperative of the sort

Maximize Z = f ( x1,x2 ... xn ) 
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Subject to g (x1, x2, ... xn)  b , x1, x2 ... xn ≥ 0 
The above problem can be uttered as  

Maximize Z = f (x1, x2 ... xn ) 

Subject to h(x) ≤ 0   where h(x) = g (x1, x2 ... xn) – b,     h(x) ≥ 0                 (3) 

By Kuhn-Tucker condition the vital conditions for the expansion in non-linear programming 
problem can be condensed as 

j

f h
0

x xj

h(x) 0, whereh(x) 0and 0

� �
�� �

� �
� �  ��

                                   (4) 

The objective function and constraint of (3) into fuzzy non-linear programming problem is     

Max z = f (x1,x2 ... xn )

Sub to h(x) 0                         (5) 

A. The Co-Productive of Variance for Series-Parallels System Models 

The co-productive of variation (CV) is outstanding measurable device to describe the estimation of 
vagueness. CV is characterized as the level of standard deviation partitioned by the mean or level of 
test standard deviation separated by the normal. 

Let V be the variance of the system reliability estimate and R be the system reliability estimate then 
CV for series-parallel system reliability by Teikner and coit [4)] is  

� �

m m
2

i i i m
2 i 1 i 1 i

m2 2
2 i 1 i

i 1

C
[R V ] R

VV
1

R
R

V 1
R

� �

�

�

� �
� �

� � � �� �
� �

�
� �

�
�

.

5. SOLUTION PROCEDURE FOR SERIES-PARALLEL MODELS 
Step: 1  

Let the cost factor be ),,(~
321 ijijijij cccc �  and the cost limitation be ),,(

~
321 iiii CCCC �

ki 1,  2...m and  j 1,  2... n� �  are taken as Triangular fuzzy number.  

Step: 2 

Using �-cut membership function of cost factors and cost limitations are given by 

ij ij1 ij2 ij1 ij3 ij3 ij2 kc [c (c c ),c (c c )] for i 1,2,3,....m and j 1,2,3,....n� �� � �� � � �c [ij ij1[c[cij1ij1 and

i i 1 i2 i1 i3 i3 i2C (C (C C ),C (C C )for i 1,2,3......m� �� � �� � �C (Ci (C( i 1i 1   respectively.  

Step: 3 
Appling the Kuhn-Tucker condition in a fuzzy non-linear programming problem for given models 
with ith stage i = 1, 2... m of left and right  interval �-cut is expressed as  
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 Max )1(1)(
1
�
�

���
kn

j

L
jii

L
SP rRR

 Subject to
kn

L L L
i j ij i ij i j

j 1

c r C 0 where 0 r 1,C 0
�

�  �  �� LL 0 wL
i

Lc rL
i j ij iCi

LLCL
i   and 

 Max )1(1)(
1
�
�

���
kn

j

R
jii

R
SP rRR

 Subject to 0,100
~~

1

����
�

R
jiij

R
iij

n

j

R
ji CrwhereCrc

k

Step: 4  

To find the optimal solution of L
iR and R

iR  i = 1, 2... m for each membership value of � from 

step:2,3 and then to calculate the system reliability �
�

�
m

i

L
i

L RR
1

and �
�

�
m

i

R
i

R RR
1

with their 

corresponding CV for each value of �.  

Step: 5  

To find out the maximum reliability and minimum CV from the values of �.

6. NUMERICAL EXAMPLES 
A practical repairable system of jet fighter engine design is illustrated as an example. The data’s are 
secondary and is taken from the journal paper “A knowledge management system for series-parallel 
availability optimization and design” by Y.S Juang et al. In which the lower bound and upper bound 
manufacture cost of components (in dollar) are shown as uncertain. Let us consider it as fuzzy and 
the cost of components are taken as left and right interval value triangular fuzzy number. This system 
consists of eight components in three main units, with its system frame work in Figure 3. 

This system consists of three main units (subsystems) connected in series. The first unit consists of 3 
components in parallel, second unit consists of 1 component and third unit consists of 4 components 
in parallel. The cost components (in dollar) are taken as triangular fuzzy number as follows. 

Step: 1  
For Unit 1,   

The cost components are 11c  = (1012452, 1021037, 1029622), 12c = (903874, 910864, 917857) and 

13c = (908976, 916879, 924,782) and the cost constraints is  C1 = (2542772, 2585446, 2628119). 

For Unit 2, 

 The cost components are 21c  = (1353896, 1363530, 1373164) and the cost constraints is                  
C2= (1313279, 1319191, 1325103). 

For Unit 3,  
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 The cost components are 31c  = (983849, 987102, 990354), 32c = (852,421, 856343, 860265),           

33c = (677592, 681576, 685559) and 34c = (837584, 842144, 846704) and the cost constraint is       

3C = (2932515, 2963183, 2993851). 

Step: 2 Using �-cut membership function the cost factors and limitations of left and right 
interval value are tabulated as follows. 

Unit (i) Cost components Cost constraints

1

L R
11 11 11c (c ,c )� = (1012452+8585α ,1029622-8858α )

L R
12 12 12c (c ,c )� = (903874+6990α, 917857-6990α )

L R
13 13 13c (c ,c )� = ( 908976+7903α , 924782-7903α )

L R
1 1 1C (C ,C )�

= (2542772 + 42674 α,
2628119- 42674 α)

2 L R
21 21 21c (c ,c )� = ( 1353896+9634α , 1373164-9634α)

2 2 2( , )L RC C C�

= (1313279 +5912 α,
1325103- 5912α)

3

31 31 31( , )� L Rc c c = ( 983849+3253α , 990354-3252α)

32 32 32( , )� L Rc c c = ( 852421+3922α , 860265-3922α)

33 33 33( , )L Rc c c� =(677592+3984α, 685559-3983α)

34 34 34( , )L Rc c c� =(837584+4560α, 846704-4560α)

L R
3 3 3C (C ,C )�

= (2932515 + 30668 α,
2993851-30668α)

Step: 3 Apply Kuhn-Tucker condition in the optimal solution of a fuzzy non-linear 
programming problem with ith unit i = 1, 2,3 of left and right  interval �-cut can be expressed as 
follows. 

In the first Unit, 

The optimum solution of left interval �-cut is 

11 12 13 11 11 12 12 13 13 1
1 1

[1 (1 )(1 )(1 )] [ ( ) ]
� �

� � � � � � � �
� �

) ]11 11 12 12 13 13 1))11 11 12 12 13 1312 12
L L L L L L L L L L

L L
j j

r r r c r c r c r C
r r

�                            (6) 

         11 11 12 12 13 13 1( ) 0� � � �)11 11 12 12 13 13 1))12 12 13 13 112 12
L L L L L L Lc r c r c r C                     (7) 

11 12 13 11
1 1

12 13

1012452 8[1 (1 )(1 )(1 )] [ ((

(

585 )

903874 6990 ) 908976 7903 2542772 4( ) ( 74 ]26 )

�

� � �

� �
� � � � �

� �

� � �

L L L L
L L
j j

L L

rr r r
r r

r r

� �

� � �                       (8) 

        (9)
Similarly

, the optimum solution of right interval �-cut is 

11 12 13(1012452 8585 ) 903874 6990 ) 908976 7903 ) 2542( ( 772 42674� � ��� � �L L Lrr r� � � �
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11 12 13 11 11 12 12 13 13 1
1 1

[1 (1 )(1 )(1 )] [ ( ) ]
� �

� � � � � � � �
� �

) ]11 11 12 12 13 13 1)11 11 12 12 13 1312 12
R R R R R R R R R R

R L
j j

r r r c r c r c r C
r r

�                     

(10) 

11 11 12 12 13 13 1( ) 0� � � �)11 11 12 12 13 13 1))12 12 13 13 1
R R R R R R Rc r c r c r C                              (11) 

11 12 13 11
1 1

12 13

[1 (1 )(1 )(1 )] [ (

(

1029622 8858 )

917857 6990 ) 924782( 7903 ) 2628119 4267 )( 4) ]

� �
� �

� �

� � � �
� �

� � ��

R R R R
R L
j j

R R

r r r r
r r

r r

�

� � �

�

                                      

 (12) 

11 12 131029622 8858 ) 917857 6990 ) 924782 7903 ) 2628119 42674( ( )( ( ]R R Rr r r� � � �� �� � �� �
(13) 

In the Second Unit, 

The optimum solution of left interval �-cut is 

21 21 2�L L Lc r C                       

                21(1353896 9634 ) 1313279 5912 �� �Lr� �                                                   (14) 

The optimum solution of right interval �-cut is 

21 21 2�R R Rc r C                       

21(1373164 9634 ) 1325103  5912�� �Rr� �                                                     (15) 

In the third Unit, 

The optimum solution of left interval �-cut is 

31 32 33 34 31 31 32 32 33 33 34 34 3
3 3

[1 (1 )(1 )((1 )(1 )] [ ( ) ]
� �

� � � � � � � � � �
� �

)31 31 32 32 33 33 34 34 3))31 31 32 32 33 33 34 3432 32 33 33
L L L L L L L L L L L L L

L L
j j

r r r r c r c r c r c r C
r r

�

 (16)    

31 31 32 32 33 33 34 34 3� � � �31 31 32 32 33 33 34 34 3� � � �32 32 33 33 34 3432 32 33 33 34 34
L L L L L L L L Lc r c r c r c r C                                          

 (17) 

31 32 33 34 31 32
3 3

33 34

983849 3253 8[ 52421 3922 )

677592 3984 ) 837584 4560 ) 2932515 3

1 (1 )(1 )((1 )(1 )] [ (( ) (

( ( ) ( ]0668 )

� �

� �

� �
� � � � � � �

� �

� � ��

L L L L L L
L L
j j

L L

r r r r r r
r r

r r

� �

� �

�

�

 (18) 

31 32 33 34983849 3253 852421 3922 ) 677592 3984 ) 837584 4560 )

293251

( ) (

5 306

(

68 

(� � �� �

��

��L L L Lr r r r� � � �
�

 (19)

Similarly, the optimum solution of right interval �-cut is 
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31 32 33 34 31 31 32 32 33 33 34 34 3
3 3

[1 (1 )(1 )((1 )(1 )] [ ( ) ]
� �

� � � � � � � � � �
� �

)31 31 32 32 33 33 34 34 3)31 31 32 32 33 33 34 3432 32 33 33
R R R R R R R R R R R R R

R R
j j

r r r r c r c r c r c r C
r r

�

 (20)

     

31 31 32 32 33 33 34 34 3� � � �31 31 32 32 33 33 34 34 3� � � �32 32 33 33 34 3432 32 33 33
R R R R R R R R Rc r c r c r c r C                                          

 (21)

31 32 33 34 31 32
3 3

33 34

990354 3252 8[ 60265 3922 )

685559 3983 ) 846704 4560 ) 2993851 3

1 (1 )(1 )((1 )(1 )] [ (( ) (

( ( ) ( ]0668 )

� �

� �

� �
� � � � � � �

� �

� � ��

R R R R R R
R R
j j

R R

r r r r r r
r r

r r

� �

� �

�

�

(22)
31 32 33

34

990354 3252 860265 3922 ) 685559 3( ) 983 )

846704 4560 ) 29938

( (

( 51 30( 668 )

� � �

�

�

� � �

�R R R

R

r r r

r

� � �

� �
              (23) 

Substitute for α = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 respectively in the above equation and 
solving them then the reliability values are obtained and  listed in the table. 

Step: 4    The Table 1 and Table 3 shows that the left and right interval optimal solutions of jet 
fighter engine design system reliability through fuzzy parametric non-linear programming 
respectively. 

  The Table 2 and Table 4 show that the Co-productive of Variance of left and right interval 
jet fighter engine design system of reliability respectively. 

Step: 5   From the Table 1 and Table 3, the maximum reliability is indentified and their 
corresponding CV of fuzzy membership values of �.

7. CONCLUSION    
In the industrial system, the cost factor is considered to be the most important factor and the 
reliability of system is also considered to be important. The existing information about the 
constituent factors of the system is imprecise, vague and uncertain often; in such a situation most 
decision makers specify the reliability evaluations be risk averse for which they feel like to have 
higher reliability and lower estimations. In General, the Series-Parallel system is a non-linear 
programming problem with system available cost. But cost factor and cost limitation are fuzzy 
numbers in nature.  This paper attempts to provide the assessment of reliability in transmission flow 
series-parallel system and the cost factor and cost limitation of each subsystem are taken as 
triangular fuzzy number. Kuhn-Tucker conditions are taken into concern to solve the non-linear 
programming problem with fuzzy factors to find out the optimal solutions for left and right interval 
valued membership function of �. This can be maximized for the system reliability subject to the 
existing cost. Table 2 demonstrate that the left interval optimal solution of fuzzy system reliability 
with CV, which identifies that maximum reliability and minimum CV for � = 0.0 is 0.9890. Table 4 
demonstrate that the right interval optimal solution of fuzzy system reliability with CV, which also 
identifies that the maximum reliabilities and minimum CV for � = 0.8 is 0.9851. Decision maker can 
make use of the strategy of system reliability where optimization is involved. 
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Fig.1: m-unit Series-Parallel System 

 
Fig. 2: Triangular Fuzzy Number

 

      

 

Fig. 3: Design configuration of Jet fighter engine  
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 Fig. 4: Interval valued reliability of Jet fighter engine design with fuzzy triangular number 
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ABSTRACT--In this paper, we discuss fully fuzzy linear systems with triangular fuzzy numbers. A 

Gauss Jordan Elimination Method is proposed for solving fully fuzzy linear systems (FFLS). We used 

elementary row operations augmented matrices of crisp linear system of equation to arrive the row 

reduced form. The method in detail is discussed and illustrated by a numerical example.  

Keywords:  Fully fuzzy linear systems, triangular fuzzy numbers, elementary row operations                

2010AMS Classification: 03E72, 34A30, 15B15 

 

1. Introduction  

Linear system of equations are vital for contemplating and comprehending an expansive extent of the 
issues in connected science, ordinarily is numerous applications a portion of the parameters in our 
issues are spoken to fuzzy numbers Zadeh [17] presented the ideas of fuzzy numbers and fuzzy math, 
fuzzy numbers number-crunching is connected and valuable in calculation of direct frameworks.  

Duba's and Prade [8] proposed two meaning of fuzzy straight arrangement of conditions. Buckley 
and Qu [4] broadened a few techniques for tackling completely fuzzy direct arrangement of 
condition. Friedman et al. [10] proposed a general model for comprehending a fuzzy straight 
framework whose coefficient lattice is fresh and the correct hand side section is a discretionary fuzzy 
vector. Numerous specialists [2,3,5] presented a few calculations for unraveling completely fuzzy 
straight frameworks [2,3] proposed arrangement of a fuzzy direct framework by utilizing alterative 
Gauss Jacobin and Gauss Seidel techniques. Dehghan et al. [5] proposed some new strategies for 
illuminating completely fuzzy straight frameworks based a the cramers rule Gaussian disposal and 
LU decay strategy from direct polynomial math and direct programming Dehghan et al. [6] 
broadened the Adomian Decomposition technique [3] to locate the positive fuzzy vector arrangement 
of completely fluffy direct framework. Abbas Banday et al. [1] utilized LU disintegration strategy for 
fathoming fuzzy straight arrangement of condition when the coefficient network is certain positive. 
Muzzioli et al. [13] grew completely fuzzy straight arrangement of the frame A1x + b1 = A2x + b2 
where A1, A2 are square grids of fluffy coefficients, b1, b2 are fuzzy numbers.  

Mosleh et al. [12] acquainted a technique with discover the arrangement of completely fuzzy direct 
arrangement of conditions of the frame Ax + b = Cx + d where A, C are square frameworks of fuzzy 
coefficients and b, d are fuzzy number vectors Nasseri et al. [15] utilized a specific disintegration 
strategies for the coefficient framework for illuminating completely fuzzy straight arrangement of 
conditions. Nasseri et al. [16] proposed Huang technique for registering a non negative arrangement 
of the completely fuzzy straight arrangement of conditions Nasseri et al. [14] presented a direct 
arrangement of conditions with trapezoidal fuzzy numbers as an expansion of the fuzzy straight 
framework.  

In this paper, our point is to solve A x b   where A is a fuzzy lattice and x and b are fuzzy 
vectors (of triangular fuzzy numbers) with proper sizes.  
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We sorted out this paper as pursues; In segment 2 we first give some fundamental ideas of fuzzy set 
hypothesis and some essential definitions on fuzzy numbers are checked on. In section 3, we 
characterize completely fuzzy direct frameworks of conditions and Gauss Jordan Elimination 
strategy comprehending completely fuzzy straight frameworks (FFLS). In section 4, numerical 
precedent is given to analyze a proposed technique. We close in area 5. 

 

2. PRELIMINARIES 

In these sections, some basic definitions are reviewed [7, 11]. 

 

Definition 2.1 

A fuzzy subset �̃� of R is characterized by its participation work: 𝜇�̃� ∶ 𝑅 → [0,1] which assigns out a 
real number 𝜇�̃�  in the interim [0,1], to every component 𝑥 ∈ 𝑅 where the estimation of 𝜇�̃�  at x 

demonstrates the review enrollment of x in A . 

 

Definition 2.2 

A fuzzy set �̃� characterized on the widespread arrangement of real number R, is said to be a fuzzy 
number if its enrollment work has the accompanying qualities. 

(i) �̃�  is convex (ie) 1 2 1 2 1 2A A A
( x (1 )x ) minimum( (x ), (x )) x ,x R, [0,1]           

(ii) �̃�  is normal (ie) there exist 𝑥0 ∈ 𝑅 such that 𝜇�̃�(𝑥0) = 1 

(iii) 𝜇�̃�  is piecewise continuous. 

 

Definition 2.3 

A fuzzy number �̃�  is said to be non-negative fuzzy number if and only if 𝜇�̃�(𝑥) = 0  for all        x < 
0. 

 

Definition 2.4 

A fuzzy number �̃� = (𝑝, 𝑞, 𝑟) is said to be Triangular fuzzy number, if its membership function has 
the following forms: 

𝜇�̃�(𝑥) =  

{
 
 

 
 1 −

𝑝 − 𝑥

𝑞
 , 𝑝 − 𝑞 ≤ 𝑥 ≤ 𝑝, 𝑞 > 0

1 −
𝑥 − 𝑝

𝑟
, 𝑝 ≤ 𝑥 ≤ 𝑝 + 𝑟, 𝑟 > 0

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

 

Definition 2.5 

A fuzzy number = (p, q, r) is said to be Triangular fuzzy number, if its enrollment work has the 

accompanying structures: (i.e.) �̃�  ≥ 0   if and only if p - q  0. 

 

Definition 2.6 

A triangular fuzzy number �̃� = (𝑝, 𝑞, 𝑟)  is said to be zero triangular fuzzy number if and only if p = 
0, q = 0, r = 0. 
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Definition 2.7 

Two fuzzy numbers �̃� = (𝑝, 𝑞, 𝑟) and �̃� = (𝑠,𝑚, 𝑛)   are said to be equal if and only if p = s, q= m 
and r =n. 

 

 Definition 2.8 

Arithmetic operations an triangular fuzzy numbers 

Numerous creators have surveyed the essential tasks a triangular fuzzy numbers. In this subsection, 
we explored the tasks a triangular fuzzy numbers [7]. 

 Let �̃� = (𝑝, 𝑞, 𝑟)  𝑎𝑛𝑑  �̃� = (𝑠,𝑚, 𝑛)  be two triangular fuzzy numbers. 

(i) Addition :  �̃�⨁�̃�     = (𝑝, 𝑞, 𝑟)⨁(𝑠,𝑚, 𝑛) = (𝑝 + 𝑠, 𝑞 + 𝑚, 𝑟 + 𝑛) 
(ii) Subtraction : �̃� ⊖ �̃� = (𝑝, 𝑞, 𝑟) ⊖ (𝑠,𝑚, 𝑛) = (𝑝 − 𝑠, 𝑞 − 𝑚, 𝑟 − 𝑛)  
(iii) Multiplication : If �̃� ≥ 0  𝑎𝑛𝑑 �̃� ≥ 0  then  

               �̃�⨂�̃� = (𝑝, 𝑞, 𝑟)⨂(𝑠,𝑚, 𝑛) = (𝑝𝑠, 𝑝𝑚 + 𝑠𝑞, 𝑝𝑛 + 𝑠𝑟)         
(iv) Scalar Multiplication : Let 𝜆 be scalar then 

           
( p, q, r), 0

A (p,q,r)
( p, q, r), 0

    
    

    
             

                                           

Definition 2.9  

A matrix ijA (a )  is known as a fuzzy grid if every component of A is a fuzzy number. A fuzzy 

network A will be certain and signified by A > 0, if every component of A is sure. We speak to 

n x n  fuzzy grid  ij n x n
A a  such an extent that ij ij ija (a ,q ,r )  with the new documentation                 

A = (A, M, N) where A = ij(a ) , M = ij(q )  and N = ij(r )  are three n x n  fresh networks. 

 

3. Proposed Method 

 Consider the n  n fuzzy linear system of equations 

  11 1a x    12 2a x   ...   1n na x  = 1b  

  21 1a x    22 2a x   ...   2n na x  = 
2b  

                      

  n1 1a x    n2 2a x   ...   nn na x  = nb  

The matrix of the above equation is 

                                         A x = b  

where the coefficient matrix A  =  ija , 1  i, j  n is a n  n fuzzy matrix and x,b   F(R). This 

system is called a fully fuzzy linear system (FFLS). 

In this paper, we obtain a positive solution of fully fuzzy linear systems A x = b . 

Consider A  = (A, M, N)  0, x  = (x, y, z)  0 
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and  b  = (b, h, g)  0 

The FFLS A x = b  can be written as 

 (A, M, N)  (x, y, z) = (b, h, g) 

using definition 2.8, 

 (Ax, Ay + Mx, Az + Nx) = (b, h, g) 

 

using definition 2.7, 

 Ax = b 

 Ay + Mx = h        ... (2.1) 

 Az + Nx = g 

Our proposed method is a modification of Gauss Elimination method called Gauss Jordan Method. 

In this strategy, the coefficient grid A of the fresh direct arrangement of condition Ax = b,    
Ay + Mx = h and Az + Nx = g is conveyed to a unit lattice by making the enlarged network upper 
triangular as well as lower triangular (i.e.) by making all components above and beneath the main 
corner to corner of expanded framework as zeros.  

Step 1: Construct the increased lattices (A, b),(A, h – Mx) and (A, g – Nx) from condition 2.1.  

Step 2: Compute the estimations of xi, yi and zi by utilizing the basic row tasks.  

Step 3: The expanded networks (A, b), (A, h – Mx) and (A, g – Nx) diminished to push decreased 
frame.  

Step 4: The arrangement of fully fluffy straight framework (FFLS) will be spoken to by  

i i i ix (x ,y ,z )  for all i = 1, 2, ..., n. 

  

4. Numerical Example 

Consider the following FFLS (taken from [5]) and solve it by proposed method. 

(6, 1, 4)  (x1, y1, z1)  (5, 2, 2)  (x2, y2, z2)  (3, 2, 1)  (x3, y3, z3) = (58, 30, 60) 

(12, 8, 20)  (x1, y1, z1)  (14, 12, 15)  (x2, y2, z2)  (8, 8, 10)  (x3, y3, z3) = (142, 139, 257) 

(24, 10, 34)  (x1, y1, z1)  (32, 30, 30)  (x2, y2, z2)  (20, 19, 24)  (x3, y3, z3) = (316, 297, 514) 

Solution 

 The given FFLS may be written as 

 

     

     

     

 

 

 

 

 

 

1 1 1

2 2 2

3 3 3

6,1,4 5,2,2 3,2,1 x , y ,z 58,30,60

12,8,20 14,12,15 8,8,10   x , y ,z = 142,139,257

24,10,34 32,30,30 20,19,24 x , y ,z 316,297,514

     
     
     
     
     

 

 A = 

6 5 3

12 14 8

24 32 20

 
 
 
 
 

, M = 

1 2 2

8 12 8

10 30 19

 
 
 
 
 

, N = 

4 2 1

20 15 10

34 30 24
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 b = 

58

142

316

 
 
 
 
 

, h = 

30

139

297

 
 
 
 
 

, g = 

60

257

514

 
 
 
 
 

 

 The augmented matrix 

 (A, b) = 

6 5 3 58

12 14 8 142

24 32 20 316

 
 
 
 
 

 

 Applying elementary row operations on matrix (A, b) 

 First R1  1R

6
, we get 

5 3 58
1

6 6 6

12 14 8 142

24 32 20 316

 
 
 
 
 
 
 

 

 Again we apply elementary operations in sequence 

 R2  R2 – 12 R1, R3  R3 – 24 R1, R2  2R

4
, R3  R3 – 12 R2, 

 R3  3R

2
, R2  R2 - 

1

2
R3, R1  R1 - 

5

6
 R2, R1  R1 - 

1

2
 R3 

Finally, we get 

1 0 0 4

0 1 0 5

0 0 1 3

 
 
 
 
 

 

From this row reduced form of augmented Matrix (A, b),  

we have       x1 = 4, x2 = 5, x3 = 3. 

 

The augmented matrix 

(A, h – Mx) = 

6 5 3 10

12 14 8 23

24 32 20 50

 
 
 
 
 

 

Similarly, applying elementary row operations on Matrix (A, h – Mx) in sequence 

R1  1R

6
, R2  R2 – 12 R1, R3  R3 – 24 R1, R2  2R

4
, R3  R3 – 12 R2 , 

 R3  3R

2
, R2  R2 - 

3R

2
, R1  R1 - 

5

6
 R2 , R1  R1 - 

3R

2
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Finally, we get 

1 0 0 1

1
0 1 0

2

1
0 0 1

2

 
 
 
 
 
 
 
 

 

From this row reduced form of augmented matrix (A, h – Mx),  

we have          y1 = 1, y2 = 
1

2
, y3 = 

1

2
. 

Similarly, applying elementary row operations on augmented matrix 

(A, g – Nx) = 

6 5 3 31

12 14 8 72

24 32 20 156

 
 
 
 
 

 

Finally, we get 

1 0 0 3

0 1 0 2

0 0 1 1

 
 
 
 
 

 

From this row reduced form of augmented matrix (A, g – Nx),  

we have           z1 = 3, z2 = 2, z3 = 1. 

Substituting the values of xi, yi, zi where i = 1, 2, ..., n in the FFLS solution  

ix  = (xi, yi, zi), for all i = 1, 2, ..., n  

we get 

1x  = (x1, y1, z1) = (4, 1, 3) 

2x  = (x2, y2, z2) = (5, 1/2, 2) 

and 3x  = (x3, y3, z3) = (3, 1/2, 1) 

We have the same solution with this method as the system given in [5]. 

 

5. Conclusion 

In this paper, a new methodology is applied to find the solution of fully fuzzy linear system in the 
form of triangular fuzzy matrices. We used elementary row operations to get row reduced form. We 
examined are method by solving three fully fuzzy linear systems, which was used in [5]. Our 
proposed method is easy to determine the solution of FFLS. 
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ABSTRACT-A general assignment problem includes N tasks that intend assign to N workers to what 

place each laborer has the sufficiency to do all tasks. The objective is to confront the optimum assignment 

of a number of tasks (jobs) to an enlarge number of services (or persons) at a minimum cost. In this 

freebie the objectives are proposed as mixed objective which is triangular fuzzy number. Yager’s ranking 

approach has been used for grade the fuzzy numbers. The Hungarian method is used to solve the problem. 

The results of the numerical example prove that a fine conciliation solution can be reached effectively. 

Keywords 

Assignment problem, triangular fuzzy number, fuzzy ranking 

2010 Mathematics subject classification: 90B06 

 

1. INTRODUCTION 

Assignment problem is used as a matter of fact frequently in solving problems of manufacturing and 
administration discipline. It plays a prominent role in trading and distinctive application. In an 
assignment problem, n jobs are subsequent performed by n persons restrictive their flexibility to do 
the job. In this problem, cij denotes the charge of assigning the jth service to the ith person. We imply 
that a well known person gave a pink slip be assigned sure as can be one service, by the same token 
each person gave a pink slip do at practically one job. The problem is to seize an finest task so that 
the most part jobs is minimum or the total prosperity is maximum. 

Numerous researchers have developed contradictory techniques for solving generalized assignment 
problems. Ross and Soland [15], Cattrysse and Wassenhove [2], Amini and Racer [1], Lorena and 
Narciso [14], Chu and Beasley [5], Diaz and Fernandez [9] and Haddadi and Ouzia [12]. Zadeh [17] 
made a component of the work of genius of fuzzy sets to deal mutually imprecision and uncertainty 
in real continuance situations. Since by the time mentioned, consistent advances have been firm on 
the knowledge of myriad techniques and their application to different censure problems. Fuzzy 
assignment problems have confirmed large acknowledgment in different years [11,13]. In this article, 
a trendy scheme is considered to salute the optimal consolidation of mixed assignment problem by 
instead of the parameter as triangular fuzzy numbers. 

We separate this freebie as follows: In article 1, we introduce the assignment problem. In article 2, 
we comprise the mathematical ideal for the mixed objective assignment problem. In article 3, 
methodology is explained. In article 4, numerical concrete illustration is subject to and absolutely we 
reach the problem. 

 

2. MATHEMATICAL MODEL 

In this article, we comprise a preferably practical problem that is the mixed objective assignment 
problem by all of fuzzy costs and non-fuzzy costs. Lying on the core of this point, the yager’s 
ranking method [16] has been utilized to reorganize the fuzzy objectives to crisp one in case the 
predictable resolution schemes manage be useful to respond our problem. 

A. Problem formulation 

The mixed objective assignment problem is therefore: 
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minimize 
1 1 


n n

i j

(�̌�𝑖𝑗+cij)xij 

subject to 
1


n

j

xij=1          for  i = 1,2,…………n 

                  
1


n

i

xij=1            for j = 1,2………….n 

th1,   If the i  person is assigned the j  job 

0,


 


th

ijx
Otherwise

 

3. METHODOLOGY 

Since the model is complicated, it is unthinkable to apply the analytic ways to earn the excellent 
solution. In decision to solve uncertain programming model, the ranking stratagem is probably 
closely useful. 

 

A. Representation of generalized fuzzy number 

In general, a generalized fuzzy number A is described as entire fuzzy subset of the real line R, whose 
membership function µA satisfies, the henceforth conditions: 

1. µA is a incessant mapping from R to the closed interval [0,1] 

2. µA (x) = 0, -∞ < x ≤ a1 

3. µA (x) = L(x) is exactingly increasing on [a1,a2] 

4. µA (x) = w, a2 ≤ x ≤ a3 

5. µA (x) = R(x) is exactingly decreasing on [a3,a4] 

6. µA (x) = 0, a4 ≤ x ≤ ∞ 

We denote this type of generalized fuzzy number as A = (a1,a2, a3,a4: w)LR 

 

B. Triangular fuzzy number 

A triangular fuzzy number A is denoted by (l,m,n) and its membership function µA (x) is given by  

 

 𝜇(𝐴)(𝑥) = {

𝑥−𝑙 

𝑚−𝑙
   𝑙 ≤ 𝑥 ≤ 𝑚

𝑥−𝑛

𝑚−𝑛
     𝑚 ≤ 𝑥 ≤ 𝑛

0     ,   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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Fig.1: Triangular fuzzy number 

C. Yager’s ranking method 

Lin and wen solved the assignment problem mutually fuzzy interim integer costs by a category 
algorithm [10]. Chen [6] proved a few theorems and expected a fuzzy task method. Dominance of 
fuzzy numbers can be explained by multiple ranking methods [5,8,9,13].yager’s ranking method [16] 
is a competent grade practice which executed the property of cooperation, linearity and additively. 
We serve yager’s grade technique [16] in this paper. 

The yager’s ranking index is defined by 

𝑌(𝐶 ̌) =  ∫0.5(𝐶𝛼
𝐿

1

0

+ 𝐶𝛼
𝑈)𝑑𝛼 

Where 𝐶𝛼 
𝐿 + 𝐶𝛼

𝑈   is the α cut of fuzzy number �̌� 

 

4. NUMERICAL EXAMPLE 

Consider a matrix in which the rows denotes 3 peoples A,B,C and columns denotes the 3 works 

1,2,3. The cost matrix  �̌� is given in triangular fuzzy numbers. 

�̌�𝑖𝑗 =  [

(1,3,4) (5,8,11) (9,10,11)
(7,8,10) (5,6,7) (8,10,12)
(5,7,10) (8,11,13) (2,4,5)

] 

 

 

We calculate Y(1,3,4) by applying the yager’s ranking method. The membership function of the 
triangular number (1,3,4) is 

𝜇𝐴(𝑥) =  

{
 
 

 
 
𝑥 − 1

2
, 𝑖𝑓 1 ≤ 𝑥 ≤ 3 

𝑥 − 4

1
, 𝑖𝑓 3 ≤ 𝑥 ≤ 4 

0, 𝑖𝑓 𝑥 ≥ 4

 

 

The α-cut of the fuzzy number (1,3,4) is (c αL,c  αU ) = (2α + 1, 4 - α) 

    𝑌(�̌�11) =  𝑌(1,3,4) =  ∫ 0.5(𝐶𝛼
𝐿1

0
+ 𝐶𝛼

𝑈)𝑑𝛼 

                                    =    ∫ 0.5(2𝛼 + 1 + 4 − 𝛼
1

0
)𝑑𝛼     

                                   = ∫ 0.5(
1

0
𝛼 + 5)𝑑𝛼 = 2.75 
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Proceeding similarly, the Yager’s ranking indices for the fuzzy costs ijC  are calculated as: 

12 13

21 22 23

32 33

Y(C ) = 8,        Y(C ) = 10,

Y(C ) = 8.25,   Y(C ) = 6,  Y(C ) = 10,

Y(C3) = 7.25,   Y(C ) = 10.75,  Y(C ) = 3.75,

 

Therefore ijC  becomes cij 

 

𝐶𝑖𝑗 =  [
2.75 8 10
8.25 6 10
7.25 10.25 3.75

] 

As per on mathematical formulation, the crisp cost is 

    

𝐶𝑖𝑗 =  [
4 8 12
10 7 4
9 8 5

] 

 

  Adding these, we have defuzzified cost matrices 

 

𝐶𝑖𝑗 =  [
6.75 16 22
18.25 13 24
16.25 18.25 8.75

] 

 

Applying the Hungarian method, the solution is 

 

𝐶𝑖𝑗 =  [
6.75 16 22
18.25 13 24
16.25 18.25 8.75

] 

 

*Optimal assignment 

Therefore, The minimum cost = 6.75 + 13 + 8.75 

                = 28.5 

 

5. CONCLUSION 

In this paper, mixed objective assignment problem solved. The assignment costs are triangular fuzzy 
numbers and crisp numbers. Yager’s ranking techniques are used to transform the triangular fuzzy 
number into crisp number. The numerical example shows that all jobs can be assigned effectively, 
the use of resources can be minimized and the assignment problem solved efficiently. We have 
revealed that the total cost obtain is optimal. 
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Abstract. Several types of e normality and their characteristics were observed in a double fuzzy topological spaces. Various
functions in these kinds of spaces are introduced.

Keywords and phrases: DFAeN, DFeN and DFMeN spaces.
AMS (2000) subject classification: 45D05

INTRODUCTION

For the introductory and undefined notions refer [[1]-[7]]
(X,T,T⋆) denotes a double fuzzy topological spaces briefly, (dfts), ι ∈ I0 and κ ∈ I1.

DOUBLE FUZZY e-NORMAL SPACES

Definition 1.1 A fuzzy set A is called an (ι, κ)-regular generalized fuzzy e - closed (briefly, (ι, κ)-rgfec) if
eCT,T⋆ (A, ι, κ) ≤ B whenever A ≤ B and B is (ι, κ)-fro. A is called an (ι, κ)-regular generalized fuzzy e - open (briefly
(ι, κ)-rgfeo) iff 1 − A is (ι, κ)-rgfec set.

Definition 1.2 A fuzzy set A is called an (ι, κ)-fuzzy regular e-open (briefly, (ι, κ)-freo) if A =

eIT,T⋆ (eCT,T⋆ (A, ι, κ), ι, κ) and (ι, κ)-fuzzy regular e-closed (briefly, (ι, κ)-frec) if if A = eCT,T⋆ (eIT,T⋆ (A, ι, κ), ι, κ).

Definition 1.3 A dfts (X,T,T⋆) is said to be

(i) double fuzzy almost e-normal (briefly, DFAeN) space if for each A1, (ι, κ)-fec, A2, (ι, κ)-frec set such that A1qA2,
there exists (ι, κ)-feo sets B1, B2 ∈ IX such that A1 ≤ B1, A2 ≤ B2 with B1qB2.

(ii) double fuzzy e-normal (briefly, DFeN) space if for each A1, A2 ∈ IX , such that A1 and A2 are (ι, κ)-fec sets with
A1qA2, there exists (ι, κ)-feo sets B1, B2 ∈ IX such that A1 ≤ B1, A2 ≤ B2 with B1qB2.

(iii) double fuzzy mildly e-normal (briefly, DFMeN) space if for each A1, A2 ∈ IX such that A1 and A2 are (ι, κ)-frec
sets and A1qA2, there exists (ι, κ)-feo sets B1, B2 ∈ IX such that A1 ≤ B1, A2 ≤ B2 with B1qB2.

Clearly, DFeN space⇒ DFAeN space⇒ DFMeN space, but not conversely.

Example 1.1 Let X = {x} , B(x) = 0.4; C(x) = 0.7; D(x) = 0.8. and
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T (A) =


1, if A = 0, 1,
1
4 , if A = B,
1
3 , if A = C,D,
0, o.w.

T⋆(A) =


0, if A = 0, 1,
1
4 , if A = B,
1
2 , if A = C,D,
1, o.w.

(X,T,T⋆) is DFMeN space but not DFAeN space.

Example 1.2 Let X = {x, y}, E(x) = 0.3, E(y) = 0.4; F(x) = 0.4, F(y) = 0.5; G(x) = 0.6,G(y) = 0.6 and

T (A) =


1, if A = 0, 1,
1
4 , if A = E,
1
3 , if A = F,G,
0, o.w.

T⋆(A) =


0, if A = 0, 1,
1
4 , if A = E,
1
2 , if A = F,G,
1, o.w.

(X,T,T⋆) is DFAeN space but not DFeN space.

Theorem 1.1 Let (X,T,T⋆) be a dfts. Then,

(i) (X,T,T⋆) is a DFMeN space.
(ii) For each pair of (ι, κ)-frec sets A1, A2 ∈ IX ∋ A1qA2,∃(ι, κ)-freo sets B1, B2 ∋ A1 ≤ B1, A2 ≤ B2 and B1qB2.

(iii) For each pair of (ι, κ)-frec sets A1, A2 ∈ IX ∋ A1qA2,∃(ι, κ)-gfeo sets B1, B2 ∋ A1 ≤ B1, A2 ≤ B2 and B1qB2.
(iv) For each (ι, κ)-frec set A ∈ IX and each (ι, κ)-freo set B ∈ IX ∋ A ≤ B,∃(ι, κ)-feo set C ∈ IX ∋ A ≤ C ≤

eCT,T⋆ (C, ι, κ) ≤ B.
(v) For each (ι, κ)-frec sets A ∈ IX and each (ι, κ)-freo set B ∈ IX ∋ A ≤ B,∃(ι, κ)-gfeo set C ∈ IX ∋ A ≤ C ≤

eCT,T⋆ (C, ι, κ) ≤ B.
(vi) For each (ι, κ)-frec sets A1, A2 ∈ IX ∋ A1qA2,∃(ι, κ)-feo sets B1 and B2 ∋ A1 ≤ B1, A2 ≤ B2 and B1qB2.

are equivalent.

Proof. (i)⇒(iv). Let A be (ι, κ)-frec set and let B be an (ι, κ)-freo set such that A ≤ B. Then, Aq1− B. By (i), there
exist (ι, κ)-freo sets A1 and B1, such that A ≤ A1, 1−B ≤ B1, and A1qB1. Thus A ≤ A1 ≤ eCT,T⋆ (A1, ι, κ) ≤ 1−B1 ≤ B.

(iv)⇒(ii). Let A1 and A2 are (ι, κ)-frec sets ∋ A1qA2. Then, A1 ≤ 1 − A2. By (iv), there ∃(ι, κ)-feo set C ∈
IX ∋ A1 ≤ C ≤ eCT,T⋆ (C, ι, κ) ≤ 1 − A2. It follows that A1 ≤ eIT,T⋆ (eCT,T⋆ (C, ι, κ), ι, κ) ≤ 1 − A2 and A2 ≤ 1 −
eCT,T⋆ (C, ι, κ) = eIT,T⋆ (1 −C, ι, κ). Then, B1 = eIT,T⋆ (eCT,T⋆ (C, ι, κ), ι, κ) and B2 = eIT,T⋆ (1 −C, ι, κ) are (ι, κ)-freo sets
∋ A1 ≤ B1, A2 ≤ B2 and B1qB2.

(iv)⇒(vi) Let A1 and A2 are (ι, κ)-frec sets ∋ A1qA2. Then, A1 ≤ 1 − A2. By (vi), ∃(ι, κ)-feo set B1 ∋ A1 ≤ B1 ≤
eCT,T⋆ (B1, ι, κ) ≤ 1 − A2. Then, B2 = 1 − eCT,T⋆ (B1, ι, κ) is an (ι, κ)-feo set and B1qB2.

(vi)⇒(i) Let A1 and A2 are (ι, κ)-frec ∋ A1qA2. Then, A1 ≤ 1−A2. By (vii), ∃(ι, κ)-feo B1 and B2 ∋ A1 ≤ B1, A2 ≤
B2 and B1qB2. Let C1 = eIT,T⋆ (eCT,T⋆ (eIT,T⋆ (B1, ι, κ), ι, κ), ι, κ) and C2 = eIT,T⋆ (eCT,T⋆ (eIT,T⋆ (B2, ι, κ), ι, κ), ι, κ). Then,
C1 and C2 are (ι, κ)-feo sets such that C1qC2. Hence (X,T,T⋆) is DFeN space.

The other cases are trivial.

Theorem 1.2 Let (X,T,T⋆) be a dfts. Then, the following statements are equivalent.

(i) (X,T,T⋆) is a DFeN (resp. DFAeN) space.
(ii) For each pair of (ι, κ)-frec sets A1, A2 ∈ IX , ∋ A1qA2, there exist (ι, κ)-freo sets B1, B2 such that A1 ≤ B1, A2 ≤

B2 and B1qB2.
(iii) For each pair of (ι, κ)-frec sets A1, A2 ∈ IX , ∋ A1qA2, there exist (ι, κ)-gfeo sets B1, B2 such that A1 ≤ B1, A2 ≤

B2 and B1qB2.
(iv) For each (ι, κ)-frec set A ∈ IX and each (ι, κ)-freo B ∈ IX ∋ A ≤ B,∃(ι, κ)-feo set C ∈ IX ∋ A ≤ C ≤

eCT,T⋆ (C, ι, κ) ≤ B.
(v) For each (ι, κ)-frec sets A ∈ IX and each (ι, κ)-freo set B ∈ IX such that A ≤ B, there exist an (ι, κ)-gfeo set

C ∈ IX such that A ≤ C ≤ eCT,T⋆ (C, ι, κ) ≤ B.
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(vi) For each (ι, κ)-frec sets A1, A2 ∈ IX , r ∈ I0 and κ ∈ I1 ∋ A1qA2,∃(ι, κ)-feo sets B1, B2 ∋ A1 ≤ B1, A2 ≤ B2 and
B1qB2.

Definition 1.4 A function f : (X,T,T⋆)→ (Y, S , S ⋆) is called:

(i) double fuzzy regular e-continuous (resp. double fuzzy regular e- irresolute) (briefly, d f reCts (resp. d f reIrt)) if
f −1(A) is (ι, κ)-freo, for each A ∈ IY , ∋ A is (ι, κ)-fo (resp. (ι, κ)-freo) set.

(ii) double fuzzy almost regular generalized e- continuous (resp. double fuzzy almost e- continuous) (briefly
d f argeCts (resp. d f aeCts)) if f −1(A) is (ι, κ)-rgfeo (resp. (ι, κ)-feo), for each A ∈ IY , ∋ A is (ι, κ)-fro set.

(iii) double fuzzy almost e-closed (resp. double fuzzy almost generalized e-closed and double fuzzy almost regular
generalized e- closed) (briefly, d f aeC (resp. d f ageC and d f argeC)) if f (A) is (ι, κ)-fec (resp. (ι, κ)-gfec and
(ι, κ)-rgfec) set for each A ∈ IX , ∋ A is (ι, κ)-frc.

Theorem 1.3 If f : (X,T,T⋆) → (Y, S , S ⋆) is a d f aeCts, d f aeC and onto function with (X,T,T⋆) is a DFMeN
space, then (Y, S , S ⋆) is a DFMeN space.

Proof. Let D1,D2 ∈ IY are (ι, κ)-frc ∋ D1qD2. Since f is d f aeCts function f −1(D1) and f −1(D2) are
(ι, κ)-frec sets with f −1(D1)q f −1(D2). Since (X,T,T⋆) is DFMeN space, ∃B1, B2 ∈ IX such that B1 and
B2 are (ι, κ)-feo sets and f −1(B1) ≤ B1, f −1(B2) ≤ B2 with B1qB2. Since eIT,T⋆ (eCT,T⋆ (B1, ι, κ), ι, κ) and
eIT,T⋆ (eCT,T⋆ (B2, ι, κ), ι, κ) are (ι, κ)-fro sets and eIT,T⋆ (eCT,T⋆ (B1, ι, κ), ι, κ)qeIT,T⋆ (eCT,T⋆ (B1, ι, κ), ι, κ). Furthermore,
f −1(D1) ≤ Bi ≤ eIT,T⋆ (eCT,T⋆ (B, ι, κ), ι, κ), for each i ∈ {1, 2}. Since f is d f aeCts, ∃E1, E2 ∈ IY such that
S (E1) ≥ ι, S ⋆(E1) ≤ κ, S ⋆(E2) ≥ ι, S ⋆(E2) ≤ κ and D1 ≤ E1, D2 ≤ E2 with f −1(E1) ≤ eIT,T⋆ (eCT,T⋆ (Bi, ι, κ), ι, κ),
for each i ∈ {1, 2}.Moreover E1qE2. Hence (Y, S , S ⋆) is DFMeN space.

Corollory 1.1 Let (X,T,T⋆) and (Y, S , S ⋆) be dfts’s and let (X,T,T⋆) be DFeN space. If f : (X,T,T⋆) →
(Y, S , S ⋆) is a d f aeCts, d f aeC function, then (Y, S , S ⋆) is a DFMeN space.

Corollory 1.2 Let (X,T,T⋆) and (Y, S , S ⋆) be dfts’s and let (X,T,T⋆) be DFMeN space. If f : (X,T,T⋆) →
(Y, S , S ⋆) is a d f aeCts, d f aeC and d f eO (resp. d f eCts, d f eC, d f eO) function, then (Y, S , S ⋆) is a DFMeN space.

Theorem 1.4 Let (X,T,T⋆) and (Y, S , S ⋆) be dfts’s and let (Y, S , S ⋆) be DFMeN space (resp. DFeN space). If
f : (X,T,T⋆)→ (Y, S , S ⋆) is d f aergCts, d f reC (resp. d f aeC) 1-1 function, then (X,T,T⋆) is DFMeN space.

Proof. For each ι ∈ I0 and κ ∈ I1, let A1, A2 ∈ IX are (ι, κ)-frc sets such that A1qA2. Since f is dfreC (resp.
dfaeC) 1-1 function, f (A1) and f (A2) are (ι, κ)-frec sets (resp. S (1 − f (A1) ≥ ι, S ⋆(1 − f (A1)) ≤ κ and S (1 − f (A2)) ≥
ι, S ⋆(1 − f (A2)) ≤ κ). Since (Y, S , S ⋆) is DFMeN (resp. DFN) space, there exist D1,D2 ∈ IY such that S (D1) ≥
ι, S ⋆(D1) ≤ κ, S (D2) ≥ ι, S ⋆(D2) ≤ κ and f (A1) ≤ D1, f (A2) ≤ D2 with D1qD2.

Now let E1 = eIS ,S ⋆ (eCS ,S ⋆ (D1, ι, κ), ι, κ) and let E2 = eIS ,S ⋆ (eCS ,S ⋆ (D2, ι, κ), ι, κ). Then, E1, E2 are (ι, κ)-rfo sets
such that f (A1) ≤ E1, f (A2) ≤ E2 and E1qE2. Since f is d f argects function, then f −1(E1) and f −1(E2) are (ι, κ)-rgfeo
sets. Furthermore, A1 ≤ f −1(E1), A2 ≤ f −1(E2) and f −1(E1)q f −1(E2). Hence by Theorem a) (X,T,T⋆) is DFMeN
space.

Theorem 1.5 Let f : (X,T,T⋆) → (Y, S , S ⋆) be d f rects, d f ageC and onto function. If (X,T,T⋆) is DFMeN
space, then (Y, S , S ⋆) is DFeN space.

Proof. For each ι ∈ I0 and κ ∈ I1, let D1,D2 ∈ IY such that S (1 − D1) ≥ ι, S ⋆(1 − D1) ≤ κ, S (1 − D2) ≥
ι, S ⋆(1 − D2) ≤ κ and D1qD2. Since f is d f rects, f −1(D1) and f −1(D2) are (ι, κ)-rfec with f −1(D1)q f −1(D2). Since
(X,T,T⋆) is DFMeN, there exist A1, A2 ∈ IX such that T (A1) ≥ ι,T⋆(A1) ≤ κ,T (A2) ≥ ι,T⋆(A2) ≤ κ and f −1(D1) ≤
A1, f −1(D2) ≤ A2 with A1qA2.

Let B1 = eIT,T⋆ (eCT,T⋆ (A1, ι, κ), ι, κ) and let B2 = eIT,T⋆ (eCT,T⋆ (A2, ι, κ), ι, κ). Then, clearly B1 and B2 are (ι, κ)-
rfeo sets ∋ f −1(D1) ≤ B1, f −1(D2) ≤ B2 and B1qB2. Since f is d f ageC, there exist E1, E2 ∈ IY ∋ E1, E2 are (ι, κ)-gfo
sets and D1 ≤ E1,D2 ≤ E2, f −1(E1) ≤ B1 and f −1(E2) ≤ B2. Since B1qB2, then E1qE2. But E1, E2 are (ι, κ)-gfo,
D1 ≤ eIS ,S ⋆ (E1, ι, κ) and D2 ≤ eIS ,S ⋆ (E2, ι, κ). Furthermore eIS ,S ⋆ (E1, ι, κ)qeIS ,S ⋆ (E2, ι, κ). Hence (Y, S , S ⋆) is DFeN.
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Corollory 1.3 Let f : (X,T,T⋆) → (Y, S , S ⋆) be d f reCts, d f eC and onto function. If (X,T,T⋆) is DFMeN
space, then (Y, S , S ⋆) is DFeN.

Theorem 1.6 Let f : (X,T,T⋆) → (Y, S , S ⋆) be d f reIrt (resp. d f aeCts, d f argeC) and surjective function. If
(X,T,T⋆) is DFMeN space (resp. DFeN), then (Y, S , S ⋆) is DFMeN space.

Proof. For each ι ∈ I0 and κ ∈ I1, let D1,D2 ∈ IY are (ι, κ)-rfc sets such that D1qD2. Since f is d f reIrt
(resp. d f aeC) function, f −1(D1) and f −1(D2) are (ι, κ)-rfc sets (resp. T ( f −1(1 − f −1(D1)) ≥ ι, T⋆(1 − f −1(D1)) ≤
κ, T ( f −1(1 − f −1(D2)) ≥ ι, T⋆(1 − f −1(D2)) ≤ κ such that f −1(D1)q f −1(D2). Since (X,T,T⋆) is DFMeN (resp.
DFeN), there exist A1, A2 ∈ IX such that f −1(D1) ≤ A1, f −1(D2) ≤ A2 and A1qA2.

Let B1 = eIT,T⋆ (eCT,T⋆ (A1, ι, κ), ι, κ) and let B2 = eIT,T⋆ (eCT,T⋆ (A2, ι, κ), ι, κ). Then, clearly B1 and B2 are (ι, κ)-
rfeo sets such that f −1(D1) ≤ B1, f −1(D2) ≤ B2 and B1qB2. Since f is d f argeC function, there exist E1, E2 ∈ IY such
that E1, E2 are (ι, κ)-rgfeo sets and D1 ≤ E1,D2 ≤ E2, f −1(E1) ≤ B1 and f −1(E2) ≤ B2. Since B1qB2, then E1qE2.
Hence (Y, S , S ⋆) is DFMeN space.

Corollory 1.4 Let f : (X,T,T⋆) → (Y, S , S ⋆) be d f aects, d f aeC and surjective function. If (X,T,T⋆) is DFeN
space, then (Y, S , S ⋆) is DFMeN space.
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Defuzzification Formula for Modelling and 

Scheduling A Furniture Fuzzy Project Network 
S. Maheswari, M. Shalini, T. L. Yookesh 

 

ABSTRACT -This research article presents a new 

defuzzification formula for deciding the critical path in a 

proposed network. Here we introduce an octagonal fuzzy 

numbers for representing the duration time. It is shown that it 

is better to use octagonal fuzzy numbers towards determining 

the critical path. A numerical example is given and the 

proposed formula as compared with the existing fuzzy 

numbers. 

Keywords: FCPM, fuzzy project network, fuzzy numbers, 

defuzzification. 

MSC: 63E72, 65K10, 90B15. 

 
I. INTRODUCTION 

The critical path method (CPM), worked out 

toward the start of the 1960s, Starting with the second 

part of the 1970s proposed in [5,8,11]. In [10] they 

calculated the critical path by considering the needed 

sources, the time of project completion. Zadeh [12] 

introduced an another path to accord with vague data is to 

use the perception of fuzziness. Jain [4] proposed the idea 

of fuzzy numbers and positioning fuzzy numbers. In [1] 

acquainted a calculation with carryout critical path under 

fuzzy domain. In [3] they computed fuzzy math 

operations to calculate the fuzzy earliest starting time of 

activity in a network. 

In [2] concentrated on the choice of the centroid 

strategy to find crisp values which speak to uncertain 

information. In [9] developed a proposed centroid method 

for trapezoidal fuzzy number. In [7] displayed an 

arranging model for a helicopter support focus, it is to 

ensure a decent administration level to restrict flying 

machine visit length. In [6] presented a wellbeing related 

personal satisfaction by utilizing four-advance calculation 

of positioning fuzzy numbers. 

This paper, we present an approach, which is not 

researched so far. We used octagonal fuzzy numbers for 

centroid method to find the critical path. We compared our 

proposed fuzzy number with the existing triangular and 

trapezoidal fuzzy numbers. The conclusion has arrived 

through numerical example. 
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II. PRELIMINARIES 

Here, we present the most basic concepts and defuzzification. 

2.1.Fuzzy set 

If X is a collection of objects denoted generically 

byx,then a fuzzy setAin X is a set of ordered pair 

Ax,
A
x :xXwhereA(x)is  called themembership  

function of A. 

 

2.2.Fuzzy number 
The  fuzzy  number  A  is  a  fuzzy  set  of  the real 

number R with  membership function 

Axsatisfies

    1.Axis continuous 

    Axis increasing 

in (a,b) 

    Axis decreasing 

in (c,d). 

 

2.3.Trapezoidal fuzzynumber 

 

HereA b1,b2,b3,b4 is a trapezoidal fuzzy number 

2.4.Triangular fuzzy number 

 

 
Here A b1,b2,b3is a triangular fuzzy number  

 

2.5.Defuzzification 

 Transformation from a fuzzy set to a crisp number 

is called a defuzzification. defuzzification is required when 

you want a crisp number as output from a fuzzy system. It 

can take many forms, but the most standard defuzzification 

is through computing the centroid method. 
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2.6.Arithmeticoperations 

Give A and B be two

 octagonal fuzzy numbers

 parameterized  

by1,A2,A3,A4,A5,A6,A7,A8and  

B1,B2,B3,B4,B5,B6,B7,B8respectively.   The   

simplified  fuzzynumber arithmetic operations between the 

fuzzy numbers Aand Bare as follows: Fuzzy numbers 

addition : 

1,A2,A3,A4,A5,A6,A7,A8(B1,B2,B3,B4,B

5,B6,B7,B8

A11,A22,A33,A44,A55,A66,A

77,A88

Fuzzy numbers subtraction : 

1,A2,A3,A4,A5,A6,A7,A8(B1,B2,B3,B4,B

5,B6,B7,B8

A18,A27,A36,A4B5,A54,A63,A7B2,A

8B1

III. PROPOSED METHOD FOR 

DEFUZZIFICATION

Here, we proposed a defuzzification formula. Authors 

had researched on ranking methods using  fuzzy numbers. 

And octagonal fuzzy numbers are used to find fuzzy 

critical path based on defuzzification method which is not 

researched so far. Motivation behind this study is to find a 

new formula to calculate fuzzy critical path precisely. 

Here (a,b,c,d,e,f,g,h) are octagonal fuzzy number, real 

numbers and its membership functions are as follows. 

 

     

,,,

1 ,1 , 1 ,
, ,

,, ,

0 , 0 , 0 ,

A B C

x ex cx a e x fc x da x b
f ed cb a

d x ex c f x g
x x x

f xd x h x
e x fc x d g x h

f ec d h g

otherwise otherwise otherwis

b

e

  

       
    

    
       
   

  
  

 

A X 



   1- A B C 

 

 

 

 

 

 

0 a b c d e f g h X 

 

Figure 1. Representation of an octagonal fuzzy number 

By fig.(1) and from the above membership function we may write the defuzzification formula 

as
( )

f f gb c d d e h

a b c c d e e f g

f f gb c d d e h

a b c c d e e f g

x a d x x c f x x e h x
x dx x dx x dx x dx x dx x dx x dx x dx x dx

b a d c d c f e f e h g
Centroid A

x a d x x c f x x e h x
dx dx dx dx dx dx dx dx dx

b a d c d c f e f e h g

     
       

     


     
       

     

        

        
 

 

3.1. Fuzzy Critical Path Algorithm 

  Consider the project network, here octagonal fuzzy 

numbers are utilized to speak to the movement time. 

Step 1: Compute
s

iE ’s and 
f

iE ’s 

using
 
 

s s

i j j
j P i

E Max E t


   and
f s

i i iE E t   

Step 2: Compute
f

iL ’s and 
s

iL ’s 

using
 
 f f

i j j
j P i

L Min L t


  and 
s f

i i iL L t   

Step 3: Compute
F

iT ’s for all the activities (i,j) using 

F ss

i i iT L E  or
F ff

i i iT L E 

 Step 4: Compute the total fuzzy slack time for every path. 

Step 5: The path which is having minimum value is the 

critical path.
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IV.  PROPOSED CENTROID METHOD USING OCTAGONAL  FUZZY NUMBERS 

Let A= (a,b,c,d,e,f,g,h) be an octagonal fuzzy number. From fig. (1) and the above membership function 

the formula for centroid 

is

( )

f f gb c d d e h

a b c c d e e f g

f f gb c d d e h

a b c c d e e f g

x a d x x c f x x e h x
x dx x dx x dx x dx x dx x dx x dx x dx x dx

b a d c d c f e f e h g
Centroid A

x a d x x c f x x e h x
dx dx dx dx dx dx dx dx dx

b a d c d c f e f e h g

     
       

     


     
       

     

        

        

By solving the above centroid equation, we get the centroid octagonal formula as given in the following equation 

(1). 

   
   

2 2 2 2 2 2 2 2 2 2 2 2

( ) (1)
3

c d e f g h cd ef gh a b c d e f ab cd eh
Centroid A

c d e f g h a b c d e h

                


               
 

 

V. EXPERIMENTS AND RESULTS DESCRIPTION 

To delineate the proposed formula, 

consider the accompanying framework 

graph.Node.1-Wooden arms and legs, Node.2-  

 

Wooden back, Node.3-Wooden base, Node.4-  

foam for back and base, Node.5- Fit covers, 

Node.6- Set everything together.

 

 

 

 

 

 

 

Figure.5.1. Network Project 

 

5.1.Fuzzy Activity Time for Trapezoidal and Triangular FuzzyNumbers 

The venture given in Fig.(2) fuzzy action times are spoken to by trapezoidal and triangular fuzzy numbers. 

Table 1: Total float value 

 

Activity ActivityTime in 

Trapezoidal 

Total float ActivityTime in  

Triangular 

Total float 

1-2 (3,5,6,9) (-24,-4,4,24) (3,6,9) (-24,0,24) 

1-3 (6,8,9,12) (-18,0,7,25) (6,9,12) (-18,4,25) 

1-4 (8,10,11,14) (-4,11,17,32) (8,11,14) (-4,15,32) 

2-3 (4,6,7,9) (-24,-4,4,24) (4,7,9) (-24,0,24) 

2-5 (4,7,7,10) (-8,10,16,35) (4,7,10) (-8,14,35) 

3-4 (9,12,13,16) (-24,-4,4,24) (9,13,16) (-24,0,24) 

3-5 (10,13,14,17) (-24,-4,4,25) (10,14,17) (-24,0,25) 

4-6 (14,16,17,20) (-24,-4,4,24) (14,17,20) (-24,0,24) 

5-6 (12,15,16,19) (-24,-4,4,25) (12,16,19) (-24,0,25) 

 

These are the paths from the Fig.(2) 1-4-6, 1-2-5-6, 1-3-4-6, 1-2-3-5-6, 1-3-5- 6 and 1-2-3-4-6. 

3 

2 

1 

6 

5 

4 
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5.2.Centroid Method for Triangular FuzzyNumber 

Fuzzy activity and slack time for each path is given below. And defuzzified values are calculated using triangular 

centroid formula. 

 
3

a b c
Centroid A

 


      (2)

 

Table 2: Defuzzified values of each path 

Path FuzzyActivityTime 
SlackTime 

(a, b, c) 

DefuzzifiedValue 

using eqn.(2) 

1-4-6 (22, 28, 34) (-28,15,56) 14.333 

1-2-5-6 (19,29, 38) (-56,14,83) 13.666 

1-3-4-6 (29, 39, 48) (-66,4,73) 3.666 

1-2-3-5-6 (29, 43, 54) (-96,0,97) 0.666 

1-3-5-6 (28, 39, 48) (-66,4,74) 4 

1-2-3-4-6 (30, 43,54) (-96,0,96) 0 

We used defuzzified formula and we are getting the minimum value is 0. The path 1-2-3-4-6 is the critical path for the 

network. This is the critical path for the considered  fuzzy project network. 

5.3. Centroid Method for Trapezoidal FuzzyNumbers 

Fuzzy activity and slack time for each path given below. And defuzzified values are calculated using trapezoidal 

centroid formula. 

 
   

   

2 2 2 2

3

c d cd a b ab
Centroid A

c d b a

    


    

(3)

Table 3: Defuzzified values of each path 

 

 

Path 

FuzzyActivity 

time 

SlackTime 

(a,b,c,d) 4

a b c d  
 Values using eqn.(3) 

1-4-6 (22, 26,28, 34) (-28,7,21,56) 14 14 

1-2-5-6 (19, 27,29, 38) (-56,2,24, 84) 13.5 13.625 

1-3-4-6 (29, 36,39, 48) (-66,-8,15, 73) 3.5 3.5 

1-2-3-5-6 (29, 39,43, 54) (-96,-16,16, ,98) 0.5 0.619 

1-3-5-6 (28, 36,39, 48) (-66,-8,15,74) 3.75 3.809 

1-2-3-4-6 (30, 39,43,54) (-96,-16,16,96 0 0 

We used defuzzified formulae and we are getting the minimum value is 0. This is the critical path 1-2-3-4-6for the 

furniture network. 

Table 4: Total float of each activity 

 

Activities FuzzyAactivity time Total float 

1-2 (3,3,4,5,6,7,8,9) (-24,-18,-11,-4,4,11,18,24) 

1-3 (6,7,8,8,9,10,11,12) (-18,-13,-6,0,7,12,18,25) 

1-4 (8,9,10,10,11,12,13,14) (-4,0,6,11,17,21,26,32) 

2-3 (4,4,5,6,7,8,8,9) (-24,-18,-11,-4,4,11,18,24) 

2-5 (4,5,6,7,7,8,9,10) (-8,-3,4,10,16,23,29,35) 

3-5 (10,11,12,13,14,15,16,17) (-24,-18,-11,-4,4,11,18,25) 

3-4 (9,10,11,12,13,14,15,16) (-24,-18,-11,-4,4,11,18,24) 

4-6 (14,15,16,16,17,18,19,20) (-24,-18,-11,-4,4,11,18,24) 

5-6 (12,13,14,15,16,17,18,19) (-24,-18,-11,-4,4,11,18,25) 

 

The possible paths for the project network and fuzzy slack times are calculated and given below 
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5.4.Proposed Centroid method using Octagonal FuzzyNumbers 

The project network given in Fig.(2) octagonal fuzzy numbers are used to represent the activity times 

  

Table 5: Defuzzified values of each path 

 

 

Path 

 

Slack time 

(a,b,c,d) 

 

8

a b c d e f g h      
 

Proposed 

Defuzzified Value 

using eqn. (1) 

1-4-6 (-28,-18,-5,7,21,32,44,56) 13.625 12.374 

1-2-5-6 (-56,-39,-18,2,24,46,66,84) 13.625 12.523 

1-3-4-6 (-66,-49,-28,-8,15,34,54,73) 3.125 2.219 

1-2-3-5-6 (-96,-72,-44,-16,16,46,74,98) 0.75 0.184 

1-3-5-6 (-66,-49,-28,-8,15,35,55,74) 3.5 3.031 

1-2-3-4-6 (-96,-72,-44,-16,16,44,72,96) 0 0 

We used defuzzified formulae and we are getting the minimum value is 0. This is the critical path 1-2-3-4-6for the furniture 

network. 

 

5.5.Comparison of the proposed method with the existingmethods 

Here triangular, trapezoidal and octagonal fuzzy numbers are compared. For finding the critical path in the project 

network octagonal fuzzy number is the better method. 

Table 6.Comparison of fuzzy numbers 

Path Triangular 

FuzzyNumber 

Trapezoidal 

FuzzyNumber 

ProposedOctagonal 

Number 

1-4-6 14.333 14 12.374 

1-2-5-6 13.666 13.625 12.523 

1-3-4-6 3.666 3.5 2.219 

1-2-3-5-6 0.666 0.619 0.184 

1-3-5-6 4 3.809 3.031 

1-2-3-4-6 0 0 0 

 

 

VI.CONCLUSION 

This research article we have presented a 

proposed centroid method for fuzzy project network to 

find the critical path using octagonal fuzzy numbers. We 

have computed numerical example to compare with the 

existing methods and the illustrated method. This method 

will enable to meet the complex fuzzy project time line 

by channelizing resource on the Critical Path activities. 
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Abstract: The rapid growth of technical institutions and 
Universities all over the nation has increase the fame of 
learning English as a second language in our nation. The 
substance of teaching English language through literature 
has become the need of the hour to make language 
learning and teaching an enriching experience for the 
technical learners. Literature is an important means of 
creating opportunities for developing communicative and 
language skills through activity based learning. It exposes 
the learners to real-life standards and inspires continual 
curiosity in language learning. This Paper focuses on 
generating various opportunities for the technical learners 
to develop their English language skills through exposure 
to the poles apart genres in literature and explores how 
literature can be used efficiently for teaching and learning 
English in professional colleges. It also helps in bringing 
out the group learning activities to acquire proficiency in 
English language through the admiration and appreciation 
of literature. 

Keywords: Genre, Language proficiency, Language skills, 
Literature, Technical english, Technical students.

I. IntroductIon

Language acquisition involves four basic skills such as, 
listening, speaking, reading and writing. Various innovative 
methodologies have been introduced to the language learners 
in order to make language learning a joyful experience and to 
meet out the needs of the learners. The rise of interest towards 
English Language Teaching led to the gradual decrease in 
interest towards Literature, as the focus shifted to the functional 
use of language. Widdowson expresses his views on the role of 
teachers in incorporating literature in language classroom as: 
“Language teachers have the responsibility to mediate changes 
in pedagogic practice so as to increase the effectiveness of 
language teaching [1].” The exercise of new approaches and 
pedagogy in language learning should promote the students to 
develop an awareness of how language works in communication 
and to make them understand the meaning of words such that 
they experience new ways of using language that bridges the 
gap between written and oral communication.

Article can be accessed online at http://www.publishingindia.com

Literature is the amazing tool and it is an excellent source of 
language learning which promotes a thoughtful and purposeful 
learning. It is the reflection and the knowledge of culture and 
society. It appeals to the students of all ages. It gives pleasure 
to all the readers with assiduousness and passion. The use of 
literature in the language classrooms exposes the technical 
students to the real use of language. This paper aims at creating 
a collaborative and interactive environment in the language 
classrooms by promoting the use of appropriate literature. 
The use of literature helps students to swing from a learning 
of English language mechanically to an emotional, creative, 
imaginative way of learning, inferring and understanding 
language. Various genres of literature like short stories, poems, 
novels, plays etc. can be used effectively in the classroom to 
make learning a joyful experience for the technical students. 
The different forms of literature provide diverse meanings to 
different people or teach diverse lessons to the same person at 
all stages of their life.

Language can be taught to students through literature, audio-
texts, music CDs, film clips etc., which will help the students 
to understand the beauty and the nuances of language easily 
without stress thereby improving their level of interest towards 
learning the language. Emphasis is generally laid on the four 
language skills in language classrooms. Through Literature, 
students can be taught all the four skills by paying attention to 
syntax and lexical elements.

II. PurPose of usIng LIterature In the eLt 
cLassroom

Language teachers face many challenges in the language 
classroom as each student is with a different need and with a 
different learning style. It is all in the hands of the teachers 
to create an interesting learning experience to the learners by 
providing them with ample and appropriate resources. Literature 
is a blend of such resources like prose, poetry and drama, 
short stories etc. The Learners attain opportunities through the 
literary text for arriving at a multi-sensorial experience inside 
the classroom. The learning is enhanced through literary audio-
texts, literary CDs, film clips, podcasts, etc. The richness of the 

International Journal of Emerging Trends in Science and Technology
5 (2), December 2019, 36-37
http://www.publishingindia.com/ijetst
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sensory input among the learners is achieved through literature. 
Learners will be able to develop the tolerance and would be 
able to understand varied cultures as the literary text deal with 
universal themes which appeals to the learner’s senses and 
allow them to empathize with the characters and the situations 
in the text. It provides the learners an opportunity to learn and 
to use the literary devices in their communication. As literary 
texts are informational they induce the learner’s imagination 
thereby developing their creativity. Custodio and Sutton (1998) 
observes that, literature opens doors of opportunity and permits 
learners to ask, criticize, and investigate [2].

III. aIms and objectIves

Teaching language through literature provides a bountiful 
and extremely authentic written material to teach and learn a 
language as it is the replica of human life and emotions which 
confirms to people of all ages. Literary texts broaden the 
learners’ horizons to: 

 ∑ Improve the knowledge of the classics of literature.
 ∑ Create cultural awareness.
 ∑ Enrich creativity and literary imagination.
 ∑ Appreciate literature.
 ∑ Realize historical and Philosophical truths of life.
 ∑ Cater to the societal needs.
 ∑ Transforms the classroom into a better learning 

Environment.
 ∑ Enhance receptive and productive skills.
 ∑ Improve the learner’s level of competence.

Iv. strategIes InvoLved In the use of LIterature

Teaching the language through literature enhances the critical 
thinking skills. The use of literature for the teaching and 
learning of a language can be done effectively by employing 
appropriate strategies such as: 

 ∑ Providing authentic literary texts.
 ∑ Ensuring guided interaction among the students.
 ∑ Giving explicit instructions.
 ∑ Promoting discussion based on Contextual themes.
 ∑ Providing easily assessable visual aids.

Thereby the technical students would be able to appreciate how 
to empathize with the literary texts they read.

v. benefIts of teachIng dIfferent genres of 
LIterature In Language cLassroom

The use of literary texts in language classroom enables the 
learners to contextualize easily and familiarize with the function 

of language in various situations embedded in different genres 
of literature. Collie and Slater (1987:3-6) support the inclusion 
of literature in the language classroom as it provides valuable 
authentic material, develops personal involvement and help 
contribute to readers cultural as well as language enrichment 
[3]. The use of Poetry in Teaching Language Evokes varied 
emotions and innovative ideas in both heart and mind of the 
learner. It also helps the learner in familiarizing with figures 
of speech. Short Story promotes and facilitates acquiring 
knowledge on different cultures and influences the learners 
to develop tolerance towards other cultures. Drama helps 
the learners to empathize with the context and have a fresh 
perspective on the society with clarity on their thoughts and 
opinions. Enacting plays in the language class room creates 
a physical and mental involvement with language learning 
activities in the learners. Getting involved into these activities 
reduces their stress and increases their performance level. 
Fiction presents the real life scenario in which the learners 
can relate themselves. It also promotes interaction among the 
learners and the teachers enabling the formers to attain success 
in acquiring language proficiency.

vI. concLusIon

Literature in the language classroom helps the students to 
develop their critical and independent thinking because it 
develops their imagination. The use of Literature creates the 
collaborative learning environment which enables the students 
to express their opinions and promote interactions. Literature 
incorporates the LSRW skills naturally, especially by the use of 
drama the learners are able to balance between verbal skills and 
non-verbal communication. It inspires the learners and promotes 
their cognitive abilities thereby creating a dynamic and feasible 
learning environment inside the language classroom. This 
paper strives to lay a hand on the benefits of the inclusion of 
literature or literary texts in the language classroom to edify and 
analyze the language proficiency of the learners. Learning and 
teaching a Language through Literature is an art that involves 
expertise in Grammar, Reading, Spelling, Vocabulary, Writing 
Mechanics, Creative Writing, and Cognition both in the learner 
and the facilitator. This enables the learners to communicate 
effectively thereby achieving the goal of learning.
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Abstract: The present study deals with the impact of TV shows 

and sitcoms in one’s English language proficiency. The objective 

of this study is to find out the different types of English TV shows 

that people enjoy watching and how they have had an impact on 

their English language. The researcher has tried to look for the 

various ways in which people think that their communication has 

improved. A survey was conducted among the undergraduate 

students belonging to a technical institution in Vellore district, 

Tamil Nadu. Based on the results of the survey, findings and 

conclusions have been arrived at. The survey results show that the 

television shows have a remarkable impact on one’s language 

acquisition. 

 

Keywords: Language Acquisition, Sitcoms, TV Shows.  

I. INTRODUCTION 

Nowadays, television series and sitcoms are becoming as 

watched as feature films, with a vast array to choose from. 

People have become engrossed in episode after episode of 

plots and characters. In our country the old TV shows have the 

same generic story line with a hero and a heroine but the 

introduction of English TV shows has grabbed the attention of 

the population and it has also changed the scenario and caused 

Indian producers to make better content. With the 

ever-increasing popularity of TV series over films, the effect 

caused by these shows has increased substantially. English is 

largely viewed as a language of the modern, educated 

professionals. Watching English TV shows is one of the best 

ways to improve both the listening and the speaking skills. 

The conversations in TV series show how native-English 

speakers communicate verbally with one another in real life, 

so the English you learn from these conversations is authentic. 

Initially, it can be challenging to understand but in the long 

run one can pick up the nuances of this foreign language and 

improve language proficiency. Sitcoms are easier to 

understand compared to TV shows, so watching them could 

be more preferable to improve one’s language. 
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II.  NEED FOR THE STUDY  

Language plays a vital role in everyone’s day-to-day life. 

Developing language skills enhances effective 

communication. Effective communication skills are 

fundamental to be successful in many aspects of life. Many 

jobs require effective communication skills and people with 

good communication skills usually enjoy better interpersonal 

relationships with friends and family. Communication is a key 

interpersonal skill, and improving it assures many benefits. 

Today schools and colleges focus more on quantitative 

teaching rather than qualitative teaching. They teach the 

language skills required to get through the prescribed subject 

and fail to fulfil the ultimate goal of acquisition of language. 

Skills like Listening and Speaking are not at all given 

importance as concentration is more on Reading and Writing. 

This lapse can be compensated by allowing the learners to 

watch TV shows and sitcoms. Unlike movies, TV shows are 

longer and people get involved with good characters. A 

well-written character is someone that people want to see, 

grow and develop and enjoy returning to. Continuous 

watching deepens the audience’s understanding of the 

relationship with the characters. There is also the shared 

experience factor and the water cooler moment. TV gives the 

audience something to discuss together in the 

workplaces/colleges/schools. Questions like ‘Who will win 

this reality TV show?’ or ‘What will happen to this 

character?’ form the backbone of conversations. 

III. METHODOLOGY  

A survey was conducted among the undergraduate students 

belonging to a private engineering institution in Vellore. 

Engineering students belonging to the age group of 17 to 22 

were selected for the survey. Primary data were collected 

through survey using questionnaire. A set of questions 

pertaining to the research was prepared and circulated among 

the respondents through various modes like E-mail, 

WhatsApp, Instagram and Facebook. Responses were 

collected from 106 respondents. The institution selected for 

the study consists of students across the country which is not a 

common factor in all other institutions in Vellore or in any 

other institution in Tamil Nadu. This can be considered as one 

of the limitations of the study. If the same study is done in any 

other institution, the results may vary. This study cannot be 

introduced to beginners or primary school children as it 

involves a lot of comprehension and critical thinking to 

understand the concept. 

Impact of TV Shows on English Language 

Acquisition 

M. Vijayakumar, Anu Baisel, S. Subha, K. Abirami 
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IV. REVIEW OF LITERATURE 

Several studies have already been made on using television 

shows in an L2 classroom. Guillory (1998), Taylor (2005) 

and Etemadi (2012) have investigated the comprehension 

level of the L2 learners. These authors used either a video 

material designed for this purpose or a documentary running 

to five to seven minutes. Sitcoms have been used by the 

researchers (Sun Quan, 2016, Mayer, 1997) for developing 

the pronunciation, intonation and vocabulary aspects among 

the ESL learners. The investigation made by Zarei A A & 

Rashvand Z (2011) and Kruger J-L, Hefer E, Matthew G 

(2013) shows that subtitles in films and other audio-visual 

materials help the learners of English language to acquire 

language skills. Joe Hambrook, in his article BBC English by 

Television (on Secondment to Children's Television 

Workshop), published in the book The Use of Media in 

English Language Teaching (1979) opines that television 

materials have been used for language learning purposes since 

1930. However, he advocates in his article that the material 

has to be selected, graded and produced depending on the 

requirements. The principal objective of the present study is 

entirely different from what has been done so far. This study 

aims at introducing TV shows and sitcoms to the young 

learners in order to give them an English air in the Indian 

atmosphere by encouraging them to communicate with their 

peers and colleagues in English.  

V. RESULT AND DISCUSSION  

In terms of the language spoken by the respondents, it is 

observed that they are using either of the following languages 

as their first language: Hindi, Telugu, Malayalam, Bengali, 

Tamil, Kannada, Marathi, English and a few other languages.  

Out of these 30% of people are using Hindi as their first 

language or mother tongue. More than 95% of respondents 

who belong to the age group of 17 to 22 watch TV shows and 

when asked about the number of TV shows they have 

watched, nearly 57% of people responded that they had 

watched 10 or more TV shows. Those who have watched 

more than three or four TV shows agree that they are able to 

realise that their language skills are gradually improving. 

Almost 35% of students have agreed that they watch these 

shows at least two hours a day and another 30% of students 

have responded that they watch the shows one hour a day. 

When there was a question about the choice of the 

programme, whether they prefer watching TV shows or a 

bunch of random YouTube videos, more than 63% responded 

that they prefer TV shows while the remaining respondents 

(nearly 37%) prefer to watch a bunch of random YouTube 

videos.  

TV shows have varied genres like Action, Thriller, Law, 

Crime, Romance, Comedy, Romantic Comedy, Suspense, 

Politics, Science, Suspense, Anime and many others that are 

mentioned in a poll. They have become so varied that there is 

something for anyone to enjoy. But a few genres are always 

more popular than their counterparts.The top genres include: 

Suspense/Thriller (56.6%), Science Fiction/Crime (55.7%), 

Detective/Suspense (50%), Comedy/Fantasy (45.3%) and 

Anime (34.9%). When people are asked about the 

improvement in their fluency level before and after watching 

the TV shows, 56% of the respondents feel that their fluency 

has improved whereas the remaining 44% say that they are not 

sure about it as they are already fluent in the target language. 

On the other hand, when they are asked about the usefulness 

of the shows, 88% are happy to say that there is an overall 

development in acquiring grammar, vocabulary, 

pronunciation, intonation and listening. 91% of the 

respondents agree that they have learnt contracted forms or 

expressions for a lengthy word or phrase by watching these 

TV shows. When there is a specific question about the 

development of the language skills, surprisingly, 67% of the 

respondents say that they have improved their speaking skill 

whereas improvement level for listening is 63%, vocabulary 

61% and grammar 37%. 

TV is a very interesting medium where ideas are brought to 

life. Good shows drag the audience into the show’s world and 

make them care for the characters. Some shows even end up 

being favourite ones and they are remembered forever.  As 

such, the favourite characters tend to have a good impact on 

the audience and they pick up a few signature phrases from 

them. These newly-learnt phrases are incorporated into one’s 

day-to-day communication consciously or unconsciously. 

People even tend to use these phrases and expressions as their 

WhatsApp status. While investigated about the everyday use 

of phrases and catchy expressions acquired from the TV 

shows, 85% of respondents agree that they use TV references 

in their daily lives. At the same time more than 81% of 

respondents have said that they interact with people who 

watch similar TV shows though they are unknown to them. 

This statement again proves that they are confident of 

communicating with different kinds of people. Given below 

are some of the expressions which they feel catchy and they 

are picked up from the TV shows: No more half measures, 

Got dreams worth more than sleep, Binge, I'm not in danger, I 

am the danger, Antagonist, Void in my chest, Overwhelming 

power, When there's a gun pointed at your head, you have 147 

different ways to counter, How you doing!, Bazinga, 

Entourage, That is an oopsie!, Winter is coming! You better 

take that back and It is a delicacy at any age. 

The most common way of doing things is by imitation. 

When someone recommends to people to do something, they 

are ready to follow it instead of taking their own decisions. 

96% of respondents say that they recommend to others to 

watch a show if they feel that it is worth watching. People who 

watch many shows have few favourites which they tend to 

watch on and on. These might excite them or make them feel 

comfortable. Given here are some of the favourite shows of 

the respondents: Breaking Bad, Rick and Morty, Sherlock, 

Aircrash Investigation, The Originals, Suits, Game of 

Thrones, Narcos, The Flash, Supernatural, Death Note, 

Naruto, 13 Reasons Why, Brooklyn 99, Young Sheldon, 

Vampire diaries, How I met your mother, World of dance, 

Lucifer, Stranger things, Arrow, Dexter, Hunter X Hunter, 

Silicon valley and F.R.I.E.N.D.S. 
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VI. FINDINGS OF THE STUDY 

Watching TV shows/sitcoms is normally a way to pass time 

either alone or with others. Unknowingly, this helps us learn 

new words, phrases or sentences. Watching them with 

subtitles improves the quality of understanding. From the 

present study on The Impact of TV Shows on English 

Language Acquisition, the following findings are put forth: 

1. Majority of the respondents prefer to watch TV shows 

rather than YouTube or other Audio-visual sites. 

2. On an average, two hours a day are spent on watching TV 

shows. 

3. A large number of the respondents improved their language 

skills and gained fluency only after watching the shows. 

4. The tendency to interact with people has improved as they 

start discussing the TV shows initially. 

5. The viewers are able to pick up a few words, phrases and 

expressions from the shows and use them in their everyday 

language. 

6. Genres like Thriller, Crime, Detective, Comedy, Fantasy 

and Anime are watched more than the rest of the dramas. 

VII. SUGGESTIONS 

In order to strengthen the learning possibilities among the 

student community, the following suggestions can be 

considered: 

1. Since the interest of the student is more on the ungraded TV 

shows and online audio visuals than the graded prescribed 

materials, teachers can think of creating worksheets and 

assigning tasks based on any of the popular TV shows. 

2. As the time spent on watching those TV shows is 

reasonably high, instructional plans are to be arrived at for 

using it effectively for learning purposes. 

3. There should be a space in the curriculum for teacher 

autonomy so that he can design his own instructional 

materials depending on the level and interests of the 

learners. 

4. Tasks related to enacting a scene from the show or role play 

can be assigned to students as a follow-up activity, thereby 

giving them an opportunity to use the acquired vocabulary. 

VIII. CONCLUSION 

It is observed from the study that there is a huge impact of 

TV shows on one’s English language proficiency. They not 

only serve entertainment purposes but also show a steady 

learning curve. People with varied interests communicate 

with one another as these shows act as a spark in their 

conversations. They also have a common feel that the way 

they communicate in English has become better but they 

might have to be slightly cautious about what they pick up and 

watch as everything around is not good.  
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Highly active copper(I) complexes of aroylthiourea
ligands against cancer cells – synthetic and
biological studies†

Kumaramangalam Jeyalakshmi,ab Jebiti Haribabu,a Chandrasekar Balachandran,c

Eswaramoorthi Narmatha,a Nattamai S. P. Bhuvanesh,d Shin Aoki,c Suresh Awalee

and Ramasamy Karvembu *a

The reaction of copper(I) bromide with aroylthiourea ligands (L) in the molar ratio 1 : 3 resulted in

the formation of [CuBr(L)3]. The complexes were well characterized by analytical and spectroscopic

(UV-visible, FT-IR, NMR and mass) techniques. Tetrahedral geometry of complexes 1 and 3 was

confirmed by single crystal X-ray diffraction study. The interaction of complexes with biomolecules

(DNA/protein) has been evaluated using spectrophotometric and spectrofluorometric techniques. The

compounds were screened for their in vitro cytotoxicity against cancer and normal cell lines. Complexes

1 and 2 showed potent cytotoxic activity against HeLa cells with an IC50 value of 1.23 and 0.47 mM,

respectively. Staining and colony formation studies were also carried out for the most active complexes

to predict the morphological changes and colony formation ability, respectively.

1. Introduction

Research on the development of metal based drugs has attained
great significance after the discovery of cisplatin as an anti-
cancer drug. Copper is an essential trace element in biological
systems, existing in the 2+ and 1+ oxidation states. It is employed
as a structural and catalytic cofactor, and is consequently involved
in many biological pathways.1–3 There are numerous reports on
the biological applications of copper(II) complexes. In contrast to
copper(II) complexes, reports on the biological applications of
copper(I) complexes are scarce due to the lower stability of the
1+ oxidation state and their tendency towards oxidation to Cu(II)
compounds. However, there are a few reports which strongly
evidenced the anticancer activity of copper(I) complexes.

Copper(I) complexes bearing tris(hydroxymethyl)phosphine ligands
inhibited tumor growth via G2/M cell cycle arrest and paraptosis
accompanied by the loss of the mitochondrial transmembrane
potential.4 Mixed ligand Cu(I) complexes of triazolylborate and
alkyl- or aryl-phosphines have been found to be effective against
A549 adenocarcinoma cells which are resistant to cisplatin.5

Binary Cu(I) complexes bearing 1,3,5-triaza-7-phosphaadamantane
exhibited moderate cytotoxicity against various cancer cell lines.6

Copper(I) ions have a strong affinity to form bonds with
ligands containing P or S donor atoms.7–12 Such sulfur coordinated
copper complexes have acquired great importance due to their
resemblance to the active centers of some copper proteins,
hemocyanin and tyrosinase, which mediate redox and electron
transfer reactions in biological systems. In view of this, we
have synthesized copper(I) complexes containing aroylthiourea
ligands. Aroylthiourea is a versatile complexing agent capable
of coordinating through O/S atoms in a mono or bidentate fashion.
Thiourea and its metal complexes have attracted significant interest
due to their wide range of biological activities such as antiviral,
antibacterial, antifungal, antitubercular, antiinflammatory, anti-
cancer, herbicidal and insecticidal.13–17 Our group has explored
the biological activities of Cu(II), Ni(II), Pd(II) and Ru(II) complexes
of aroylthiourea ligands.18–24 In continuation of our interest in
aroylthiourea complexes, we have synthesized the copper(I)
complexes of aroylthiourea ligands. The binding propensity of
the synthesized complexes with DNA/protein was investigated.
The compounds were also subjected to MTT assay to assess
their cytotoxicity against various cancer and normal cell lines.
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Abstract 

In this article, another strategy for fuzzy function integration is considered. Another strategy 

for solving interval valued triangular fuzzy integral equations is proposed. The proposed technique is 

straightforward to apply for solving interval valued triangular fuzzy integral equations and Numerical 

cases are given to delineate the proposed strategy. 

Keywords: Fuzzy function, Fuzzy integral equations, Triangular valued fuzzy number, etc. 

Introduction:  

One field of the integration problem assumes a noteworthy part in different regions, for 

example, arithmetic, material science, measurements, designing and sociologies. In all of genuine 

issues, not the greater part of the information can be unequivocally evaluated. At the point when data is 

effortlessly quantifiable or open, the data ought to be represented in fresh numbers. Fuzzy number 

theory makes it conceivable to fuse unquantifiable data, fragmented data and non realistic data as 

numerical models. The idea of fuzzy number and arithmetic task using the above numbers were first 

presented and examined by zadeh [1]. 

Numerous outcomes on interval valued fuzzy set have showed up. Essential hypothesis for 

interval valued is talked about by [2] and the idea of fuzzy functions integration was first presented by 

Dubois and Prade[25].The subjects of numerical techniques for solving fuzzy integral eqations have 

been quickly developing lately and have been examined. The numerical techniques for fuzzy differential 

equations have been contemplated by S.Abbasbandy, T.Allahviranloo,[5,6,7] and others. 

This paper is structured as per the following, Section 2 starts with some fundamental definitions 

on fuzzy numbers and a short review of the interval valued triangular fuzzy numbers. Section 3 

characterizes interval valued fuzzy triangular integral equations. Numerical cases are given in Section 

4 to delineate the proposed technique. A brief conclusion is given in section 5. 

 Preliminaries: 

We have recalled various essential definitions on fuzzy numbers in this section.  

Triangular Fuzzy Number 

  The fuzzy system of numeration that typically utilized in applications is that the triangular 

(shaped) fuzzy numbers [8]. 

2.1  Fuzzy set: [1] 

A fuzzy set L must the three axioms, 

i . L
~

 is a ordinary set. 

ii.   L
~

 is closed interval , for all ]1,0[  

iii.  L
~

, L
~0

  is bounded. 
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2.2   Triangular Fuzzy Number: [12]  

A fuzzy numbers delineated with three points as: 
 321 ,,

~
lllL 

 

This illustration is taken as membership rule and holds the subsequent axioms 

 (i)  Increasing function is  1l  to 2l   

(ii)  Decreasing function is 2l to 3l   

(iii)  321 lll 
 

 































3

32

13

3

21

12

1

1

,0

,0

)(

lxfor

lxlfor
ll

xl

lxlfor
ll

lx

lxfor

xL

 

2. 3. A  Triangular fuzzy number is positive is defined as
 321 ,,

~
lllL 

, here
ili  ,0

 

2.4  A Triangular fuzzy number is negative is defined as
 321 ,,

~
lllL 

, here 
ili  ,0

 

2.5.    Two triangular fuzzy numbers L
~

and M
~

are identically equal, that is ML
~~

 , if and only if

11 ml 
, 22 ml 

and 33 ml 
 

2.6   Interval arithmetic 

Let, ],[
~

21 kkk  , 
],[

~
21 lll 

 

(I). Addition  

    ],[
~~

2211 lklklk   

(II). Subtraction 

      
],[

~~
1221 lklklk 

 

(III). Multiplication 

     )],,,max(),,,,[min(
~
.

~
2212211122122111 lklklklklklklklklk   

(IV). Division 

      

]
1

,
1

].[,[
],[

],[

sr
qp

sr

qp


 If 
],[0 sr
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(V).  0],[
~

21   forkkk  

                  0],[ 12  forkk  

(VI). Inverse 

         

],[0],
1

,
1

[],[ 21

12

1

21 kkfor
kk

kk 

 

(VII). 0],,[],[ 12121  ifkkkkk
nnn

 

                             0],,[ 212  ifkkk
nn

 

                              otherwisekk
nn
}],,max{,0[ 21     

 

2.2.7. Interval valued Triangular Fuzzy number: 

If
  AAA ,

~
, 

  BBB ,
~

are two interval valued triangular fuzzy number and

),,(
~

321

  aaaA
,

),,(
~

321

  aaaA
, 

),,(
~

321

  bbbB
and 

),,(
~

321

  bbbB
then for 

 Rk  

   BABABA ,
~~

 

   BABABA ,
~~

 

  kAkAAk ,
~

 

Where 
   332211 ,, bababaBA

 

   332211 ,, bababaBA
 

   321 ,, kakakakA
and 

   321 ,, kakakakA
 

3. Proposed Method  

We define the one dimensional interval valued triangular fuzzy integral equation  


ba

dttF
,

)(

.  As 

F is continuous, it follows that two continuous real valued functions F   and F are there in such a way 

that when t  is real,     
)](),([)( tFtFtF 

 

Also, we define the integral by  













 

],[],[],[

)(,)()(
bababa

dttFdttFdttF

 

Suppose ba 0 , and    
 

baba

dttPdttF
,,

)()(

,    here 
)(tP

 interval valued triangular fuzzy number 
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We have 
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ba

dttF
,

)(

shows that it should be more concenterated when power type functions having interval 

coefficients are integrated. Here we will summarize the results for an interval polynomial of the form   

 
k

ktAtAtAAtP  .....)( 2

210 , All iA
’s are interval valued triangular fuzzy number and t

is real. 

Two cases are there 

Case (i): Consider a and b  with same sign, then 

 

   
1

.....)()(
11

10

,







 k
ab

AabAabAdttP
kk

k

ba  

Cases (ii): Consider ba  0  

 

   then  
k

ba

TTTTdttP  .....)( 210

,  

Where  
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i
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4. Numerical Example: 

Consider the following interval valued triangular fuzzy integral equations and by proposed 

method. 

   

dx
x

r

x

r
dttF

ba

 















1,0

22

,
1

24
,

1

2
)(

, 
 1,0r  

We have the interval valued triangular fuzzy integral equation 
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Triangular fuzzy interval valued integral equation, we obtained 

 

      5674.1,5674.1,3511.2,7837.0,1348.3,0
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(i.e.) the solution is Midpoint of interval is 3.1348 and the exact solution is

   

1348.3
1

24
,

1

2
)(

1,0

22

,















  dx

x

r

x

r
dttF

ba  

Conclusion:  

In this Work, another strategy is used to solve the interval valued triangular fuzzy integral 

equations. Here interval valued triangular fuzzy equation is utilized to build another strategy for solving 

interval valued integral equations and the legitimacy of the suggested technique is inspected with 

numerical cases. The developed technique is productive to resolve the interval valued triangular fuzzy 

integral equations happening in the real life situations. 
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1. Introduction and Preliminaries
The notion of Nano topology (in short, Nt) was introduced

by Lellis Thivagar [6] which was defined in terms of approxi-
mations and boundary region of a subset of an universe using
an equivalence relation on it and also defined Nano closed
sets, Nano-interior and Nano-closure.

The class of sets namely, θ -open (resp. δ -open) sets are
playing more important role in topological spaces, because of
their applications in various fields of Mathematics and other
real fields. In [3] Caldas et al. studied various kinds of θ -
open sets and their properties in topological spaces. Also,
in [10, 11] studied various kinds of δ -open sets. Recently,
[1, 5, 8] studied various kinds of generalizations of sets in
nano topological spaces. By this motivation, we present the

concept of nano generalized e-open sets [7] and study their
properties in nano topological spaces. The purpose of this
paper is to discuss some basic topological properties of the op-
erators namely closure, interior, neighbourhood, limit points,
derived set, frontier, exterior and border by using the sets nano
generalized e (resp. M ) open sets.

Definition 1.1. [6] Let U be a non-empty finite set of objects
called the universe and R be an equivalence relation on U
named as the indiscernibility relation. Elements belonging to
the same equivalence class are said to be indiscernible with
one another. Let P⊆ U. Then,

(i) The lower approximation of P with respect to R is the
set of all objects, which can be for certain classified as
P with respect to R and it is denoted by LR(P). That
is, LR(P) =

⋃
l∈U
{R(l) : R(l)⊆ P}, where R(l) denotes

the equivalence class determin- ed by l.

(ii) The upper approximation of P with respect to R is the
set of all objects, which can be possibly classified as P
with respect to R and it is denoted by UR(P). That is,
UR(P) =

⋃
l∈U
{R(l) : R(l)∩P 6= φ}.
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(iii) The boundary region of P with respect to R is the set
of all objects, which can be classified neither as P nor
as not-P with respect to R and it is denoted by BR(P).
That is, BR(P) = UR(P)−LR(P).

Proposition 1.2. [6] If (U,R) is an approximation space and
P,Q⊆ U, then

(i) LR(P)⊆ P⊆UR(P).

(ii) LR(φ) = UR(φ) = φ and LR(U) = UR(U) = U.

(iii) UR(P∪Q) = UR(P)∪UR(Q).

(iv) UR(P∩Q)⊆UR(P)∩UR(Q).

(v) LR(P∪Q)⊇LR(P)∪LR(Q).

(vi) LR(P∩Q) = LR(P)∩LR(Q).

(vii) LR(P)⊆LR(Q) and UR(P)⊆UR(Q), whenever P⊆
Q.

(viii) UR(Pc) = [LR(P)
c] and LR(Pc) = [UR(P)]c.

(ix) URUR(P) = LRUR(P) = UR(P).

(x) LRLR(P) = URLR(P) = LR(P).

Definition 1.3. [6] Let U be an universe, R be an equivalence
relation on U and τR(P) = {U,φ ,LR(P),UR(P), BR(P)}
where P⊆ U, τR(P) satisfies the following axioms:

(i) U and φ ∈ τR(P).

(ii) The union of the elements of arbitrary sub collection of
τR(P) is in τR(P).

(iii) The intersection of the elements of any finite sub-collection
of τR(P) is in τR(P).

That is, τR(P) is a topology on U called the nano topology
on U with respect to R and P. We call (U,τR(P)) as the nano
topological space (briefly, Nts). The elements of τR(P) are
called as nano-open (briefly, No) sets and [τR(P)]c is called
as the dual nano topology of τR(P). The elements of [τR(P)]c

are called as nano-closed (briefly, Nc).

Remark 1.4. [6] If τR(P) is the Nt on U with respect to P,
then the set B = {U,LR(P),BR(P)} is the basis for τR(P).

Definition 1.5. [6] If (U,τR(P)) is a Nts with respect to P
and if K⊆ U, then the nano interior of K is defined as the
union of all No subsets of K and it is denoted by int(K). That
is, Nint(K) is the largest No subset of K.

The nano closure of K is defined as the intersection of all
Nc sets containing K and it is denoted by Ncl(K). That is,
Ncl(K) is the smallest Nc set containing K.

Definition 1.6. [4] Let (U,τR(P)) be a Nts and let K⊆ U
then the nano θ -interior (resp. nano θ -closure) of K is defined
and denoted by Nintθ (K) =

⋃
{L : L is a

nano open set andNcl(L)⊆K} (resp. Nclθ (K) =
⋂
{L : L is

a nano closed set and Nint(L)⊇ K}).

Definition 1.7. [4] K subset K of P is said to be nano θ -
open (resp. nano θ -closed) (briefly, Nθo (resp. Nθc)) set if
K =Nintθ (K) (resp. Kc is a nano θ -open set).

Definition 1.8. [6, 12] Let (U,τR(P)) be a Nts and K ⊆U .
Then K is said to be nano regular open (briefly, Nro) if K =
Nint(Ncl(K)).

Definition 1.9. [9] Let (U,τR(P)) be a Nts and let K ⊆U
then the nano δ -interior (resp. nano δ -closure) of K is defined
and denoted by Nintδ (K) =

⋃
{L : L is a Nro set

and L ⊆ K} (resp. Nclδ (K) =
⋃
{l ∈ U : Nint(Ncl(L))∩

K 6= φ , L is a No set and l ∈ L}).

Definition 1.10. [9] A subset K of X is said to be nano δ -
open (resp. nano δ -closed) (briefly, Nδo (resp. Nδc)) set if
K =Nintδ (K) (resp. Kc is a nano δ -open set).

Definition 1.11. [8, 9, 13]Let (U,τR(P)) be a Nts and K ⊆U.
Then K is said to be a nano δ -pre (resp. nano δ -semi, nano
e, nano M and nano θ -semi) open set (briefly NδPo (resp.
NδS o, Neo, NM o and NθS o)) if K ⊆ Nint(Nclδ (K))
(resp. K ⊆ Ncl(Nintδ (K)), K ⊆ Ncl(Nintδ (K)) ∪
Nint(Nclδ (K)), K ⊆ Ncl(Nintθ (K))∪Nint(Nclδ (K)) and
K ⊆Ncl(Nintθ (K))).

The complements of the above respective open sets are
their respective closed sets.

The family of all NδPo (resp. NδS o, Neo, NM o
and NθS o) sets is denoted by NδPO(U,τR(P)), (resp.
NδS O(U,τR (P)), NeO(U,τR(P)), NM O(U,τR(P)) and
NθS O(U,τR(P))) and the family of all nano δ -pre (resp.
nano δ -semi, nano e, nano M and nano θ -semi) closed
(briefly, NδPc (resp. NδS c, Nec, NM c and NθS c)) sets
is denoted by NδPC(U,τR(P)), (resp. NδSC(U, τR(P)),
NeC(U,τR(P)), NMC(U,τR(P)) and NθSC(U, τR(P))).

Definition 1.12. [8, 9, 13] Let (U,τR(P)) be a Nts and let
K ⊆U then the nano δ -pre (resp. nano δ -semi, nano e, nano
M and nano θ -semi) interior of K is the union of all NδPo
(resp. NδS o, Neo, NM o and NθS o) sets contained in K
and denoted by NPintδ (K) (resp. NS intδ (K), Neint(K),
NM int(K) and NS intθ (K)).

Definition 1.13. [8, 9, 13] Let (U,τR(P)) be a Nts and let
K ⊆U then the nano δ -pre (resp. nano δ -semi, nano e, nano
M and nano θ -semi) closure of K is the intersection of all
NδPc (resp. NδS c, Nec, NM c and NθS c) sets con-
taining K and denoted by NPclδ (K) (resp. NS clδ (K),
Necl(K), NM cl(K) and NS clθ (K)).

Definition 1.14. [8] Let (U,τR(P)) be a Nts and K ⊆U. Then
K is said to be a nano θ -pre (resp. nano θ -semi) open set
(briefly NθPo (resp. NθS o)) if K ⊆Nint(Nclθ (K)) (resp.
K ⊆Ncl(Nintθ (K))).

Definition 1.15. A subset K of (U,τR(P)) is called nano gen-
eralized
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(i) closed [2, 4] (briefly, Ngc) set if Ncl(K)⊆V whenever
K ⊆V and V is No in (U,τR(P)).

(ii) θ closed [4], (briefly, Ngθc) set if Nclθ (K)⊆V when-
ever K ⊆V and V is No in (U,τR(P)).

(iii) θ semi closed [5] (briefly, NgθS c) set if NS clθ (K)
⊆V whenever K ⊆V and V is No in (U,τR(P)).

(iv) δ closed [1], (briefly, Ngδc ) set if Nδcl(K)⊆V when-
ever K ⊆V and V is No in (U,τR(P)).

(v) δ semi closed [1], (briefly, NgδS c ) set if NS clδ
(K)⊆V whenever K ⊆V and V is No in (U,τR(P)).

(vi) δ pre closed [1], (briefly, NgδPc ) set if NPclδ (K)
⊆V whenever K ⊆V and V is No in (U,τR(P)).

Definition 1.16. [1, 2, 4, 5] A subset K of a nano general-
ized (resp. θ , θ semi, δ , δ semi and δ pre) open (briefly,
Ngo(resp. Ngθo, NgθS o, Ngδo, NgδS o and NgδPo))
if its complement KC is nano generalized (resp. θ , θ semi, δ ,
δ semi and δ pre) closed (briefly, Ngc(resp. Ngθc, NgθS c,
Ngδc, NgδS c and NgδPc)).

The collection of all nano generalized (resp. θ , θ semi,
δ , δ semi and δ pre) open subsets of (U,τR(P)) is de-
noted by NGO(U,P)(resp. NGθO(U,P), NGθS O(U, P),
NGδO(U,P), NGδS O(U,P) and NGδPO(U,P)).

Definition 1.17. [7] A subset K of (U,τR(P)) is called nano
generalized

(i) e closed, (briefly, Ngec) set if Necl(K)⊆V whenever
K ⊆V and V is No in (U,τR(P)).

(ii) M closed, (briefly, NgM c) set if NM cl(K)⊆V when-
ever K ⊆V and V is No in (U,τR(P)).

The collection of all Ngec (resp. NgM c) subsets of U is
denoted by NGeC(U,P) (resp. NGMC(U,P)).

Definition 1.18. Let K be a subset of a Nts (U,τR(P)), the
intersection of all No subsets of U containing K is called nano
kernel[8] of K and is denoted by Nker(K).

Throughout this paper, (U,τR(P)) is a Nts with respect to
P where P⊆ U, R is an equivalence relation on U. Then U/R
denotes the family of equivalence classes of U by R.

2. Nano generalized e neighbourhoods

Definition 2.1. Let K be subset of a Nts (U,τR(P)) and l ∈U
then a set K is called nano generalized e (resp. nano general-
ized M ) neighbourhood (briefly, NgeNbd (resp. NgM Nbd))
of l ∈U , if there is a Ngeo (resp. NgM o) set G ⊂ K with
l ∈ G.

Definition 2.2. Let (U,τR(P)) be a Nts and K be subset of
U . A subset S of U is said to be nano generalized e (resp.
nano generalized M ) neighbourhood (briefly, NgeNbd (resp.
NgM Nbd)) of K, if there exist a Ngeo (resp. NgM o) set G
such that K ⊂ G⊂ S.

The collection of all NgeNbd (resp. NgM Nbd) of l ∈
U is called NgeNbd (resp. NgM Nbd) system of l and is
denoted by NGeNbdS(l) (resp. NGM NbdS(l)).

Example 2.3. Let U = {l,m,n,o} with U/R = {{l},{o},
{m,n}} and P = {m,o}. Then, the Nt is defined as τR(P) =
{U,φ ,{o},{m,n},{m,n,o}} and NGeO(U,P)
= {U,φ , {m},{n},{o},{l,m},{l,o},{m,n},{m,o},{n,o},
{l,m,n},{l,m,o},{l,n,o},{m,n,o}} = NGM O(U,P).
Now, Nge NbdS(l) = {U,{l,m},{l,o},{l,m,n},{l,m,o},
{l,n,o}}, NgeNbd S(m) = {U,{m},{l,m},{m,n},{m,o},
{l,m,n},{l,m,o},{m,n,o}}, NgeNbdS(n)= {U,{n},{m,n},
{n,o},{l,m,n},{l, n,o},{m,n,o}} and NgeNbdS(o)
= {U,{o},{l,o},{m,o},{n,o},{l,m,o},{l,n,o},{m,n,o}}.

Remark 2.4. Every NNbd of l in U is NgeNbd (resp.
NgM Nbd) of l, because every No set is Ngeo (resp. NgM o).
But converse need not be true as seen from the following ex-
ample.

Example 2.5. In Example 2.3, For l ∈U , NNbdS(l) = {U}
and NgeNbdS(l) = {U,{l,m},{l,o},{l,m,n},{l,m,o},
{l,n,o}}. Clearly the sets {l,m},{l,o},{l,m,n},{l,m,o}
and {l,n,o} are NgeNbdS(l) but not NNbdS(l).

Lemma 2.6. An arbitrary union of NgeNbd (resp. Ng M Nbd)
of a point l ∈U is again NgeNbd (resp. NgM N bd) of a point
l ∈U , if NGeO(U,P) (resp. NGM O(U,P)) is closed under
arbitrary union.

Proof. Let {Ki : i∈ I} be an arbitrary collection of NgeNbd
of l ∈U . Since for each i ∈ I, Ki is NgeNbd of l, there exist
Ngeo set Gi such that l ∈Gi⊆Ki. But for each i∈ I, Ki⊆∪Ki,
therefore l ∈ Gi ⊆ ∪Ki, which implies ∪Ki is again NgeNbd
of l.

The other case is similar.

Remark 2.7. But the intersection of NgeNbd (resp. NgM Nbd)
of a point l ∈U is not a NgeNbd (resp. NgM Nbd) of the
point l ∈U in general.

Example 2.8. In example 2.3, the sets {l,m} and {l,o} are
NgeNbdS(l) but their intersection {l} is not a NgeN bdS(l).

Theorem 2.9. Let (U,τR(P)) be a Nts. Then,

(i) Every NeNbd of l ∈U is NgeNbd of l ∈U .

(ii) Every NM Nbd of l ∈U is NgM Nbd of l ∈U .

(iii) Every NgδS Nbd of l ∈U is NgeNbd of l ∈U .

(iv) Every NgδPNbd of l ∈U is NgeNbd of l ∈U .

(v) Every NgθS Nbd of l ∈U is NgM Nbd of l ∈U .

(vi) Every NgδPNbd of l ∈U is NgM Nbd of l ∈U .

Proof. (v) Let K be an arbitrary NgθS Nbd of l ∈U then
there exists an NgθS o set L such that l ∈ G ⊆ K. By [7],
every NgθS o set is NgM o set, L is NgM o set such that
l ∈ L⊆ K. Thus K is NgM Nbd of l.

The other cases are similar.
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Remark 2.10. The converse of the Theorem 2.9 is need not
be true. It can be verified by the forthcoming example.

Example 2.11. In the Example 2.3, the set

(i) {n,o} is a NgeNbd(n) (resp. NgM Nbd(n)) but not a
NeNbd(n) (resp. NM Nbd(n)).

(ii) {l,m} is a NgeNbd(l) but not a NgδS Nbd(l).

(iii) {l,o} is a NgeNbd(l) but not a NgδPNbd(l).

(iv) {l,m} is a NgM Nbd(l) but not a NgθS Nbd(l).

(v) {l,o} is a (resp. NgM Nbd(l)) but not a NgδP Nbd(l).

(vi) {l,o} is NgNbd(l) but not NgδPNbd(l).

(vii) {l,m} is NgδPNbd(l) but not NgNbd(l).

Theorem 2.12. Let l be any arbitrary point of a Nts (U,τR(P)).
Then NgeNbdS(l) satisfies the following properties.

(i) NgeNbdS(l) 6= φ

(ii) if F ∈NgeNbdS(l), then l ∈ F

(iii) if F ∈NgeNbdS(l) & F ⊆ H, then H ∈NgeNbdS(l).

Proof. (i) Since for each l ∈U , U is a Ngeo set. There-
fore, l ∈ U ⊆ U , implies U is NgeNbdS(l). Hence, U ∈
NgeNbdS(l). Therefore U ∈NgeNbdS(l) 6= φ .

(ii) Given F ∈ NgeNbdS(l) implies F is NgeNbdS(l),
which implies there exists a Ngeo set G such that l ∈ G⊆ F .
This implies l ∈ F .

(iii) Given F ∈NgeNbdS(l) implies there exists a Ngeo
set G such that l ∈ G⊆ F and F ⊆ H which implies l ∈ G⊆
F ⊆ H. This shows that H ∈NgeNbdS(l).

The system NgM NbdS(l) is also satisfy the Theorem
2.12

Theorem 2.13. Let K be a subset of a Nts (U,τR(P)) and
NGeO(U,P) is closed under arbitrary union, then K is a Ngeo
set iff K is NgeNbd of each of its points.

Proof. Let K be any Ngeo set of U . Then for each l ∈
K ⊆ K, implies K is NgeNbdS(l). Since l is arbitrary point
of K, implies K is NgeNbd of each of its points.

Conversely, K is NgeNbd of each of its points which
implies for each l ∈ K, there exists Ngeo set G, such that
l ∈ Gl ⊆ K. Suppose if l ∈ K, there exists atleast one Ngeo
set Gl such that l ∈ Gl ⊆

⋃
l∈K

Gl . Therefore K ⊆
⋃

l∈K
Gl ⊆ K.

Thus it follows that K =
⋃

l∈K
Gl . As each Gl is Ngeo set, K is

also Ngeo set.
The system NgM O(U,P) is also satisfy the Theorem

2.13

Theorem 2.14. Let NGeO(U,P) is closed under finite inter-
section, if K is Ngec subset of U and l ∈U −K then there
exists a NgeNbd H of l such that H ∩K = φ .

Proof. Given K is Ngec set, U −K is Ngeo set. By
Theorem 2.13, U −K is NgeNbd of each of its points. Let
l ∈U −K, implies there exists a Ngeo set H such that l ∈
H ⊆U−K which implies H ∩K = φ .

The system NGM O(U,P) is also satisfy the Theorem
2.14

Definition 2.15. A point l ∈U is said to be nano generalized
e (resp. nano generalized M ) limit point of a set K if for each
T ∈NGeO(U,τR(P)) (resp. NGM O(U,τR(P))) containing
l, satisfies T ∩ (K−{l}) 6= φ .

Definition 2.16. Let (U,τR(P)) be Nts and K ⊂U , the set
of all nano generalized e (resp. nano generalized M ) limit
points of K is said to be nano generalized e (resp. nano
generalized M ) derived set of K and is denoted by NgDe(K)
(resp. NgDM (K)).

Theorem 2.17. Let K and L are the subsets of a Nts (U,τR(P)).
Then the following properties hold.

(i) NgDe(φ) = φ .

(ii) if K ⊆ L then NgDe(K)⊆NgDe(L).

(iii) if l ∈NgDe(K) then l ∈NgDe(K−{l}).

(iv) NgDe(K)∪NgDe(L)⊆NgDe(K∪L).

(v) NgDe(K∩L)⊆NgDe(K)∩NgDe(L).

Proof. (i) Let l ∈U and G be a Ngeo set containing l.
Then (G−{l})∩φ = φ . This implies l /∈NgDe(φ). There-
fore for any l ∈ U , l is not Nge limit point of φ . Hence
NgDe(φ) = φ .

(ii) Let l ∈NgDe(K). Then G∩ (K−{l}) 6= φ , for every
Ngeo set G containing l. Since K ⊆ L implies G∩(L−{l}) 6=
φ . This implies l ∈ NgDe(L). Thus l ∈ NgDe(K) implies
l ∈NgDe(L). Therefore NgDe(K)⊆NgDe(L).

(iii) Let l ∈NgDe(K). Then G∩ (K−{l}) 6= φ , for every
Ngeo set G containing l. This implies every Ngeo set G
containing l, contains atleast one point other than l of K−{l}.
Therefore l ∈NgDe(K−{l}).

(iv) Since K ⊆ K∪L and L⊆ K∪L, by (ii), NgDe(K)⊆
NgDe(K ∪ L) and NgDe(L) ⊆ NgDe(K ∪ L). Hence Ng
De(K)∪NgDe(L)⊆NgDe(K∪L).

(v) Since K ∩L ⊆ K and K ∩L ⊆ L, by (ii), NgDe(K ∩
L) ⊆ NgDe(K) and NgDe(K ∩ L) ⊆ NgDe(L). Hence Ng
De(K∩L)⊆NgDe(K)∩NgDe(L).

The derived set NgDM (·) is also satisfies the Theorem
2.17

Theorem 2.18. Let NGeC(U,P) (resp. NGMC(U,P)) is
closed under arbitrary union and if K is a subset of Nts
(U,τR(P)) then K ∪NgDe(K) (resp. K ∪NgDM (K)) is a
Ngec (resp. NgM c) set.

Proof. To prove K ∪NgDe(K) is a Ngec set, it is suffi-
cient to prove U− (K∪NgDe(K)) is Ngeo set.
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Case 1: Let U − (K ∪NgDe(K)) = φ , the result is obvi-
ous.

Case 2: Let U − (K ∪NgDe(K)) 6= φ and l ∈U − (K ∪
NgDe(K)), implies l /∈K∪NgDe(K). This implies l /∈K and
l /∈NgDe(K). Now l /∈NgDe(K) implies l is not Nge limit
point of K. Therefore there exist a Ngeo set G such that G∩
(K−{l}) = φ . Since l /∈ K, implies G∩K = φ . This implies
l ∈ G⊆U−K. Again G is Ngeo set and G∩K = φ implies
no point of G can be Nge limit point of K. This follows G∩
NgDe(K) = φ , implies l ∈ G⊆U −NgDe(K). This shows,
l ∈ G ⊆ (U −K)∩ (U −NgDe(K)) = U − (K ∪NgDe(K)).
That is l ∈ G⊆U− (K∪NgDe(K)). This implies U− (K∪
NgDe(K)) is NgeNbd of each of its points. By Theorem
2.13, U−K∪NgDe(K) is Ngeo set and hence K∪NgDe(K)
is Ngec set.

The other case is similar.

Theorem 2.19. Let (U,τR(P)) be a Nts and K ⊆U . Then
K is a Ngec (resp. NgM c) set iff NgDe(K) ⊆ K (resp.
NgDM (K)⊆ K).

Proof. Suppose K is a Ngec set.
Case 1: If NgDe(K) = φ , then the result is obvious.
Case 2: If NgDe(K) 6= φ then let l ∈NgDe(K), implies

G∩(K−{l}) 6= φ for every Ngeo set G containing l. If l /∈K,
then l ∈U −K. Since K is Ngec set and U −K is Ngeo set
containing l and not containing any other point of K which
is a contradiction to l ∈ NgDe(K). Therefore l ∈ K. Thus
l ∈NgDe(K) implies l ∈ K. Hence NgDe(K)⊆ K.

Conversely, let NgDe(K) ⊆ K. Let l ∈ U −K implies
l /∈ K. Since NgDe(K) ⊆ K, l 6∈ NgDe(K), there exists a
Ngeo set G containing l such that G∩ (K−{l}) = φ . That
is G∩K = φ as l /∈ K, implies l ∈ G ⊆ U −K. Therefore
U−K is NgeNbdS(l). Since l is arbitrary, U−K is NgeNbd
of each of its points. By Theorem 2.13, U −K is Ngeo set.
Hence K is Ngec set.

The other case is similar.

Definition 2.20. Let K be a subset of a Nts (U,τR(P)), then
nano generalized

(i) e closure of K (briefly, Ngecl(K)) is defined as the
intersection of all Ngec sets of U containing K.

(ii) M closure of K (briefly, NgM cl(K)) is defined as the
intersection of all NgM c sets of U containing K.

Theorem 2.21. Let NGeC(U,P) (resp. NgMC(U,P)) be
closed under arbitrary intersection and let K be any subset of
a Nts, (U,τR(P)). Then the following holds.

(i) Ngecl(K)(resp. NgM cl(K)) is the smallest Ngec (resp.
NgM c) superset of K.

(ii) K is Ngec (resp. NgM c) iff Ngecl(K) = K (resp.
NgM cl(K) = K).

(iii) Ngecl(K) = K ∪NgDe(K) (resp. NgM cl(K) = K ∪
NgDM (K)).

Proof. (i) Let {Fi : i ∈ I} be the collection of all Ngec
subsets of U containing the set K. Therefore Ngecl(K) =
∩{Fi : i ∈ I}, by the definition of the Ngecl(K). Since the
intersection of an arbitrary collection of Ngec sets is Ngec,
implies ∩{Fi : i ∈ I} is Ngec. Therefore Ngecl(K) is a Ngec
set. Also since K ⊆ Fi, for each i ∈ I, implies K ⊆ ∩{Fi : i ∈
I}=Ngecl(K). Thus Ngecl(K) is a Ngec set containing the
set K. Since Ngecl(K)=∩{Fi : i∈ I}, implies Ngecl(K)⊆F ,
for each i ∈ I. Consequently, Ngecl(K) is the smallest Ngec
superset of K.

(ii) If K is a Ngec set, then obviously it is the smallest
Ngec superset of K, therefore it must coincide with Ngecl(K).
Hence K is Ngec implies Ngecl(K)=K. Again if Ngecl(K)=
K, then Ngecl(K) is Ngec set, so K is a Ngec set. Hence K
is Ngec iff Ngecl(K) = K.

(iii) By Theorem 2.18, K∪NgDe(K) is a Ngec set. There-
fore K ∪NgDe(K) is Ngec set containing K. Therefore
Ngecl(K) ⊆ K ∪NgDe(K). Again K ⊆ Ngecl(K), implies
NgDe(K) ⊆ NgDe(Ngecl(K)) ⊆ Ngecl(K), because
Ngecl(K) is Ngec set and by Theorem 2.19. Hence K ∪
NgDe(K)⊆Ngecl(K). Thus Ngecl(K) = K∪NgDe(K).

The other case is similar.

Theorem 2.22. Let K and L be two subsets of a Nts, (U,τR(P)),
then the following properties hold.

(i) Ngecl(φ) = φ , Ngecl(U) =U and Ngecl(Ngecl(K))
=Ngecl(K).

(ii) If K ⊂ L then Ngecl(K)⊂Ngecl(L).

(iii) Ngecl(K)∪Ngecl(L)⊂Ngecl(K∪L).

(iv) Ngecl(K∩L)⊂Ngecl(K)∩Ngecl(L).

Proof. (i) Since each one of the sets φ , U and Ngecl(K)
being Ngec sets. By Theorem 2.21 (ii), Ngecl (φ) = φ ,
Ngecl(U) =U and Ngecl(Ngecl(K)) =Ngecl(K).

(ii) Let K ⊂ L, then K ⊂ L ⊂ Ngecl(L). This implies
Ngecl(L) is a Ngec superset of K. But Ngecl(K) is the small-
est Ngec superset of K. Therefore Ngecl(K)⊂Ngecl(L).

(iii) Since K ⊂ K∪L and L⊂ K∪L from (ii), Ngecl(K)
⊂ Ngecl(K ∪ L) and Ngecl(L) ⊂ Ngecl(K ∪ L). Therefore
Ngecl(K)∪Ngecl(L)⊂Ngecl(K∪L).

(iv) Since K∩L⊂ K and K∩L⊂ L from (ii), Ngecl(K∩
L) ⊂ Ngecl(K) and Ngecl(K ∩ L) ⊂ Ngecl(L). Therefore
Ngecl(K∩L)⊂Ngecl(K)∩Ngecl(L).

The operator NgM cl(·) is also satisfy the Theorem 2.22.

Remark 2.23. Equality does not hold in result of (ii), (iii) and
(iv) of the Theorem 2.22 as seen from the following example.

Example 2.24. In Example 2.3,

(i) the sets K = {o} and L = {l,n,o}, clearly K ⊂ L. Also
Ngecl(K) = {o} and Ngecl(L) = {l,n,o}. The- refore
Ngecl(K) 6=Ngecl(L).
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(ii) the sets K = {m} and L = {n,o}, K ∪ L = {m,n,o}.
Also Ngecl(K) = {m}, Ngecl(L) = {n,o} and Nge
cl(K∪L) =U . Clearly, Ngecl(K)∪Ngecl(L) 6=Nge
cl(K∪L).

(iii) the sets K = {l,o} and L = {m,n,o}, K ∩ L = {o}.
Also Ngecl(K) = {l,o}, Ngecl(L) =U and Ngecl(K
∩L) = {o}. Clearly, Ngecl(K∩L) 6=Ngecl(K)∩Nge
cl(L).

Theorem 2.25. Let K be a subset of a Nts, (U,τR(P)). Then
l ∈ Ngecl(K) (resp. NgM cl(K)) iff G∩K 6= φ for every
Ngeo (resp. NgM o) set containing l.

Proof. Let l ∈Ngecl(K). Suppose there exists Ngeo set
G containing l such that G∩K = φ . Then K ⊆U −G. Now
U−G is a Ngec set containing K implies Ngecl(K)⊆U−G
and l /∈U−G implies l /∈Ngecl(K). This is contradiction to
hypothesis. Hence G∩K 6= φ .

Conversely, let G∩K 6= φ for every Ngeo set G containing
l. Suppose l /∈Ngecl(K), there exists a Ngec set F containing
K such that l /∈ F . This implies K∩(U−F) = φ and U−F is
Ngeo set containing l. This is contradiction to the hypothesis.
Therefore l ∈Ngecl(K).

The other case is similar.

Proposition 2.26. Let K and L be two subsets of a Nts,
(U,τR(P)), then the following properties hold.

(i) If NGeC(U,P) is closed under finite union, then
Ngecl(K∪L) =Ngecl(K)∪Ngecl(L) for every K, L
∈NGeC(U,P).

(ii) If NGMC(U,P) is closed under finite union, then
NgM cl(K∪L) =NgM cl(K)∪NgM cl(L) for every
K, L ∈NGMC(U,P).

Proof. Let K and L be Ngec sets in U . By hypothesis,
K ∪L is Ngec. Then Ngecl(K ∪L) = K ∪L = Ngecl(K)∪
Ngecl(L).

The other case is similar.

Theorem 2.27. Let K and L be two subsets of a Nts, (U,τR(P)),
if NeC(U,P) (resp. NMC(U,P)) is closed under finite union,
then NGeC(U,P) (resp. NGMC(U,P)) is closed under finite
union.

Proof. Let NeC(U,P) is closed under finite unions. Sup-
pose K, L ∈NGeC(U,P) and let K ∪L ⊆ G where G is No
in U . Then K ⊆ G and L ⊆ G. Hence Necl(K) ⊆ G and
Necl(L) ⊆ G. This implies Necl(K)∪Necl(L) ⊆ G. By
hypothesis, Necl(K∪L)⊆ G. That is, K∪L ∈NGeC(U,P).

The other case is similar.

Lemma 2.28. For any subset K of U , if ND(K)⊆NgDe(K)
(resp. ND(K)⊆NgDM (K)), then Ncl(K)=Ngecl(K) (resp.
Ncl(K) =NgM cl(K)).

Proof. For any subset K of U , ND(K) ⊂ NgDe(K) is
always true. By hypothesis, ND(K) ⊂ NgDe(K). There-
fore, ND(K) =NgDe(K). By Theorem 2.21 (iii), that is K∪
Ncl(K) =A∪Ngecl(K), which implies Ncl(K) =Ngecl(K).

The other case is similar.

Theorem 2.29. (i) Let NGeC(U,P) is closed under finite
union and if K and L are Ngec sets such that ND(K)⊂
NgDe(K) and ND(L) ⊂ NgDe(L). Then K ∪ L is a
Ngec set in U .

(ii) Let NGMC(U,P) is closed under finite union and if K
and L are NgM c sets such that ND(K)⊂NgDM (K)
and ND(L)⊂NgDM (L). Then K∪L is a NgM c set
in U .

Proof. Let K and L are Ngec sets such that ND(K) ⊂
NgDe(K) and ND(L) ⊂ NgDe(L). Therefore by Lemma
2.28, Ncl(K) = Ngecl(K) and Ncl(L) = Ngecl(L). Let G
be No set such that K∪L⊂ G, then K ⊂ G and L⊂ G. Since
K and L are Ngec sets, Ngecl(K) ⊂ G and Ngecl(L) ⊂ G.
Since Ngecl(K ∪ L) ⊂ Ncl(K ∪ L) = Ncl(K) ∪Ncl(L) =
Ngecl(K)∪Ngecl(L)⊂G∪G=G. Thus Ngecl (K∪L)⊂G.
This shows that, K∪L is Ngec set in U .

The other case is similar.

Definition 2.30. Let K be a subset of a Nts (U,τR(P)), then
nano generalized

(i) e interior of K (briefly, Ngeint(K)) is defined as the
union of all Ngeo sets of U contained in K.

(ii) M interior of K (briefly, NgM int(K)) is defined as the
union of all NgM o sets of U contained in K.

Remark 2.31. Every No is a Ngeo set which implies every
Nint point of K is a Ngeint point of K. Therefore Nint(K)⊂
Ngeint(K) for any K ⊂U . But the converse of this result is
not true as seen from the following example.

Example 2.32. Let U = {l,m,n} with U/R = {{l},{m, n}}
and P = {l,n}. Then, the Nt is defined as
τR(P) = {U,φ ,{l},{m,n}}. For K = {l,m}, Ngeint(K) =
{l,m} and Nint(K) = {l}. Clearly m ∈Ngeint(K) and m /∈
Nint (K), implies Ngeint(K) 6⊂Nint(K).

Theorem 2.33. Let K and L be two subsets of Nts, (U,τR(P)),
the following properties hold.

(i) Ngeint(K) is largest Ngeo set contained in K.

(ii) K is Ngeo set iff K =Ngeint(K).

(iii) Ngeint(φ) = φ and Ngeint(U) =U .

(iv) If K ⊂ L then Ngeint(K)⊂Ngeint(L).

(v) Ngeint(K)∪Ngeint(L)⊂Ngeint(K∪L).

(vi) Ngeint(K∩L)⊂Ngeint(K)∩Ngeint(L).
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(vii) Ngeint(Ngeint(K)) =Ngeint(K).

Proof. (i) Let G be any Ngeo subset of K and if l ∈ G,
then l ∈ G ⊆ K. Since G being Ngeo, K is NgeNbd of l.
Therefore l is Ngeint point of K. Thus l ∈ G implies l ∈
Ngeint(K). This implies every Ngeo subset of K is contained
in Ngeint(K). Therefore Ngeint(K) is the largest Ngeo set
contained in K.

(ii) Let K be a Ngeo set. Since K ⊆ K, K is identical with
largest Ngeo subset of K. By (i), Ngeint(K) is the largest
Ngeo subset of K. Therefore K =Ngeint(K).

(iii) Since φ and U are Ngeo sets, by (ii), Ngeint(φ) = φ

and Ngeint(U) =U .
(iv) Let K ⊂ L, then l ∈Ngeint(K), implies there exists

Ngeo set G such that l ∈ G⊂ K, which implies l ∈ G⊂ K ⊂
L. That is l ∈ G ⊂ L. Therefore l ∈ Ngeint(L). Thus l ∈
Ngeint(K) implies l ∈Ngeint(L). Therefore. Ngeint(K) ⊂
Ngeint(L).

(v) Since K ⊂ K∪L and L⊂ K∪L, from (iv), Ngeint(K)
⊂Ngeint(K∪L) and Ngeint(L)⊂Ngeint(K∪L). Therefore
Ngeint(K)∪Ngeint(L)⊂Ngeint(K∪L).

(vi) Since K∩L⊂ K and K∩L⊂ L, from (iv), Ngeint(K
∩L) ⊂ Ngeint(K) and Ngeint(K ∩ L) ⊂ Ngeint(L). There-
fore Ngeint(K∩L)⊂Ngeint(K)∩Ngeint(L).

(vii) By (ii), K is Ngeo iff K = Ngeint(K) and by (i),
Ngeint(K) is the largest Ngeo set contained in K. Therefore
Ngeint(Ngeint(K)) =Ngeint(K).

The operator NgM int(·) is also satisfy the Theorem 2.33
for respective open sets.

Remark 2.34. Equality does not hold in results (iv), (v) and
(vi) of the Theorem 2.33 as seen from the following example.

Example 2.35. In Example 2.3,

(i) the sets K = {o} and L = {l,n,o}, clearly K ⊂ L. Also
Ngeint(K) = {o} and Ngeint(L) = {l,n,o}.
Therefore Ngeint(K) 6=Ngeint(L).

(ii) the sets K = {l} and L = {n,o}, K∪L = {l,n,o}. Also
Ngeint(K)= {φ}, Ngeint(L)= {n,o} and Nge int(K∪
L)= {l,n,o}. Clearly, Ngeint(K)∪Ngeint(L) 6=Ngeint(K∪
L).

(iii) the sets K = {l,m} and L = {l,o}, K ∩L = {l}. Also
Ngeint(K) = {l,m}, Ngeint(L) = {l,o} and Ngeint(K
∩L) = {φ}. Clearly, Ngeint(K ∩ L) 6= Ngeint(K)∩
Ngeint(L).

Theorem 2.36. If K is a subset of a Nts, (U,τR(P)), then
Ngeint(K) equals to the set of all points of K which are
not Nge limit points of (U −K). That is Ngeint(K) = K−
NgDe(U−K).

Proof. Let l ∈ K −NgDe(U −K), implies l ∈ K and
l 6∈NgDe(U −K). This implies l is not Nge limit point of
(U −K), therefore there exists Ngeo set G containing l but
not contains the points of (U−K). That is G∩ (U−K) = φ .

This implies G⊆ K. Thus l ∈ G⊆ K implies l ∈Ngeint(K).
Therefore K−NgDe(U−K)⊆Ngeint(K).

On the other hand, if l ∈ Ngeint(K) then l ∈ K as
Ngeint(K)⊆ K and also Ngeint(K) is Ngeo set containing l
and not containing any other points of (U−K), implies l is not
Nge limit point of (U−K). Since l is arbitrary, every point of
Ngeint(K) is point of K but not a limit point of (U−K). This
shows that l ∈ K−NgDe(U −K). Therefore Ngeint(K) ⊆
K−NgDe(U−K). Hence Ngeint(K) = K−NgDe(U−K).
Thus Ngeint(K) equals to the set of all points of K which are
not Nge limit points of (U−K).

The operator NgM int(·) is also satisfy the Theorem 2.36
for respective derived sets.

Theorem 2.37. For the subsets K and L of space U , the fol-
lowing statements are true.

(i) Ngeint(U−K)⊆U−Ngeint(K).

(ii) Ngeint(K−L)⊆Ngeint(K)−Ngeint(L).

Proof. (i) Let l ∈ Ngeint(U −K). Since Ngeint(U −
K)⊆ (U −K) implies l /∈ K and hence l /∈Ngeint(K). This
implies l ∈U−Ngeint(K). Therefore Ngeint(U−K)⊆U−
Ngeint(K).

(ii) Let Ngeint(K−L) =Ngeint(K∩(U−L))⊆Ngeint(
K)∩Ngeint(U−L)⊆Ngeint(K)∩ (U−Ngeint(L)) =Nge
int(K)−Ngeint(L).

The operator NgM int(·) is also satisfy the Theorem 2.37.

3. Nano generalized e (resp. M ) exterior
Definition 3.1. For a subset K ⊆U , the nano generalized
e (resp. M ) exterior (briefly, NgeEr (resp. NgM Er))
of K is defined as NgeEr(K) = Ngeint(U −K) (resp. Ng
MEr(K) =NgM int(U−K)).

Definition 3.2. For a subset K ⊆U , the nano generalized
e (resp. M ) border (briefly, NgeBr (resp. NgM Br))
of K is defined as NgeBr(K) = K−Ngeint(K) (resp. Ng
MBr(K) = K−NgM int(K)).

Theorem 3.3. Let K and L be two subsets of Nts, (U,τR(X)).
Then the following holds.

(i) NEr(K)⊆NgeEr(K).

(ii) NgeEr(K) is Ngeo set.

(iii) NgeEr(K) =U−Ngecl(K).

(iv) NgeEr[NgeEr(K)] =Ngeint[Ngecl(K)].

(v) If K ⊆ L, then NgeEr(L)⊆NgeEr(K).

(vi) NgeEr(K∪L)⊆NgeEr(K)∪NgeEr(L).

(vii) NgeEr(K)∩NgeEr(L)⊆NgeEr(K∩L).

(viii) NgeEr(K∪L) =NgeEr(K)∩NgeEr(L).
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(ix) NgeEr(U) = φ and NgeEr(φ) =U .

(x) NgeEr(K) =NgeEr[U−NgeEr(K)].

(xi) Ngeint(K)⊆NgeEr[NgeEr(K)].

(xii) Ngeint(K) and NgeEr(K) are mutually disjoint and
U =Ngeint(K)∪NgeEr(K).

(xiv) K∩NgeEr(K) = φ .

(xv) NgeEr(K)⊆U−K.

Proof. (i) For any subset L of U, Nint(L)⊆Ngeint(L). Put
L =U−K then Nint(U−K)⊆Ngeint(U−K). This implies
NEr(K)⊆NgeEr(K).

(ii) By definition, NgeEr(K)=Ngeint(U−K) and Ngeint(K)
is Ngeo set. Therefore NgeEr(K) is Ngeo set.

(iii) By definition, NgeEr(K) = Ngeint(U −K) = U −
Ngecl(K).

(iv) Consider NgeEr(NgeEr(K)) =NgeEr(Ngeint(U−
K)) =NgeEr(U−Ngecl(K)) =Ngeint(U−(U−Ngecl(K)
)) =Ngeint(Ngecl(K)).

(v) If K⊆L then U−L⊆U−K . This implies Ngeint(U−
L)⊆Ngeint(U−K). Therefore NgeEr(L)⊆NgeEr(K).

(vi) Since K ⊆ K∪L and L⊆ K∪L. By (v), NgeEr(K∪
L) ⊆ NgeEr(K) and NgeEr(K ∪ L) ⊆ NgeEr(L). Hence
NgeEr(K∪L)⊆NgeEr(K)∪NgeEr(L).

(vii) Since K∩L⊆ K and K∩L⊆ L . By (v), NgeEr(K)
⊆ NgeEr(K ∩ L) and NgeEr(L) ⊆ NgeEr(K ∩ L). Hence
NgeEr(K)∩NgeEr(L)⊆NgeEr(K∩L).

(viii) Consider NgeEr(K∪L) =Ngeint(U− (K∪L)) =
Ngeint[(U −K)∩ (U −L)] ⊇Ngeint(U −K)∩Ngeint(U −
L) =NgeEr(K)∩NgeEr(L). That is,

NgeEr(K∪L)⊇NgeEr(K)∩NgeEr(L). (3.1)

Also, we have K ⊆ K∪L and L⊆ K∪L. By (v), NgeEr(K∪
L)⊆NgeEr(K) and NgeEr(K∪L)⊆NgeEr(L). Hence,

NgeEr(K∪L)⊆NgeEr(K)∩NgeEr(L). (3.2)

From, (3.1) and (3.2), we have NgeEr(K ∪L) =NgeEr(K)
∩NgeEr(L).

(ix) By definition, NgeEr(U) =Neint(U −U) =Neint
(φ) = φ and NgeEr(φ) =Neint(U−φ) =Neint(U) =U .

(x) Consider NgeEr(U−NgeEr(K)) =Ngeint(U−
(U −NgeEr(K))) = Ngeint(NgeEr(K)) = Ngeint(Ngeint
(U−K)) =Ngeint(U−K) =NgeEr(K).

(xi) Since K ⊆Ngecl(K), implies Ngeint(K) ⊆Ngeint
(Ngecl(K))=Ngeint(U−Ngeint(U−K))=NgeEr(Ngeint
(U −K)) =NgeEr(NgeEr(K)). Thus Ngeint(K)⊆NgeEr
(NgeEr(K)).

(xii) Let us assume that NgeEr(K) ∩Ngeint(K) 6= φ ,
then, there exists l ∈ NgeEr(K) ∩Ngeint(K). Therefore
l ∈NgeEr(K) and l ∈Ngeint(K) implies l ∈U−K and l ∈K,
which is not possible. Therefore our assumption is wrong.
Hence NgeEr(K)∩Ngeint(K)= φ . Similarly other cases can
be obtained. Now we consider NgeEr(K) =U−Ngecl(K).

(xiii) K ∩NgeEr(K) = K ∩Ngeint(U −K) ⊆ K ∩ (U −
K) = φ by (ii). Therefore K∩NgeEr(K) = φ .

(xiv) By definition, NgeEr(K) =Ngeint(U −K)⊆U −
K.

The Theorem 3.3 is satisfied by NgMEr of a set K.

Theorem 3.4. Let K and L be two subsets of Nts, (U,τR(P)).
Then the following holds.

(i) NgeBr(K)⊆NBr(K).

(ii) Ngeint(K)∩NgeBr(K) = φ .

(iii) K is Ngeo set iff NgeBr(K) = φ .

(iv) Ngeint(NgeBr(K)) = φ .

(v) NgeBr(Ngeint(K)) = φ .

(vi) NgeBr(NgeBr(K)) =NgeBr(K).

(vii) NgeBr(K) = K−Ngeint(K) = K∩Ngecl(U−K).

(viii) K ⊆ L then NgeBr(L)⊆NgeBr(K).

(ix) NgeBr(K∪L)⊆NgeBr(K)∪NgeBr(L).

(x) NgeBr(K)∩NgeBr(L)⊆NgeBr(K∩L).

(xi) NgeBr(K) = NgDe(U −K) & NgDe(K) =
NgeBr(U−K).

(xii) K =Ngeint(K)∪NgeBr(K).

Proof. (i) Since Nint(K) ⊆ Ngeint(K)⇒ U −Ngeint
(K)⊆U−Nint(K)⇒K∩(U−Ngeint(K))⊆K∩(U−Nint
(K))⇒ K−Ngeint(K) ⊆ K−Nint(K). Therefore NgeBr
(K)⊆NBr(K).

(ii) Consider Ngeint(K)∩NgeBr(K)=Ngeint(K)∩(K−
Ngeint(K)) =Ngeint(K)∩ (K∩ (U−Ngeint(K)))
=Ngeint(K)∩ (U−Ngeint(K))∩K = φ ∩K = φ .

(iii) Any subset K of space U is Ngeo set iff
K =Ngeint(K)⇔ K−Ngeint(K) = φ ⇔NgeBr(K) = φ .

(iv) Consider Ngeint(NgeBr(K)) =Ngeint(K−Ngeint
(K))=Ngeint(K∩(U−Ngeint(K)))⊆Ngeint(K)∩Ngeint
(U −Ngeint(K)) ⊆ Ngeint(K)∩ (U −Ngeint(K)) = φ as
Ngeint(K)⊆ K. Therefore Ngeint(NgeBr(K)) = φ .

(v) Consider NgeBr(Ngeint(K)) =Ngeint(K)−Ngeint
(Ngeint(K)) =Ngeint(K)−Ngeint(K) = φ .

(vi) Consider NgeBr(NgeBr(K)) =NgeBr(K)−Nge
int(NgeBr(K)) =NgeBr(K) by (iv).

(vii) NgeBr(K)=K−Ngeint(K)=K∩(U−Ngeint(K))
= K∩Ngecl(U−K).

(viii) If K ⊆ L then Ngeint(K)⊆Neint(L)⇒U−Ngeint
(L) ⊆ U −Ngeint(K) ⇒ K ∩ (U −Neint(L)) ⊆ K ∩ (U −
Ngeint(K))⇒L−Ngeint(L)⊆K−Ngeint(K)⇒NgeBr(L)
⊆NgeBr(K).

(ix) Since K ⊆ K∪L and L⊆ K∪L by (viii) NgeBr(K∪
L) ⊆ NgeBr(K) and NgeBr(L) ⊇ NgeBr(K ∪ L). Hence
NgeBr(K∪L)⊆NgeBr(K)∪NgeBr(L).
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(x) Since K∩L⊆K and K∩L⊆ L by (viii) NgeBr(K)⊆
NgeBr(K∩L) and NgeBr(L)⊆NgeBr(K∩L). Hence NgeBr(K)∩
NgeBr(L)⊆NgeBr(K∩L).

(xi) By definition NgeBr(K) = K−Ngeint(K) = K−
(K−NgDe(U−K)) =NgDe(U−K) by Theorem 2.36 and
NgDe(K) =NgeBr(U −K) is obtained by replacing K by
U−K.

(xii) Ngeint(K)∪NgeBr(K)=Ngeint(K)∪(K−Ngeint
(K)) =Ngeint(K)∪(K∩(U−Ngeint(K))) = (Ngeint(K)∪
K)∩ (Ngeint(K)∪ (U −Ngeint(K))) = K ∩U = K. There-
fore K =Ngeint(K)∪NgeBr(K).

The Theorem 3.4 is satisfied by NgMBr of a set K.

4. Nano generalized e (resp. M ) frontier
Definition 4.1. For a subset K ⊆U , the nano generalized
e (resp. M ) frontier (briefly, NgeFr (resp. NgMFr)) of
K is defined as NgeFr(K) = Ngecl(K)−Ngeint(K) (resp.
NgMFr(K) =NgM cl(K)−NgM int(K)).

Theorem 4.2. Let K and L be two subsets of Nts, (U,τR(P)).
Then the following holds.

(i) NgeFr(K)⊆NgeFrδ (K).

(ii) NgeBr(K)⊆NgeFr(K).

(iii) Ngecl(K) =Ngeint(K)∪NgeFr(K).

(iv) Ngeint(K)∩NgeFr(K) = φ .

(v) NgeFr(K) =NgeBr(K)∪NgDe(K).

(vi) K is Ngeo set iff NgeFr(K) =NgDe(K).

(vii) NgeFr(K) =Ngecl(K)∩Ngecl(U−K).

(viii) NgeFr(K) =NgeFr(U−K).

(ix) NgeFr(K) is a Ngec set.

(x) Ngeint(K) = K−NgeFr(K).

(xi) NgeFr(K) = φ iff K is Ngeo as well as Ngec set.

(xii) NgeFr[Ngeint(K)]⊆NgeFr(K).

(xiii) U−NgeFr(K) =Ngeint(K)∪Ngeint(U−K).

(xiv) NgeFr[Ngecl(K)]⊆NgeFr(K).

(xv) Ngecl(K) = K∪NgeFr(K).

Proof. (i) Since Nint(K) ⊆ Ngeint(K) implies
U −Ngeint(K) ⊆U −Nint(K). Also Ngecl(K) ⊆ Ncl(K).
The- refore Ngecl(K)∩ (U −Ngeint(K)) ⊆Ncl(K)∩ (U −
Nint (K)). This implies Ngecl(K)−Ngeint(K)⊆Ncl(K)−
N int(K). Hence NgeFr(K)⊆NFr(K).

(ii) Since K ⊆Ngecl(K) implies K∩ (U−Ngeint(K))⊆
Ngecl(K)∩ (U −Ngeint(K)). This implies K−Ngeint(K)
⊆ Ngecl(K)−Ngeint(K). This shows NgeBr(K) ⊆ Nge
Fr(K).

(iii) Ngeint(K)∪NgeFr(K) =Ngeint(K)∪(Ngecl(K)∩
(U−Ngeint(K))) = (Ngeint(K)∪Ngecl(K))∩ (Ngeint(K)
∪(U−Ngeint(K))) =Ngecl(K)∩U =Ngecl(K).

(iv) Ngeint(K)∩NgeFr(K) =Ngeint(K)∩(Ngecl(K)∩
(U−Ngeint(K))) = (Ngeint(K)∩Ngecl(K))∩ (Ngeint(K)
∩(U−Ngeint(K))) =Ngeint(K)∩φ = φ .

(v) From (iii), Ngecl(K) =Ngeint(K)∪NgeFr(K).
This implies K∪NgDe(K)=Ngeint(K)∪NgeFr(K) by The-
orem 2.21 (iii). But K = Ngeint(K)∪NgeBr(K) by The-
orem 3.4 Therefore Ngeint(K)∪NgeBr(K)∪NgDe(K) =
Ngeint(K)∪NgeFr(K). Hence NgeBr(K)∪ND(K) =Nge
Fr(K).

(vi) Suppose K is Ngeo set and by Theorem 3.4 (iv),
NgeBr(K) = φ . From (v) NgeFr(K) = NgeBr(K)
∪NgDe(K) =NgDe(K). Therefore if K is Ngeo set, NgeFr
(K) =NgDe(K). Conversely, suppose NgeFr(K) =NgDe
(K) from (iii), Ngecl(K) =Ngeint(K)∪NgeFr(K). That is
K ∪NgDe(K) = Ngeint(K)∪NgeFr(K) by Theorem 2.21
implies K∪NgDe(K) =Ngeint(K)∪NgDe(K) by hypothe-
sis. Therefore K =Ngeint(K) and hence K is Ngeo set.

(vii) NgeFr(K) =Ngecl(K)−Ngeint(K) =Ngecl(K)∩
(U−Ngeint(K)) =Ngecl(K)∩Ngecl(U−K).

(viii) NgeFr(U−K)=Ngecl(U−K)−Ngeint(U−K)=
(U−Ngeint(K))−(U−Ngecl(K))=Ngecl(K)−Ngeint(K)
=NgeFr(K).

(ix) A subset K of U is Ngec iff K = Ngecl(K). Con-
sider Ngecl(NgeFr(K)) = Ngecl(Ngecl(K)−Ngeint(K))
=Ngecl(Ngecl(K)∩ (U−Ngeint(K))) =Ngecl(Ngecl(K)
∩Ngecl(U −K)) ⊆ Ngecl(Ngecl(K))∩Ngecl(Ngecl(U−
K)) =Ngecl(K)∩Ngecl(U −K) =NgeFr(K), by (ii), Ng
ecl(N geFr(K)) ⊆ NgeFr(K). But NgeFr(K) ⊆ Ngecl(N
geFr(K)) is always true. Therefore Ngecl(NgeFr(K)) =
NgeFr(K) and hence NgeFr(K) is Ngec set.

(x) K−NgeFr(K) = K ∩ (U −NgeFr(K)) = K ∩ (U −
(Ngecl(K)∩Ngecl(U−K)))=K∩((U−Ngecl(K))∪(U−
Ngecl(U−K))) = (K∩(U−Ngecl(K)))∪(K∩(U−Ngecl
(U−K))) = φ ∪ (K∩Ngeint(K)) =Ngeint(K).

(xi) If K is both Ngeo and Ngec set, then K = Ngeint
(K) and K = Ngecl(K). Now NgeFr(K) = Ngecl(K)−
Ngeint(K) = K −K = φ . Conversely, NgeFr(K) = φ im-
plies, Ngecl(K)−Ngeint(K) = φ which implies, Ngecl(K)
−Ngeint(K) ⊆ K. That is, Ngecl(K) ⊆ K. But, K ⊆ Nge
cl(K) is always true. Therefore K =Ngecl(K). Hence K is
Ngec set. Again NgeFr(K) = φ implies Ngecl(K)−Ngeint
(K) = φ which implies Ngecl(K) =Ngeint(K) implies K∪
NgDe(K) =Ngeint(K) which implies K ⊆Nge int(K). But
Ngeint(K) ⊆ K is always true. Therefore K = Ngeint(K).
Hence K is Ngeo set.

(xii) Now, NgeFr(Ngeint(K)) = Ngecl(Ngeint(K))−
Ngeint(Ngeint(K))⊆Ngecl(K)−Ngeint(K) as Ngeint(K)
⊆ K. This implies NgeFr(Ngeint(K))⊆NgeFr(K).

(xiii) Consider U −NgeFr(K) =U − (Ngecl(K)−Nge
int(K)) = (U−Ngecl(K))∪Ngeint(K) =Ngeint(U−K)∪
Ngeint(K).

(xiv) Now NgeFr(Ngecl(K)) = Ngecl(Ngecl(K))−N
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geint(Ngecl(K)) =Ngecl(Ngecl(K))∩ (U−Ngeint(Ngecl
(K))) =Ngecl(K)∩Ngecl(U−Ngecl(K))

Also K ⊆Ngecl(K)⇒U−Ngecl(K)⊆U−K⇒Ngecl
(U −Ngecl(K)) ⊆Ngecl(U −K) sub in (4), NgeFr(Ngecl
(K))⊆Ngecl(K)−Ngecl(U −K) =NgeFr(K). Thus Nge
Fr(Ngecl(K))⊆NgeFr(K).

(xv) From (iii), Ngecl(K) = Ngeint(K)∪NgeFr(K) ⊆
K∪NgeFr(K) as Ngeint(K)⊆ K. Also from (iii), NgeFr(K
) ⊆ Ngecl(K) and K ⊆ Ngecl(K) is always true. There-
fore K∪NgeFr(K)⊆Ngecl(K). It follows that, K∪NgeFr
(K) =Ngecl(K).

The Theorem 4.2 is satisfied by NgMFr of a set K.

Conclusion
In this paper, we have studied many interesting notions on

various forms of nano generalized e and nano generalized M
open sets.
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1. Introduction
The concept of fuzzy topological spaces was introduced

by Chang [4]. In Chang’s fuzzy topological spaces, each
fuzzy set is either open or closed. These spaces and its gener-
alization are later developed by Goguen [7], who replaced the
closed interval [0,1] by more general lattice L. On the other
hand, Kubiak and Ŝostak’s [10, 15] by the independent and
paralled generalization, made topology itself fuzzy besides
their dependence on fuzzy set in 1985.

As a generalization to fuzzy sets, the notion of intuition-
istic fuzzy sets was introduced by Atanassove [3]. After that
Coker [5] defined intuitionistic fuzzy topology in Chang’s

sense. Later, Samanta and Mondal [14] introduced the no-
tion of intuitionistic gradation of openness of fuzzy sets. The
term ”intuitionistic“ is still used in literature until 2005, when
Gutierrez Garcia and Rodabaugh [6] concluded that the most
appropriate work under the name ”double“.

In 1980, Jain [8] introduced the notion of slightly con-
tinous functions. Slightly fuzzy continuous functions are
introduced by Sudha et al [16].

In this paper, the concepts of slightly double fuzzy con-
tinuous functions and slightly generalized double fuzzy semi-
continuous functions are introduced. Several interesting prop-
erties and characterizations are introduced and discussed. Fur-
thermore, the relationships among the concepts are introduced
and established with some interesting counter examples.

2. Preliminaries
In this paper X 6= φ , I0 = (0,1], I1 = [0,1) and I− [0,1].

IX is the family of fuzzy sets defined on the universal set
X . Pt(X) refers to the collection of all fuzzy points defined
on X . 0 and 1 refer to the smallest and the largest elements
in IX , respectively. The complement of A ∈ IX is denoted
by 1− A. For any crisp map f : X → Y, the direct image
f (A) and inverse image f−1(A) of f are given by f (A)(y) =∨

f (x)=y A(x) and f−1(B)(x) = B( f (x)) for all A ∈ IX , B ∈ IY

and x ∈ X , respectively.
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Definition 2.1. [14] A double fuzzy topology (T, T ?) on X
is a pair of maps T,T ? : IX → I, which satisfies the following
properties:

(i) T (A)≤ 1−T ?(A) for each A ∈ IX .

(ii) T (A1∧A2)≥T (A1)∧T (A2) and T ?(A1∧A2)≤T ?(A1)
∨T ?(A2), for each A1,A2 ∈ IX .

(iii) T (
∨

i∈Γ Ai) ≥
∧

i∈Γ T (Ai) and T ?(
∨

i∈Γ Ai) ≤
∨

i∈Γ T ?

(Ai) for each Ai ∈ IX , i ∈ Γ.

The triplet (X ,T,T ?) is called a double fuzzy topological
space (briefly, dfts). A fuzzy set A is called an (r,s)-fuzzy
open (briefly, (r,s)-fo) if T (A) ≥ r and T ?(A) ≤ s. A fuzzy
set A is called an (r,s)-fuzzy closed (briefly, (r,s)-fc) set iff
1−A is an (r,s)-fo set.

Definition 2.2. [9] Let (X ,T,T ?) be a dfts. For A, B, C ∈
IX A and B are called an (r,s)-fuzzy separated if for r ∈ I0
and s ∈ I1, CT ,T ?(A,r,s)∧B =CT ,T ?(B,r,s)∧A = 0.
A fuzzy set A is called an (r,s)-fuzzy connected if there is not
exit (r,s)-fuzzy separated fuzzy sets A,B ∈ IX −{0} such that
C = A∨B. A fuzzy set A is called double fuzzy connected if
it is (r,s)-fuzzy connected for all r ∈ I0 and s ∈ I1. A triplet
(X ,T,T ?) is called (r,s)-fuzzy connected if 1 is (r,s)-fuzzy
connected.

Definition 2.3. [13] A dfts (X ,T,T ?) is said to be an (r,s)-
fuzzy extremelly disconnected if T (CT ,T ?(A,r,s)) ≥ r and
T ?(CT ,T ?(A,r,s))≤ s, for every A∈ IX with T (A)≥ r, T ?(A)
≤ s.

Definition 2.4. [16] Let (D,≥) be a directed set. Let X be
an ordinary set and f be the collection of all fuzzy points in
X. The function S : D→ f is called a fuzzy net in X . In other
words, a fuzzy net is a pair (S,≥) such that S is a function
: D→ f and ≥ directs the domain of S. For n ∈ D,S(n) is
often denoted by Sn and hence a net S is often denoted by
{Sn : n ∈ D}.

Theorem 2.5. [11] Let (X ,T,T ?) be a dfts. Then double
fuzzy closure operator and double fuzzy interior operator of
A ∈ IX are defined by
CT,T ?(A,r,s) =

∧
{B ∈ IX |A ≤ B,T (1−B) ≥ r,T ?(1−B) ≤

s}.
IT,T ?(A,r,s) =

∨
{B ∈ IX |A≥ B,T (B)≥ r,T ?(B)≤ s}.

Where r ∈ I0 and s ∈ I1 such that r+ s≤ 1.

Definition 2.6. [1] Let (X ,T,T ?) be a dfts. For each A ∈
IX ,r∈ I0 and s∈ I1. A fuzzy set A is called an (r,s)-generalized
fuzzy closed (briefly, (r,s)-gfc) if CT,T ?(A,r,s)≤B, A≤B, T (B)≥
r and T ?(B)≤ s. A is called an (r,s)-generalized fuzzy open
(briefly (r,s)-gfo) iff 1−A is (r,s)-gfc set.

Definition 2.7. [1]For any dfts (X ,T,T ?), A ∈ IX , α ∈ I0
and β ∈ I1, we have:

(i) gCT,T ?(A,r,s) =
∧
{B ∈ IX |A≤ B and B is (r,s)-g f c,}

where gCT,T ?(A,r,s) is the (r,s)-generalized fuzzy clo-
sure of A.

(ii) gIT,T ?(A,r,s) =
∨
{B ∈ IX |B ≤ A and B is (r,s)-g f o,}

where geIT,T ?(A,r,s) is the (r,s)-generalized fuzzy inte-
rior of A.

Definition 2.8. [12] Let (X ,T,T ?) be a dfts. Then for each
A ∈ IX , r ∈ I0 and s ∈ I1. A fuzzy set A is called an (r,s)-fuzzy
regular open (briefly, (r,s)- f ro) if A = IT,T ?(CT,T ?(A,r,s),r,s)
and (r,s)-fuzzy regular closed (briefly, (r,s)- f rc) if if A =
CT,T ?(IT,T ?(A,r,s),r,s).

Definition 2.9. [12] Let (X ,T,T ?) be a dfts. Then for each
A ∈ IX , r ∈ I0 and s ∈ I1, we define operators δCT,T ? and
δ IT,T ? : IX × I0× I1→ IX as follows: δCT,T ?(A,r,s) =

∧
{B∈

IX : A ≤ B, B is (r,s)- f rc} and δ IT,T ?(A,r,s) =
∨
{B ∈ IX :

B≤ A, B is(r,s)- f ro}.

Definition 2.10. [12] Let (X ,T,T ?) be a dfts. Then for each
A ∈ IX , r ∈ I0 and s ∈ I1: a fuzzy set A is called an

(i) (r,s)-fuzzy δ semiopen (briefly, (r,s)- f δ so)
if A≤CT,T ?(δ IT,T ?(A,r,s),r,s) and (r,s)-fuzzy δ semi
closed (briefly, (r,s)- f δ sc) if A ≥ IT,T ?

(δCT,T ? (A,r,s),r,s).

(ii) (r,s)-fuzzy δ pre open (briefly, (r,s)- f δ po)
if A ≤ IT,T ?(δCT,T ?(A,r,s),r,s) and (r,s)-fuzzy δ pre
closed (briefly, (r,s)- f δ pc) if A ≥ CT,T ?

(δ IT,T ? (A,r,s),r,s).

(iii) (r,s)-fuzzy e-open (briefly, (r,s)- f eo) if A≤CT,T ?

(δ IT,T ?(A,r,s),r,s)∨ IT,T ?(δCT,T ?(A,r,s),r,s) & (r,s)-
fuzzy e-closed ( (r,s)- f ec) if A≥ IT,T ?(δCT,T ?(A, r,s),r,s)∧
CT,T ?

(δ IT,T ?(A,r,s),r,s).

Definition 2.11. [12] Let (X ,T,T ?) be a dfts. Then for each
A ∈ IX , r ∈ I0 and s ∈ I1, we define operators eCT,T ? (resp.
δSCT,T ? , δPCT,T ? ) & eIT,T ? ( δSIT,T ? , δPIT,T ? &) : IX× I0×
I1 → IX as follows: eCT,T ? ( δSCT,T ? , δPCT,T ?) (A,r,s) =∧
{B ∈ IX : A≤ B, B is (r,s) - f ec (resp. f δ sc,

f δ pc)} & eIT,T ? (resp. δSIT,T ? , δPIT,T ?) (A,r,s) =
∨
{B ∈

IX : B≤ A, B is (r,s) - f eo (resp. f δ so, f δ po)}.

Theorem 2.12. [12] Let (X ,T,T ?) be a dfts. Then for each
A ∈ IX , r ∈ I0 and s ∈ I1, the operator eCT,T ? satisfies the
following statements:

(i) eCT,T ?(0,r,s) = 0, eCT,T ?(1,r,s) = 1.

(ii) A≤ eCT,T ?(A,r,s).

(iii) If A≤ B, then eCT,T ?(A,r,s)≤ eCT,T ?(B,r,s).

(iv) If A is an (r,s)-fec, then A = eCT,T ?(A,r,s).

(v) If A is an (r,s)-feo, then BqA iff BqeCT,T ?(A,r,s).

(vi) eCT,T ?(eCT,T ?(A,r,s),r,s) = eCT,T ?(A,r,s).

(vii) eCT,T ?(A,r,s)∨ eCT,T ?(B,r,s)≤ eCT,T ?(A∨B,r,s).
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(viii) eCT,T ?(A,r,s)∧ eCT,T ?(B,r,s)≥ eCT,T ?(A∧B,r,s).

Theorem 2.13. [12] Let (X ,T,T ?) be a dfts. Then for each
A ∈ IX , r ∈ I0 and s ∈ I1, the operator eIT,T ? satisfies the
following statements:

(i) eIT,T ?(1−A,r,s) = 1− eCT,T ?(A,r,s),
eCT,T ?(1−A,r,s) = 1− eIT,T ?(A,r,s).

(ii) eIT,T ?(0,r,s) = 0, eIT,T ?(1,r,s) = 1.

(iii) eIT,T ?(A,r,s)≤ A.

(iv) If A is an (r,s)-feo, then A = eIT,T ?(A,r,s).

(v) If A≤ B, then eIT,T ?(A,r,s)≤ eIT,T ?(B,r,s).

(vi) eIT,T ?(eIT,T ?(A,r,s),r,s) = eIT,T ?(A,r,s).

(vii) eIT,T ?(A∨B,r,s)≥ eIT,T ?(A,r,s)∨ eIT,T ?(B,r,s).

(viii) eIT,T ?(A∨B,r,s)≤ eIT,T ?(A,r,s)∧ eIT,T ?(B,r,s).

Definition 2.14. [12] Let (X ,T,T ?) be a dfts. Then for each
A ∈ IX , r ∈ I0 and s ∈ I1: a fuzzy set A is called

(i) (r,s)-generalized fuzzy δ semiopen (briefly, (r,s)-gfδ
so) if B ≤ δSIT,T ?(A,r,s) whenever B ≤ A and T (1−
B)≥ r, T ?(1−B)≤ s.

(ii) (r,s)-generalized fuzzy δ preopen ( (r,s)-gfδ po) if B≤
δPIT,T ?(A,r,s) whenever B≤A and T (1−B)≥ r, T ?(1−
B)≤ s.

(iii) (r,s)-generalized fuzzy e-open (briefly, (r,s)-gfeo) if
B ≤ eIT,T ?(A,r,s) whenever B ≤ A and T (1− B) ≥
r, T ?(1−B)≤ s.

(iv) (r,s)-generalized fuzzy δ semiclosed (briefly, (r,s)-gfδ sc)
if δSCT,T ? (A,r,s) ≤ B whenever A ≤ B and T (B) ≥
r, T ?(B)≤ s.

(v) (r,s)-generalized fuzzy δ preclosed (briefly, (r,s)-gfδ
pc) if δPCT,T ? (A,r,s)≤B whenever A≤B and T (B)≥
r, T ?(B)≤ s.

(vi) (r,s)-generalized fuzzy e-closed (briefly, (r,s)-gfec) if
eCT,T ?(A,r,s)≤B whenever A≤B and T (B)≥ r, T ?(B)
≤ s.

Definition 2.15. [2, 17] Let (X ,T,T ?) and (Y,S,S?) be a dfts.
A function f : (X ,T,T ?)→ (Y,S,S?) is called:

(i) generalized double fuzzy continuous (briefly, gdfc) if
f−1(A) is (r,s)-gfc set for each A∈ IY , r ∈ I0 and s∈ I1
with S(1−A)≥ r and S?(1−A)≤ s.

(ii) double fuzzy irresolute (briefly, dfir) if f−1(A) is (r,s)-
fso set for each (r,s)-fso set A ∈ IY , r ∈ I0 and s ∈ I1.

3. Properties and characterizations of
slightly double fuzzy continous functions

Definition 3.1. Let (X ,T,T ?) and (Y,S,S?) be dfts’s. A func-
tion f : (X ,T,T ?)→ (Y,S,S?) is called

(i) almost ?-double fuzzy e-continuous function (briefly,
a?dfec) if for every A ∈ IX , B ∈ IY , r ∈ I0 and s ∈ I1
such that S(B)≥ r, S?(B)≤ s and f (A)≤B, there exists
an (r,s)-feo set C ∈ IX such that A ≤ C and f (C) ≤
IS,S?(CS,S?(B,r,s),r,s).

(ii) θ?-double fuzzy e-continuous function ( θ?dfec) if for
every A∈ IX , B∈ IY , r ∈ I0 and s∈ I1 such that S(B)≥
r, S?(B) ≤ s and f (A) ≤ B, there exists an (r,s)-feo
set C ∈ IX such that A ≤ C and f (eCT,T ?(C,r,s)) ≤
CS,S?(B,r,s).

(iii) weakly ?-double fuzzy e-continuous function (briefly,
w?dfec) if for every A ∈ IX , B ∈ IY , r ∈ I0 and s ∈ I1
such that S(B)≥ r, S?(B)≤ s and f (A)≤B, there exists
an (r,s)-feo set C ∈ IX such that A ≤ C and f (C) ≤
CS,S?(B,r,s).

(iv) slightly double fuzzy e-continuous function (briefly, sd-
fec) if for every A ∈ IX , B ∈ IY , r ∈ I0 and s ∈ I1 such
that B is (r,s)-fco set and f (A) ≤ B, there exists an
(r,s)-feo set C ∈ IX such that A≤C and f (C)≤ B.

Proposition 3.2. Let (X ,T,T ?) and (Y,S,S?) be dfts’s. For
the function f : (X ,T,T ?)→ (Y,S,S?) the following state-
ments are equivalent

(i) f is sdfec function.

(ii) f−1(C) is an (r,s)-feo set for each C ∈ IY , r ∈ I0 and
s ∈ I1 such that C is (r,s)-feco set.

(iiii) f−1(C) is (r,s)-feco set for each C ∈ IY , r ∈ I0 and
s ∈ I1 such that C is (r,s)-feco set.

(iv) For each fuzzy set A ∈ IX , r ∈ I0, s ∈ I1 and for every
fuzzy net {Sn : n ∈ D} which converges to A, the fuzzy
net { f (Sn) : n ∈ D} is eventually in each (r,s)-feco set
B with f (A)≤ B.

Proof. (i)⇒(ii): Let C ∈ IY , r ∈ I0 and s ∈ I1 such that C
is an (r,s)-feco set and let A ∈ IX such that A ≤ f−1(C).
Since C is an (r,s)-feco set with F(A)≤C. By (i), there exists
B∈ IX such that B is an (r,s)-feo, A≤ B and f (B)≤C. Hence
f−1(C) is an (r,s)-feo set.

(ii)⇒ (iii): Clear.
(iii)⇒ (iv): Let {Sn : n ∈ D} be a fuzzy net converges to

the (r,s)-feco set A ∈ IX and let B ∈ IY be an (r,s)-feco set
such that f (A)≤ B. By using (iii), there exist an (r,s)-feo set
C ∈ IX such that A ≤ C and f (C) ≤ B. Since the fuzzy net
{Sn : n ∈ D} converges to A, Sn ≤ A≤C. Thus { f (Sn) : n ∈
D)} is eventually in each (r,s)-feco set B.
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(iv)⇒ (i): Suppose that f is not sdfec function. Then
for every A ∈ IX , B ∈ IY , r ∈ I0 and s ∈ I1 such that B is
an (r,s)-feo set and f (A) ≤ B, there does not exists C ∈ IX

such that A ≤ C and f (A) ≤ B there does not exist C ∈ IX

such that A≤C and f (C)≤ B. Hence f (Sn)≤ B. That is, the
fuzzy net { f (Sn;n ∈ D)} isn’t eventually in an (r,s)-feco set
B with f (A)≤ B, which is a contradiction. Hence, f is sdfec
function.

Proposition 3.3. Let (X ,T,T ?), (Y,S,S?) and (Z,U,U?) be
dfts’s. For the functions f : (X ,T,T ?)→ (Y,S,S?) and g :
(Y,S,S?)→ (Z,U,U?), the following statements are satisfied

(i) If f and g are sdfec functions, then so is g◦ f .

(ii) If f is a surjective double fuzzy e irresolute and double
fuzzy e open function and g be any function, then g◦ f
is sdfec function iff g is sdfec.

Proof. (i) Clear. (ii) Suppose that g ◦ f is sdfec function,
A ∈ IZ is an (r,s)-feco set. By using Proposition 3.2 (ii),
f−1(g−1(C)) = (g◦ f )−1(C) is an (r,s)-feo set in IX . Since d
is dfeo, g−1(A) = f ( f−1(g−1(A))) is an (r,s)-feo set. There-
fore by Proposition 3.2 g is sgdfsc function.

Conversely, let C ∈ IZ be an (r,s)-feco set where r ∈ I0
and s ∈ I1. Since g is sdfec function, g−1(C) is an (r,s)-feo
set ∈ IY and f is dfei function, f−1(g−1(C)) = (g◦ f )−1(C)
is an (r,s)-feo set ∈ IX . Therefore by Proposition 3.2 (g◦ f )
is sdfec function.

Proposition 3.4. Let (X ,T,T ?) and (Y,S,S?) be dfts’s and
f : (X ,T,T ?)→ (Y,S,S?) be a function. If (Y,S,S?) is an
(r,s)-fuzzy connected, then f is sdfec function.

Proof. Let (Y,S,S?) be an (r,s)-fuzzy e connected space.
Then 0 and 1 are the only (r,s)-feco sets. f−1(0) and f−1(1)
are both (r,s)-feo in IX . Hence by Proposition 3.2, f i sdfec
function.

Proposition 3.5. Let (X ,T,T ?) and (Y,S,S?) be dfts’s and
let f : (X ,T,T ?)→ (Y,S,S?) be sdfec function. If (X ,T,T ?)
is an (r,s)-fuzzy e-connected, then so is (Y,S,S?).

Proof. Suppose that (Y,S,S?) be an (r,s)-fuzzy e-disconn
ected space and C ∈ IY −{0,1} be an (r,s)-feco set. Since
f−1(C) is an (r,s)-feco set which is contradiction. Hence
(Y,S,S?) is an (r,s)-fuzzy e-connected function.

Proposition 3.6. Let (X ,T,TU?) & (Y,S,SU?) be dfts’s. If
f : (X ,T,T ?)→ (Y,S,S?) is sdfec function and (Y,S,S?) is an
(r,s)-fuzzy e-extremely disconnected, then f is a?dfec fucn-
tion.

Proof. Let A ∈ IX , B ∈ IY , r ∈ I0 and s ∈ I1 such that A
and B are (r,s)-feo sets. Since (Y,S,S?) is an (r,s)-fuzzy
e-extremely disconnected, eCS,S?(B,r,s) is an (r,s)-feco set.
Now, f (A)≤ eCS,S?(B,r,s) and since f is sdfec function, there
exists an (r,s)-feo set C ∈ IX such that A ≤ C and f (C) ≤
CS,S?(B,r,s). Therefore, f is a?dfec function.

4. Slightly generalized double fuzzy
e-continuous functions

Definition 4.1. Let (X ,T,T ?) and (Y,S,S?) be dfts’s. A func-
tion f : (X ,T,T ?)→ (Y,S,S?) is called

(i) almost ?-generalized double fuzzy e-continuous func-
tion (briefly, a?gdfec) if for every A∈ IX , B∈ IY , r ∈ I0
and s ∈ I1 such that S(B)≥ r, S?(B)≤ s and f (A)≤ B,
there exists an (r,s)-gfeo set C ∈ IX such that A ≤ C
and f (C)≤ IS,S?(CS,S?(B,r,s),r,s).

(ii) θ?-generalized double fuzzy e-continuous function
(briefly, θ?gdfec) if for every A ∈ IX , B ∈ IY , r ∈ I0
and s ∈ I1 such that S(B)≥ r, S?(B)≤ s and f (A)≤ B,
there exists an (r,s)-gfeo set C ∈ IX such that A ≤ C
and f (CT,T ?(C,r,s))≤CS,S?(B,r,s).

(iii) weakly ?- generalized double fuzzy e-continuous func-
tion (briefly, w?gdfec) if for every A∈ IX , B∈ IY , r ∈ I0
and s ∈ I1 such that S(B)≥ r, S?(B)≤ s and f (A)≤ B,
there exists an (r,s)-gfeo set C ∈ IX such that A ≤ C
and f (C)≤CS,S?(B,r,s).

(iv) slightly generalized double fuzzy e-continuous function
(briefly, sgdfec) if for every A ∈ IX , B ∈ IY , r ∈ I0 and
s ∈ I1 such that B is (r,s)-fco set and f (A) ≤ B, there
exists an (r,s)-gfeo set C ∈ IX such that A ≤ C and
f (C)≤ B.

Proposition 4.2. Let (X ,T,T ?) and (Y,S,S?) be dfts’s. For
the function f : (X ,T,T ?)→ (Y,S,S?) the following state-
ments are equivalent

(i) f is sgdfec function.

(ii) f−1(C) is an (r,s)-gfeo set for each C ∈ IY , r ∈ I0 and
s ∈ I1 such that C is (r,s)-gfeco set

(iiii) f−1(C) is an (r,s)-gfeco set for each C ∈ IY , r ∈ I0 and
s ∈ I1 such that C is (r,s)-gfeco set

(iv) For each fuzzy set A ∈ IX , r ∈ I0, s ∈ I1 and for every
fuzzy net {Sn : n ∈D} with converges to A, the fuzzy net
{ f (Sn) : n ∈ D} is eventually in each (r,s)-gfeco set B
with f (A)≤ B.

Proof. (i)⇒(ii): Let C ∈ IY , r ∈ I0 and s ∈ I1 such that C is
an (r,s)-gfeco set and let A ∈ IX such that A≤ f−1(C). Since
C is an (r,s)-gfeco set with f (A) ≤ C. By (i), there exists
B ∈ IX such that B is an (r,s)-gfeo, A ≤ B and f (B) ≤ C.
Hence f−1(C) is an (r,s)-gfeo set.

(ii)⇒ (iii): Clear.
(iii)⇒ (iv): Let {Sn : n ∈ D} be a fuzzy net converges to

the (r,s)-gfeco set A ∈ IX and let B ∈ IY be an (r,s)-gfeco
set such that f (A) ≤ B. By using (iii), there exist an (r,s)-
gfeo set C ∈ IX such that A ≤ C and f (C) ≤ B. Since the
fuzzy net {Sn : n ∈ D} converges to A, Sn ≤ A ≤ C. Thus
{ f (Sn) : n ∈ D)} is eventually in each (r,s)-gfeco set B.
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(iv)⇒ (i): Suppose that f is not sgdfec function. Then
for every A ∈ IX , B ∈ IY , r ∈ I0 and s ∈ I1 such that B is
an (r,s)-gfeo set and f (A)≤ B, there does not exists C ∈ IX

such that A ≤ C and f (A) ≤ B there does not exist C ∈ IX

such that A≤C and f (C)≤ B. Hence f (Sn)≤ B. That is, the
fuzzy net { f (Sn;n ∈ D)} isn’t eventually in an (r,s)-feco set
B with f (A)≤ B, which is a contradiction. Hence, f is sgdfsc
function.

Definition 4.3. Let (X ,T,T ?) and (Y,S,S?) be dfts’s. A func-
tion f : (X ,T,T ?)→ (Y,S,S?) is said to be generalized double
fuzzy e irresolute (gdfei, for short) if f−1(A) is an (r,s)-gfec
set, for each (r,s)-gfec set A ∈ IY , r ∈ I0 and s ∈ I1.

Proposition 4.4. Let (X ,T,T ?), (Y,S,S?) and (Z,U,U?) be
dfts’s. For the functions f : (X ,T,T ?)→ (Y,S,S?) and g :
(Y,S,S?)→ (Z,U,U?), the following statements are satisfied

(i) If f and g are sgdfec functions, then so is g◦ f .

(ii) If f is a surjective gdfei, gdfeo function and g be any
function, then g◦ f is sgdfec function iff g is sgdfec.

Proof. (i) Clear. (ii) Suppose that g◦ f is sgdfec function, A∈
IZ is an (r,s)-gfeco set. By using Proposition 4.2, f−1(g−1(C))
= (g ◦ f )−1(C) is an (r,s)-gfeo set in IX . Since d is gdfeo,
g−1(A) = f ( f−1(g−1(A))) is an (r,s)-gfeo set. Therefore by
Proposition 4.2 g is sgdfec function.

Conversely, let C ∈ IZ be an (r,s)-gfeco set where r ∈ I0
and s ∈ I1. Since g is sgdfec function, g−1(C) is an (r,s)-gfeo
set ∈ IY and f is gdfei function, f−1(g−1(C)) = (g◦ f )−1(C)
is an (r,s)-gfeo set ∈ IX . Therefore by Proposition 4.2 (g◦ f )
is sgdfec function.

Definition 4.5. A dfts (X ,T,T ?) is said to be an (r,s)-
generalized fuzzy e-connected if and only if 0 and 1 are the
only fuzzy sets which are both (r,s)-gfeo and (r,s)-gfec

Proposition 4.6. Let (X ,T,T ?) and (Y,S,S?) be dfts’s and
let f : (X ,T,T ?)→ (Y,S,S?) be a function. If (Y,S,S?) is an
(r,s)-generalized fuzzy e-connected, then f is sgdfec function.

Proof. Let (Y,S,S?) be an (r,s)-generalized fuzzy e-conne
cted space. Then 0 and 1 are the only (r,s)-gfeco sets. Since
f−1(0) and f−1(1) are both (r,s)-gfeo in IX . Hence by Propo-
sition 4.2, f is sgdfec function.

Proposition 4.7. Let (X ,T,T ?) and (Y,S,S?) be dfts’s and
let f : (X ,T,T ?)→ (Y,S,S?) be sgdfec function. If (X ,T,T ?)
is an (r,s)-generalized fuzzy e-connected, then so is (Y,S,S?).

Proof. Suppose that (Y,S,S?) be an (r,s)-generalized fuzzy
e-disconnected space and C ∈ IY −{0,1} be an (r,s)-gfeco
set. Since f−1(C) is an (r,s)-gfeco set which is contradiction.
Hence (Y,S,S?) is an (r,s)-generalized fuzzy e-connected
function.

Definition 4.8. A dfts (X ,T,TU?) is said to be an (r,s)-
generalized fuzzy e-extremely disconnected if GeCT,T ?(A,r,s)
is an (r,s)-gfeo set for each A ∈ IX , r ∈ I0 and s∈ I1 such that
A is an (r,s)-gfeo set.

Proposition 4.9. Let (X ,T,TU?) and (Y,S,SU?) be dfts’s. If
f : (X ,T,T ?)→ (Y,S,S?) is sgdfec function and (Y,S,S?) is
an (r,s)-generalized fuzzy e-extremely disconnected, then f is
a?gdfec fucntion.

Proof. Let A ∈ IX , B ∈ IY , r ∈ I0 and s ∈ I1 such that A and
B are (r,s)-gfeo sets. Since (Y,S,S?) is an (r,s)-generalized
fuzzy e-extremely disconnected, GeCS,S?(B,r,s) is an (r,s)-
gfeco set. Now, f (A)≤ GSCS,S?(B,r,s) and since f is sgdfec
function, there exists an (r,s)-gfeo set C ∈ IX such that A≤C
and f (C) ≤ CS,S?(B,r,s). Therefore, f is a?gdfec function.

5. Interrelations
The following implication illustrates the relationships be-

tween different functions:

Example 5.1. Let X = {x,y,z} & f : (X ,T,T ?)→ (X ,S,S?)
be the identity function. Define A1 and B1 as follows: A1(x) =
0.4, A1(y) = 0.3, A1(z) = 0.2,
B1(x) = 0.6, B1(y) = 0.7, B1(z) = 0.8 and define (T,T ?) and
(S,S?) as follows:

T (A) =


1, if A ∈ {0,1}
1
2 , A = A1

0, otherwise
T ?(A) =


0, if A ∈ {0,1}
1
2 , A = A1

1, otherwise

S(A) =


1, if A ∈ {0,1}
1
2 , A = B1

0, otherwise
S?(A) =


0, if A ∈ {0,1}
1
2 , A = B1

1, otherwise
Then f is a?dfec function but not dfc.

Example 5.2. Let X = {x,y,z} & f : (X ,T,T ?)→ (X ,S,S?)
be the identity function. Define A1 and B1 as follows: A1(x) =
0.3, A1(y) = 0.4, A1(z) = 0.5, A2(x) = 0.6, A2(y) = 0.5,
A2(z) = 0.5, B1(x) = 0.3, B1(y) = 0.4, B1(z) = 0.5 and de-
fine (T,T ?) and (S,S?) as follows:

T (A) =


1, if A ∈ {0,1}
1
2 , A = A1, A2

0, otherwise
T ?(A) =


0, if A ∈ {0,1}
1
2 , A = A1, A2

1, otherwise

S(A) =


1, if A ∈ {0,1}
1
2 , A = B1

0, otherwise
S?(A) =


0, if A ∈ {0,1}
1
2 , A = B1

1, otherwise
Then f is θ?dfec function but not a?dfec. Also, θ?gdfec
function but not a?gdfec.

Example 5.3. Let X = {x,y,z} & f : (X ,T,T ?)→ (X ,S,S?)
be the identity function. Define A1 and B1 as follows: A1(x) =
0.4, A1(y) = 0.3, A1(z) = 0.2, B1(x) = 0.5, B1(y) = 0.4,
B1(z) = 0.3 and define (T,T ?) and (S,S?) as follows:

T (A) =


1, if A ∈ {0,1}
1
2 , A = A1

0, otherwise
T ?(A) =


0, if A ∈ {0,1}
1
2 , A = A1

1, otherwise

S(A) =


1, if A ∈ {0,1}
1
2 , A = B1

0, otherwise
S?(A) =


0, if A ∈ {0,1}
1
2 , A = B1

1, otherwise
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Then f is w?dfec function but not θ?dfec. Also, w?gdfec
function but not θ?gdfec.

Example 5.4. Let X = {x,y,z} & f : (X ,T,T ?)→ (X ,S,S?)
be the identity function. Define A1 and B1 as follows: A1(x) =
0.4, A1(y) = 0.3, A1(z) = 0.2,
B1(x) = 0.4, B1(y) = 0.4, B1(z) = 0.5 and define (T,T ?) and
(S,S?) as follows:

T (A) =


1, if A ∈ {0,1}
1
2 , A = A1

0, otherwise
T ?(A) =


0, if A ∈ {0,1}
1
2 , A = A1

1, otherwise

S(A) =


1, if A ∈ {0,1}
1
2 , A = B1

0, otherwise
S?(A) =


0, if A ∈ {0,1}
1
2 , A = B1

1, otherwise
Then f is sdfec function but not w?dfec. Also, sgdfec function
but not w?gdfec.

Example 5.5. Let X = {x} and f : (X ,T,T ?)→ (X ,S,S?)
be the identity function. Define A1,A2,A3,A4,B1 and B2
as follows: A1(x) = 0.4, A2(x) = 0.3, A3(x) = 0.5,A4(x) =
0.9, B1(x) = 0.6, B2(x) = 0.4 and define (T,T ?) and (S,S?)
as follows:

T (A) =


1, if A ∈ {0,1}
1
2 , A = A1, A2, A3, A4

0, otherwise

T ?(A) =


0, if A ∈ {0,1}
1
2 , A = A1 A2, A3, A4

1, otherwise

S(A) =


1, if A ∈ {0,1}
1
2 , A = B1, B2

0, otherwise
S?(A) =


0, if A ∈ {0,1}
1
2 , A = B1, B2

1, otherwise
Then f is a?gdfec function but not gdfec.
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Themono- (1) and bi-nuclear (2) copper(II) complexes containingN-substituted isatin thiosemicarbazone(s) were
synthesized, and characterized by analytical and spectroscopic (UV–Visible, FT-IR and EPR) techniques. Bimetallic
nature of complex2was confirmedby single crystal X-ray crystallography. The structures predicted by spectroscopic
and crystallographicmethodswere validated by computational studies. From the spectroscopic, crystallographic and
computational data, the structureswere found to be distorted square planar for 1 and distorted square pyramidal for
2. Molecular docking studies showed hydrogen bonding and hydrophobic interactions of the complexes with tyros-
inase kinase receptors. Complex1 exhibitedpromising cytotoxic activity against Jurkat (leukemia) cell line, and com-
plex2displayedmore activity againstHeLa S3 (cervical) and Jurkat cell lineswith the IC50 values of 3.53 and3.70 μM,
respectively. Cytotoxicity of 1 (Jurkat) and 2 (Jurkat and HeLa S3) was better than that of cisplatin. Morphological
changes in A549 (lung), HeLa S3 and Jurkat cell lines were examined in presence of the active complexes with the
co-staining of Hoechst, AO (acridine orange) and EB (ethidium bromide) by fluorescence microscope.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Thewidespread success of cisplatin in the treatment of various types
of neoplasia has placed metal-based drugs in the frontline to fight
against cancer [1–3]. Though effective in treating various types of can-
cer, it suffers from serious side effects like neurotoxicity, nephrotoxicity
and hepatotoxicity. This enticed the researchers to search for the alter-
native metal-based drugs with improved activity and less side effects.
Most of the anticancer complexes contain bioactive ligands which pro-
vide enhanced therapeutic effect as well as the possibility of lower-
dose administration, resulting in lower toxicity [4]. Copper complexes
have biologically accessible redox potentials, high nucleobase affinities,
and high DNA (deoxyribonucleic acid) and protein binding efficiencies
[5]. Copper(I/II) is a physiologically important endogenous metal ion
that plays a significant role in redox reactions and thus triggers the

production of reactive oxygen species (ROS) which induce apoptosis
in cancer cells [6]. Copper complexes were found to be less toxic to nor-
mal cells compared to their toxicity in cancer cells. The alteredmetabo-
lism of cancer cells, and differential responses of normal and tumor cells
to copper complexes encouraged many scientists to develop copper
complexes endowed with antineoplastic characteristics [6,7].

Thiosemicarbazones (TSCs) and their heterocyclic counterparts have
trapped attention of the pharmacy world due to their wide range of bi-
ological properties [8–10]. Thiosemicarbazones (TSCs) are an important
class of ligands with interesting ligating properties due to thione-thiol
tautomerism, and consequently bind to metal centres as monodentate,
bidentate or bridging ligands [11,12]. The ability of TSCs to form stable
complexes with transition metal ions makes them as versatile
pharmacophores [13,14]. TSCs have attracted the attention of the re-
searchers due to their antiviral, antifungal, antibacterial [14], anti-HIV
[15], antimalarial [16], and antitumor [17] activities. Particularly N-
heterocyclic TSCs have remarkable anticancer activity as in the case of
triapine (3-aminopyridine-2-carboxaldehyde TSC) which has entered
phase I and II clinical trials [18]. There were reports on antitumor activ-
ity of copper-TSC complexes [19–25]. Copper(II) complexes containing
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heterocyclic TSC ligands have been developed as potential anticancer
agents [10,26–28]. Copper(II) complexes derived from 2-oxo-1,2-
dihydroquinoline-3-carbaldehyde TSCs, and their antioxidant and cyto-
toxic properties have been reported [29]. Even though there are good
number of publications on the copper(II) complexes bearing TSC li-
gands, only a few papers deal with S-bridged bi-nuclear Cu(II) com-
plexes featuring heterocyclic TSCs with anticancer property [27,30].

Considering the biological importance of copper complexes with het-
erocyclic TSCs, we have carried out reaction between copper(II) chloride
and isatin based TSC ligands. Interestingly, the substitution on the nitro-
gen of heterocyclic ring decided the formation of either mono- or bi-
nuclear copper(II) complexes. Interaction of the complexes with EGFR/
VEGFR-2/Polo-like/fms-like tyrosinase kinase receptors was investigated
using molecular docking studies. Cytotoxicity of the ligands and com-
plexes was also evaluated against human lung carcinoma (A549),
human cervix carcinoma (HeLa S3) and human leukemia (Jurkat) cancer
cell lines, and human fetal lung (IMR90) normal cell line. Apoptotic mode
of cell death was visualized using fluorescent staining studies.

2. Experimental section

2.1. Materials and methods

All the reagents and solvents purchasedwere of analytical grade and
used as received.Melting points of the complexeswere determined on a
Lab India instrument and uncorrected. Elemental analyses were carried
out using a Perkin Elmer instrument. Fourier-transform infrared (FT-IR)
spectrawere obtained as KBr pellets using aNicolet-iS5 spectrophotom-
eter. Ultraviolet (UV)-Visible spectra were recorded using a Shimadzu-
2600 spectrophotometer. Electron paramagnetic resonance (EPR) spec-
tra were recorded on a JEOL EPR spectrometer operating at X-band fre-
quency (9.1 GHz), at liquid nitrogen temperature. Ligands L1 and L2
were synthesized using the reported methods [31,32]. Detailed proce-
dures for single crystal X-ray diffraction and molecular docking studies
are given in the supplementary information.

2.2. Synthesis of the copper(II) complexes

A methanolic solution (5 mL) of CuCl2∙2H2O (0.001 mol) was added
to a methanolic solution (3 mL) of L1/L2 (0.001 mol). The resultant so-
lution was stirred for 3 h at room temperature to form a green colored
precipitate. The precipitate was filtered off, washed with cold methanol
and dried under vacuum.

[Cu(L1)Cl] (1). L1 (0.248 g, 0.001 mol) and CuCl2∙2H2O (0.170 g,
0.001 mol) were utilized for complex 1 preparation. Yield: 83%. Green
color solid. M. p.: 292 °C. Anal. Calc. for C11H11ClCuN4OS (%): C, 38.15;
H, 3.20; N, 16.18; S, 9.26. Found: C, 38.31; H, 3.35; N, 16.03; S, 9.42. UV–
Vis (DMSO): λmax, nm (ε, dm3mol−1cm−1) 261 (23700), 335 (12550),
428 (10400), 651 (1700). FT-IR (KBr): ʋ, cm−1 3449 (N\\H), 1649
(C_O), 1525 (C_N), 1254 (C\\S). EPR (LNT, X-band): g|| = 2.379,
g⊥ = 2.140.

[{Cu(L2)Cl}2] (2). L2 (0.324 g, 0.001 mol) and CuCl2∙2H2O (0.170 g,
0.001 mol) were utilized for complex 2 preparation. Yield: 75%. Green
color solid. M. p.: 297 °C. Anal. Calc. for C34H30Cl2Cu2N8O2S2 (%): C,
48.34; H, 3.58; N, 13.26; S, 7.59. Found: C, 48.76; H, 4.05; N, 13.19; S,
7.39. UV–Vis (DMSO): λmax, nm (ε, dm3mol−1cm−1) 265 (25100),
339 (15250), 421 (11300), 649 (1550). FT-IR (KBr): ʋ, cm−1 3458
(N\\H), 1653 (C_O), 1537 (C_N), 1229 (C\\S). EPR (LNT, X-band):
g|| = 2.209, g⊥ = 2.070.

2.3. Density functional theory (DFT) calculations

Structures of the ligands and copper(II) complexes were optimized
using Gaussian 09W software at B3LYP/6-31G(d,p) and LanL2DZ basis
sets, respectively [32,33].

2.4. MTT assay

A549, HeLa S3 and IMR90 (human normal lung) cell lines weremain-
tained in DMEM (Dulbecco's modified eagle's medium), and Jurkat cell
line was maintained in RPMI (Roswell park memorial institute) with
10% fetal bovine serum (FBS) and 2 mM L-glutamine, along with antibi-
otics (about 100 international unit/mL of penicillin and 100 μg/mL of
streptomycin). 100 μL medium containing 15,000 cells/well and different
concentrations (3.25–100 or 25–100 μM) of the ligands and complexes
were seeded in 96-well plates. After 24 h, an aliquot of 100mL ofmedium
containing5mg/mLof 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) was loaded into the plate. The cells were incubated
for 4 h and then 10% sodium dodecyl sulphate (SDS) in 0.01 N HCl was
added [34–36]. The activity against cancer and normal cells was deter-
mined by measuring the absorbance of the converted dye at 570 nm in
an ELISA (enzyme linked immunosorbent assay) reader. Cytotoxicity of
each sample was expressed as IC50 value. The percentage of growth inhi-
bition was calculated using the formula,

Mean OD of the untreated cells controlð Þ−Mean OD of the treated cells
Mean OD of the untreated cells controlð Þ � 100

2.5. Fluorescence studies

The staining analyses of A549,HeLa S3 and Jurkat cells in the absence
and presence of complexes 1 and 2were carried out. IC50 concentration
was used for fluorescence microscopic analysis. A549, HeLa S3 and
Jurkat cells were cultured in 30 mm plates, and the cells were treated
for 24 h with the complexes. After treatment, A549, HeLa S3 and Jurkat
cells were co-stained with Hoechst (blue), AO (green-live cell) and EB
(red-dead cell) for 20 min under dark condition. The fluorescence im-
ages of A549, HeLa S3 and Jurkat cells were captured using Biorevo
BZ-9000 Keyence instrument [36–39].

2.6. Data analysis

Data obtained from three independent experiments were analyzed
using Graphpad Prism 6 software. Significance was calculated by
Tukey's multiple comparisons test (p < 0.05).

3. Results and discussion

3.1. Synthesis and spectroscopy

The substituted isatin based TSCs (L1 and L2) were obtained in satis-
factory yields from the reactions of 4-methyl thiosemicarbazide with
methylisatin/benzylisatin in ethanol containing 0.5 mL of glacial acetic
acid. The mono- and bi-nuclear copper(II) complexes were obtained
by stirring a methanolic solution of CuCl2∙2H2O at room temperature
with L1 and L2, respectively (Scheme 1). It was found that the N-
substitution in isatin ring influenced the nuclearity of the complexes
formed. Recently, Muralisankar et al. reported that the reaction of N-
allyl or N-propargylisatin N(4)-cyclohexyl TSC with CuCl2∙2H2O yielded
mono-nuclear Cu(II) complexes, whereas N-benzyl substitution in the
same ligand gave bi-nuclear copper(II) complex [30,37–44] Similarly,
in our case, methyl and benzyl substituents in the isatin nitrogen fa-
vored the formation of mono-nuclear (1) and bi-nuclear (2) complexes,
respectively. The complexes synthesized were pure, stable, soluble in
CHCl3, CH2Cl2, DMF and DMSO, and partially soluble in water, CH3OH,
C2H5OH and THF. The molecular structures of L1, L2 and 2 were con-
firmed by single crystal X-ray diffraction. Complex 1 is believed to
exist inmono-nuclear formbased on CHNS data and earlier reports [45].

The bands appeared at 261–265 and 335–339 nm in the spectra of the
complexes corresponded to intra-ligand (π→ π⁎ and n→ π⁎) transitions.
Metal to ligand charge transfer (MLCT) transition was characterized by
the appearance of a new band at 421–428 nm. In addition, the spectra
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of the complexes at high concentration exhibited d→ d transition in the
range 649–651 nm (Figs. S1 and S2). In the case of square pyramidal ge-
ometry, the four d orbitals lie very close to each other making it difficult
to resolve the bands to distinct Orgel components. So, the broad band
(d→d)noticed in the spectra of2maybe assigned to 2Eg→ 2T2g transition
[46]. The present spectra coincide very well with those of previously re-
ported Cu(II) complexes [27,45,47,48]. The experimental spectra of the
complexes have been compared with the calculated ones obtained by
using TD-DFT method. The main electronic transitions and oscillator
strength (ƒ) values of the complexes are given in Table S1. The calculated
transitionswere in good agreementwith the experimental values. The ex-
perimental and calculated spectra are presented in Figs. S1 and S2.

FT-IR spectra of the complexes showed a significant shift in C_O
(1649–1653 cm−1), C_N (1525–1537 cm−1) and C\\S
(1229–1254 cm−1) stretching frequencies compared to those of the li-
gands [ν(C_O), 1680–1689; ν(C_N), 1552–1561 and ν(C_S)
1271–1285 cm−1], indicating the coordination of carbonyl O, imine N
and thiolate S atoms to copper(II) ion [27] (Figs. S3–S6). Comparison be-
tween the experimental and calculated vibrational frequencies of the li-
gands and complexes have been made and provided in Table S2.

X-band EPR spectra of the complexes were recorded at liquid nitro-
gen temperature. Complexes 1 and 2 showed hyperfine splitting typical
of square planar and square pyramidal geometries, respectively. Axial
spectra with g|| > g⊥ > 2.00 were observed, and the trend in g values
suggested that the unpaired electron in Cu(II) ion resides in dx2−y

2 orbital
[5]. The geometric parameter G was evaluated using the expression
[46], G = (g||− 2.0023) / (g⊥ − 2.0023) in order to understand the de-
gree of exchange interaction between the copper centres. If G > 4, the
interaction is said to be negligible and when G < 4, considerable ex-
change interaction is possible. The calculated G values for complexes 1
and 2 were 2.64 and 3.06, respectively. As G < 4, exchange interaction
might be present in complex 2, which can make the dissociation of di-
meric species difficult even in polar solvents [49,50].

3.2. Molecular structures

Suitable crystals of the ligands (L1 and L2) and bi-nuclear copper(II)
complex (2) were obtained by slow evaporation of DMF-CH2Cl2 (1:3)
solution of the ligands and complex 2. Thermal ellipsoid plots of L1, L2

Scheme 1. Synthetic routes of mono- and bi-nuclear Cu(II) complexes.

Fig. 1. Thermal ellipsoid (50%) plot of L1. Fig. 2. Thermal ellipsoid (50%) plot of L2.
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and 2with atomic labeling scheme are shown in Figs. 1–3. Details of the
crystal data collection and refinement parameters are presented in
Table 1. The selected interatomic bond lengths and angles are tabulated
(Tables S3–S5). L1was crystallizedwith twomolecules in the asymmet-
ric unit. L1 and L2 crystallized in triclinic andmonoclinic crystal systems
with P-1 and C2/c space groups, respectively. Crystal structures of L1

and L2 indicated that the rings in the isatin moiety were planar. Intra-
molecular hydrogen bonding was observed between amine H and car-
bonyl O [N(3)\\H(3)⋯O(1), 2.09 Å (L1) and N(3)\\H(3)⋯O(1), 2.09 Å
(L2)], creating a six-membered ring and favoring Z-isomer with respect
to the C_N bond. This hydrogen bonding made the isatin ring and TSC
moiety essentially co-planar [32,51]. The crystal structures also con-
firmed the existence of hydrogen bonding between amine H and
thiocarbonyl S [N(4)\\H(4)⋯S(1A), 2.69 Å] in L1, and methyl H and
thiocarbonyl S [C(17)\\H(17A)⋯S(1)#1, 2.85 Å] in L2. Molecular struc-
ture of L1was stabilized byN\\H⋯OandN\\H⋯N intramolecular inter-
actions, generating S(6) and S(5) patterns, respectively. Crystal packing
was strongly stabilized by N\\H⋯S, C\\H⋯O and C\\H⋯S intermolecu-
lar hydrogen bonding (Fig. 4). AtomsN4 andN4A acted as donors to S1A
and S1 at −1-x, −y, 2-z and −1-x, 1-y, 2-z, respectively, generating C
(4) chain running along b axis. C9\\H9A⋯O1 intermolecular interaction
generated centrosymmetric dimer of R2

2(10). C2A\\H2A⋯O1 hydrogen
bonding interaction was observed between the two molecules in the
asymmetric unit cell. Another intermolecular hydrogen bonding was
found between C9 and S1A, and the details are given in Table S6. Molec-
ular structure of L2was stabilized byN\\H⋯OandN\\H⋯N intramolec-
ular interactions generating S(6) and S(5) patterns, respectively. Atom
C17 acted as donor to S1 to generate centrosymmetric dimer of R2

2

(10). Only one intermolecular hydrogen bonding was observed in L2
when compared to strong intermolecular interactions in L1. This could
be due to the presence of the benzyl group in L2, whichmight have hin-
dered the neighboring symmetry related molecules to come closer in
order to favor the intermolecular interactions (Fig. 5). This may be the
probable reason for the formation of bi-nuclear complex with L2.

Complex 2 crystallized in a monoclinic lattice with P21/c space
group. Crystal structure (Fig. 3) confirmed the formation of bi-nuclear
complex. Coordination environment around each copper(II) ion was

Fig. 3. Thermal ellipsoid (50%) plot of 2. Symmetry related atoms are not labelled for
clarity.

Table 1
Crystallographic data and refinement parameters for L1, L2 and complex 2.

Parameter L1 L2 2

Empirical formula C11H12N4OS C17H16N4OS C34H30Cl2Cu2N8O2S2
Formula weight 248.31 324.40 844.76
Temperature (K) 110.15 110(2) 100.0
Wavelength (Å) 0.71073 0.71073 1.54178
Crystal system Triclinic Monoclinic Monoclinic
Space group P-1 C2/c P21/c
Unit cell dimensions
a (Å) 8.020(2) 20.244(3) 15.1329(4)
b (Å) 10.561(3) 12.1768(17) 14.8471(4)
c (Å) 13.686(4) 13.3673(19) 8.0620(2)
α (°) 93.833(4) 90 90
β (°) 91.479(4) 112.288(2) 105.3600(10)
γ (°) 91.734(4) 90 90
Volume (Å3) 1155.7(5) 3049.0(7) 1746.67(8)
Z 4 8 2
Density (calculated) Mg/m3 1.427 1.413 1.606
Absorption coefficient (mm−1) 0.269 0.223 4.400
F(000) 520 1360 860
Crystal size (mm3) 0.45 × 0.14 × 0.14 0.58 × 0.41 × 0.16 0.06 × 0.05 × 0.02
Theta range for data collection (°) 1.934 to 27.466 1.995 to 27.484 3.028 to 70.144
Index ranges −10 ≤h ≤10,

−13 ≤k ≤13,
0 ≤l ≤17

−26 ≤h ≤26,
−15 ≤k ≤15,
−17 ≤l ≤17

−18 ≤h ≤18,
−18 ≤k ≤18,
−9 ≤l ≤8

Reflections collected 10,923 17,448 22,064
Independent reflections [R(int)] 10,923 (0.0454) 3484 (0.0439) 3309 (0.0565)
Completeness to theta = 25.242°/67.679° 99.6% 99.9% 99.8%
Absorption correction Semi-empirical from equivalents Semi-empirical from equivalents Semi-empirical from equivalents
Max. and min. transmission 0.746 and 0.519 0.745 and 0.682 0.7533 and 0.6271
Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2 Full-matrix least-squares on F2

Data/restraints/parameters 10,923/0/313 3484/0/209 3309/0/227
Goodness-of-fit on F2 1.055 1.070 1.110
Final R indices [I > 2sigma(I)] R1 = 0.0477,

wR2 = 0.1191
R1 = 0.0392,
wR2 = 0.0937

R1 = 0.0361,
wR2 = 0.0787

R indices (all data) R1 = 0.0703,
wR2 = 0.1287

R1 = 0.0427,
wR2 = 0.0959

R1 = 0.0478,
wR2 = 0.0847

Largest diff. peak and hole (e.Å−3) 0.426 and −0.493 0.345 and −0.283 0.593 and −0.356
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square pyramidal. The penta-coordinated square pyramidal geometry
was also reflected by Addison parameter (τ5). τ5 was calculated by the
formula, (β-α)/60°. If τ5 is close to 0, the geometry is like square pyra-
midal; if τ5 is close to 1, the geometry is like trigonal bipyramidal. In
the present case, τ5 is close to 0 [(105.36–90)/60=0.256]which clearly
supported square pyramidal geometry of complex 2. Copper(II) ion
bound to the ligand through carbonyl O, azomethine N and thiolate S.
The three coordinated atoms from the ligand and terminal chloride
ion served as the basal plane. The axial positionwas occupied by thiolate
sulfur from the adjacent symmetric [Cu(L2)Cl] unit. Two [Cu(L2)Cl]
moieties were held together by two bridged S atoms of L2, forming a
bi-nuclear structure with Cu2S2 core (Fig. 3). The four-membered ring
with the bond angle of 92.48(2)° [S(1)\\Cu(1)\\S(1)#1] was not pla-
nar. Distance between the non-bonded Cu ions (Cu⋯Cu) was 3.490 Å
[32,52]. Crystal packing of the bi-nuclear complex was stabilized by
N\\H⋯Cl intermolecular hydrogen bonding (Fig. 6).

3.3. Theoretical studies

3.3.1. Structure optimization and spectroscopy
The optimized structures are displayed in Fig. S7, and the selected

bond lengths and angles are given in Tables S4 and S5. In complex 1,
the angles between copper(ΙΙ) and the surrounded atoms were as fol-
lows: N(4)\\Cu(30)\\O(7), 74.70; N(4)\\Cu(30)\\S(1), 78.52; S(1)\\
Cu(30)\\Cl(31), 112.29 and O(7)\\Cu(30)\\Cl(31), 106.64°. These
values were deviated from those of perfect square planar, indicating a
distorted structure of the complex [51]. Cu(30)\\Cl(31) bond length
(2.212 Å) was comparable with the value (2.239 Å) reported for cop-
per(II) chloride complexes with tridentate ligands [42,52]. Calculated
Cu(30)\\O(7) bond length (2.562 Å) was also found to be consistent
with the reported value (2.083 Å) [51]. In complex 2, the angles be-
tween copper(ΙΙ) ions and the surrounded atoms were as follows: N
(7/10)\\Cu(1/2)\\O(13/18), 80.97/81.35; N(7/10)\\Cu(1/2)\\S(3/4),
79.88/82.31; S(3/4)\\Cu(1/2)\\Cl(49/50), 98.34/96.79; O(13/18)\\Cu
(1/2)\\Cl(49/50), 96.88/99.18 and S(3/4)\\Cu(1/2)\\S(4/3), 90.94/

95.15°, which suggested distorted square pyramidal structure for 2. Cu
(1/2)\\Cl(49/50) bond lengths (2.259/2.319 Å) were in the range
(2.239 Å) reported for copper(II) chloride complexes involving
tridentate ligands [47]. Cu(1/2)\\O(1/2) (2.182 and 2.650 Å) and Cu

Fig. 4. Crystal packing viewed down b axis showing intermolecular and intramolecular
hydrogen bonding in L1.

Fig. 5. Crystal packing viewed down a axis showing intermolecular hydrogen bonding in L2.

Fig. 6.Crystal packing vieweddown a axis showing intermolecular hydrogen bonding in2.
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(1/2)\\S(3/4) (2.507 and 2.508 Å) distances were also in agreement
with the previously reported values [45]. The detailed discussion on
theoretical spectroscopic studies is given in the supplementary
information.

3.3.2. Molecular docking studies
Molecular dockingwas performedwith the intention to assess the in

silico interactions of the Cu(II) complexes with some target proteins
which are related to the apoptotic mode of cell death. Being a key tool
in drug discovery and development, molecular docking helps one to

demonstrate the behaviour of drug candidates in the binding sites of
target proteins. The study is thought to give an account on the feasibility
of in silico interactions.

3.3.2.1. Epidermal growth factor receptor. Human epidermal growth fac-
tor receptor (EGFR), a transmembrane tyrosine kinase receptor, is asso-
ciated with several types of cancer including breast, lung, ovarian and
anal cancers [53]. EGFR inhibition retards metastatic activity and en-
hances radiation-induced apoptosis, and by inducing cell cycle arrest
in the G1 phase, it prevents radiation damaged cells from entering the

Fig. 7. (A) Hydrogen bonding and hydrophobic interactions of docked complex 2with EGFR (Ligplot view). (B) Hydrogen bonding interactions of docked complex 2 at the active site of
EGFR (Pymol view). (C) and (D) Hydrogen bonding interactions of docked gefitinib and sunitinib respectively at the active site of EGFR (Ligplot view).
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G2/M phase where repair of radiation-induced DNA damage occurs
[54]. Therefore, the receptorwas targeted by a variety of therapeutic ap-
proaches for cancer treatment. It motivated us to study the nature of
docking interactions of the synthesized ligands and complexes with
EGFR. One hydrogen bonding was found between H of ALA743 and N
(O\\H⋯N4) of L1, and another hydrogen bonding also appeared be-
tween O of ASP855 and H (N2\\H⋯OD1) of the same ligand. In the
case of L2, N attached H, and O atoms were found to interact with
ASP855 (ASP855 D1O⋯H\\N3) and LYS745 (LYS745 NZ\\H⋯O), re-
spectively to form hydrogen bonding interactions. The O atom in com-
plex 1 interacted with H in the OH group of THR854 amino acid
residue in the receptor pocket. Complex 2 showed two hydrogen bond-
ing interactions with the amino acids (THR854 and GLN791) of EGFR
(THR854 OG1\\H⋯Cl1 and N3\\H⋯O GLN791). Further, docking
study showed that L1, L2, 1 and 2 effectively bound with the active

sites of amino acids such as THR795, VAL726, LEU788, LEU858,
MET766, PHE856, THR854, ARG766, CYS755, LEU777, MET793,
ASN842, GLY721, ARG841, ALA743 and PHE866 through hydrophobic
interactions. In comparison with the known EGFR inhibitors such as ge-
fitinib, sunitinib and dasatinib, it can be said that the present com-
pounds can also act as efficient EGFR inhibitors [55,56]. Molecular
docking of the clinical inhibitors (gefitinib and sunitinib) was carried
out against EGFR (Fig. 7). For instance, gefitinib [used in the treatment
of non-small-cell lung cancer (NSCLC)] was found to form hydrogen
bonding interactions with EGFR residues namely MET793, LYS745 and
ASP855. Similarly, the docking of sunitinib [FDA approved drug for gas-
trointestinal stromal tumor (GIST) and advanced renal cell cancer
(RCC)] suggested its strong binding with EGFR via H-bonding networks
involving LYS745, MET793, THR790, and THR854. Zhong et al., reported
that dasatinib (drug against certain cases of leukemia) formed hydrogen

Fig. 8. (A) Hydrogen bonding and hydrophobic interactions of docked complex 2with VEGFR-2 (Ligplot view). (B)Hydrogen bonding interactions of docked complex 2 at the active site of
VEGFR-2 (Pymol view). (C) and (D) Hydrogen bonding interactions of docked axitinib and sunitinib respectively at the active site of VEGFR-2 (Ligplot view).
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bonding interactions via LYS745, ASP800, GLN791 and ALA722 residues
of EGFR [55]. The common sets of H-bonding interactions (LYS745,
ASP855, GLN791 and THR854) observed in the docking poses of the
present compounds and known drugs (inhibitors) against EGFR pro-
posed an inhibitory role played by the former [56]. The docking images
are shown in Figs. 7, S10 and S11, and the binding affinity values are
given in Table S10.

3.3.2.2. Vascular endothelial growth factor receptor. Vascular endothelial
growth factor receptor-2 (VEGFR-2) plays a vital role in cancer angio-
genesis [57]. Therefore, VEGFR-2 serves as a target for the development
of anticancer agents. The TSCs and their copper complexes were sub-
jected to docking with VEGFR-2. All the ligands and complexes
interacted via hydrogen bonding with VEGFR-2. L1 had two hydrogen
bonding interactions namely ASP1044 N\\H⋯O and N3\\H⋯O
ASP1044. ASP1044 amino acid residue in the receptor pocket formed
hydrogen bonding with N3 and N4 attached H atoms of L2 (ASP1044
O⋯H\\N3 and ASP1044 O⋯H\\N4). Complex 1 showed hydrogen
bonding between O from the complex and OH of ASP1044 (O⋯H\\O
ASP1044). Complex 2 exhibited two hydrogen bonding interactions
with amino acids ASP1044 and LEU838 (LEU838 O⋯N3\\H and
ASP1044 O⋯N7\\H). L1, L2, 1 and 2 showed hydrophobic interactions
with several amino acids (ILE890, CYS1043, VAL897, VAL914, LYS866,
VAL912, LEU887, GLU883, VAL896, ILE1042, ALA1063, ASP1062,
ARG1030, ILE1051, CYS917, ASN1031, LEU033 and PHE916) of VEGFR-
2, and these interactions are shown in Figs. 8, S12 and S13 [58].
Table S10 shows the docking score, glide energy, and hydrogen bonding
and hydrophobic interactions. It is generally thought that ASP1044 and
GLU883 are the common residues in the kinase binding active pocket,
which bind effectively with the potential inhibitors, causing VEGFR-2
to lose its activity [59,60]. Both the ligands and complexes showed in-
teractions similar to that of the clinical inhibitor axitinib [used to treat

advanced renal cell carcinoma (RCC)], wherein it showedH-bonding in-
teractions with CYS917, GLU915, GLU883 and ASP1044. The docking of
reference inhibitors such as axitinib and sunitinib against VEGFR-2 is
depicted in Fig. 8. These facts suggested that the present compounds
can act asVEGFR-2 inhibitors.Molecular dockingwith polo-like 1 recep-
tor and Fms-like tyrosine kinase 3 receptor has also been done for the
ligands and complexes, and the results are described in the supplemen-
tary information.

3.4. Cytotoxicity

The mono- and bi-nuclear complexes (1 and 2) were stable in phys-
iological medium, which was studied by UV–Visible spectroscopic
method [61]. This indicated that complex 2 retained its binuclear nature
in physiological medium as seen in previous reports [62,63]. In vitro cy-
totoxicity of the ligands and complexeswas investigated against human
lung (A549), cervical (HeLa S3) and leukemia (Jurkat) cancer cell lines,
and non-cancerous human fetal lung (IMR90) cell line by MTT assay.
The plots between % of cell survival and concentration of the ligands
and complexes are depicted in Fig. 9. The results were analyzed by
means of cell inhibition expressed as IC50 values and are provided in

Fig. 9. Cytotoxic properties of compounds L1, L2, 1 and 2 against A549, HeLa S3 and Jurkat cells evaluated byMTT assay.MTT assaywas conducted for 24 h at 37 °C and data are calculated
by mean ± SD.

Table 2
IC50 values of the compounds.

Compound IC50 (μM)

A549 HeLa S3 Jurkat IMR90

L1 >100 >100 >100 >100
L2 >100 >100 65.54 >100
1 59.50 72.8 5.83 >100
2 29.91 3.53 3.70 >100
Cisplatin 18.1 23 21.7 >100
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Table 2. The ligands and complexeswere analyzed in various concentra-
tions (3.25–100 or 25–100 μM). The results revealed that the ligands
showed less activity than the complexes. Complexes 1 and 2 showed
only moderate activity against A549 cell line with the IC50 values of
59.50 and 29.91 μM, respectively. At the same time, complex 2 showed
promising cytotoxic activity against HeLa S3 cell linewith the IC50 value
of 3.53 μM. Moreover, complexes 1 and 2 effectively destroyed Jurkat
cell line with the IC50 values of 5.83 and 3.70 μM, respectively. Fascinat-
ingly, bi-nuclear complex 2 showed 8–9 times higher activity than cis-
platin against HeLa S3 and Jurkat cell lines. The superior activity of

complex 2 was due to its bimetallic nature [30]. This is consistent with
many studies that showed bi-nuclear copper(II) complexes possess
higher anticancer activity than their mono-nuclear analogues [44]. All
the ligands and complexes showed less toxicity against the normal
IMR90 cell line (Fig. S18), whichwas evident from their high IC50 values
(>100 μM). The present complexes showed better activity than the pre-
viously reported complexes containing isatin based TSC ligands against
A549 cancer cells (Scheme 2) [30]. The synthesized complexes were
also found to be more active than the copper(II) complexes bearing 2-
hydroxynaphthaldehyde TSCs or 5-methoxyisatin TSCs against A549

Scheme 2. Cytotoxicity of the reported Cu(II) complexes.

Fig. 10. Fluorescence microscopic images (Scale bar = 25 μm) of A549 cell line.
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cell line [64,65]. It is noteworthy to mention that there were only few
reports available on the cytotoxicity of copper complexes with TSCs
tested against Jurkat and HeLa S3 cell lines [66].

3.5. Fluorescence microscopic studies

Apoptosis is a programmed cell death that occurs in a controlled
manner [67]. Cell and nuclear shrinkage, chromatin condensation, for-
mation of apoptotic bodies and phagocytosis by neighboring cells char-
acterize the main morphological changes of the apoptosis process [68].
The morphological changes which give information about the mode of
cell death were visualized using fluorescent staining assay. A549 and
HeLa S3 cells were treated with complex 2 (A549, 50 μM and HeLa S3,
5 μM), and Jurkat cells were treated with complexes 1 (10 μM) and 2
(5 μM) and subjected to fluorescence microscopic studies. The

morphological changes such as nuclear condensation and cell blebbing
of A549, HeLa S3 and Jurkat cell lines were confirmed by co-staining
with Hoechst (blue), AO (green-live cell) and EB (red-dead cell), as
summarized in Figs. 10–12. The staining assay suggested that com-
plexes 1 and 2 induced apoptosis mediated cell death in tested cancer
cell lines.

4. Conclusions

Mono- and bi-nuclear copper(II) complexes bearing N-substituted
isatin based 4-methyl TSC have been synthesized and characterized.
The substituent in the N of isatin ring influenced the formation of
mono- or bi-nuclear complex. The square pyramidal geometry of bi-
nuclear copper(II) complex was confirmed by X-ray crystallography.
Molecular docking studies showed that L1, L2, 1 and 2 interacted

Fig. 11. Fluorescence microscopic images (Scale bar = 25 μm) of HeLa S3 cell line.

Fig. 12. Fluorescence microscopic images (Scale bar = 10 μm) of Jurkat cell line.
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strongly with EGFR, VEGFR-2, polo-like kinase 1 and fms-like tyrosine
kinase 3 via hydrogen bonding and hydrophobic interactions. Further,
complexes 1 and 2 showed promising cytotoxic activity against Jurkat
cells and complex 2 showed potential activity against HeLa S3 cancer
cells. The results also indicated that the bi-nuclear complex exhibited
superior cytotoxic activity than the mono-nuclear complex, free ligand
and cisplatin. Themode of cell deathwas evidenced frommorphological
changes occurred in fluorescent staining assay. The complexes inhibited
the growth of cancer cells by apoptosis, which attested the possible che-
motherapeutic use of the complexes in future.
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Appendix A. Supplementary data

Experimental procedures for the X-ray structure determination and
molecular docking studies are included. Results and discussions of mo-
lecular docking studies are provided. Spectra and Tables are depicted.
Crystallographic data for the structures reported in this paper have
been deposited with the Cambridge Crystallographic Data Centre
(CCDC) as supplementary publication numbers (CCDC 1969003, CCDC
1052681, and CCDC 1969004 for L1, L2 and 2 respectively). Copies of
the data can be obtained free of charge from the CCDC (12 Union
Road, Cambridge CB2 1EZ, UK; Tel.: + 44-1223-336408; Fax: + 44-
1223-336003; e-mail: deposit@ccdc.cam.ac.uk; web site: http://www.
ccdc.cam.ac.uk). Supplementary data to this article can be found online
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ABSTRACT: Girish Karnad's play Boiled Beans on Toast distinctively depicted with various kind of 

characters. We perceived that almost all characters have some existential attributes. Existentialism is a 

philosophy which was developed in the 19
th

 century. The main notion of existentialism is “Existence precedes 

Essence”. How the individual looks and comprehend the world. Everyone in the play is depicted with an 

essential of existence of individuals in the society. After the spread of Covid-19, individuals are aware about the 

importance of existence, even better than before.  In this era our lifestyle is merged with technology, we are 

lacking our human values. The main objective of this paper is to bring out how human beings are exist as 

individual in the world and how they are finding essence in their life. We will analyze the fundamental 

existential themes such as, Existence, Essence, Alienation and Freedom of choice in the play Boiled Beans on 

Toast.  

 

KEYWORDS: Existence, Essence, Freedom of choice, Alienation, Individuality. 

 

I. INTRODUCTION 

 

Girish Karnad is known for his plays such as Tughlag, Hayavadana and Naga-Mandala. This play Boiled Beans 

on Toast is initially written in Kannada.  Later it was translated into English and published in the year 2014. 

This play was named as “Benda Kaalu on Toast” in Kannada. He remains as a versatile person, script writer, 

actor, producer and director on Indian cinema. He has been honoured with the Padma Bhushan and was given 

the renowned Jnanpith Award for his scholarly accomplishments. This new play by Karnad has a reference to 

the establishing legend of Bangalore, in which an eleventh century Lord Veera Ballala was spared by an elderly 

woman who gave bunch of bubbled beans. In appreciation, the King named the spot "Benda Kaalu, the spot of 

bubbled beans.World War II creates a lot of impact to the people. It affects literary persons also. Before World 

War II most of them didn‟t realize the importance of existence, everyone concentrating on various themes. They 

felt they are living in the safest world. During the war time they witnessed casualties and holocaust. After World 

War II existentialism prevails to the society predominantly. Existential philosophers consider human beings 

more individually. Previously they were presenting the world in optimistic way, now they concern about the 

challenges that often had no solutions. Covid‟19 also resembles the same scenario in the 21
st
  century. Such as 

Kierkegaard, Nietzsche, Berdyaaev, Jaspers and Satre were contributed a lot to the existentialism.  

 

II. LITERATURE REVIEW 

 

 Girish Karnad is one of the remarkable writers in contemporary Indian English. Kirtinath Kurkoti stated: "His 

work is in the tone and articulation of extraordinary show. It has virtuoso and capacity to change any 

circumstance into a stylish encounter." Tughlaq and Hayavadana have been extremely successful on stage.  

Karnad made genuine emotional stanza system of Indian English dramatization. This is an enduring 

commitment. Generally speaking, show can't stay in disengagement from the scene. It is intended for portrayal 

of entertainers who imitate the saints of history.    He utilizes folklore and history to handle contemporary 

issues. His Dreams of Tipu Sultan is considered as a best representation of historical work. He used Bangalore 

as background for this play Boiled Beans on Toast. This play is connected with set of people from different 

social strata. It explores several modern themes such as urban aspirations, consumerism, and environmental 

issues. He vividly presented the untold stories of ordinary Bangalore citizens and their struggles.  In his work he 
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explains about existential crisis such as struggles and madness of modern people through day to day life 

activities.  

 

III. METHODS AND METHODOLOGY 

Boiled Beans on Toast is, as we discussed, a play which well expresses the value of human life. It painted with 

so many characters with different perspectives. In this paper we are going to analyse the individuals with 

existential characteristics. The word “existence” connected with state of living, individual‟s own life and 

experience. The existentialist used the word existence to refer human existence. We are going to experiment 

play with the basic concepts of existentialism. Existentialism has many themes such as existence precedes 

essence, importance of choice, alienation, anxiety and anguish.  We are mainly concentrates on Prabhakar, 

Anjana, Kunaal, Dolly Iyer and Vimala.  

 

IV. DISCUSSION ON EXISTENTIAL TRAITS 

 

A. Existence precedes essence: 

1. The fundamental theme of existentialism is “existence precedes essence”, which conveys everyone 

exist in the world with or without their wish but they are trying to find their essence through their actions. The 

play is filled with twenty one characters everyone act as their own will. Dolly alies Rajalakshmi Iyer remains as 

a close friend for Anjana, throughout the play. She behaved as a resourceful person in the society. Through her 

conversations we are able to believe that she is well known so many powerful personalities in the society. When 

she was beaten up by her husband for pretension – it reveals her level in the society. For the sake of creating her 

essence she cheated other people. 

2. Kunaal, son of Mr. and Mrs. Padabidri, wants to be a guitarist. But his family member demands him to 

be a Veena player. From their aspect he is good at Veena. He received basic training in Veena. Even his parents‟ 

looks after him, he remains as a rebellion – Rebellion against their parents. Throughout the play he struggles a 

lot to find out his essence. 

3. Anusuya, a gracious old lady, mother in law of Anjana, in her seventies spend her time with horse 

racing. She doesn‟t involve in family affairs mostly. When Kunaal conveys that he will sleep over at Nandita‟s 

house who is singer in their band. It makes her angry but she doesn‟t reveal anything to Anjana or even Kunaal. 

4. The cancer patients, who lived without hope in hospice, are portrayed with existential traits. When they 

are in pain, the patients can‟t think of anything else. It fills every crack in their consciousness. It blanks them 

from the world. But when they are given palliatives and pain begins to recede – they begin to discuss their 

problems with you. Their hopes, plans. It‟s wonderful. It clearly demonstrates the concept of existence precedes 

essence. 

5. The maid servants in Anjana‟s house are Vimala and Muttu. When the play opens conversation 

between Muttu and Vimala shows their individuality. Vimala is accused of stealing jewellery from another 

house in which she works. She is adept at lying and it is very difficult for the cops to find out where she lives. 

The anonymity that the city offers, provides a convenient cover to her. She accuses Muttu, the second maid 

servant for stealing her job in Padabidri‟s house in her absence. She blackmails Muttu by telling her that her 

brother, Shankara is lying wounded in the hospital but does not reveal the name of that hospital. Their quarrel 

looks like meaningless but they are fighting for their essence.  

 

B. Freedom of choice and Choice of Freedom:  

1. Freedom for man exists in two paradoxical forms namely „freedom of choice‟ and „choice of freedom‟. 

Accordingly, if man is free, he must be free to choice, but he can either make a right choice which really sets 

him free or a wrong choice which enslaves him.  

2. Two characters namely Kunaal and Prabhakar enjoy their freedom to take their decisions. When 

Anjana asks about the future of Kunaal – How are you going to make a living playing guitar? What kind of 

future - Kunaal says that please let‟s not go over that again. I know every argument. I‟ve to have a guitar.  And I 

need it now, while I‟m struggling to make a name for myself. Not when I‟m bent and old and thirty-five. He 

bought a new guitar against their parents wish but in the money of their parents. It shows he enjoys a freedom of 

choice with some constraints. He is strong in his decision. At last he proves that he had taken a right decision. 

3. Another active character in the play is Prabhakar Telang.  He is about thirty five. His appearance shows 

that he is from village. Now he is in temporary position at his office. But he leads a comfortable and happiest 

life with his wife and daughter. He also enjoys freedom of choice in his life. He believes that he is fortunate to 

be in Bangalore otherwise he could have been in Mundgod where he was born and brought up. But the meeting 

with Dolly Iyer in Coffee café changes his whole life. Otherwise we are saying, his wrong choice made him to 

be a slave.   Dolly offers that there is a regional manager vacancy is there in singapore branch Wipro office. 

Without knowing about the reality he is ready to fly over to Singapore. For entering into new job he had taken a 

loan of seventy thousand.  
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4. Even he is ready to send his wife and daughter to his native place. Mrs. Prabhakar argues with him that 

if he got a job in Bangalore, it makes me so happy. But he is strong in his decision he uses Dolly as a medium to 

convince his wife. He is not ready to listen his wife words.  

5. But as for Prabhakar concern he had taken wrong decision. So he lost his job and land in native place. 

Now the life is absurd for him. 

6. Anusuya enjoys her freedom in the way of spending her time with horse racing. Even for sake of horse 

racing she is ready to prawn her precious jewellery. 

 

C. Alienation: 

1. Alienation is another important aspect of existentialism. Alienation refers a person is surrounded with 

people but they felt some kind loneliness within themselves. This play is filled with nearly a dozen of characters 

but maximum characters are depicted with alienation. The central character Anjana is weeping on axing rain tree 

clearly expresses her loneliness. She not only weeps because of rain tree it closely related with her strength that 

is her husband. But he went to foreign for his business development. Most of the time she tries to kill her time.  

She also spends her most of the time in hospice which was started by Kishore in Karunshraya for cancer 

patients. Really now she is running the show completely. 

2. In the beginning of the play Shankara forces his sister to arrange the rituals of Kalpana (come-of-age) 

in the home town (Karimangala). But Muttu don‟t say any answer to him. She says that she will discuss with her 

husband and inform you later. But Shankara again stresses that he is not agreeing with rituals in Bangalore. 

Finally the rituals are arranged in home town. In that celebration he is called for to pick up Kapalna, he says that 

what‟s she to me? What am I to you? Nothing,  no relation. Don‟t you know that? He argues with his mother 

that what she had done for him. He complains his mother didn‟t do anything for him and his family. He quoted 

that his wife undergone two deliveries but you didn‟t support us even for that time also. Finally he says that you 

are not a mother of myself but a mother of Bangalore Muttu. Author vividly portrayed the alienation of 

Shankara through this incident. (page 48) 

3. When Kunaal express his wish, as he want to be a Guitarist. This makes him as an alien within his 

family. Their parents want him to take his career as Veena player. His father Mr.Padabidri takes a medium of 

Anjana to communicate with him. It reveals the relationship between father and son. This is prevailed in most of 

the families in today‟s society.  The relationship between Vimala and her sister in law shows that they are also 

filled with alienation. Even they are living in the same house they don‟t have good relationship with one 

another. 

 

D. Anguish: 

1. Another existential concept is anguish it remains as an extreme level of anxiety.  In this play Mr. 

Prabhakar and Mrs.Prabharkar‟s portrayal clearly shows that they are leading their life with extreme level 

anxiety.  Prabhakar enters to the house of Mr. Padabidri, he says that Mr. Padabidri asks him to meet in his 

house. But Mrs. Padabidri conveys her husband is not available. He will back on three or four days later only. It 

gives anxiety feel to the Prabhakar.  She introduces Mrs. Dolly Iyer to him, enquires about the reason. He 

hesitates to reveal. “Please, please, don‟t misunderstand me”.   He continues he is in temporary position in his 

office. He is on probation. But Mr. Padabidri assured that there is one vacancy in Singapore office (regional 

manager).  These words clearly express Prabhakar‟s anghish to the readers. 

2. Mrs. Prabhakar expresses her anxiety when her husband reveals that he got job in Singapore. She even 

pleads him. She shows her wish by saying if you got a job here in our living i am so happy. But prabhakar  

convinces her, for this he uses  Dolly Iyer as medium. Mrs. Prabhakar tries to find her essence but she fails in 

that.  

3. You can hold up here. Don't worry about it. I trust you wouldn't fret my saying as much, sir. In any 

case, since I joined Wipro I've never known about Mr Premji or his partners suggesting anybody like this by and 

by. It's altogether against the soul of Wipro. Individuals are chosen on merit. When he realises that he was 

cheated by Dolly suddenly he is filled with anguish. 

 

E. Inner feelings: 

1. Anjana is a devoted housewife who sacrifices everything (her talent) for the sake of her family. Even 

her husband didn‟t aware about her talent in singing. Throughout the play she exists as a perfect wife. She 

doesn‟t reveal her emotions/interest to the society. As for Anjana‟s concern life is absurd. “The idle rich house 

wife”(26). But at the end of the play with the help of her son she got her essence.  

2. The young man Prabhakar is a small-town job seeker in Bangalore city. From the beginning onwards 

he tries to find his essence. His character revolves around so many existential concepts. The another concept of 

existentialism is giving important to inner experience. He was born in Mundgod. “I‟m fortunate to be in Bengalu 

– Bengalore. That‟s what I care about.  This itself is release. These words depicts he is happy with his life in 

city. It reveals his inner feelings to the readers.  
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3. Both the male characters namely, Mr.Padabidri and Mr. Prabhakar are not understood, not ready to 

hear the inner feelings of their wife. Mrs. Prabhakar pleads him to neglect the job in Singapore. As for Mr. 

Padabidri concern until the end of the play he doesn‟t understand or to know about the inner feelings of his wife. 

His main purpose is to make money for the sake of his family.  

4. When Kunnu knows about the talents of his mother and her relationship with Bengali he understands 

something about his mother feelings. He asks his mother to sing a song in his group. 

5. The existentialist philosophers have often used the phenomenological method, but their main centre of 

interest is the existence of the individual.  It is therefore no wonder that they want to analyze the aspects of 

individual existence in his participation in world of everyday life. It has been pointed out by Merleau- Ponty that 

Husserlian ideal of phenomenology cannot be carried out, for man is a Being – in – the world.  This idea of 

man‟s existence has also been accepted by other existentialist thinkers like Heidegger and Satre, though their 

interpretations of human existence differ from each other. All this shows that the relation of man with the world 

is very intimate.  

 

IV. CONCLUSION 

It can be concluded, Girish Karnad was one of the important play writer, who demonstrated real life situations in 

Bangalore. The writer reveals challenging life of people to the society and how people had experienced their 

individuality.  To be an individual, Inner experience, Alienation, Importance of choice, Fear, Anxiety and 

anguish are analyzed in Girish Karnad‟s “Boiled Beans on Toast”. Having thoroughly analyzed the characters, 

setting, psychological surrounding we came into following conclusion: 

A. Girish Karnad as a pragmatist author portrays way of life of the individuals in existential traits. 

B. His insight into human instinct has made him an incredible on-screen character and writer. 

C. His writing style differs from other writers with its myth and imagination. 

D. Boiled Beans on Toast is a play which contains about twenty one characters. They are altogether different 

from one another, have a place with broadly disparate social strata and originate from various geological 

territories.   But no one is considered as a protagonist. 

E. Existence precedes Essence is clearly stated in their play. All characters exist until the end of the play. No 

one is lost their life in this play. The central character Anjana exists as a perfect wife until the story. At the end 

of the story her son Kunaal helps her to gain her essence. She sings a Purandara Dasa‟s song in Kunaal‟s  group.  

F. For sake of creating her essence Dolly continuously cheated the people like Prabhakar and Young Dancer. 

She makes others life as a prey for her own sake. Even her husband has beaten; she remains as a cheating person 

– till the end of the play. It clearly depicts current scenario to the society. Some of the people are destroying the 

life of others of their own wish.  

G. Doctors know the truth that the patients are going to die within sometime. But they don‟t say truth to the 

patient directly. They are saying “I‟am sorry” – this is vividly example for basic concept of existentialism. We 

must make the patients to believe that they are going lead their life. It gives them confidence. When they are 

relieved from pain- they are discussing so many things to you such hopes and future plan also. 

H. “To be an individual” is main existential concept. Here in this play all characters remains as an individual. 

Anusuya remains as an individual thorough out the play. She needs money for horse racing without any 

hesitation she borrowed money from money lender nearly about two- and – a half lakhs by pawning her 

prestigious jewels. 

Freedom of man exists in two paradoxical forms namely „freedom of choice‟ and „choice of freedom‟. Kunaal 

chooses his career against his Poomalar K has completed her Bachelor of Arts in English from  NKR college for 

women,Namakkal and Master of Arts  in English from PGP college of Arts and Science .She has pursued her 

M.Phil degree in English from Bishop Heber College, Trichy. Her area of specialisation is ELT andin that she 

has presented many papers in National and International conferences conducted by various institutionsShe has 

been working as an Assistant Professor at M.Kumarasamy college of Engineering,Karur since 2007. 

I. parents wish, he struggles a lot to succeed in his profession. Any way at the end he is able to succeed in 

his profession. His right choice sets him free. 

J. But on the other hand, Prabhakar used his freedom to select his own profession. But he takes wrong 

decision it leads him to lose everything such as village land, huge amount of debt and current job. Now he is a 

jobless person. His wrong choice enslaves him. 

I conclude, Author portrayed various themes of existential traits which prevailed in today‟s society. We are 

living as an individual, everyone is searching for their essence nobody is bother about the society. It leads to the 

level that Bangalore remains as a Big Black Hole city. Now we are losing our human values. Hereafter we must 

give some importance to Human Values it develop the society in perfect manner. Unfortunately now World is 

suffered with Covid‟19 - but it makes us to understand the human values. It reminds us the basic concept of 

Existence precedes essence, Anxiety, Alienation and Freedom of choice also.  
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Abstract 

The main constraints involved in mobile ad hoc networks with respect to nodes are mobility, 

energy and delay. In this proposed work we involve ourselves in considering issues like 

optimizing energy usage, establishing link stability and mobility in MANET through network 

coding. Network coding is a method implemented to enhance the overall performance of wireless 

networks. The network coding scheme is combined with the proposed Fuzzy GA based cuckoo 

search cluster selection (CSCSNC) scheme and is implements the network coding at cluster 

heads to minimize the number of transmissions. The queue management procedure that exists in 

COPE protocol is modified to result in further coding improvement. An energy efficient scheme 

is also executed during the selection process of cluster head. The proposed work is then 

evaluated for its performance using NS2 simulation. The results of the simulation show that the 

proposed CSCSNC algorithm minimizes energy consumption and improves life time of the 

network. 

Keywords: cuckoo search, MANET, fuzzy, Genetic algorithm 

 

1.Introduction 

MANET is an abbreviation for mobile ad-hoc network and is an infrastructure- less dynamic 

network that consists of several mobile nodes. These mobile nodes communicate with each other 

with the help of radio wave. MANET has the capability of self-configuring infrastructure with 
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mobile devices connected to the network via wireless medium. It comprises of a group of 

wireless devices called as the wireless nodes. These nodes have the property to connect 

dynamically and transmit information. All the nodes present in a MANET can move freely and 

independently in all directions, this leads to change in its links with other devices frequently. 

These nodes also act as a router in the network. The MANET follows a non-fixed or a dynamic 

topology for clients and servers to communicate within the network. 

Clusters are a group of nodes that are present in the network.  It is a technique to club the 

nodes and form several groups within the network. Each cluster group has a cluster Gateway 

(CG), cluster head (CH) and cluster member (CM). Cluster head is the main cluster in the group 

and is responsible for communication and coordination among all cluster members in the cluster. 

Cluster Gateway is responsible for the communication between nodes that belong to a different 

cluster group. Clusters face challenge when it comes to a dynamic environment where stability is 

a major concern to be achieved.  

2. Related Work  

(Shivangi Singhal and et al, 1998) proposed the Fuzzy logic approach for cluster head 

selection under Competence level along with the Goodness Function and Mobility of mobile ad 

hoc network to enhance the network performance. MANET is grouped into clusters and the 

authentication process is executed along with routing over a network to minimize the congestion 

in the network. The cluster head that is selected using this logic is fully secured with trusted 

cluster head and cluster with minimum overhead present in the network. 

(Josiane Nzouonta and et al, 2009) designed a reactive protocol called the RBVT-R and a 

proactive protocol called the RBVT-P. The simulation results demonstrate that the average 

delivery rate is increased by 40% and the average delay is decreased by 85% when comparing 

this algorithm with the other existing works.  

(V. Preetha et al, 2016) states that the stability of a network is a crucial factor in a 

MANET network using clusters. If it is predicted well before then the chance of proposing 

effective clusters is high in probability. The proven factor to determine stability is load balancing 

and it has higher impact on increasing the stability of the clusters. Applying Load balanced 

clustering in MANET in case of less mobility environment like ad hoc meetings or learning in 

campus helps in establishing a stable load balanced network. The approach using GA helps to 

predict the stability value in prior so that it is efficient for further communication process. 
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(Shengxiang Yang et al, 2010) implements GA in the memory and immigrants schemes 

as a solution for dynamic SP routing problem that exists in MANET. Here MANETs are 

considered as target systems since they represent the new-era of wireless networks. Results of 

the experiment say that the immigrants and memory-based GAs have the characteristic to 

quickly adapt to the surrounding environmental changes like network topology changes and 

generate high-quality solutions after each change is executed. 

(B. Vennila and C.V.Seshaiah 2017) studied the concepts of Fuzzy Queue Scheduling 

Algorithm for MANET in their paper. 

(B. Vennila and C.V.Seshaiah 2017) introduced an another type of network is known as 

the Bee Ad hoc Network  and the congestion control concept involved in the network and also 

the game theory concept in that paper. 

3. EXISTING WORK 

In order to propose an ideology for the wireless network congestion control problem, 

firstly we define congestion degree classification and then propose a mechanism of directed 

cooperative path net using the node cooperation principles and wireless network‘s cross-layer 

design methods. On analyzing the two factors involved in a congested network namely; 

―starved‖ phenomenon and virtual collision, the channel competition mechanism GQPT and the 

RQR mechanism are proposed, along with the cross-layer design. On executing the proposed 

method in a simulation environment it was observed that the directed cooperative path nets had 

effectively improved resource utilization and enhanced transmission performance in a congested 

network. The GQPT and the RQR mechanism reduced the probability of ―starved‖ phenomenon 

and maximized wireless network throughput with minimum the packet loss. 

3.1  OUR CONTRIBUTION 

Selection of the cluster head is the toughest process in a mobile Ad-Hoc Networks. There 

are several parameters to be considered for this process and the proposed algorithm must satisfy 

all mobile that have diverse speeds. A prototype based on the cuckoo search for cluster head 

selection is proposed to combine speed, direction, acceleration and distance parameters so as to 

select the most suitable vehicle as cluster head. We consider the issues of link stability, energy 

efficiency and mobility in MANETs through network coding. Network coding is the most 

effective method to enhance the performance of wireless networks. In COPE protocol, network 

coding concept is included to minimize the number of transmissions by mixing the packets at 
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intermediate nodes. This COPE protocol is then merged into cluster based routing protocol to 

further minimize overhead and energy consumption. This Fuzzy GA based cuckoo search cluster 

selection along with network coding (CSCSNC) scheme includes the network coding at cluster 

heads in order to reduce the number of transmissions. The queue management procedure in 

COPE is also modified to expand coding opportunities. An energy efficient scheme is also used 

for the selection of cluster head. It also increases the life time of the network. The proposed 

energy efficient cluster based protocol using NS2 simulation is evaluated using simulation 

results. The results demonstrate that the proposed procedure increases network lifetime and 

reduces energy consumption as well. 

3.2 LINK QUALITY METRIC 

In geographical routing protocols the shortest path criteria approach is used to select the 

routes. The greedy forwarding is an example for this criterion approach and it selects the farthest 

neighbor node to be the next forwarding node by neglecting the link quality of the nodes. Even if 

a small movement occurs in the selected node it can lead to link breakage and causes a situation 

of unstable routes. Due to unstable routes, packet loss increases and control overhead. Hence 

selecting the shortest path is not the best solution always. There are other metrics that are to be 

considered when selecting the next neighbor node within a range.  

It is obvious from these researches that a node cannot always predict if it‘s packet loss 

interference among the nodes or due to a weak signal quality. Hence, this paper aims to 

accurately identify link quality by considering factors like noise, signal strength and interference. 

Based on the theory it is said that the relation between RSSI and interference is calculated and is 

called as Signal to Interference plus Noise Ratio (SINR). Before we evaluate SINR, we must 

understand the concept of RSSI. RSSI helps to measure the signal strength at the receiver end 

and it is correlated to the distance between two nodes. Based on Frii‘s free space transmission 

equation the strength of the received signal decreases when the distance increases. The 

relationship between RSSI and distance is mentioned in Eq.(1) 

      RSSI =  −10·mloge+D.                   (1)      

                                      

The concept of RSSI is that the configured transmission power at the transmitting device 

At will directly affect the receiving power at the receiving device Ar. Based on Friis‘ free space 

WAFFEN-UND KOSTUMKUNDE JOURNAL

Volume XI, Issue IV, April/2020

ISSN NO: 0042-9945

Page No:161
Page 2659 of 3066Page 2659 of 3066



transmission equation, the signal strength that was detected will decrease quadratically when the 

distance to the sender is shown in Eq. (2).  

      Ar      =    At·Bt·Br     
λ

2  

4πd2   
                (2)                                                               

The Received Signal Strength (RSS) is in general converted into RSSI as a ratio of the received 

power to the reference power Aref. Typically, the reference power represents an absolute value of 

Pref =1 mW, RSSI, and SINR values are calculated in Eqs. (3) and (4) respectively. 

                                                          RSSI = 10 log      
Ar  Signal  

Aref  
                   (3)                                                                                           

          SNIR =     
RSSI

 Noise +Interference  .
                             (4)          

                                         

3.3 CONGESTION AWARE LINK COST ROUTING 

The link cost of the optimum route is identified using these three parameters: Link delay 

Signal to Noise Ratio (SNR) and the Node lifetime. The signal to noise ratio (SNR) is used to 

examine the effect of noise over an unpredictable wireless communication network. It is the ratio 

of signal power to the noise power and it is computed at the receiving node. Link delay is 

defined as the time period in which the packets are sent by the sending node and is received at 

the receiving node. The link delay is computed at the node after reception of every RREQ 

packet. It uses its packet creation time and its time of reception for the calculation.  

When an optimal path is considered, the delay must be kept as minimum whereas the 

SNR and Node Lifetime values are to be maximum. So when it comes to composite metric (i.e. 

Link Cost) the three parameters (SNR, delay and Node lifetime) are normalized. For selection of 

a route each QoS parameter needs a weight factor (X1, X2 and X3, respectively) to calculate the 

link cost at node j as in equation (5). 

                        LinkCostj = (X1 *SNRi,j)+(X2 *Delayi,j)+(X3*NLTj)                                                (5) 

where X1 + X2 + X3 = 1, SNRi,j is the SNR of the link from node i to node j, NLTj is the 

Node Life Time of node j and Delayi,j is the delay of link between node i to node j. In order to 

select the optimal path a max-min approach is used. Here the link cost of the path is the 

minimum of the costs of all the links of the path and for routing.  The source node chooses the 

path that has maximum value of the cost of all the link costs value of all the paths. 
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Considering the actions performed by the node based on its congestion status, packets may 

be dropped by the node and hence leads to failure of the current path. In this scenario, the route 

discovery is performed again in order to identify the optimal congestion aware path. Hence the 

main goal of CLCAODV is to find that congestion-aware optimized route that exists between the 

source and destination. This protocol comprises of the following components: 

 Congestion Status Estimation 

3.4 CONGESTION STATUS ESTIMATION  

This algorithm analyzes the congestion status of the node that has an average size of queue. The 

average size of queue (Lavg) is calculated by considering the size of instantaneous queue (Linst) 

and the previous average queue size modified by queue weight parameter as in the below 

equation (6). 

               (6) 

Here w is a constant parameter that represents the queue weight. As we consider w as a constant 

parameter, if there is a short-term increase in queue size due to busy traffic or transient 

congestion will not have a great impact in the average queue size. The size of the transient burst 

that accommodates zero dropping packets will be identified as the value of w. Hence 

Lavg changes much slower than the Linst. The value of w is kept as 0.002.The maximum and 

minimum threshold values for the queue size (Lsize) are considered as: Thmin = 5, Thmax = 15.  

The queue is non-congested and therefore will not drop the packet when the Lavg is lesser 

than the Thmin. If Lavg is more than the Thmax then the queue is said to be congested and will 

lead to dropping of every arriving packet. If the Lavg is lesser than Thmin and Thmax, then the 

current packet will be dropped with probability p and it can be computed using equations (7) and 

(8). 

Here pdr (probability of packet dropping) varies linearly between 0 and 0.1, and C stands 

for the count of the packet since the last dropped packet. The purpose of average queue length is 

      Lavg = (1-w) * Lavg + Linst * w       

 

                                           pdr = 0.1(Lavg - Thmin) / (Thmax - Thmin)                                      (7) 

                                           p = pdr / (1 - C * pdr)                                                                        (8) 
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to integrate all the traffic variations, and to follow the long-term changes of instantaneous queue 

that reflects the persistent congestion in the network. 

3.5 FUZZY EXPERT SYSTEM 

The problem in using the Intrusion Detection is the problem of classification where the 

goal is to classify the system actions based on action model of system that is abnormal or 

normal. The ones matching with the known models of attack are considered as abnormal and 

those that match the known model of normal actions are considered as normal.

 

 

 

     

 

   

 

Fig. 1 Fuzzy Expert System 

The above figure shows a general and basic structure of fuzzy expert system, and the main 

features of this structure are: Fuzzy Rule Base, Fuzzification Interface, Defuzzification Interface 

and the Fuzzy Inference Engine. 

 

3.6 GENETIC FUZZY EXPERT SYSTEM (GFES) 

1.    Introduction of Genetic Algorithm 

Genetic Algorithm came into existence to deal with a huge population grouping where 

the problem could settle in. Here a population is grouped with certain number of gene-encoded 

individuals. In this approach each individual is an entity and the belonging chromosome has its 

unique feature. First the mapping of phenotype to genotype is done (i.e. encoding). This is done 

by simply using the binary encoding technique. Once the first set of generation group is formed 

based on the concept of survival of the fittest, the generation after generation is formed and 

finally earns an approximate solution. In each generation the filter of the group or the individuals 

are based on the fitness of the individual in a particular domain of problems. 

 

 

Fuzzification 

Interface 

Fuzzy 

Rule Base 

Fuzzy 

inference 

Engine 

Defuzzificatio

n Interface 

WAFFEN-UND KOSTUMKUNDE JOURNAL

Volume XI, Issue IV, April/2020

ISSN NO: 0042-9945

Page No:164
Page 2662 of 3066Page 2662 of 3066



2. The Application of Genetic Algorithm 

Before we extract the fuzzy rules, the Fuzzy C-Means Algorithm must be implemented to 

fetch the central point of the input variables. After which a rough set is formed with the 

membership functions for every fuzzy sets that is based on the rate of intersection of the user 

specific sets. The result derived now is not an optimized group of membership arguments of 

fuzzy sets; hence optimization has to be performed with the help of GA.  

GA will optimize the fuzzy membership functions and also simplify the fuzzy rules. Now 

the contents of the chromosome encoding are same as the fuzzy rules encoding values and all 

variables and fuzzy sets arguments in the data set.  

3.7 CUCKOO SEARCH (CS) 

Cuckoo search is a recently proposed search algorithm that was derived from the concept 

of Cuckoo birds‘ reproduction strategy. These birds differ from other birds by choosing the nests 

of other birds to lay their eggs. But the host bird can easily identify that the eggs are not its own 

and destroys the cuckoo egg. Hence the cuckoo bird developed to produce eggs that look similar 

to the host birds. There are three important points that is to be considered for the optimization 

procedure that is developed from the Cuckoo bird reproduction strategy.

The main steps of the CS are given below:  

Randomly Initialize ―Pop‖ host nests, a set of population. (e.g.,p=  Pi
𝑝𝑜𝑝
1=1  ) 

 Analyze the fitness of all nests F= ƒ(Pi
𝑝𝑜𝑝

1=1
)  

 Perform Iterations < Max.Iterations 

 Produce a cuckoo egg 𝑃𝑖 ' using Lévy flight from a random nest 

 Evaluate the fitness of ƒ (𝑃𝑖 ')  

 Check for existence: choose a random nest again- J 

 if then   ƒ (𝑃𝑖 ') <   ƒ (𝑃𝑖)  

𝑃𝐽=𝑃𝑖
′ 

End if  

Cull a fraction of the worst nests at the rate of Rc 

 Build new nests randomly at new locations via Lévy flights as replacements  

End While 
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The main advantage of this approach is its simplicity. It is a powerful algorithm that can 

easily deal with challenging and complex problems. In fact when it is compared with other meta 

heuristic techniques like the Ant colony algorithms, particle swarm optimization and CS method 

it has only a single parameter to handle with. 

 TUNING PROCEDURE FOR THE CSA 

The original version of the CSA is simple and easy to be implemented since it has less 

number of parameters to tune.  Therefore the probability for local convergence is high and 

leading to no quality results. Hence, this paper proposes a modified version of the CSA by 

varying an operator that randomly changes the values at one or more search positions of the 

selected eggs. In terms of this new approach, for each egg in 𝑃𝑖 ={𝑃1 , 𝑃2 ,…… ,𝑃𝑚  }the 

population of the iteration, a new egg 𝑃1
𝑡+1={𝑃1, 𝑃2,…… ,𝑃𝑚  }is produced as below: 

 𝑃′𝑘  = 𝑃𝑘+ ∆(Iter,𝑃𝐴 -𝑃𝑘),   if a rand (0,1)<0.5           (11)      

                                

 𝑃𝑘+ ∆(Iter,𝑃𝑘-𝑃𝐷), if a rand (0, 1) <0.5 

Here 𝑃𝐷  and 𝑃𝐴  are the declining probability and acceptance probability rates of the 

variables  𝑃𝑖 . The quantity ∆ (Iter, y) produces real numbers in the range ∆ [0,𝑃𝑖  ] so that 

(Iter,𝑃𝑖)   approaches to zero when the number of iterations increases. Equation (11) makes the 

new eggs to search for space evenly in the beginning of the run (that is when the number of 

iterations is less) and later fine tune the search space once the iteration number increases. This 

technique of tuning maximizes the chance of producing new eggs close to its best survived eggs. 

The quantity (Iter, y) is computed using the following function: 

   ∆(Iter, z) = z [1-𝑒 1−
𝑡

𝑇
 𝑝

]                   (12)                                                                                       

Here z is a random number that lies in the range [0, 1]. T indicates the maximum number 

of iterations, and p is a system parameter that estimates the degree of dependency on the 

generation number. This newly proposed tuning operation can replace the regular updating of the 

eggs scheme that is used in the regular Cuckoo search algorithm. This technique can search in 

complex spaces due to increasing constraints to the QoS problem and speed up the convergence 

rate. 

3.9 COPE: Practical Wireless Network Coding. 

The COPE architecture is used in order to insert a coding scheme between. 
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                                                 Fig. 5 Network coding in butterfly network. 

The MAC and IP layer detect the coding opportunities and utilize them to forward 

multiple packets in a single transmission process. COPE uses network coding that allows the 

intermediate node to mix the information content in the packets and then forward them. 

Figure 5 demonstrates the best coding scenario where maximum numbers of neighbors 

are benefitted with minimum number of transmissions. In this scenario, B can send coded 

packets to its neighbor nodes and nodes A, C, and D show the packets available with that node. 

Now B wants to send packets p1, p2, p3, p4 to A, C, C, and D, respectively. Now based on the 

new technique we can perform mixing of packets at node as p1 + p2 using the xor operation and 

then broadcast it. In that case only C can decode and get p2 and node B can perform p1 + p3 then 

both A and C can decode and get p1 and p3, respectively. In order to maximize the number of 

packets that can be delivered in a single transmission, B can mix p1, p3, p4 and broadcast and 

then nodes A, C, and D can decode and get p1, p3, p4, respectively.  

That is at node A we get p1 = p 4 + p3 + p1 + p3 +p 4.

3.9.1 ENERGY EFFICIENT COPE ARCHITECTURE 

This method is useful to increase and expand the coding opportunities at the cluster 

heads. In case of a COPE based network, the node handles a FIFO queue and along with that it 

also maintains two virtual queues for each neighbor. The present queue structure in COPE is 

limited with coding opportunities that gives higher priority to coded packets. They also help to 

eliminate queue at the bottleneck node faster.  

The existing COPE system handles only one queue at a node. Firstly, the Cope system 

S 
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4 
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first de-queues the head packet of the output queue and only after that it checks the head packets 

of virtual queues and searches for the appropriate packet in order to encode it. When a 

transmission process occurs, the first packet is de-queued and then it checks if it can be coded 

using another packets currently in its queue. If so then the packets are coded together and sent 

out; else, the native packet will be sent individually. In this way the coding opportunities are 

increased and hence in a single transmission many packets can be sent to its neighbors. This 

minimizes the number of transmissions and thereby reducing the energy consumed in the 

process of transmitting packets. 

 

Limitations of Cope Structure:  

 It is important to prioritize some special types of packets than the other data packets. 

Priorities must be set for some data packets and in case of a FIFO scheduler it is not 

possible to implement and satisfy the QoS requirement.  

 No packet reordering is allowed. When more than one flow is destined to the same next 

hop, only one virtual queue is maintained for different flows, thereby decreasing the 

coding opportunities. 

To eliminate these limitations a flow oriented queuing structure is implemented 

maintained. In this approach different flows are managed in different virtual queues irrespective 

of the next hop. A flow based queuing system will increase the coding opportunities. There is a 

part of node network topology. Flows 1 and 2 pass through the node N and have the destination 

as node O.  F low 3 also passes through N and it is designated to the next hop P. Now all the 

packets that are part of flows 1 and 2 are stored in the same virtual queue whereas packets of 

flow 3 are stored in another separate virtual queue. Let‘s assume that p0 + p1 is not possible and 

p0 + p3 are possible but p0 + p3 cannot happen because it is a FIFO queue and hence looses the 

coding opportunity. p0 will be transmitted separately. 

In flow based queueing structure, the node has different virtual queues for different 

flows that are destined to the same next hop or to a different next hop. In this scenario all the 

packets reaches the nodes using the same common path. Hence the number of flows at these 

dominating nodes is more. When network coding is implemented at these nodes, coding 

opportunities increase using flow qs. Figure 8 shows that flows 1, 2, and 3 are maintained in 

three different virtual queues where q1 contains p1, p2, q2 contains p3 and q3 contains p0. Now it 
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is possible to have p0 + p3 and hence coding opportunity is increased. 

4. NETWORK CODING AT CLUSTER HEAD (CH) 

Network coding is applied in the cluster based routing protocol. In specific it is applied at 

cluster head. The cluster head is selected using the energy efficient clustering method (Section 

3.4). A node is selected as cluster head by computing its energy levels so that the lifetime of the 

cluster head can be increased and also the life time of the network. The above energy efficient 

COPE protocol (Section 3.3) is used to increase the coding opportunities in the network. 

Now the cluster nodes will forward all the packets to the cluster head and hence CH can 

hold more packets and increases coding opportunities and also minimizes the number of 

transmissions. Threshold value on energy levels of node is used to select the cluster head. The 

threshold values that are considered for node energy levels are 50 and 70 out of 100. 

4.1 PACKET ENCODING 

To encode the packets the concept of energy efficient COPE protocol is used. If the 

neighbor reception table of node u is accurate, then u sends an XOR-ed packet p based on the 

delay tolerant 0.8 and packet probability 0.7. v the neighbor  of  u must be able to decode p 

using the stored native packets. The coding algorithm must be designed in such a way that all 

next hops of the encoded packet must be able to decode their corresponding native packets. 

In other words, each node must maintain the following data structures that are mentioned 

below.  

 Each node must have a FIFO queue of packets to be forwarded in the output queue. 

 The node must maintain two per neighbor virtual queues, where one is for small packets 

(less than 100 bytes) and another is for large packets. The virtual queues for neighbor A 

will contain pointers to the packets in the output queue for those the next hop is A.  

 The node also maintains a hash table, with the packet info keyed with packet-id. For each 

packet in the output queue, the table will indicate the probability of each neighbor that 

has that particular packet.  

4.2 PACKET DECODING 

In order to decode the packets, each node has a packet pool in which it maintain record or a 

copy of each native packet that it sent out or received. These packets are stored in hash table that 

is keyed on with the packet ID. So when a coded packet is received, the node searches through 

the IDs of native packets and retrieves the corresponding packet from the packet pool. If the 
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source S needs to broadcast packets p1, p2, p3, p4 then the Receiver R1 will extract P1 packet, 

Receiver R2 extracts p3 packet, Receiver R3 extracts p2 packet, and Receiver R4 extracts p4 

packet. Now Receiver R5 will have all the packets p1, p2, p3, p4 and the Receiver R6 will not have 

the opportunity to decode the packets. 

5.  Performance evaluation 

5.1 Scenario description 

The simulation is carried out using Network Simulator (NS-2) and analysis is presented 

below. We evaluate the performance and validate the effectiveness of proposed CSCSNC 

through this simulation. The simulation environment, performance metrics and simulation results 

are presented in this section. A comparative study on the metrics, with two protocols namely 

CLCCA, (B. Vennila and C. V. Seshaiah, 2017)FBACP are also presented in the graphs below. 

The simulation is performed for the network size varying from speed from 5m/s to 30m/s.  

                   

 Fig. 9. Packet delivery analysis on varying Speed         Fig. 10. Routing Overhead analysis on varying Speed 

 

The PDR decreases with increase in node moving speed. CSCSNC is observed to be 

stable and the decrease in PDR is very marginal with a variation of less than 4%. CLCCA has 

nearly 10% reduction and FBACP has just over 12%. This is significant improvement by the 

proposed CSCSNC. Figure 9 depicts packet delivery ratio (PDR) for given number of nodes 

involved in transmission.  

Figure 10 presents the overhead with respect to node moving speed. Overhead increases 

with increase in the mobility of nodes. As the speed increase, the number of transmissions 

increases. CSCSNC has less overhead compared to FBACP and CLCCA. As claimed, FBACP 

uses multipath for critical information to increase reliability still generates lots of control 
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messages leading to huge overheads. CSCSNC has the optimum balance of both reliability 

shown by the PDR and efficiency achieved by reduced Routing overhead.  

                                        

          Fig. 11. Delay performances analysis on varying Speed    Fig. 12 Packet loss ratio analysis on varying Speed 

Figure 11 shows that the average delay, defined as the time taken to transmit the packet 

from source to destination. The CSCSNC suffers the least delay compared to the CLCCA and 

FBACP. The delay in the case of FBACP is found to be proportional to the speed is scaled up. In 

this case also, the proposed CSCSNC proves to be the best among the three. 

Figure 12 corroborates the claim in Figure 10. The packet loss ratio is much smaller than 

the other two protocols under consideration. The consequence is evident in Figure13 in which 

the average throughput is maintained consistently with  a very marginal variation of around 1.8 

kbps. 

                                

Fig. 13 Throughput analysis on varying Speed     Fig. 14. Average Energy Consumption analysis on varying Speed 

Figure 14 shows the results for the energy consumption under node failures. CSCSNC 

protocol outperforms the CLCCA protocol and FBACP in this case.  

5. Conclusion 
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Through the researchers in cluster-based routing schemes for VANETs lead to the 

proposal of a novel clustering algorithm. This proposed algorithm forms the cluster and selects 

cluster heads periodically using the super cluster head selection and the affinity propagation 

method. This algorithm proves to give high stability clustering even in a dynamic environment. 

Simulations prove that this method achieves a better stable, reliable and a secured solution. 
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ABSTRACT 
Triangular fuzzy normed space and demonstration of fixed point theorems in normed space unescorted by any 

analytical structure is studied in this paper. Now we study space with a linear system but non-linear mapping is 

considered. We reduce our consideration to normed linear space our leading conclusions expanded to 

common locally convex space.  

Keywords: Fixed point, Compact, Linear mapping, Metric space, triangular fuzzy numbers, etc. 

 
INTRODUCTION 

The idea fuzzy set principle changed into first 
delivered in 1965, Zadeh [2]. What's more, there 
after it has been perceived by researchers in the 
application of various branches of mathematics, 
thought is by applying several methods for the 
inclusion of the unique items in these area. 
During 1984 the concept of fuzzy principle 
became well-known and later developed with 
new concepts through katsaras in 1992. 
Concepts of norms in fuzzy was given by Felbin 
[20]. Cheng [1] added few notions for 
advancement, afterward Samanta [17] altered the 
summary of fuzzy norm developed by Cheng. 
Fuzzy concept have carried out in literature that 
includes the making use of its units to sample 
detection, opinion troubles, execution estimation, 
machine concept, reasonable machines, 
algorithms using fuzzy. Fuzzy concepts came into 
extension in several applied areas such as 
Automata, Grammars, Language, Arithmetic's, 
Topology and can be extended in testing, 
password generation and many others [24 - 26].  
Our preference are in the examination of specific 
standards in fuzzy triangular functions combined 
with linear spaces. Especially constant factor 
strategies have been actualized in such various 
fields as science, financial aspects building, 
entertainment standard and material sciences. 
Thought of metric space with fuzzy is contended 
in the expertise of fuzzy triangular function is the 
main theme of our article. Constriction mapping 
of fuzziness is applied to examine the hypothesis 
of fixed factor.  
 
PRELIMINARIES 

The description of local minima and maxima, 
Absolute optimum, convexity, concavity and 
general nonlinear problem be the preliminaries 

to be discussed . The Basic concepts and results 
to this paper are referred in [4], [5], [8], [16] and 
[17] 
 
PROPOSED METHODS 

Fixed Point of fuzzy Triangular functions with the 
property of linear space: 
In present day Topology there are 
documentations for linear mapping concerning 
with fixed point. Right now will introduce the 
thoughts in the context of fuzzy. 
 
Definition 

 Let us consider �̃� be a vector space over the field. 
A transform of �̃� into 𝐷 is called a norm on 
𝐷, which satisfies the properties 

Let �̿� = [0, ∞] and{�̃�, �̃�, �̃� } ∈ 𝐶 are �̃� =

(𝑝1, 𝑝2, 𝑝3), �̃� = (𝑞1, 𝑞2, 𝑞3) & �̃� = (𝑟1, 𝑟2, 𝑟3)  

1. 𝑉(�̃�) ≥ 0 ⟹ 𝑉(𝑝1, 𝑝2, 𝑝3) ≥ 0 ∀ �̃� 𝜖�̃�  

2. 𝑉(�̃�) ≥ 0 ⟹ 𝑉(𝑝1, 𝑝2, 𝑝3) = 0 if and only 

if �̃� = 0 (i.e) 𝑝1 = 𝑝2 = 𝑝3 = 0 

3. 𝑉(�̃� + ℳ̃) ≤ 𝑉(�̃�) + 𝑉(�̃�), ∀ {�̃�, �̃�} ∈ �̃�  

 𝑉((𝑝1, 𝑝2, 𝑝3) + (𝑞1, 𝑞2, 𝑞3))

= 𝑉(𝑝1 + 𝑞1, 𝑝2 + 𝑞2, 𝑝3 + 𝑞3) 
 = (𝑉(𝑝1) + 𝑉(𝑞1), 𝑉(𝑝2) + 𝑉(𝑞2), 𝑉(𝑝3) + 𝑉(𝑞3) ) 

≤ (𝑉(𝑝1), 𝑉(𝑝2), 𝑉(𝑝3))  

+  (𝑉(𝑞1), 𝑉(𝑞2), 𝑉(𝑞3)) 

 ≤ 𝑉(𝑝1, 𝑝2, 𝑝3) +  𝑉(𝑞1, 𝑞2, 𝑞3) 
 
Definition 
A normed space is a metric space with the metric 

𝑓(�̃�, �̃�) = |�̃� − �̃�|, ∀ {�̃�, �̃�} ∈ �̃� (i.e) 

𝑓((𝑝1, 𝑝2, 𝑝3), (𝑞1, 𝑞2, 𝑞3) ) = |(𝑝1 − 𝑞1), (𝑝2 −

𝑞2), (𝑝3 − 𝑞3)| 
 
Definition: Fixed Point 
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If �̃� has a fixed point, then the mapping �̃� is a 

continuous of a normed space �̃� which is 
complete into itself and also �̃��̃� be bounded.  
 
Definition 

If  �̃� has a fixed point in 𝐽, then there exists 𝐽 be a 
non-empty compact convex subset of a normed 
space and 𝐼 be a continuous mapping of 𝐽 into 
fundamentally. 
 
Definition 
A normed linear space which is complete in the 
metric domain is defined as Banach Space and it 
is specified by norm. 
Linear Functional 

A mapping 𝐼of a vector space �̃� into �̃� is called a 
linear functional on �̃� if it fascinate. 

1. 𝐼(�̃� + �̃�) = 𝐼(�̃�) + 𝐼(�̃�), ∀ {�̃�, �̃�} ∈ �̃�  

2. 𝐼(𝑎 �̃�) = 𝑎𝐼(�̃�) 

𝐏𝐫𝐨𝐨𝐟: 

1.  𝐼(�̃� + �̃�) = 𝐼((𝑝1, 𝑝2, 𝑝3) + (𝑞1, 𝑞2, 𝑞3)) 

= 𝐼((𝑝1 + 𝑞1, 𝑝2 + 𝑞2, 𝑝3 + 𝑞3)) 

= (𝐼(𝑝1 + 𝑞1), 𝐼(𝑝2 + 𝑞2), ℱ̃(𝑝3 + 𝑞3)) 

= (𝐼(𝑝1) + 𝐼(𝑞1)) , (𝐼(𝑝2) + 𝐼(𝑞2)) , (𝐼(𝑝3)

+ 𝐼(𝑞3))  

= (𝐼(𝑝1), 𝐼(𝑝2), ℱ̃𝐼(𝑝3)) + (𝐼(𝑞1), ℱ̃(𝑞2), ℱ̃(𝑞3)) 

= 𝐼(𝑝1, 𝑝2, 𝑝3) + 𝐼(𝑞1, 𝑞2, 𝑞3) 

= 𝐼(�̃�) + 𝐼(�̃�) 

2. 𝐼(𝑎 �̃�) = 𝐼(𝑎(𝑝1, 𝑝2, 𝑝3)) =

𝐼((𝑎𝑝1, 𝑎𝑝2, 𝑎𝑝3)) = 𝐼(𝑎𝑝1), 𝐼(𝑎𝑝2), 𝐼(𝑎𝑝3) 

= 𝑎 (𝐼(𝑝1), 𝐼(𝑝2), 𝐼(𝑝3)) 

  = 𝑎 (𝐼(𝑝1, 𝑝2, 𝑝3)) =  𝑎𝐼(�̃�) 

 
Thorem 
If a normed linear space �̃� eats a countable 
everywhere dense subset, then there exists a 

strictly convex norm on �̃� equivalent to the 
assumed norm. 
 Proof: 

Le𝑡 �̃� represents the surface of the unit ball in �̃�. 

�̃� = {ℒ̃: ‖ℒ̃‖ = 1} (𝑖. 𝑒)�̃�

= {(ℓ1, ℓ2, ℓ3)
∶ ‖(ℓ1, ℓ2, ℓ3)‖ = 1}  

 Then there exists a countable set (𝒳𝑛) of points 

of �̃� that is dense in �̃� 

Let {𝒳, �̃� , ℒ̃, ℳ̃, �̃� } ∈ 𝒳𝑛 

For each n, there exists a linear functional ℱ̃ on �̃� 
such that 

 𝐼(𝒳𝑛) = ‖𝒳𝑛‖ = 1and |ℱ̃(�̃�𝑛)| ≤

‖𝒳𝑛‖ , ∀ 𝒳𝑛 ∈ �̃� 

If 𝒳 ≠ 0, then𝐼(�̃�) ≠ 0, 

By homogeneity, it is sufficient to consider 𝒳 with 

‖𝒳‖ = 1 (𝑖. 𝑒) ‖(𝑥1, 𝑥2, 𝑥3)‖ = 1 and for such 𝒳 

there exists ‖�̃� − �̃�‖ <
1

2
 

But 𝐼(𝒳) = 𝐼(�̃�) + 𝐼(�̃� − �̃�) ≥ 1 − 𝐼(𝒳 − �̃�) ≥

1 − ‖�̃� − �̃�‖ >
1

2
 

Now we take 𝒫(𝒳) = ‖𝒳‖ + {∑ 2−𝑛∞
𝑛=1 (𝐼(𝒳))

2

}

1

2
 

It will be easy to verify that 𝒫 will be in the norm 

on �̃� and that ‖�̃�‖ ≤  𝒫(𝒳) ≤ 2‖𝒳‖ 

Eventually 𝒫 is strictly convex 

Suppose that 𝒫(�̃� + �̃�) = 𝒫(�̃�) + 𝒫(�̃�) and 

write 𝛽𝑛 = 𝐼(�̃�), 𝛾𝑛 = 𝐼(�̃�) ,  

Then {∑ 2−𝑛∞
𝑛=1 (𝛽𝑛 + 𝛾𝑛)2}

1

2 =

{∑ 2−𝑛∞
𝑛=1 (𝛽𝑛)2}

1

2 + {∑ 2−𝑛∞
𝑛=1 (𝛾𝑛)2}

1

2 and we 
have the case of equality in Minkosiki’s inequality. 
It results that the sequence (𝛽𝑛) and (𝛾𝑛) are 
linearly dependent. Thus exists 𝜆, 𝜇 are not both 
zero, such that 𝜆𝛽𝑛 +  𝜇𝛾𝑛 = 0, ∀𝑛 = 0,1,2,3 …. 

This implies thatℱ̃(𝜆𝒳 +  𝜇�̃�) = 0, ∀𝑛 =

0,1,2,3 … . 𝜆�̃� +  𝜇�̃� = 0 
 
FIXED POINT THEOREM  

Let �̃�: a normed space; 𝒬: closed ball of 

radius𝑟 > 0.  �̃� = {�̃�: ‖𝒳‖ < 𝑟 } and let �̃� be a 

continuous function of 𝒬 into a compact subset of 

�̃� with 

 ‖�̃��̃� − �̃�‖
2

≥ ‖�̃��̃�‖
2

− ‖𝒳‖
2
 . Then �̃� has a 

fixed point in . 
Proof  

Let �̃� has no fixed point in , Then ‖�̃��̃� − �̃�‖ +

‖𝒳‖ > ‖�̃��̃�‖ (‖𝒳‖ = 𝑟)----(1) 

For (‖�̃�𝒳 − 𝒳‖ + ‖𝒳‖)
2

− ‖�̃�𝒳‖
2
 =‖�̃��̃� −

𝒳‖
2

+ ‖𝒳‖
2

− ‖�̃�𝒳‖
2
 +2‖𝒳‖‖�̃�𝒳 − 𝒳‖ 

≥ 2𝑟 ‖�̃�𝒳 − 𝒳‖ > 0 

Let 𝒫𝒳 = {
𝒳, 𝒳 ∈ 𝒬

𝑟

‖𝒳‖
𝒳, 𝒳 ∉ 𝒬

 

 Therefore 𝒫 is continuous projection of �̃� into 𝒬 
Let �̃� =  𝒫�̃� 
Then �̃� maps 𝒬 continuously into a compact 
subset of 𝒬 
Hence by the schauder theorem, �̃� has a fixed 
point �̃� in 𝒬 
𝒫�̃� �̃� = �̃� 
If �̃��̃� ∈ 𝒬, then 𝒫�̃� �̃� = �̃� and �̃� �̃� = �̃� 

If �̃��̃� ∉ 𝒬 , then ‖�̃��̃�‖ > 𝑟 and �̃� = 𝒫�̃��̃� 

=
‖�̃��̃�‖

𝑟
 �̃��̃� 

It follows that ‖�̃�‖ = 𝑟 and we have ‖�̃��̃� − �̃�‖ +

‖�̃�‖ = ‖
‖�̃��̃�‖

𝑟
 �̃� − �̃�‖ + ‖�̃�‖ 

= ‖�̃��̃�‖ , which is contradiction to (1) 

So, �̃� has fixed point on𝒬. 
EXAMPLE 
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Let �̃� be a continuous mapping of a normed 

space �̃� into itself which maps bounded sets into 

compact set satisfies lim
‖𝒳‖→∞

‖�̃� 𝒳‖

‖𝒳‖
= 0. Then given 

random real 𝜆 > 0 and �̃� in �̃�, the equation 

𝒳=𝜆�̃��̃� + �̃� has a solution �̃� in �̃� 

Recognize the mapping �̃�𝒳=𝜆�̃��̃� + �̃� 
Clearly �̃� has all the properties of �̃� 

Let �̃�𝑛 = {�̃� ∶ 𝒳𝜖 �̃�, ‖�̃�‖ ≤ 𝑛 }, 𝑛 = 1,2,3, …. 

Then �̃��̃�𝑛 ⊂ �̃�𝑛 for some 𝑛 (1) 

Otherwise ‖�̃��̃�𝑛‖ > 𝑛, for some 𝒳𝑛 ∈ �̃�𝑛 , 𝑛 =

1,2,3, … . (2) 

If {𝒳𝑛} were bounded, then {�̃��̃�𝑛} will be 

contained in a compact set therefore ‖�̃��̃�𝑛‖ will 

be bounded which deny (2) 

Hence ‖𝒳𝑛‖ → ∞ as 𝑛 → ∞ 

 But 
‖�̃�𝑥𝑛‖

‖𝒳𝑛‖
> 1, 𝑆𝑜 lim

𝑛→∞

‖�̃�𝑥𝑛‖

‖𝒳𝑛‖
≥ 1, this is not true, �̃� 

maps some �̃�𝑛 into its compact subset, 

Schauder’s theorem then a gives a fixed point �̃� 
which is the sufficient solution. 
 
CONCLUSION 

Fuzzy linear space act as centrall part in image 
processing covered by impression, also in 
addition to this in data mining and pattern 
recognition this can be applicable. We analysis a 
few normed linear space and fuzzy linear 
functional, at that time argued concerning a 
mapping of two triangular fuzzy system that 
different to actuall process. We raised present day 
access to decide linear normed space by fuzzy 
triangular functions and the fixed point 
hypotheses of fuzzy triangular with linear spaces 
is indicated, and included the presence and 
uniqueness hypothesis are illustrated. 
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Nanocrystalline Fe3O4 powder was produced via the organic combustion route using L-arginine

for the first time as fuel. The prepared yields is considered through several investigates, such as,

DRS, PL, XRD, SEM, TEM, EDS, and VSM. The current study existence limited only toward the

antimicrobial activity that the limit Fe3O4. The influences for catalytic performances were explained

in factor, while the samples characterization was presented.

Keywords: Fe3O4, Electron Microscopy Analysis, Antibacterial Activity, Fuel.

1. INTRODUCTION
In recent times, iron oxide nanoparticles have been
used in applications scenarios for manufacture that the
magnetic, anti-counterfeiting, materials recording owing
toward the situation exceptional for electrical and the
magnetic belongings [1–4]. Nowadays, Fe3O4 magnetic
nano particle the situation consumes remained extensively
used into magnetic fluid, stealth material, bio separation,
printing and dyeing, catalyst [5]. In the past decades,
Fe3O4 nanoparticles in which include, sol–gel, hydrother-
mal, chemical precipitation, surfactant mediated precipita-
tion and the microwave method [6].

Amongst that the several approaches reported in pre-
vious works, microwave method was one of the most
operative and the practicable direction for the speedy
combination for nanometal oxides through high purity,
homogeneity and the better-quality physical characteris-
tics. Different conventional heating method, microwave
energy is an interior income for heat energy generation and
the conversion. The microwave energy is changed obsessed
by temperature energy by the inter-molecular strong resis-
tance and the increases that the temperature for prede-
cessor materials suddenly [7]. Likewise, that the use for

∗Corresponding author; E-mail: saravanankchem@gmail.com

microwave wave energy as source of heating, speeds up
the kinetics and the chemical reaction, improve the eco-
nomic feasibility and the decreases then loss energy [8].
In the present work, we have synthesized Fe3O4

nanoparticles by the microwave method employing
L-arginine as a fuel. Fe3O4 nanoparticles prepared were
characterized by X-ray diffraction (XRD) for the structural
analysis; scanning electron microscopy (HR-SEM) for sur-
face morphology; energy dispersive X-ray (EDX) analy-
sis, transmission electron microscopy (TEM), for chemical
composition; diffuse reflectance spectroscopy (DRS), Pho-
toluminescence spectroscopy (PL). The magnetic behavior
of the samples was studied using vibrating sample magne-
tometry (VSM).

2. EXPERIMENTAL DETAILS
The chemicals are procured from commercial sources,
such as, iron nitrate and L-arginine. All materials are
used without further decontamination. Current research
work, fuel towards oxidizer ratio (F/O) remained the taken
to be 1 as per then concept for propellant chemistry.
In the case, homogeneous reaction solution was mixed
after careful stirring is transferred into silica crucible and
they are placed inside a microwave oven (SAMSUNG,
India Limited) for irradiation. Microwave was irradiation

Sensor Lett. 2020, Vol. 18, No. xx 1546-198X/2020/18/001/005 doi:10.1166/sl.2020.4214 1
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over the precursor solution at 900 W for 10 min, output
power at 2.54 GHz frequency. Principally, that the solution
boiled and underwent rigorous decomposition with gas
evolution. The obtained powder Fe3O4 nanoparticles was
washed through the deionized ethanol for three times and
freeze-dried for the characterization physical and chemical
analysis.

2.1. Characterization

A diffract meter with X’Pert Pro mono chromatized Cu K�
radiation (k = 1054 Å) of Philips Company was used to
collect XRD patterns. FE-SEM and TEM images were
obtained on MIRA3 FEG-SEM and JEM-2100 with an
accelerating voltage of 60–200 kV equipped with a high
resolution CCD camera, respectively. The emission prop-
erties were recorded using Varian Cary Eclipse Fluores-
cence spectrophotometer. The magnetic behavior at room
temperature was studied by the vibrating samples mag-
netometer (VSM 7403, Lakeshore, USA) in afield up to
710 kOe.

3. RESULTS AND DISCUSSION
Figure 1 demonstrations that the XRD patterns for the rev-
enues produced by the Fe3O4 nanoparticles. Present study,
pure Fe3O4, XRD diffraction peaks at 2� (degree)= 31037,
36.62, 43.90, 55.34 and 64.86 agreed with the character-
istic peaks of Fe3O4 at (220), (311), (222), (511), (440)
respectively, for designs were indexed to a cubic phase
on Fe3O4 in the Fd-3m space group (a= 00839 nm, PDF
No. 65-3107) [9]. Crystallite size of average was obtained
from XRD peaks using Scherrer equation [10]. The aver-
age crystallite size for the Fe3O4 was found to be 19.7 nm.
Figure 2 presented in SEM micrographs demonstra-

tion as a granular morphology for Fe3O4. It can be
clearly perceived that the particles size for strong magnetic
interaction between for Fe3O4 nanoparticles for reasons
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Fig. 1. XRD pattern for Fe3O4 nanoparticles.

agglomeration. This propensity for different agglomera-
tion/aggregation stages involving the development of small
agglomerates that the some little particles (inner particles
growth) was pointy available likewise that the some Fe3O4

nano powders prepared through the microwave method.
Another reason for Fe3O4 microwave method suddenly
changes into solution to powders for Fe3O4. In research
work on SEM and XRD small differences are inherent to
the calculation or measuring errors. ED’s spectra estab-
lished the elemental composition of the O and Fe are pre-
sented. Fashionable by way of considerable as these two
mechanisms subsidize to modify the energy barrier, it is
usually quite difficult to separate both kinds of effects.
The conditions throughout the lyophilization guaranteed
that the both samples have the same average particle size,
particle distribution, and the particle shape. Consequently,
such in intensification fashionable anisotropy dynamism is
not connected to size/distribution belongings nonetheless
toward the reduction for the average detachment among
particles.
Figure 3 shows are TEM investigations on Fe3O4

emphasizes that the presence for small, single crystal par-
ticles than average size for only 22.4 nm, that the present
a noticeable development to form non-uniform aggregates.
Fe3O4 mean size values increase through via flame tem-
perature and the period existence the known that the
excess for fuel regulates continued reaction flame times for
obtained Fe3O4. TEM investigations joined with selected
area electron diffraction (SAED) analysis performed on
the sample Fe3O4 derived oxide authorize the previously
mentioned statement. On the other hand reason that the
inspiration for slow burning L-arginine on the formation
on Fe3O4 spinelic type oxide might also be accountable
for generation of point defects. Present work, TEM image
consequences for Fe3O4 are shown composed toward the
accurate in XRD result. Pure Fe3O4 exhibits that the shape
of hexagonal particles with a diameter for about 25 nm
aggregated. By way of declared particle size histograms
considered since, TEM image and the ring type SAD
pattern approving that the uniform distribution formation
Fe3O4 (obtained with ultrafine diffraction beam).
Present work on Fe3O4 participation for L-arginine as

fuel reduced that the flame temperature and the as a impor-
tance of the end reaction for the reactions decomposition
that the presented cations as a degree of disorder higher
level for Fe3+ and O. Other reason, for yet the oxide
Fe3O4 exhibitions as an inversion of small cation (i.e., Fe3+

occupancy of metal cations on tetrahedral sites instanta-
neously within and for O vacancy equal occupancy ions
on the octahedral positions), that the varies within the
range and the depends on the microwave method. In pres-
ence of reaction method, diffusion level on atomic and the
understood huge temperatures are required to achieve that
the crystallization of spinel. UV-Vis absorption spectra of
the Fe3O4 sample are given in Figure 4(a). The absorp-
tion of edges characteristic (UV) lines is in the range

2 Sensor Letters 18, 1–5, 2020
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a b

Fig. 2. (a) SEM images and the (b) EDX spectra for Fe3O4 nanoparticles.

of 290–500 nm. Diffusion reflection spectra for Fe3O4 as
prepared microwave method, in order to recognize their
(conduction-valence band) excitonic or inter band transi-
tions, which has allowable to calculate the band gap. DRS
investigation determinations, that the diffuse-reflectance
(R) of the sample can be related to Kubelka-Munk function
F 4R5 by the relation F 4R5= 41−R52/2R [11]. Figure 4(b)
presented in PL emission determined in this work sug-
gests that the transition level strength be supported by

a b

Fig. 3. (a) TEM images and the (b) SAED pattern for Fe3O4 nanoparticles.

200 300 400 500 600 700 800

F
(R

)

Wave length (nm)

350 400 450 500 550 600 650

In
te

n
si

ty
 (

a.
u
)

Wave length (nm)

a b

Fig. 4. (a) DRS spectra and (b) room temperature PL spectra for Fe3O4.

the band gap, crystal defects, such as, oxygen vacan-
cies, charge transfer, size factor etc. PL emission bands
in the region for at violet (400–450 nm), blue (450–
490 nm) and strong emission in green (490–560 nm) in
the emission band position is dependent on the emission
spectra for preparation method. The PL spectra of the
Fe3O4 shows emission bands around 400–550 nm, which
might be due to the intra band gap defects like oxygen
vacancies [12].

Sensor Letters 18, 1–5, 2020 3
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Present work, magnetic properties of as prepared Fe3O4

nanoparticles and was studied using a VSM and the results
are exposed in Figure 5. Current work, magnetization
(Ms), coercivity (Hc), and remanence (Mr) of iron oxide:
43.23 emu/g, 10.90 Oe, and 1.932 emu/g, separately.
In case, magnetization lower saturation might be due to
the crystal anisotropy then the S-shaped anisotropy then
attained Fe3O4 nanoparticles [13]. Consequently, such an
increase in anisotropy energy remains not related toward
size/distribution belongings toward the decrease for the
average distance between particles. Magnetic possessions
established on the transfer for electrons amongst the Fe2+

and Fe3+ in the octahedral sites and tetrahedral sites
ferro- or antiferromagnetic mono domains also experimen-
tal in ions pairs of Fe atoms (Fe3+ and Fe2+) and the
formation of clusters. In addition, for Fe3+ and Fe3O4

addition, in which exposed that the Fe3+ and Fe3O4 assis-
tance fashionable grain size formation and the help in
particle stability through ferromagnetic behavior of the
Fe3O4. Though, saturation magnetization of the Fe3O4

octahedral is much inferior to that for nanoparticles or
the agreeing bulk materials. Commonly communication,
that the magnetic properties for materials are predisposed
through the many factors, such as size, structure, and
morphologies, etc.
Current research work, biological properties Fe3O4

nanoparticles were established fashionable the vitro that
the antimicrobial activity against straining through thus
agar diffusion method [14]. Fe3O4 nanoparticles veri-
fied constituents stayed the melted fashionable that the
dimethyl sulfide (DMSO) towards organize the stock solu-
tions of 100 �g/mL. Furthermore, 100 �L of bacteria
inoculums remained spread over the plates encompassing
sterile Muller-Hinton agar. Paper filter disks (5 mm) were
impregnated with 20 �L of stock solution. The plates were
maintained at room temperature for 30 min to allow the
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Fig. 5. Room temperature magnetic hysteresis loops for Fe3O4.

Table I. Antibacterial activity of cobalt oxide powders against bacterial
strains.

Samples S. aureus S. typhimurium E. coli L. monocytogenes B. subtilis

C 22.35 12.87 19.34 15.45 17.89

diffusion of the solutions besides then incubated at 37 �C
for 24 h. Lastly; the inhibition region around the disk was
dignified. Both experiments were complete cutting-edge
triplicate, besides the inhibition regions are expressed as
the mean standard deviation (SD).
Present work, antibacterial activity of Co3O4 nanopar-

ticles in contradiction of different bacterial strains is
restrained by way of diameter of inhibition zone (agar
diffusion method) besides the minimum inhibitory con-
centration (MIC), and then statistics remain obtainable
fashionable. Fe3O4 nanoparticles that the gentamicin
antibiotic is rummage-sale by the regulator of antibacte-
rial activity. It was experiential that the size of inhibition
region is dissimilar rendering towards the category for bac-
teria, that the variety for synthesis method. In our study,
Fe3O4 nanoparticles manufactured through starch are used
the presented a better zone of embarrassment as likened
towards Fe3O4 nanoparticles [15] presented in Table I.
Recently, renowned interests one of the oxidations of

alcohol is an important chemical reaction therefore pro-
duced aldehydes appear as raw materials for numerous
chemical products. In order to find the optimal reaction
conditions of the oxidation of benzyl alcohol to benzalde-
hyde is applied for model reaction. The reaction was
achieved in the absence then the presence of the Fe3O4 cat-
alyst, in acetonitrile (solvent) therefore (oxidant) hydrogen
peroxide in catalytic reaction.
In the oxidant of the absence, Fe3O4 catalyst showed

only 3.00% yield of benzaldehyde and the solvent of the
absence showed 0.80% of yield. In the catalyst of absence,
only 4.5% yield of benzaldehyde is formed, using the oxi-
dant H2O2. Thus, it is established that both the catalyst and
the oxidant are important to form higher yields of prod-
ucts. In the present study, a maximum yield of 92.6% of
benzaldehyde is obtained in H2O2 medium using Fe3O4

catalyst in which is helpful for catalytic oxidation reaction
as presented in Table II.

Table II. Effect of the oxidant and catalyst towards the catalytic oxi-
dation of benzyl alcohol.

Entry Catalyst Oxidant Yield (%)

1 Fe3O4 H2O2 94,32
2 – – 00.80
3 With catalyst – 03.00
4 – H2O2 04.50

4 Sensor Letters 18, 1–5, 2020
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4. CONCLUSION
In summary, the present work involved for morphol-
ogy, structural and optical and magnetic properties of
the prepared Fe3O4 nanoparticles were investigated by
SEM, TEM, XRD, PL, DRS and VSM spectra, respec-
tively. It was found that morphology and crystallite size
were dependent on the strongly, chelating agent/metal
ratio and kinds fuel for depending on preparation
method.
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Abstract 

In number theory, study of number sequences is an exciting field. Among these the sequenceof 

figurate numbers provide a separate abundance in its suitability.Figurate number  which have 

both order and rank of  differentdimensions. Here, the study is only on two dimensional 

approach of figurate numbers.The ratios of polygonal numbers are studied as continued 

fractions. In this studysequence of continued fraction which produce ratios of figurate number of 

consecutive orders and ranks are classified. 

 

Keywords: continued fraction, polygonal number,order,rank. 

 

Notations: 

– continued fraction expansion 

2. polygonal number of order  and rank  

 

    AMS   Classification:  

 

 

1 . Introduction 

 

 Number theory is an inner most preferred area for teachers and learners of mathematics. It is 

considered as the purest part of mathematics. Number theory presents a clear insight into the 

study and nature of numbers and their properties. It represents a general theory pertaining to the 

notion of number and its generalizations.Continued fraction appear both expectedly and 

unexpectedly in various areas of mathematics. The Dutch mathematician interest to build a 

mechanical planetarium was the motivation for his work. This field of mathematics created an 

interest among the great mathematicians such as Euler, Jacobi, Cauchy, Gauss and many others. 

Continued fractions are used in the applications of contemporary mathematics who still continue 

to develop the theory. A.J Van der Poortenis, the Australian mathematician is the most prominent 

and sufficient among them.Continued fractions may be discovered accidentally, then through 

examples of how rational fractions are expanded into continued fractions. Still these fractions 

remain more useful as they provide deep insight into many mathematical problems, particularly 

into the nature of numbers and remains an active subject of investigation among the great 

mathematicians of 17th and 18th centuries. Continued fractions are used to provide better rational 

approximations to irrational numbers. It also provides an introduction to the discussion of idea of 

limits. 

 

1.1 Continued Fraction: 

 

An expression of the form 

 

 

where   are real or complex numbers is called a continued 

fraction. 
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1.2 The Continued Fraction algorithm 

 

 Continued fraction algorithm can be used to obtain the continued fraction expansion of any real 

number.  Let be any real number. Choose andlet ,  

 Define  and let  

, which implies that ….., , which implies 

that , ….., This technique is extend infinitely or to some finite stage till and , 

exists such that . 

1.3Theorem : 

If  and are  the  order and rank of the polygonal number  then the continued 

fraction of is given by   

 

Proof:  

 

 

 

 

 

 

 

 

 
 

1.3 Illustration 
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1.4Theorem  

 

 

where  and   represents the order and rank of  . 

 

Proof 

 

 

 

 

 

 

Case (i)  is odd 

=  

     =  

     =  

     =  

Take   
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1.4.1 Illustrations 

 

 

 

Case (ii)  is even 
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1.4.2 Illustrations 

 

 

 
 

Conclusion 

 

In this paper, continued fractions expression of ratios of polygonal numbers  with  consecutive 

orders and ranks are analysed. Similarly, the other kinds of ratios of polygonal numbers may be 

studied in detail. The study can also be extended to higher dimensional figurate numbers.  
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Abstract— Achieving image quality is an essential task in vision systems. The image acquisition 

process is considered as critical process in vision system because this system depends on many factors 

such as lighting condition, camera resolution, object type (2D or 3D), working distance, object area, 

camera angle position and lens magnification. The single factor experiment conducted at different 

levels by changing illumination, camera resolution, object area and working distance. The output of 

the imaging system is images and the image contrast is one of the quality dimensions of image [14] 

and it is measured by matlab tool. The aim of the output analysis is to find whether the factors 

affected the image contrast or not using Design of Experiments (DOE) concepts (factor factorial 

experiments). The conclusion is made based on hypothesis and statistical data with experimental 

results. From the analysis of output images and experimental results, the factors (illumination, 

camera resolution, and working distance) significantly affect the image contrast. The predictions of 

factors can be applied to design the imaging system successfully.  

Keywords—Vision Systems, Image quality, DOE techniques. 

I.  INTRODUCTION  

Machine vision is a quality inspection system which replaces the human inspection. The inspection 

quality quite high compared to the human inspection because, the inspection done by computerized 

automation. The major components involved in this system are the sample which is going to be inspected; 

imaging system includes camera, lighting and the image analysis software. The software used for comparing 

the standard image with sample image and it helps to make decision whether the sample is accepted or 

rejected. 

      Achieving the quality of image is difficult task in imaging system because of this system depends on 

many factors such as lighting condition, camera resolution, object type (2D or 3D), working distance, object 

area, camera angle position and lens magnification. One of the important information investigated in image 

is image contrast and it is considered for analyzing the image quality. 

The design of experiment techniques used to find the factors involving in the imaging system and the 

experimental results will help to find the factors affecting the imaging system. This paper organized into 

following sections. Section 2 is an overview of the literature review. Section 3 discusses the problem 

description. Section 4 discusses the objective of this study.  The experimental work explained is session 5 
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and the selection of factors and levels is described in section 6. Section 7 discusses the proposed method. 

Output analyses are discussed in section 8. Conclusion is discussed in Section 9. 

II. LITERATURE REVIEW 

Jiancheng Jia (2009) [2] developed a machine vision system for industrial assembly inspection which 

explains a successful industrial application of machine vision technology for medical syringe assembly. And 

this paper describes the placement of camera (angle position) and capturing distance is an important task to 

increase the performance of the image acquisition process in vision system. Tang Bo et al (2009) [3] 

designed a machine vision system for surface inspection of steel strip which explains the traditional surface 

quality inspection of steel strip carried out by human inspectors, which is far from satisfactory because of its 

low productivity, low reliability and poor economy. In this paper, the structure of the surface automated 

inspection system and the imaging factors (illumination, camera resolution) is described. Bundit Jarimopas 

& Nitipong Jaisin (2008) [8] developed an efficient machine vision experimental sorting system for sweet 

tamarind pods based on image processing techniques. In this imaging system the important factors described 

are illumination and the placement of camera (angle position). H.Golnabi et al (2007) [1] proposed a design 

of industrial machine vision system which includes Universal design, Methodology, Industrial Applications 

(AVI, Part identification), Key points in design, and Future developments. In imaging system design 

illumination, camera resolution and object type (2D or 3D) are the factors considered.  R.C. Staunton (2005) 

[7] presented a detected edge position evaluation using measured acquisition system factors. In this paper, 

the image acquisition factors Lens magnification, Camera angle position, lighting condition are described. 

Monica Carfagni   et al (2005) [10] presented a machine vision course for undergraduate students. That 

course includes the design of imaging system and the factors are considered in vision system. The imaging 

system factors are lens magnification, Camera angle position, Object area and lighting condition. S. 

Ducournau et al (2004) [6] presented a machine vision system designed to count the number of emergent 

radical tips on seed lots, under controlled lighting, temperature and hygrometric conditions. An image 

acquisition system developed and the factors (illumination, camera resolution and working distance) are 

involved in imaging system are explained. A Brain et al (2002) [4] presented a Common Principles of Image 

Acquisition Systems and Biological Vision. The principles include the system design and the factors are 

considered (camera resolution, illumination and camera angle position) in vision systems. Elias N. Malamas 

et al (2003) [17] did a survey on industrial vision systems, applications and tools. Under the light of recent 

advances in image sensors, software and hardware technology, important issues and directions for designing 

and developing industrial vision systems are identified and discussed. In imaging system design 

illumination, camera resolution and object type (2D or 3D) are the factors considered. A.Ravishankar 

Rao(1996)[16]presented future directions in industrial machine vision a case study of semiconductor 

manufacturing applications. In this paper, the image acquisition factors lens magnification, Camera angle 

position, lighting condition are described. Hyung-Ju Park et al (2011)[13] developed a Subjective Image 

Quality Assessment based on Objective Image Quality Measurement Factors. The quality factor Uniformity, 

Contrast, Color accuracy, Loss of details, Noise and Sharpness are described. Ismail Avcıbas et al 

(2002)[14] presented a Statistical evaluation of image quality measures. The image quality measurements, 

Sharpness, Loss of details, Noise, Color accuracy, Dynamic range, Contrast, Uniformity, and Lens 

distortion, are explained.  

   From the above Literature Survey the factors involved in imaging system is Working Distance, Object 

area, Camera resolution, Illumination, and these parameter considered for further investigation purpose.  

III. PROBLEM DESCRIPTION 

Achieving image quality is an essential task in vision systems. The image acquisition process is 

considered as critical process in vision system because this system depends on many factors such as lighting 

condition, camera resolution, object type (2D or 3D), working distance, object area, camera angle position 
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and lens magnification. The image quality is mainly based on these factors.  Finding the desired factors and 

optimal settings of factors enhance the performance of imaging system and improves the image quality. The 

unknown factors which affects the image quality significantly. The experimental setup help us to  

IV. OBJECTIVES OF THIS STUDY 

1. Predict the factors for imaging system. 

2. Develop the experimental setup and conduct the single factor experiments. Collect the data and 

analyze the output   images using Matlab tool. 

3. Validate the experimental result by statistical methods. 

V. EXPERIMENTAL SETUP 

The experimental setup consists of lighting system, camera mounting stand, and PC connection cable. At 

different levels, the image of the object is captured using camera and the images are stored in the PC. 

Figure.1 experimental setup 

 

The figures 1, 2 show the experimental setup of imaging system and lighting system respectively 

Figure.2 Lighting system 
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VI. SELECTION OF FACTORS AND LEVELS 

The following table shows the factors chosen for conducting  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.NO 

Camera 

resolution 

(MP) 

Image contrast 

1 2 3 4 5 6 

1 1 6.6 6.1 6 6.2 6.5 6.8 

2 1.3 5.8 5.6 5.5 5.6 5.7 5.8 

3 2 2.3 2.1 2.3 2.5 2.4 2.2 

4 3 2.6 2.55 2.5 2.65 2.5 2.7 

5 3.2 1.6 1.55 1.58 1.5 1.52 1.2 

6 4 1.1 1.9 1.3 1.8 1.5 1.3 

 

S.

NO

. 

 

Workin

g 

distanc

e (cm) 

 

Image contrast 

 

1 2 3 4 5 6 7 8 

1 5 8.

8 

8.

7 

8 8.

1 

8.

5 

8.

2 

8.

4 

8.

9 

2 10 8.

9 

8.

2 

8.

8 

8.

9 

8.

1 

8.

4 

8.

5 

8.

7 

3 15 7.

8 

7.

5 

7.

2 

7.

5 

7.

1 

7.

6 

7.

9 

7.

4 

4 20 7.

1 

7.

1 

6.

2 

6.

4 

6.

9 

6.

3 

6.

8 

7 

5 25 6.

6 

6.

1 

6 6.

3 

6.

7 

6.

9 

6.

2 

5.

8 

6 30 5.

8 

5.

1 

5 5.

9 

5.

3 

5.

4 

5.

5 

4.

9 

7 35 4.

58 

4.

56 

4.

56 

4.

56 

4.

57 

4.

56 

4.

58 

4.

56 

8 40 3.

06 

3.

04 

3 3.

02 

3.

01 

3.

04 

3.

05 

3.

03 

9 45 2.

42 

2.

42 

2.

43 

2.

46 

2.

42 

2.

32 

2.

4 

2.

42 

10 50 2.

9 

2.

1 

2.

4 

2.

7 

2.

9 

2.

8 

2.

5 

2.

6 

11 55 2.

7 

2.

1 

2 2.

6 

2.

8 

2.

9 

2.

5 

2.

4 

12 60 1.

9 

1.

6 

1.

8 

1.

5 

1 1.

9 

1.

5 

1.

4 
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the experiments.  The single factor experiments are conducted by changing factors at different levels (Low, 

High and medium). 

Table1. Selection of factors and level 

S.No. Factors Unit Level Variable 

1 
Working 

distance(a) 
Cm 

Low, High, 

Medium 
Yes 

2 
Camera 

resolution(b) 
Mp 

Low, High, 

Medium 
Yes 

3 
Object area 

(c) 
m

2 
Low, High, 

Medium 
Yes 

4 
Illumination 

(d) 
Lm Low,High,Medium Yes 

 

The following table shows the image contrast values at different working distance. The working distance is 

varied from 5cm to 60cm to find the contrast values occurring with minimum deviation. 

Table 2. Working Distance Vs Image contrast 

0

2

4

6

8

10

5 10 15 20 25 30 35 40 45 50 55 60

Im
ag

e 
co

n
tr

as
t

Working distance (cm)

Working distance Vs Image contrast

 

From the above chart the minimum output variation of image contrast occurs for working Distance of 35cm, 

40cm & 45cm. 

 From the below chart the minimum output variation of image contrast occurs at Camera resolutions of 

1.3MP, 3MP and 3.2 MP.  

0

2

4

6

8

1 1.3 2 3 3.2 4

Im
ag

e 
C

o
n

tr
as

t

Camera resolusion (MP)

Camera resolusion  Vs Image contrast

 

Table 3. Camera resolutions Vs Image contrast  
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 The following table shows the image contrast values at different object areas. The object areas are varied 

from 50cm
2
 to 250cm

2
 to find the contrast values occurring with minimum deviation. 

 

 

S.NO 

 

Object 

area 

(cm
2
) 

Image contrast 

1 2 3 4 5 6 

1 50 9.6 9.1 9 9.2 9.5 9.8 

2 70 9.8 9.6 9.5 9.6 9.7 9.8 

3 90.25 6.3 6.1 6.3 6.1 6.4 6.2 

4 150 3.6 3.55 3.5 3.65 3.5 3.7 

5 200 1.6 1.8 1.5 1.9 1.55 1.2 

6 250 1.1 1.9 1.3 1.8 1.5 1.3 

 

Table4.  object area Vs Image contrast  

0

5

10

15

50 70 90.25 150 200 250

Im
ag

e 
co

n
tr

as
t 

Object area (cm2) 

Object area Vs Image contrast  

 

From the above chart the minimum output variation of image contrast occurs at Object areas of 70 cm
2
, 

90.25 cm
2
, and 150 cm

2
. 

 The following table shows the image contrast values at different illumination. The illuminations are 

varied from 500lm to 1450lm to find the contrast values occurring with minimum deviation. 

 

S.

N

O 

 

Illumin

ation(l

m) 

Image contrast 

1 2 3 4 5 6 

1 500 1.3 1.7 1.6 1.3 1.

9 

1.4 

2 630 1.9 1.4 1.5 1.8 1.

9 

1.6 

3 720 2.0

3 

2 2 2.0

8 

2.

1 

2.0

5 

4 810 2.0

8 

2.1 2.0

7 

2.0

9 

2 2.0

3 

5 1190 2.5 2.5

3 

2.4

8 

2.4

5 

2.

5 

2.4

8 

6 1450 3.2 3.8 3.6 3.7 3.

4 

3.9 
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Table 5. Illumination Vs Image Contract 
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2

3

4

500 630 720 810 1190 1450Im
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Illumination(lm)

Illumination Vs Image contrast

 

   From the above chart the minimum output variation of image contrast occurs at Illumination levels of 

720lm, 810lm, and 1190lm.  

 From the analysis of output images the minimum variation of image contrast at different factors levels 

are tabulated below. 

 

 

 

 

 

 

 

 

 

TABLE 6.  SELECTION OF LEVELS 

VII. METHODOLOGY 

 The output of the imaging system is images. The images are analyzed using MATLAB and measured the 

contrast value. Contrast is one of the quality dimensions of images.  The aim of the output analysis is to find 

whether the factors affect the image contrast or not using Design of Experiments concepts (single factor) the 

conclusion was made based on hypothesis and statistical data. The optimal setting can be achieved by 

finding the minimum deviation of output among the different parameter levels. 

VIII. OUTPUT ANALYSIS 

Factor factorial Experiments 

Factor: camera resolution(A), working distance(B) & illumination(C) 

Hypothesis: 

H0:  There is no interaction between camera resolution, illumination and working distance. 

H1: There is an interaction between camera resolution, illumination and working distance. 

Table 6. Experimental data for 3 factors (illumination, working distance & camera resolution) experiment. 

S.N

o 

 

Factors Levels 

Low  Mediu

m 

High 

    1 Working 

distance  

35cm 40cm 45cm 

2 Illumination 720l

m 

810lm 1190l

m 

3 Camera 

resolution 

1.3M

P 

3MP 3.2MP 

4 Object area 70cm
2 

90.25c

m
2 

150cm
2 
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S.

N

O 

 

 

Cam

era 

resol

ution 

(A) 

Working distance (B) yi.. 

35 cm 45 cm 

Illumination  (C) 

             

720lm 

1190l

m 

720lm 1190l

m 

1 1.3 

MP 

5.4

1 

 

5.3

8 

6.

28 

6.

4

6 

6.

4

2 

6.

08 

3.

0

6 

3.

12 

42

.2

1 

10.79 12.74 12.5 6.18 

2 3 MP    

3.26 

3.

20 

4.

78 

4.

2

4 

5.

7

6 

5.

28 

7.

0

2 

7.

14 

40

.6

8 

6.46 9.02 11.04 14.16 

3 3.2 

MP 

2.46 2.

3 

3.

48 

3.

5

6 

9.

2

6 

9.

42 

8.

0

6 

7.

24 

45

.7

8 

4.76 7.04 18.68 15.3 

B × C 

Total y.jk. 

22.01 28.8 42.22 35.64 y

…. 

=1

28

.6

7 

y.j.. 50.81 77.86  

 

Where a= Number of level for camera resolution=3, b= Number of levels for working distance = 2, c= 

Number of levels for illumination = 2, n= Number of replicates = 2, N= Total number of trials = a.b.c.n=24 

Table 7. Experimental data for 2 factors (camera resolution & working distance) & (camera resolution & 

illumination) experiment. 
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Table.8.ANOVA for 3 factors (illumination, working distance & camera resolution) experimental data 

Source of 

Variation(SOV) 

Sum of 

Square(SOS) 

Degrees of 

Freedom(DOF) 

Mean 

Square(MS) 

F0 

Camera 

resolution(A) 

1.71 2 0.855 7.125 

Working 

distance(B) 

0.46 1 0.46 3.83 

Illumination ( 

C) 

2.72 1 2.72 17.66 

AB 7.86 2 3.73 32.75 

AC 5.36 2 2.68 22.33 

BC 4.26 1 4.26 35.5 

ABC 3.72 2 1.86 15.5 

Error 1.4 12 0.12 - 

Total 27.49 23 - - 

 

From statistical table F (2, 12) = 3.89,  = 5% 

                                F (1, 12) = 4.75,  = 5% 

The F0 > F so accept H1 and reject H0.  

 There is an interaction between camera resolution, illumination and working distance. The working 

distances do not affect the image contrast. 

 The lighting illumination and camera resolution significantly affects the image contrast. 

A×B Total  

yij.. 

                                              

A 

B 

35cm 45cm 

1.3MP 25.53 18.68 

3MP 15.48 25.2 

3.2MP 11.8 33.98 

A×C Total  

yi.k. 

A C 

720lm 1190lm 

1.3MP 23.29 18.92 

3MP 17.5 23.18 

3.2MP 23.44 23.34 
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IX. CONCLUSION 

From the analysis of output images and experimental results, the following factors involved in imaging 

system are found to affect the image contrast. 

Working distance, Camera resolution and Illumination. 

 

Table.9. Result of three factor factorial experiments 

S.No. Parameters 
The interaction of parameter affected 

the image contrast? 

1 Working distance (a) No 

2 Camera resolution(b) Yes 

3 Illumination (d) Yes 

4 
Working distance (a) & Camera 

resolution(b) 
Yes 

5 Camera resolution(b) & illumination (d) Yes 

6 Illumination (d) & Working distance (a) Yes 

7 
Illumination (d) , Working distance (a) & 

Camera resolution(b) 
Yes 

 

The predictions of factors can be applied to design the imaging system successfully and the optimal settings 

of these factors can be used to achieve the image quality, increase the performance of the imaging system.  
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Abstract

This paper explores on the qualitative analysis of a modified Leslie-Gower
prey-predator model where the consumption rate of prey is according to
Beddington-DeAngelis functional response and Allee effect on prey popu-
lation. Moreover time-lag (τ) is established to exploit gestation period of
predations. The permanence analysis of proposed system is investigated.
Then we study the local stability of non-delayed model at all possible equi-
librium points and it is demonstrated that the given model experiences Hopf
bifurcation about interior equilibrium point with respect to delay τ . There-
after the stability and direction of Hopf bifurcation are formulated through
normal and center manifold theorems. The derived criteria are justified with
the help of numerical simulations.

©2020 L&H Scientific Publishing, LLC. All rights reserved.

1 Introduction1

After the pioneering independent work of Lotka and Volterra in 1920’s, many researchers have been focusing2

on the qualitative analysis of predator-prey models due to its importance in both mathematics and biology dis-3

ciplines, for more details, see [1–3] and references therein. The following modified Leslie-Gower predator-prey4

model5

dx
dt

= rx(1− x
k
)− yg(x,y),

dy
dt

= y(c− dy
x+ l

),

(1)

was introduced by authors in [4]. Model (1) assumes that predators can switch to alternative food when their6

favorite food is not sufficiency in abundance. Here x(t) and y(t) are the densities of prey and predator populations7

respectively at time t, r and k stand for the per capita growth rate of prey and carrying capacity respectively. The8

predators can consume prey as specified by functional response g(·, ·). The parameters c and d indicate the9
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growth rate and maximum reduction rate of predator respectively and l represents the measure of extent to10

which environment provides protection to the predator.11

The wildly used functional response in previous studies is Holling type II which is of the form g(x,y) = c1x
1+ax12

where the interference among predators is not utilized whereas this will be nature when predators compete for13

food. To utilize this fact, Beddington [5] and DeAngelis [6] have modified the above function with an extra term14

by in the denominator reflecting the mutual interference among predators and it is given by g(x,y) = c1x
1+ax+by ,15

where c1,a,b, are positive constants that are used for effects of capture rate, handling time and magnitude of16

interference among predators respectively on the feeding rate. Therefore it is necessary to introduce Beddington-17

DeAngelis function in model (1) and certain results are found in [3, 7–9]. This model takes the form18

dx
dt

= rx(1− x
k
)− c1xy

1+ax+by
,

dy
dt

= y(c− dy
x+ l

).

(2)

where the parameters have the same meaning as discussed above. On the other hand time delays in biological19

models are usual because of maturation period, gestation period, handling and digesting time. Thus the pres-20

ence of delays in predator-prey models may enrich the complexity of its behaviors (see [10–13] and references21

therein). In particular gestation delay means that the consumption of prey by predator will be a source of its22

growth which is not rapid rather lagged by some time-lag τ . The essential conditions for local stability and23

global stability of interior equilibrium point of system (2) is studied by Yu in [14]. In [7], the model (2) with24

gestation delay and Allee effect is investigated and it is showed that the system experiences periodic solutions25

through Hopf bifurcation.26

The concept of Allee effect is initially established by W.C. Allee [15] which is biology characterized by27

positive correlation between population density and its fitness. Based on the situations, such as difficulties in28

searching mates when the species population is low, schooling behavior and social dysfunction at low population29

densities, the concept of Allee effect plays a major role and significant number of research have been made on it,30

for more details, see [16–18]. More precisely, there are two categories of Allee effects: first one is called strong-31

Allee effect, in which population per capita growth rate is negative at small densities so that the population goes32

to extinction below a threshold level. The other one is weak-Allee effect where population per capita growth33

rate is low at small population densities. Hence there is no such threshold level which the population goes to34

extinction. In [18], the bifurcation analysis of modified Leslie-Gower model with Allee effects in both prey and35

predator populations have been investigated. The problem of two patch predator-prey model under the influence36

of strong Allee effect is considered in [11], where they have analyze the dynamical behaviors of the proposed37

model. Sufficient conditions for the stability and Hopf bifurcation of the model (2) with multiplicative Allee38

effect and time-delay has been addressed in [19].39

On the other hand, the prey growth rate function40

r(1− X
k
)− e

f +X
(3)

is known as additive Allee effect, which was originally initiated in [21] and then applied in [22–24]. In equation41

(3), the positive constants e and f stands the severity of Allee effect. Yang and Zhong in [22] investigated the42

diffusive predator-prey model with modified Leslie-Gower schemes and additive Allee effect on prey, where43

they have derived the conditions for local and global asymptotical stability. Recently, stability and bifurcation44

analysis of predator-prey model with double Allee effect and time-delay have dealt in [23], whereas Allee effect45

has been utilized in food-chain model [24]. As far as we know, there is very works available on dynamics of46

system (2) with addictive Allee effect and gestation delay on predation term. To understand the more dynamics47

of Allee effect and gestation delay more works required and this fact has inspired our current work. Thus we48

focus on the modified Leslie-Gower predator-prey model with Beddington-DeAngelis functional response and49
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addictive Allee effect in the form:50

dX
dT

= [r(1− X
K
)− E

F +X
]X − mXY

1+AX +BY
,

dY
dT

=Y (C− DY (t − τ)
X(t − τ)+L

),
(4)

subjected to the initial conditions N0(θ) = φ(θ) > 0, P0(θ) = ψ(θ)> 0, ∀θ ∈ [−τ ,0], where φ(θ), ψ(θ) are51

continuous and bounded functions in [−τ ,0]. The parameters given in (4) have same meaning as discussed in52

the above.53

2 Mathematical model54

To reduce the complexity of the considered system, we make the following non-dimensional scheme X →55

Kx, Y → ry, T → 1
r t and let δ = E

rK , ρ = F
K , α1 =

m
A , β1 =

K
A , β2 =

Br
A , γ = C

r , α2 =
Dr
KC , β3 =

L
K . Then the56

system (4) becomes57

dx
dt

= x(1− x− δ
ρ + x

− α1y
1+β1x+β2y

),

dy
dt

= γy(1− α2y(t − τ)
x(t − τ)+β3

),

(5)

subject to the initial conditions58

x0(θ) = φ(θ) > 0, y0(θ) = ψ(θ)> 0, ∀θ ∈ [−τ ,0], (6)

where φ(θ), ψ(θ) are continuous and bounded functions in [−τ ,0].59

2.1 Boundedness and permanence analysis60

In this subsection, we present the permanence analysis of solutions of system (5). Generally permanence analysis61

confirms that the prey and predator will always coexist at any time and any location of the inhabited domain.62

These results will be used in the following sections.63

Definition 1. System (5) is said to be permanent if there exist positive constants c and c̄ such that (x(t),y(t)) of64

(5) with x0 ≥ 0 and y0 ≥ 0 satisfying65

0 < c ≤ lim
t→∞

infx(t) ≤ lim
t→∞

supx(t)≤ c̄,

0 < c ≤ lim
t→∞

infy(t)≤ lim
t→∞

sup y(t)≤ c̄.

Lemma 1. If a> 0, b> 0 and dx(t)
dt ≤ (≥)x(t)(b−ax(t)), x(t0)> 0, then limsupt→∞ x(t)≤ b

a (limsupt→∞ x(t)≥66

b
a).67

Theorem 2. Let (x(t),y(t)) be the solution of (5) with x0 ≥ 0, y0 ≥ 0. The following hold:68

1. lim
t→∞

supx(t) ≤ 1 and69

2. lim
t→∞

supy(t)≤ (1+β3)eγτ

α2
.70
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Proof. From the prey equation of (5), we have that, for all t ∈ [0,∞),

dx(t)
dt

≤ x(t)(1− x(t)).

Then, by Lemma 1, we obtain

lim
t→∞

supx(t) ≤ 1.

Similarly, from the predator equation of (5), we have

dy(t)
dt

< γy(t).

Thus, for t > τ , integrating above relation from t − τ to t, we get

y(t) ≤ y(t − τ)eγτ ,

which is equivalent to
y(t − τ)≥ y(t)e−γτ .

Note that there exists a positive integer T such that for t > T and x(t)< x̄. Thus, for t > T + τ ,

dy(t)
dt

≤ γy(t)(1− α2e−γτ

1+β3
y(t)).

Now by using Lemma 1, we have

lim
t→∞

sup y(t)≤ (1+β3)eγτ

α2
≡ ȳ.

Therefore the proof is complete.71

Theorem 3. Let (x(t),y(t)) be the solution of (5) with x0 ≥ 0, y0 ≥ 0. The following hold:72

1. lim
t→∞

infx(t)≥ (ρ −g)β2−α1ρ
δβ2

and73

2. lim
t→∞

infy(t)≥ (β3 + x)
α2

exp(− γα2ȳ
β3 + x

τ).74

Proof. It is easy to see that
dx
dt

≥ x(1− x− δ
ρ
− α1

β2
).

Hence, by Lemma 1, we obtain

lim
t→∞

infx(t)≥ (ρ −δ )β2 −α1ρ
δβ2

≡ x.

For any κ > 1, there exists a Tκ > 0 such that t > Tκ , x(t)> x/κ and y(t)< κ ȳ. Then, for t > Tκ + τ , we have

dy(t)
dt

≥ γy(t)(1− α2κ
κβ3+ x

y(t − τ)).

For t > Tκ + τ , the above inequality gives

dy(t)
dt

≥−κ2γα2ȳ
κβ3+ x

y(t),
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which leads to

y(t − τ)< y(t)exp(
κ2γα2ȳ
κβ3 + x

τ).

Then, for t > Tκ + τ ,
dy(t)

dt
≥ γy(t)(1− α2κ

κβ3 + x
exp(

κ2γα2ȳ
κβ3 + x

τ)y(t)),

which implies

lim
t→∞

infy(t) ≥ (κβ3+ x)
α2κ

exp(−κ2γα2ȳ
κβ3 + x

τ).

Putting κ → 1, we get

lim
t→∞

infy(t) ≥ (β3 + x)
α2

exp(− γα2ȳ
β3+ x

τ)≡ y.

Let c=min{x,y} and c̄=max{1, ȳ}. Then, by Definition 1 and Theorems 2 and 3, we arrive at the following75

result.76

Theorem 4. If

β2ρ > α1ρ +δβ2 (7)

holds, then the system (5) is permanent.77

2.2 Existence of equilibria78

The equilibria of system (5) are given by79

x(1− x− δ
ρ + x

− α1y
1+β1x+β2y

) = 0,

y(1− α2y
x+β3

) = 0.

Solving the above equations, we get the following equilibrium points:80

i. the trivial equilibrium point E0 = (0,0).81

ii. The predator free axial equilibrium points E−
1 = (x−,0) and E+

1 = (x+,0) where x− and x+ are the roots
of equation x2 − (1−ρ)x+δ −ρ = 0, that is,

x− =
1−ρ

2
− 1

2

√
(1−ρ)2 −4(δ −ρ) and x+ =

1−ρ
2

+
1
2

√
(1−ρ)2−4(δ −ρ).

iii. The prey extinction equilibrium point E2 = (0, β3
α2
).82

iv The interior equilibrium point E∗ = (x∗,y∗), where y∗ =
x∗+β3

α2
and x∗ is a root of the following cubic83

equation in x84

ax3 +bx2 + cx+d = 0, (8)

where85

a = −(β1α2 +β2),

b = −(α2 +β2β3)+ (1−ρ)(β1α2 +β2)−α1,

c = (1−ρ)(α2 +β2β3)+ (ρ −δ )(β1α2 +β2)−α1(ρ +β3),

d = (ρ −δ )(α2 +β2β3)−α1β3ρ .
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Remark 1. The equilibriums E0 and E2 always exist. If δ > ρ , both equilibriums E−
1 = (x−,0) and E+

1 = (x+,0)86

exist when 1 > ρ and (1−ρ)2 > 4(δ −ρ) while if δ < ρ then E+
1 = (x+,0) only exists. It is easy to observe87

from (8) that the leading coefficient a is always negative and d is positive if88

(ρ −δ )(α2 +β2β3)> α1β3ρ (9)

holds. Hence, if (9) is satisfied, the Descartes rule of sign assures that the equation (8) possesses at least one89

positive root. Further equation (8) has a unique positive root, say x∗, if (9) holds along with any one the following90

conditions:91

H1 α1 +(α2 +β2β3)> (1−ρ)(β1α2 +β2) and α1(h+β3)> (1−h)(α2 +β2β3)+ (h−δ )(β1α2 +β2),92

H2 α1 +(α2 +β2β3)> (1−ρ)(β1α2 +β2) and α1(ρ +β3)< (1−ρ)(α2 +β2β3)+ (ρ −δ )(β1α2 +β2),93

H3 α1 +(α2 +β2β3)< (1−ρ)(β1α2 +β2) and α1(ρ +β3)< (1−ρ)(α2 +β2β3)+ (ρ −δ )(β1α2 +β2).94

Hereafter we always assume that the system (5) satisfies any one of the above conditions.95

3 Local stability analysis and Hopf bifurcation96

In this section, we deal with the local stability of the system (5) about the possible equilibrium points. We97

consider two cases.98

Case 1: The non-delayed model99

Theorem 5. For system (5), without delay (i.e. τ = 0)100

i. E0 = (0,0) is saddle if ρ < δ and unstable if ρ > δ .101

ii. E−
1 = (x−,0) is always unstable.102

iii. E+
1 = (x+,0) is always saddle.103

iv. E2 = (0, β3
α2
) is stable if 1 < δ

ρ + α1β3
α2+β2β3

and saddle if 1 > δ
ρ + α1β3

α2+β2β3
.104

Proof. i. The Jacobian matrix of (5) calculated at E0 = (0,0) is given by

J|E0 =

(
1− δ

ρ 0
0 γ

)
.

The eigenvalues of J|E0 are λ1 =
ρ−δ

ρ and λ2 = γ > 0. Hence the result.105

ii. Evaluation J at E−
1 is given by

J|E−
1
=

(
x
(
−1+ δ

(ρ+x)2

)
− x

1+α1x

0 γ

)
.

The corresponding eigenvalues are λ1 = n−
√

(1−ρ)2 −4(δ −ρ)> 0 and λ2 = γ > 0.106

iii. Similarly the eigenvalues of J at E+
1 are λ1 =−n+

√
(1−ρ)2−4(δ −ρ)< 0 and λ2 = γ > 0.107

iv. The eigenvalues of J at E2 are λ1 = 1− α1β3
α2+β2β3

− δ
ρ and λ2 =−γ < 0. Hence the proof is complete.108

Now we look at the local asymptotic stability and Hopf bifurcation of the positive equilibrium E∗.109
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Theorem 6. Assume that (9) holds and

γ∗ < γ ,

γ∗ <
α1x∗(1+β1x∗)

α2(1+β1x∗+β2y∗)2 .
(10)

Then the positive equilibrium E∗ is locally asymptotically stable.110

Proof. The Jacobian matrix of (5) at E∗ is

J|E∗ =

(
j∗11 j∗12
j∗21 j∗22

)
,

where

j∗11 = x∗(
δ

(ρ + x∗)2 +
α1β1y∗

(1+β1x∗+β2y∗)2 −1) = γ∗,

j∗12 =− α1x∗(1+β1x∗)
(1+β1x∗+β2y∗)2 < 0, j∗21 =

γ
α2

> 0, j∗22 =−γ < 0.

The characteristic equation for J|E∗ is

λ 2 − tr(J|E∗)λ +det(J|E∗) = 0 (11)

where tr(J|E∗) = γ∗ − γ and det(J|E∗) = γ(−γ∗+ α1x∗(1+β1x∗)
α2(1+β1x∗+β2y∗)2 ). According to Routh-Hurwitz criterion, char-111

acteristic equation will have negative real roots if tr(J|E∗)< 0 and det(J|E∗)> 0. Here, if (10) holds, we can get112

tr(J|E∗)< 0 and det(J|E∗)> 0.113

Theorem 7. Assume that γ = γ∗ and114

α1x∗(1+β1x∗)
α2(1+β1x∗+β2y∗)2 > γ∗. (12)

Then the system (5) exhibits Hopf bifurcation near E∗.115

Proof. It is well known that if tr(J|E∗) = 0 then characteristic equation has purely imaginary roots whenever116

det(J|E∗)> 0. Let γ can be taken as a bifurcation parameter, that is γ∗ = γ , when γ = γhb crosses critical value,117

it loses its stability and a Hopf bifurcation occurs. If γ∗ = x∗( δ
(ρ+x∗)2 +

α1β1y∗
(1+β1x∗+β2y∗)2 − 1), it is evident that118

(i) tr(J|E∗) = 0 and (ii) det(J|E∗) > 0 provided (12) holds. Moreover transitivity condition is given by (iii)119

d
dδ (tr(J|E∗)) =

x∗
(ρ+x∗)2 	= 0. These conditions assure the existence of a Hopf bifurcation around E∗.120

Case 2: The delayed model121

Now we consider the system (5) (with delay) and we seek the local stability around E∗ = (x∗,y∗). For simplicity,122

let us take u = x− x∗ and v = y− y∗. By using Taylor series expansion of (5) at (x∗,y∗), we obtain123

u̇(t) = p10u(t)+ p01v(t)+ ∑
i+ j≥2

pi jui(t)v j(t),

v̇(t) = q100u(t − τ)+q001v(t − τ)+ ∑
i+ j+k≥2

qi jkui(t − τ)v j(t)vk(t − τ), (13)

where124

p10 =
δx∗

(h+ x∗)2 +
α1β1y∗x∗

(1+β1x∗+β2y∗)2 − x∗,
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p01 = − α1x∗(1+β1x∗)
(1+β1x∗+β2y∗)2 , q100 =

γα2y2
∗

(x∗+β3)2 , q001 =− γα2y∗
x∗+β3

,

pi j =
1

i! j!
∂ i+ j f

∂xi(t)∂y j(t)

∣∣∣∣
(x∗,y∗)

,

qi jk =
1

i! j!k!
∂ i+ j+kδ

∂xi(t − τ)∂y j(t)∂yk(t − τ)

∣∣∣∣
(x∗,y∗)

,

f = x(1− x− δ
ρ + x

− α1y
1+β1x+β2y

),

δ = γy(1− α2y(t − τ)
x(t − τ)+β3

).

Therefore linearize the system (13) as follows125

u̇(t) = p10u(t)+ p01v(t),
v̇(t) = q100u(t − τ)+q001v(t − τ), (14)

whose characteristic equation is given by126

∣∣∣∣
p10 −λ p01

q100e−λτ b001e−λτ −λ

∣∣∣∣ = 0,

that is λ2 −Kλ −Lλe−λτ +Me−λτ = 0, (15)

where K = p10, L = q001 and M = p10q001 − p01q100. Assume that there exists a purely imaginary solution127

λ (τ) =±iη(τ) of (15). Substituting this into (15) and separating the real and imaginary parts, we get128

Lη sin(ητ)−M cos(ητ) =−η2,
M sin(ητ)+Lη cos(ητ) =−Kη .

(16)

Solving the above equations, we obtain129

cos(ητ) =
η2(M−KL)
L2η2 +M2 ,

sin(ητ) =−η(Lη2+KM)

L2η2+M2 .

(17)

Since sin2(ητ)+ cos2(ητ) = 1, we have130

η4− (L2 −K2)η2 −M2 = 0. (18)

Hence the equation (18) has unique positive root (say η0) given by131

η0 =

√
(L2 −K2)+

√
(L2 −K2)2 +4M2

2
. (19)

Since η0 is a root of equation (18), from (16), we get the critical delay τn as

τn =
1

η0
arcsin(−η0(Lη2

0 +KM)

L2η2
0 +M2

)+
2nπ
η0

, n = 0,1,2, · · · . (20)

Let λ (τ) = ζ (τ)+ iη(τ) be the root of the characteristic equation (15) with ζ (τn) = 0 and η(τn) = η0.132
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Theorem 8. The following transversality condition are satisfied:

[
d(R(λ (τ)))

dτ
]τ=τn > 0.

Proof. Taking λ (τ) = ζ (τ)+ iη(τ) in (15) and taking the derivative with respect to τ , we have

[
dλ
dτ

]−1 =
(2λ −K)eλτ

λ (M−Lλ )
+

L
λ (M−Lλ )

− τ
λ
.

Then

R([
dλ
dτ

]−1)λ=iη0
= [

(2λ −K)eλτ

λ (M−Lλ )
+

L
λ (M−Lλ )

]λ=iη0

= [
−L2η0 +(−KL+2M)η0 cos(η0τ)+ (−2Lη2

0 −KM)sin(η0τ)
η0(L2η2

0 +M2)
]

= [

√
(L2 −K2)2 +4M2

η0(L2η2
0 +M2)

]> 0.

From the above results, we conclude as follows:133

Theorem 9. Suppose that (10) holds. Then the following results hold:134

i. the interior equilibrium point E∗ of the model (5) is locally asymptotically stable for τ ∈ [0,τ0).135

ii. The interior equilibrium point E∗ of the model (5) undergoes Hopf bifurcation around E∗ at τ = τn, (n =136

0,1,2, · · · .)137

Remark 2. For all τ = τn, (n= 0,1,2, · · · ,) the transversality condition and Hopf-bifurcation hold. When τ = τn,138

the equation (18) has only one positive root. Because of this, there is no interval for τ exists for which stability139

of equilibrium point E∗ switches from stability to instability to stability.140

4 Stability and direction of the Hopf bifurcation141

In Section 3, we have shown that the system (5) undergoes Hopf bifurcation at critical delay τ = τ0. Now we142

are in a position to investigate the direction of Hopf bifurcation, stability and period of the bifurcating periodic143

solution from E∗. The method used in this section is based on center manifold theory and normal form theory144

explored by Hassard et al. [25]. At τ = τ0, ±iη0 are the purely imaginary roots of the equation (15) at E∗.145

Assume τ = τ0 +σ , σ ∈ R, which yields Hopf bifurcation at σ = 0 of (5). Let z1 = x− x∗ and z2 = y− y∗.146

Normalizing the delay with scaling t → t/τ , equation (5) becomes147

ż(t) = Lσ (zt)+F(zt ,σ), (21)

where z(t) = (z1(t),z2(t))T ∈R2, Lσ : C→ R and F : R×C→ R are respectively given by148

Lσ (φ) = (τ0 +σ)D1

(
φ1(0)
φ2(0)

)
+(τ0+σ)D2

(
φ1(−1)
φ2(−1)

)
, (22)

where D1 =

(
p10 p01

0 0

)
, D2 =

(
0 0

q100 q001

)
and149

F(φ ,σ) =

⎛
⎜⎝

∑
i+ j≥2

pi jφ i
1(0)φ

j
2 (0)

∑
i+ j+k≥2

qi jkφ i
1(−1)φ j

2 (0)φ
k
2 (−1)

⎞
⎟⎠ . (23)
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The values of p10, p01,q100 and q001 are same as given in (13) and pi j and qi jk are given by:150

p20 = −1+
δρ

(n+ρ)3 +
α1β1y∗(1+ y∗β2)

(1+β1x∗+β2y∗)3 , p11 =−α1(1+β2y∗)+α1x∗(β1 +2β1β2y∗)
(1+β1x∗+β2y∗)3 ,

p02 =
α1β2x∗(1+β1x∗)
(1+β1x∗+β2y∗)3 , q200 =− γα2y2

∗
(x∗+β3)3 , q110 =

γα2y∗
(x∗+β3)2 ,

q101 =
γα2y∗

(x∗+β3)2 , q011 =− γα2

x∗+β3
, q300 =

γα2y2
∗

(x∗+β3)4 , q210 =− γα2y∗
(x∗+β3)3 .

Using Riesz representation theorem, there exists a function ω(θ ,σ) of bounded variation for θ ∈ [−1,0], such151

that152

Lσ(φ) =
ˆ 0

−1
dω(θ ,σ)φ(θ) for φ ∈ C. (24)

In fact, we choose153

ω(θ ,σ) = (τ0 +σ)D1ξ (θ)+ (τ0 +σ)D2ξ (θ +1), (25)

where ξ (θ) is a Dirac delta function. For φ ∈ C1([−1,0],R2), we define154

A(σ)φ(θ) =

⎧
⎪⎪⎨
⎪⎪⎩

dφ(θ)
dθ

, θ ∈ [−1,0),

ˆ 0

−1
dω(m,σ)φ(m), θ = 0,

and155

R(σ)φ(θ) =
{

0, θ ∈ [−1,0),
F(σ ,φ), θ = 0.

Then the system (21) can be rewritten as follows156

ż(t) = A(σ)zt +R(σ)zt, (26)

where zt(θ) = z(t +θ) for θ ∈ [−1,0]. Similarly, for ψ ∈ C1([−1,0],R2), we assume157

A∗(σ)ψ(m) =

⎧
⎪⎪⎨
⎪⎪⎩

−dψ(m)

dm
, m ∈ (0,1],

ˆ 0

−1
dωT (0,σ)ψ(−t), m = 0,

and a bilinear form:158

< ψ(s),φ(θ) >= ψ̄T (0)φ(0)−
ˆ 0

θ=−1

ˆ θ

ζ=0
ψ̄T (ζ −θ)dω(θ)φ(ζ )dζ , (27)

where ω(θ) = ω(θ ,0). Then A(0) and A∗ are disjoint operators. We discussed from previous section that ±iη0159

are the eigenvalues of A(0) as well as eigenvalues of A∗. Let s(θ) = (1,μ)T eiη0τ0θ be the eigenvector of A(0)160

with respect to eigenvalue iη0τ0 which yields A(0)s(θ) = iη0τ0s(θ). Then it is easy to obtain following:161

τ0

(
iη0 − p10 −p01

q100e−iη0τ0 iη0 −b001e−iη0τ0

)(
1
μ

)
=

(
0
0

)
,
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which gives

s(0) = (1,μ)T = (1,
q100e−iη0τ0

iη0 −q001e−iη0τ0
).

On the other hand s∗(m) = E(1,μ∗)T eiη0τ0m is the eigenvector of A∗(0) with respect to eigenvalue −iη0τ0.162

Therefore163

Eτ0

(
−iη0 − p10 q100eiη0τ0

−p01 −iη0 −b001eiη0τ0

)(
1

μ∗

)
=

(
0
0

)
,

from which we obtain

s∗(0) = E(1,μ∗)T = E(1,− iη0+ p10

q100eiη0τ0
).

We compute E such that < s∗(m),s(θ) >= 1, that is164

< s∗(m),s(θ) > = Ē(1, μ̄∗)(1,μ)T −
ˆ 0

−1

ˆ θ

0
Ē(1, μ̄∗)e−iη0τ0(ζ−θ )dη(θ)(1,β3)

T eiω0τ0ζ dζ

= Ē{1+ μ̄∗q100τ0e−iη0τ0 +μμ̄∗(1+q001τ0e−iη0τ0)}.

Hence165

E =
1

1+μ∗q100τ0eiη0τ0 + μ̄μ∗(1+q001τ0eiη0τ0)
.

The remaining part of the derivation is given in Appendix of [7]. Now we define166

υ1(0) =
1

2ω0
(g20g11 −2 |g11|2 −

|g02|2
3

)+
g21

2
,

μ2 =
Re{υ1(0)}
Re{λ ′(τ0)}

,

β2 = 2Re{υ1(0)} ,

T2 =− Im{υ1(0)}+μ2Im{λ ′(τ0)}
ω0

,

(28)

where gi j are given in equations (A.5a)-(A.5d) of [7]. Now we summarize the above results into following167

theorem:168

Theorem 10. From (28), we conclude that169

1. The sign of μ2 determines the direction of the Hopf bifurcation: if μ2 > 0 (μ2 < 0), then the Hopf bifurca-170

tion is supercritical (sub-critical).171

2. The sign of β2 determines the stability of the bifurcating periodic solution: the bifurcation periodic solu-172

tions are stable (unstable) if β2 < 0(β2 > 0).173

3. The sign of T2 determines the periodic solution: the period increases (decreases) if T2 > 0(T2 < 0).174
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Fig. 1 Different position of nullclines depending on parameter values: α 1 = 1, β1 = 2.97, β2 = 0.5, ν = 0.38, γ = 0.05,
α2 = 0.32, β3 = 0.2 and δ varies. Black color straight line is predator nullcline. The position of prey nullclines with
respect to the values δ = 0.12, 0.14, 0.16, 0.18, 0.20, 0.22 are in colored curve pink, brown, blue, magenta, purple, black
respectively.

5 Numerical examples175

In this subsection, we develop numerical simulations to illustrate our proposed theoretical results in the previous176

sections. We consider two cases.177

Case 1: The non-delayed model: Consider the system (21) without time delay (τ = 0) and with the following178

fixed parameters α1 = 1.0, β1 = 2.97, β2 = 0.5, α2 = 0.32, β3 = 0.2, δ = 0.14, ρ = 0.38 and γ regarded as179

bifurcation parameter; that is180

dx
dt

= x(1− x− 0.14
0.38+ x

− 1.0y
1+2.97x+0.5y

),

dy
dt

= γy(1− 0.32y
x+0.2

),

(29)

The above model has four equilibrium points, namely, E0 = (0,0), E1 = (0.8897,0), E2 = (0,0.625) and181

positive interior equilibrium (x∗,y∗) = (0.19441,1.23254). The existence of number of equilibrium is easily182

analyzed through nullclines (i.e. intersection points of prey nullcline and predator nullcline are equilibrium183

points), which is shown in Figure 1. At γ = 0.05, it can be concluded from simple calculations that E0 is184

unstable while E1 and E2 are saddle. With the same parameters and γ = 0.05, the conditions given in Theorem 7185

are well satisfied as γ∗ − γ = −0.014032 < 0 and −γ∗+ α1x∗(1+β1x∗)
α2(1+β1x∗+β2y∗)2 = 0.16317 > 0. The equilibrium point186

E∗ is locally asymptotically stable and which also can be confirmed from Figure 2(a). In addition, we choose187

γ as a bifurcation parameter and keep other parameters fixed as in the above. We find that γhb = γ∗ = 0.03596188

and when γ crosses its critical value γ∗, system loses its stability and Hopf bifurcation occurs around E∗, see189

Figure 2(b). The Hopf bifurcation diagram for prey and predator population with respect to parameter γ in the190

range 0.01− 0.06 is depicted in Figure 2(c). Moreover it can seen that γ∗ is also depends on the Allee effect191

constant δ , so while keeping γ as constant and vary the delta it may get γ∗ = γ at some critical point. Hence we192

may choose both γ and δ as bifurcation parameter. The phase space diagram for occurrence of Hopf bifurcation193

in varying δ is shown in Figure 3 and corresponding bifurcation diagram is also plotted in Figure 4. Finally,194

to understood the behavior of the system (21) on basis of both γ and δ is easily shown in the two parameter195

bifurcation diagram given in Figure 4.196
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Fig. 2 (a) The time trajectories and phase space diagram of system (29) with γ = 0.03 and this shows that E ∗ is locally
asymptotically stable. (b) The time trajectories and phase space diagram of system (29) with γ = 0.04 and it confirms that
limit cycle occurs. (c) The bifurcation diagram for prey and predator population with respect to parameter γ in the range
0.01− 0.06.

Case 2: The delayed model: We consider the following delayed system197

dx
dt

= x(1− x− 0.14
0.38+ x

− y
1+2.97x+0.5y

),

dy
dt

= 0.05y(1− 0.32y(t − τ)
x(t − τ)+0.2

).

(30)

Using (19) and (20), one can easily obtain η0 = 0.093725 and critical delay τ0 = 1.65308. As stated in Theorem198

8, when 0 < τ < τ0, the equilibrium point E∗ of system (30) is asymptotically stable, which is easily verified199

from Figure 5(a). Whenever τ crosses its critical value τ0, system (30) loses its stability and family of periodic200

solutions (that is, Hopf bifurcation) exists. For this value, the transversality condition holds by Theorem 6 since201

([d(R(λ(τ)))
dτ ]τ=τ+1,n

)> 0. Figure 5(b) displays the periodic solution of (30) for τ = 2.0. From the results derived in202

Section 4, we get s(0) = (1,0.5644− 1.4707i)T , s∗(0) = Ē(1,−0.3200− 0.5571i)T g20 = −0.2401+ 0.9662i,203

g11 =−0.4375+0.2500i, g02 =−0.9199−0.2891i and g21 = 6.2211+2.0478 where Ē = 0.49205+0.28672i.204

Also we get μ2 < 0, β > 0 and T2 < 0. Thus we conclude that Hopf bifurcation at τ0 = 1.65308 is supercritical.205

The Hopf bifurcation diagram for prey and predator population with respect to delay parameter τ in the range206

1.0−3.5 is given in Figure 5(c).207
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Fig. 3 The phase space diagram of system (29) for δ = 0.14,0.16,0.193. Thus E ∗ is locally asymptotically stable attractor
at δ = 0.14,193 and occurs limit cycle at δ = 0.16 .

Fig. 4 (a) Bifurcation diagram of prey in model (30) as a function of δ . Red points: stable equilibrium points; black
points: unstable equilibrium points; green points: periodic oscillations; HB I (δ = 0.1516) and II (δ = 0.1904): Hopf
bifurcation point. (b) Two-parameter bifurcation diagram with respect to δ and γ were the Region I and II represents the
stable and periodic regions, while the blue curve is a Hopf bifurcation curve it separates the Region I and II where the
stability switches from stable to periodic solutions.

6 Conclusion208

This work focuses the qualitative analysis of modified Leslie-Gower predator-prey model (5) with Beddington-209

DeAngelis functional response. The additive Allee effect and gestation delay are respectively bringing into the210

prey and predator equations to build the more applicable model. Long term co-occurrence of both predator and211

prey species is confirmed by permanence analysis of model (5). We have addressed the existence of possible212

equilibrium points of non-delayed model and its local stability. Also we showed that the model (5) without213

delay experiences Hopf bifurcation around interior equilibrium point when the parameter γ crosses its critical214

value γ = γhb. It is evident that from the derived results that time-delay causes the existence of Hopf bifurcation215
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Fig. 5 (a) The time trajectories and phase space diagram of system (30) with τ = 1.0 and this shows that E ∗ is locally
asymptotically stable. (b) The time trajectories and phase space diagram of system (30) with τ = 2.0 and it confirms that
limit cycle occurs. (c) The bifurcation diagram for prey and predator population with respect to parameter τ in the range
1.0− 3.5.

around interior equilibrium point. By using the center manifold theorem, the stability of Hopf bifurcation and its216

direction are calculated. Numerical examples are presented to show the effectiveness of the developed theoretical217

results.218
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Abstract 

    The purpose of this paper is introduce the concepts of an intuitionistic fuzzy 

𝐺𝛿 -𝑒⋆-locally function, intuitionistic fuzzy strongly 𝐺𝛿 -𝑒⋆-locally function, intuitionistic fuzzy 

𝐺𝛿 -𝑒⋆-locally homeomorphism, intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally irresolute function, 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local 𝑇2 space, intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local Urysohn space, 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local connected, intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local compact in 

intuitionistic fuzzy topological spaces. Also some interesting properties are established.  

Keywords and phrases: intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally function, intuitionistic fuzzy 

strongly 𝐺𝛿 -𝑒⋆-locally function, intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally homeomorphism, intuitionistic 

fuzzy 𝐺𝛿 -𝑒⋆-local connected, intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local compact. 

AMS (2000) subject classification: 54A40, 54A99, 03E72, 03E99 

 1.Introduction   
The concept of fuzzy sets was introduced by Zadeh [11] and later Atanassov [1] 

generalized the idea to intuitionistic fuzzy sets. On the other hand, Coker [3] introduced the 

notions of an intuitionistic fuzzy topological spaces, intuitionistic fuzzy continuity and some other 

related concepts. The concept of an intuitionistic fuzzy 𝑒⋆-closed set was introduced by Sobana et. 

al., [8].Ganster and Relly used locally closed sets in [5] to define LC-continuity and 

LC-irresoluteness. Balasubramanian [2] introduced and studied the concept of fuzzy 𝐺𝛿  set in a 

fuzzy topological space. In this paper, the concepts of an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆ -locally 

function, intuitionistic fuzzy strongly 𝐺𝛿 -𝑒⋆-locally function, intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally 

homeomorphism, intuitionistic fuzzy 𝐺𝛿 - 𝑒⋆ -locally irresolute function, intuitionistic fuzzy 

𝐺𝛿 -𝑒⋆ -local 𝑇2  space, intuitionistic fuzzy 𝐺𝛿 - 𝑒⋆ -local Urysohn space, intuitionistic fuzzy 

𝐺𝛿 -𝑒⋆-local connected, intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local compact are introduced and studied. Some 

interesting properties among these are discussed.   

 

2.Preliminaries  

Definition 2.1 [1] Let 𝑋 be a nonempty fixed set and 𝐼 be the closed interval [0, 1]. An 

intuitionistic fuzzy set (IFS)𝐴 is an object of the following form 𝐴 = { 𝑥, 𝜇𝐴(𝑥), 𝛾𝐴(𝑥) : 𝑥 ∈ 𝑋}, 

where the mapping 𝜇𝐴 : 𝑋 → 𝐼 and 𝛾𝐴: 𝑋 → 𝐼 denote the degree of membership (namely 𝜇𝐴(𝑥)) 

and the degree of nonmembership (namely 𝛾𝐴(𝑥)) for each element 𝑥 ∈ 𝑋 to the set 𝐴, 

respectively, and 0 ≤ 𝜇𝐴(𝑥) + 𝛾𝐴(𝑥) ≤ 1 for each 𝑥 ∈ 𝑋. Obviously, every fuzzy set 𝐴 on a 

nonempty set 𝑋 is an IFS of the following form,𝐴 = { 𝑥, 𝜇𝐴(𝑥), 1 − 𝜇𝐴(𝑥) : 𝑥 ∈ 𝑋}. For the sake 

of simplicity, we shall use the symbol 𝐴 =  𝑥, 𝜇𝐴 , 𝛾𝐴  for the intuitionistic fuzzy set 𝐴 =
{ 𝑥, 𝜇𝐴(𝑥), 𝛾𝐴(𝑥) : 𝑥 ∈ 𝑋}.  
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Definition 2.2 [1] Let 𝑋 be a nonempty set and the IFSs 𝐴 and 𝐵 in the form 𝐴 =
{ 𝑥, 𝜇𝐴(𝑥), 𝛾𝐴(𝑥) : 𝑥 ∈ 𝑋}, 𝐵 = { 𝑥, 𝜇𝐵(𝑥), 𝛾𝐵(𝑥) : 𝑥 ∈ 𝑋}. Then   

    1.  𝐴 ⊆ 𝐵 if and only if 𝜇𝐴(𝑥) ≤ 𝜇𝐵(𝑥) and 𝛾𝐴(𝑥) ≥ 𝛾𝐵(𝑥) for all 𝑥 ∈ 𝑋;  

    2.  𝐴 = { 𝑥, 𝛾𝐴(𝑥), 𝜇𝐴(𝑥) : 𝑥 ∈ 𝑋};  

    3.  𝐴 ∩ 𝐵 = { 𝑥, 𝜇𝐴(𝑥) ∧ 𝜇𝐵(𝑥), 𝛾𝐴(𝑥) ∨ 𝛾𝐵(𝑥) : 𝑥 ∈ 𝑋};  

    4.  𝐴 ∪ 𝐵 = { 𝑥, 𝜇𝐴(𝑥) ∨ 𝜇𝐵(𝑥), 𝛾𝐴(𝑥) ∧ 𝛾𝐵(𝑥) : 𝑥 ∈ 𝑋};  

 Definition 2.3 [1] The IFS’s 0    ∼ and 1    ∼ are defined by , 0    ∼ = { , 0, 1 : 𝑥 ∈ 𝑋} and 

1    ∼ = { 𝑥, 1, 0 : 𝑥 ∈ 𝑋}.  

Definition 2.4 [3] An intuitionistic fuzzy topology (IFT) in Coker’s sense on a nonempty 

set 𝑋 is a family 𝑇 of intuitionistic fuzzy sets in 𝑋 satisfying the following axioms:   

    1.  0    ∼, 1    ∼ ∈ 𝑇;  

    2.  𝐺1 ∩ 𝐺2 ∈ 𝑇, for any 𝐺1, 𝐺2 ∈ 𝑇;  

    3.  ∪ 𝐺𝑖 ∈ 𝑇 for arbitrary family {𝐺𝑖: 𝑖 ∈ 𝐽} ⊆ 𝑇.  

In this paper by (𝑋, 𝑇) or simply by 𝑋 we will denote the Coker’s intuitionistic fuzzy 

topological space (IFTS). Each IFS which belongs to 𝑇 is called an intuitionistic fuzzy open set 

(IFOS) in 𝑋. The complement 𝐴 of an IFOS 𝐴 in 𝑋 is called an intuitionistic fuzzy closed set 

(IFCS) in 𝑋. 

Definition 2.5 [3] Let (𝑋, 𝑇) be an IFTS and 𝐴 = { 𝑥, 𝜇𝐴 , 𝜈𝐴 : 𝑥 ∈ 𝑋} be an IFS in 𝑋. 

Then the intuitionistic fuzzy closure and intuitionistic fuzzy interior of 𝐴 are defined by   

    1.  𝐼𝐹𝑐𝑙(𝐴) =  {𝐶: 𝐶 isanIFCSin 𝑋and 𝐶 ⊇ 𝐴};  

    2.  𝐼𝐹𝑖𝑛𝑡(𝐴) =  {𝐷: 𝐷 isanIFOSin 𝑋and 𝐷 ⊆ 𝐴};  

 Proposition 2.1 [1] For any IFS 𝐴 in (𝑋, 𝑇) we have   

    1.  𝑐𝑙(𝐴) = 𝑖𝑛𝑡(𝐴)  

    2.  𝑖𝑛𝑡(𝐴) = 𝑐𝑙(𝐴)  

 Corollary 2.1 [3] Let 𝐴 , 𝐴𝑖(𝑖 ∈ 𝐽)  be IFSs in 𝑋 , 𝐵 , 𝐵𝑗 (𝑗 ∈ 𝐾)  IFSs in 𝑌  and 

𝑓: 𝑋 → 𝑌 a function. Then   

    1.  𝐴 ⊆ 𝑓−1(𝑓(𝐴)) (If 𝑓 is injective, then 𝐴 = 𝑓−1(𝑓(𝐴))).  

    2.  𝑓(𝑓−1(𝐵)) ⊆ 𝐵 (If 𝑓 is surjective, then 𝑓(𝑓−1(𝐵)) = 𝐵).  

    3.  𝑓−1(∪ 𝐵𝑗 ) =∪ 𝑓−1(𝐵𝑗 ).  

    4.  𝑓−1(∩ 𝐵𝑗 ) =∩ 𝑓−1(𝐵𝑗 ).  

    5.  𝑓−1(1    ∼) = 1    ∼.  

    6.  𝑓−1(0    ∼) = 0    ∼.  

    7.  𝑓−1(𝐵) = 𝑓−1(𝐵).  

 Definition 2.6 [4] Let 𝑋 be a nonempty set and 𝑥 ∈ 𝑋 a fixed element in 𝑋. If 𝑟 ∈ 𝐼0, 

𝑠 ∈ 𝐼1 are fixed real numbers such that 𝑟 + 𝑠 ≤ 1, then the IFS 𝑥𝑟 ,𝑠 =  𝑥, 𝑥𝑟 , 1 − 𝑥1−𝑠  is called 

and intuitionistic fuzzy point (IFP) in 𝑋, where 𝑟 denotes the degree of membership of 𝑥𝑟 ,𝑠 , 𝑠 

denotes the degree of non membership of 𝑥𝑟 ,𝑠  and 𝑥 ∈ 𝑋 the support of 𝑥𝑟 ,𝑠 . The IFP 𝑥𝑟 ,𝑠  is 

contained in the IFS 𝐴(𝑥𝑟 ,𝑠 ∈ 𝐴) if and only if 𝑟 < 𝜇𝐴(𝑥), 𝑠 > 𝛾𝐴(𝑥).  

Definition 2.7 [6] An IFS 𝑈 of an IFTS 𝑋 is called   

    1.  neighborhood of an IFP 𝑐(𝑎, 𝑏), if there exists an 𝐼𝐹𝑂𝑆𝐺 in 𝑋 such that 

𝑐(𝑎, 𝑏) ∈ 𝐺 ≤ 𝑈.  

    2.  𝑞-neighborhood of an IFP 𝑐(𝑎, 𝑏), if there exists an 𝐼𝐹𝑂𝑆𝐺 in 𝑋 such that 

𝑐(𝑎, 𝑏)𝑞𝐺 ≤ 𝑈.  
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 Definition 2.8 [3] Let 𝑋 and 𝑌 be two nonempty sets and 𝑓: 𝑋 → 𝑌 be a function.   

    1.  If 𝐵 = { 𝑦, 𝜇𝐵(𝑦), 𝛾𝐵(𝑦) : 𝑦 ∈ 𝑌} is an IFS in 𝑌, then the preimage of 𝐵 under 𝑓 

(denoted by 𝑓−1(𝐵)) is defined by 𝑓−1(𝐵) = { 𝑥, 𝑓−1(𝜇𝐵)(𝑥), 𝑓−1(𝛾𝐵)(𝑥) : 𝑥 ∈ 𝑋}  

    2.  If 𝐴 = { 𝑥, 𝜆𝐴(𝑥), 𝜈𝐴(𝑥) : 𝑥 ∈ 𝑋} is an IFS in 𝑋, then the image of 𝐴 under 𝑓 

(denoted by 𝑓(𝐴)) is defined by 𝑓(𝐴) = { 𝑦, 𝑓(𝜆𝐴(𝑦)), (1 − 𝑓(1 − 𝜈𝐴))(𝑦) : ∈ 𝑋}.  

 Definition 2.9  [10] Let 𝐴 be IFS in an IFTS (𝑋, 𝑇). 𝐴 is called an   

    1.  intuitionistic fuzzy regular open set (briefly 𝐼𝐹𝑅𝑂𝑆) if 𝐴 = 𝑖𝑛𝑡𝑐𝑙(𝐴) 

 

    2.  intuitionistic fuzzy regular closed set (briefly 𝐼𝐹𝑅𝐶𝑆) if 𝐴 = 𝑐𝑙𝑖𝑛𝑡(𝐴)  

 Definition 2.10 [2] Let (𝑋, 𝑇) be a fuzzy topological space and 𝜆 be a fuzzy set in 𝑋. 𝜆 

is called 𝐺𝛿  set if 𝜆 =   ∞
𝑖=1 𝜆𝑖  where each 𝜆𝑖 ∈ 𝑇. The complement of fuzzy 𝐺𝜆  is fuzzy 𝐹𝜎   

Definition 2.11 [5] A subset 𝐴 of a space (𝑋, 𝑇) is called locally closed (briefly 𝑙𝑐) if 

𝐴 = 𝐶 ∩ 𝐷, where 𝐶 is open and 𝐷 is closed in (𝑋, 𝑇).  

Definition 2.12  [10] Let (𝑋, 𝑇) be an IFTS and 𝐴 =  𝑥, 𝜇 𝐴(𝑥), 𝜈𝐴(𝑥)  be a IFS in 𝑋. 

Then the fuzzy 𝛿 closure of 𝐴 are denoted and defined by 𝑐𝑙𝛿(𝐴) =∩ {𝐾: 𝐾 is an IFRCS in 𝑋 

and 𝐴 ⊆ 𝐾} and 𝑖𝑛𝑡𝛿(𝐴) =∪ {𝐺: 𝐺 is an IFROS in 𝑋 and 𝐺 ⊆ 𝐴}.  

Definition 2.13 [8] Let 𝐴 be an IFS in an IFTS(𝑋, 𝑇). 𝐴 is called an intuitionistic fuzzy 

𝑒⋆-open set (IF𝑒⋆OS, for short) in 𝑋 if 𝐴 ⊆ 𝑐𝑙𝑖𝑛𝑡𝑐𝑙𝛿 (𝐴)  

Definition 2.14 [9] Let (𝑋, 𝑇) be an intuitionistic fuzzy topological space. Let 𝐴 =
{ 𝑥, 𝜇𝐴(𝑥), 𝛾𝐴(𝑥) : 𝑥 ∈ 𝑋} be an intuitionistic fuzzy set on an intuitionistic fuzzy topological space 

(𝑋, 𝑇). Then 𝐴 is said to be intuitionistic fuzzy 𝑒⋆- locally closed set (in short, IF-𝑒⋆-𝑙𝑐𝑠) if 

𝐴 = 𝐶 ∩ 𝐷, where 𝐶 = { 𝑥, 𝜇𝐶(𝑥), 𝛾𝐶(𝑥) : 𝑥 ∈ 𝑋} is an intuitionistic fuzzy 𝑒⋆-open set and 

𝐷 = { 𝑥, 𝜇𝐷(𝑥), 𝛾𝐷(𝑥) : 𝑥 ∈ 𝑋} is an intuitionistic fuzzy 𝑒⋆-closed set in (𝑋, 𝑇).  

Definition 2.15 [9] Let (𝑋, 𝑇) be an intuitionistic fuzzy topological space. Let 𝐴 =
{ 𝑥, 𝜇𝐴(𝑥), 𝛾𝐴(𝑥) : 𝑥 ∈ 𝑋} be an intuitionistic fuzzy set on an intuitionistic fuzzy topological space 

𝑋. Then 𝐴 is said to be an intuitionistic fuzzy 𝑒⋆𝐺𝛿 - set if 𝐴 =  ∞
𝑖=1 𝐴𝑖 , where 𝐴𝑖 =

{ 𝑥, 𝜇𝐴𝑖
(𝑥), 𝛾𝐴𝑖

(𝑥) : 𝑥 ∈ 𝑋} is an intuitionistic fuzzy 𝑒⋆-open set in an intuitionistic fuzzy 

topological space (𝑋, 𝑇).  

Definition 2.16 [9] Let (𝑋, 𝑇) be an intuitionistic fuzzy topological space. Let 𝐴 =
{ 𝑥, 𝜇𝐴(𝑥), 𝛾𝐴(𝑥) : 𝑥 ∈ 𝑋} be an intuitionistic fuzzy set on an intuitionistic fuzzy topological space 

(𝑋, 𝑇). Then 𝐴 is said to be an intuitionistic fuzzy 𝑒⋆𝐺𝛿 -locally closed set (in short,IF-𝑒⋆𝐺𝛿 -𝑙𝑐𝑠) 

if 𝐴 = 𝐶 ∩ 𝐷, where 𝐶 = { 𝑥, 𝜇𝐶(𝑥), 𝛾𝐶(𝑥) : 𝑥 ∈ 𝑋} is an intuitionistic fuzzy 𝑒⋆𝐺𝛿  set and 

𝐷 = { 𝑥, 𝜇𝐷(𝑥), 𝛾𝐷(𝑥) : 𝑥 ∈ 𝑋} is an intuitionisitic fuzzy 𝑒⋆-closed set in (𝑋, 𝑇).  

 

The complement of an intuitionistic fuzzy 𝑒⋆𝐺𝛿 -locally closed set is said to be an 

intuitionistic fuzzy 𝑒⋆𝐺𝛿 -locally open set (in short, IF𝑒⋆𝐺𝛿 -los). 

Definition 2.17 [9] Let (𝑋, 𝑇) be an intuitionistic fuzzy topological space. Let 𝐴 =
{ 𝑥, 𝜇𝐴(𝑥), 𝛾𝐴(𝑥) : 𝑥 ∈ 𝑋} be an intuitionistic fuzzy set on an intuitionistic fuzzy topological space 

(𝑋, 𝑇). Then 𝐴 is said to be an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set (in short,IF𝐺𝛿 -𝑒⋆-𝑙𝑐𝑠) 

if 𝐴 = 𝐵 ∩ 𝐶, where 𝐵 = { 𝑥, 𝜇𝐵(𝑥), 𝛾𝐵(𝑥) : 𝑥 ∈ 𝑋} is an intuitionistic fuzzy 𝐺𝛿  set and 

𝐶 = { 𝑥, 𝜇𝐶(𝑥), 𝛾𝐶(𝑥) : 𝑥 ∈ 𝑋} is an intuitionisitic fuzzy 𝑒⋆-closed set in (𝑋, 𝑇).  

 

The complement of an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆ -locally closed set is said to be an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally open set (in short, IF𝐺𝛿 -𝑒⋆-los). 

Definition 2.18 [9] Let (𝑋, 𝑇) be an intuitionistic fuzzy topological space. Let 𝐴 =
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{ 𝑥, 𝜇𝐴(𝑥), 𝛾𝐴(𝑥) : 𝑥 ∈ 𝑋} be an intuitionistic fuzzy set on an intuitionistic fuzzy topological space 

(𝑋, 𝑇). The intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closure of 𝐴 is denoted and defined by 

𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴) =  {𝐵: 𝐵 =  𝑥, 𝜇𝐵(𝑥), 𝛾𝐵(𝑥) : 𝑥 ∈ 𝑋 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally 

closed set in 𝑋 and 𝐴 ⊆ 𝐵}.  

Definition 2.19 [9] Let (𝑋, 𝑇) be an intuitionistic fuzzy topological space. Let 𝐴 =
{ 𝑥, 𝜇𝐴(𝑥), 𝛾𝐴(𝑥) : 𝑥 ∈ 𝑋} be an intuitionistic fuzzy set on an intuitionistic fuzzy topological space 

(𝑋, 𝑇). The intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally interior of 𝐴 is denoted and defined by 

𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑖𝑛𝑡(𝐴) =  {𝐵: 𝐵 = { 𝑥, 𝜇𝐵(𝑥), 𝛾𝐵(𝑥) : 𝑥 ∈ 𝑋} is an intuitionistic fuzzy 

𝐺𝛿 -𝑒⋆-locally open set in 𝑋 and 𝐵 ⊆ 𝐴.  

Proposition 2.2 [9] Let (𝑋, 𝑇) be an intuitionistic fuzzy topological space. For any two 

intuitionistic fuzzy sets 𝐴 = { 𝑥 , 𝜇𝐴(𝑥), 𝛾𝐴(𝑥) : 𝑥 ∈ 𝑋} and 𝐵 = { 𝑥, 𝜇𝐵(𝑥), 𝛾𝐵(𝑥) : 𝑥 ∈ 𝑋} of 

an intuitionistic fuzzy topological space (𝑋, 𝑇) then the following statements are true.   

    1.  𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(0    ∼) = 0    ∼  

    2.  𝐴 ⊆ 𝐵 ⇒ 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴) ⊆ 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐵)  

    3.  𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴)) = 𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝐴)  

    4.  𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴 ∪ 𝐵) = (𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴)) ∪ (𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐵))  

Remark 2.1 [9]   

    1.  𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴) = 𝐴 if and only if 𝐴 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally 

closed set  

    2.  𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑖𝑛𝑡(𝐴) ⊆ 𝐴 ⊆ 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴)  

    3.  𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑖𝑛𝑡(1    ∼) = 1    ∼  

    4.  𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑖𝑛𝑡(0    ∼) = 0    ∼  

    5.  𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(1    ∼) = 1    ∼  

Definition 2.20 [3] Let (𝑋, 𝑇) and (𝑌, 𝑆) be two IFT’s and let 𝑓: 𝑋 → 𝑌 be a function. 

Then 𝑓 is said to be intuitionistic fuzzy continuous iff the preimage of each IFS in 𝑆 is an IFS in 

𝑇.  

Definition 2.21 [8] Let (𝑋, 𝑇) and (𝑌, 𝑆) be two IFT’s and let 𝑓: 𝑋 → 𝑌 be a function. 

Then 𝑓 is said to be intuitionistic fuzzy 𝑒⋆-continuous iff the preimage of each IFS in 𝑆 is an 

𝐼𝐹𝑒⋆𝑂𝑆 in 𝑇.  

 

 3.Intuitionistic fuzzy 𝑮𝜹-𝒆⋆-locally function  

Definition 3.1  Let (𝑋, 𝑇) and (𝑌, 𝑆) be any two intuitionistic fuzzy topological spaces. 

Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an intuitionistic fuzzy mapping. Then 𝑓 is said to be an   

    1.  intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally function, if for each intuitionistic fuzzy closed 

set 𝐴 in an intuitionistic fuzzy topological space (𝑋, 𝑇), 𝑓(𝐴) is an intuitionistic fuzzy 

𝐺𝛿 -𝑒⋆-locally closed set in an intuitionistic fuzzy topological space (𝑌, 𝑆).  

    2.  intuitionistic fuzzy strongly 𝐺𝛿 -𝑒⋆-locally function, if for each intuitionistic fuzzy 

𝐺𝛿 -𝑒⋆-closed set 𝐴 in an intuitionistic fuzzy topological space (𝑋, 𝑇), 𝑓(𝐴) is an intuitionistic 

fuzzy 𝐺𝛿 -𝑒⋆-locally closed set in an intuitionistic fuzzy topological space (𝑌, 𝑆).  

 

Theorem 3.1  Let (𝑋, 𝑇) and (𝑌, 𝑆) be any two intuitionistic fuzzy topological spaces. 

Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an intuitionistic fuzzy mapping. Then the following statements are 

equivalent   

    1.  𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally function.  

    2.  for each intuitionistic fuzzy set 𝐴 of an intuitionistic fuzzy topological space 
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(𝑌, 𝑆) and each intuitionistic fuzzy closed set 𝐵 of an intuitionistic fuzzy topological space 

(𝑋, 𝑇) with 𝑓−1(𝐴) ⊆ 𝐵, there is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set 𝐶 of an 

intuitionistic fuzzy topological space (𝑌, 𝑆) with 𝐴 ⊆ 𝐶 such that 𝑓−1(𝐶) ⊆ 𝐵.  

    3.  𝑓−1(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴)) ⊆ 𝐼𝐹𝑐𝑙(𝑓−1(𝐴)), for each intuitionistic fuzzy set 𝐴 of an 

intuitionistic fuzzy topological space (𝑌, 𝑆).  

    4.  𝑓(𝐼𝐹𝑖𝑛𝑡(𝐵)) ⊆ 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑖𝑛𝑡(𝑓(𝐵)), for each intuitionistic fuzzy set 𝐵 of an 

intuitionistic fuzzy topological space (𝑋, 𝑇).  

   Proof. (i)⇒(ii): Suppose 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally function. Let 𝐴 be 

any intuitionistic fuzzy set 𝐴 in an intuitionistic fuzzy topological space (𝑌, 𝑆). Let 𝐵 be any 

intuitionistic fuzzy closed in an intuitionistic fuzzy topological space (𝑋, 𝑇) such that 𝑓−1(𝐴) ⊆

𝐵. Let 𝐶 = 𝑓(𝐵). Then 𝐶 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set in an intuitionistic 

fuzzy topological space (𝑌, 𝑆) and 𝐴 ⊆ 𝐶. We have, 𝑓−1(𝐶) = 𝑓−1(𝑓(𝐵)) = 𝑓−1(𝑓(𝐵)) ⊆ 𝐵. 

Therefore, 𝑓−1(𝐶) ⊆ 𝐵. 

(ii)⇒(i): Let 𝐷 be an intuitionistic fuzzy open set in an intuitionistic fuzzy topological 

space (𝑋, 𝑇). Put 𝐴 = 𝑓(𝐷)  and 𝐵 = 𝐷 . Thus 𝑓−1(𝐴) = 𝑓−1(𝑓(𝐷)) = 𝑓−1(𝑓(𝐷)) ⊆ 𝐷 . By 

hypothesis, there exists an intuitionistic fuzzy topological space (𝑌, 𝑆) with 𝐴 ⊆ 𝐶  such that 

𝑓−1(𝐶) ⊆ 𝐵 = 𝐷. Then, 𝑓−1(𝐶) ⊇ 𝐷 ⇒ 𝐷 ⊆ 𝑓−1(𝐶). Hence,  

 𝑓(𝐷) ⊆ 𝑓(𝑓−1(𝐶)) ⊆ 𝐶. (1) 

 Also, since 𝐴 ⊆ 𝐶, we have 𝑓(𝐷) ⊆ 𝐶. This implies  

 𝑓(𝐷) ⊇ 𝐶. (2) 

 From (1) and (2), we get 𝑓(𝐷) = 𝐶 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set in an 

intuitionistic fuzzy topological space (𝑌, 𝑆). Hence 𝑓  is an intutionistic fuzzy 𝐺𝛿 -𝑒⋆-locally 

function. 

(ii)⇒ (iii): Let 𝐴 be an intuitionistic fuzzy set in an intuitionistic fuzzy topological space 

(𝑌, 𝑆) . Since 𝐼𝐹𝑐𝑙(𝑓−1(𝐴))  is an intuitionistic fuzzy closed set in an intuitionistic fuzzy 

topological space (𝑋, 𝑇) with 𝑓 −1(𝐴) ⊆ 𝐼𝐹𝑐𝑙(𝑓−1(𝐴)). Then by (ii), there is an intuitionistic 

fuzzy 𝐺𝛿 - 𝑒⋆ -locally closed set 𝐶  in an intuitionistic fuzzy topological space (𝑌, 𝑆)  with 

𝐴 ⊆ 𝐶, 𝑓−1(𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑐𝑙(𝐴)) ⊆ 𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑐𝑙(𝐶) ⊆ 𝑓−1(𝐶) ⊆ 𝐼𝐹𝑐𝑙(𝑓−1(𝐴)) . Therefore, 

𝑓−1(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴)) ⊆ 𝐼𝐹𝑐𝑙(𝑓−1(𝐴)). 

(iii)⇒ (iv): 𝑓−1(𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝐴)) ⊆ 𝐼𝐹𝑐𝑙(𝑓−1(𝐴)), for each intuitionistic fuzzy set 𝐴 of 

an intuitionistic fuzzy topological space (𝑌, 𝑆). Putting 𝐴 = 𝑓(𝐵), 𝑓−1(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓(𝐵)) ⊆

𝐼𝐹𝑐𝑙(𝑓−1(𝑓(𝐵)))) ⊆ 𝐼𝐹𝑐𝑙(𝑓−1(𝑓(𝐵))) ⊆ 𝐼𝐹𝑐𝑙(𝐵) ⊆

𝐼𝐹𝑖𝑛𝑡(𝐵), 𝑓−1(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓(𝐵))) ⊆ 𝐼𝐹𝑖𝑛𝑡(𝐵) . Taking complement on both sides, 

𝑓−1(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓(𝐵))) ⊇ 𝐼𝐹𝑖𝑛𝑡(𝐵), 𝑓−1(𝐼𝐹𝐺𝛿 -𝑒⋆ -𝑙𝑖𝑛𝑡(𝑓(𝐵))) ⊇ 𝐼𝐹𝑖𝑛𝑡(𝐵) . Therefore, 

𝑓(𝐼𝐹𝑖𝑛𝑡(𝐵)) ⊆ 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑖𝑛𝑡(𝑓(𝐵)). 

(iv)⇒ (i): It is obvious.             

 

Definition 3.2  Let (𝑋, 𝑇) and (𝑌, 𝑆) be any two intuitionistic fuzzy topological spaces. 

Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an intuitionistic fuzzy mapping. Then 𝑓 is said to be an intuitionistic 

fuzzy 𝐺𝛿 -𝑒⋆-locally homeomorphism if 𝑓 is one to one, onto, intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally 

irresolute function and intuitionistic fuzzy strongly 𝐺𝛿 -𝑒⋆-locally function.  

Theorem 2.2  Let (𝑋, 𝑇) and (𝑌, 𝑆) be any two intuitionistic fuzzy topological spaces. If 
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𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally homeomorphism. Then the following 

statements are valid.   

    1.  For any intuitionistic fuzzy set 𝐴 in an intuitionistic fuzzy topological space 

(𝑋, 𝑇), 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓(𝐴)) = 𝑓(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴)).  

    2.  For any intuitionistic fuzzy set 𝐴 in an intuitionistic fuzzy topological space 

(𝑋, 𝑇), 𝑓(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡((𝐴))) = 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓(𝐴))  

    3.  For any intuitionistic fuzzy set 𝐴 in an intuitionistic fuzzy topological space 

(𝑌, 𝑆), 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝐴)) = 𝑓−1(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴)).  

    4.  For any intuitionistic fuzzy set 𝐴 in an intuitionistic fuzzy topological space 

(𝑌, 𝑆), 𝑓−1(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡((𝐴))) = 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓−1(𝐴))  

   Proof. (i) Let 𝐴 be any intuitionistic fuzzy set in an intuitionistic fuzzy topologial 

space (𝑋, 𝑇). Since 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally irresolute function. By (ii) and (iii) 

of Theorem 3.5 [?]  

 𝑓(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙(𝐴)) ⊆ 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙(𝑓(𝐴)) (3) 

 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙(𝑓(𝐴)) ⊆ 𝑓(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙((𝐴)) (4) 

 

From (3) and (4) implies that 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓(𝐴)) = 𝑓(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙((𝐴)). 

(ii) Let 𝐴 be any intuitionistic fuzzy set in an intuitionistic fuzzy topological space (𝑋, 𝑇). 

Since 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally homeomorphism. Then by above condition (ii), 

𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑐𝑙(𝑓(𝐴)) = 𝑓(𝐼 𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑐𝑙((𝐴)) . 

Now, 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓(𝐴)) = 𝑓(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝐴)), 𝑓(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝐴)) =

𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓(𝐴)). 
(iii) Let 𝐴 be any intuitionistic fuzzy set in an intuitionistic fuzzy topological space 

(𝑌, 𝑆) . Since 𝑓  is an intuitionistic fuzzy 𝐺𝛿 - 𝑒⋆ -locally homeomorphism. Since 𝑓  is an 

intuitionistic fuzzy strongly 𝐺𝛿 - 𝑒⋆ -locally function. Also 𝑓−1  is an intuitionistic fuzzy 

𝐺𝛿 -𝑒⋆-locally irresolute function. By (ii) and (iii) of Theorem 3.5 [?]  

 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙(𝑓−1(𝐴)) ⊆ 𝑓−1(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙(𝐴)) (5) 

 𝑓−1(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙(𝐴)) ⊆ 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙(𝑓−1(𝐴)) (6) 

 From (5) and (6) implies that 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝐴)) = 𝑓−1(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴)). 

(iv) Let 𝐴 be any intuitionistic fuzzy set in an intuitionistic fuzzy topological space (𝑌, 𝑆). 

Since 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally homeomorphism. Then by above condition (iii), 

𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝐴)) = 𝑓−1(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐴)). 

Taking complement on both sides, 

𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓−1(𝐴)) = 𝑓−1(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝐴)), 𝑓−1(𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝐴)) =

𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓−1(𝐴)).             

Theorem 3.3  Let (𝑋, 𝑇), (𝑌, 𝑆) and (𝑍, 𝑅) be any three intuitionistic fuzzy topological 

spaces. If 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) and 𝑔: (𝑌, 𝑆) → (𝑍, 𝑅) be any two intuitionistic fuzzy mappings. 

Then the following statements are valid.   

    1.  If 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally irresolute function and 𝑔 is an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous function, then 𝑔 ∘ 𝑓 is an intuitionistic fuzzy 

𝐺𝛿 -𝑒⋆-locally continuous function.  

    2.  If 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous function and 𝑔 is an 
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intuitionistic fuzzy weakly 𝐺𝛿 -𝑒⋆-locally continuous function, then 𝑔 ∘ 𝑓 is an intuitionistic 

fuzzy 𝐺𝛿 -𝑒⋆-locally irresolute function.  

   Proof. (i) Let 𝐴  be any intuitionistic fuzzy closed set in an intuitionistic fuzzy 

topological space (𝑍, 𝑅). Since 𝑔 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous function. 

𝑔−1(𝐴) is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set in an intuitionistic fuzzy topological 

space (𝑌, 𝑆). Since 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally irresolute function. 𝑓−1(𝑔−1(𝐴)) 

is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set in an intuitionistic fuzzy topological space 

(𝑋, 𝑇). Now, (𝑔 ∘ 𝑓)−1(𝐴) = 𝑓−1(𝑔−1(𝐴)) is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set in 

an intuitionistic fuzzy topological space (𝑋, 𝑇) . Hence, 𝑔 ∘ 𝑓  is an intuitionistic fuzzy 

𝐺𝛿 -𝑒⋆-locally continuous function. 

(ii) Let 𝐴 be any intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set in an intuitionistic fuzzy 

topological space (𝑍, 𝑅). Since 𝑔 is an intuitionistic fuzzy weakly 𝐺𝛿 -𝑒⋆-locally continuous 

function, 𝑔−1(𝐴) is an intuitionistic fuzzy closed set in an intuitionistic fuzzy topological space 

(𝑌, 𝑆). Since 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous function, 𝑓−1(𝑔−1(𝐴)) is an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set in an intuitionistic fuzzy topological space (𝑋, 𝑇). 

Now (𝑔 ∘ 𝑓)−1(𝐴) = 𝑓−1(𝑔−1(𝐴)) is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆ -locally closed set in an 

intuitionistic fuzzy topological space (𝑋, 𝑇). Hence, 𝑔 ∘ 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally 

irresolute function.             

Definition 3.3  An intuitionistic fuzzy topological space (𝑋, 𝑇) is said to be an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local 𝑇2 space if and only if for every intuitionistic fuzzy points 𝑐𝑟 ,𝑠  

and 𝑑𝑚 ,𝑛  in an intuitionistic fuzzy topological space (𝑋, 𝑇) and 𝑐 ≠ 𝑑 there exists an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally open sets 𝐺 =  𝑥, 𝜇𝐺 , 𝛾𝐺  , 𝐻 =  𝑥, 𝜇𝐻 , 𝛾𝐻  with 𝜇𝐺(𝑐) =
0, 𝛾𝐺 (𝑐) = 1, 𝜇𝐻(𝑑) = 1, 𝛾𝐻(𝑑) = 0 and 𝐺 ∩ 𝐻 = 0    ∼.  

Proposition 3.1  Let (𝑋, 𝑇) and (𝑌, 𝑆) be any two intuitionistic fuzzy topological 

spaces. Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an intuitionistic fuzzy injective mapping and intuitionistic fuzzy 

𝐺𝛿 -𝑒⋆-locally continuous function. If (𝑌, 𝑆) is an intuitionistic fuzzy 𝑇2 space, then (𝑋, 𝑇) is an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local 𝑇2space.  

   Proof. Let 𝑐𝑟 ,𝑠  and 𝑑𝑚 ,𝑛  be an intuitionistic fuzzy points in an intuitionistic fuzzy 

topological space (𝑋, 𝑇) and 𝑐 ≠ 𝑑. By intuitionistic fuzzy injective function of 𝑓, we have 

𝑓(𝑐) ≠ 𝑓(𝑑). Since, (𝑌, 𝑆) is an intuitionistic fuzzy 𝑇2 space, there exists an intuitionistic fuzzy 

open sets 𝐺 =  𝑦, 𝜇𝐺 , 𝛾𝐺 , 𝐻 =  𝑦, 𝜇𝐻 , 𝛾𝐻  of 𝑆 with 𝜇𝐺(𝑓(𝑐)) = 0, 𝛾𝐺 (𝑓(𝑐)) = 1, 𝜇𝐻(𝑓(𝑑)) =
1, 𝛾𝐻(𝑓(𝑑)) = 0 and 𝐺 ∩ 𝐻 = 0    ∼. Since 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous 

function. This implies 𝑓−1(𝐺) =  𝑥, 𝑓−1(𝜇𝐺), 𝑓−1(𝛾𝐺) , 𝑓−1(𝐻) =  𝑥, 𝑓−1(𝜇𝐻), 𝑓−1(𝛾𝐻)  and 

𝑁𝐼𝐹𝐺𝛿−𝑒 ⋆−𝑙𝑞 (𝑐𝑟 ,𝑠)  and 𝑁𝐼𝐹𝐺𝛿−𝑒⋆−𝑙𝑞 (𝑑𝑚 ,𝑛 )  respectively. That is, 𝑓−1(𝐺)  and 𝑓−1(𝐻)  are 

intuitionistic fuzzy 𝐺𝛿 - 𝑒⋆ -locally open sets. Now, 

𝑓−1(𝜇𝐺)(𝑐𝑟 ,𝑠) = 𝜇𝐺(𝑓(𝑐)) = 0, 𝑓−1(𝛾𝐺)(𝑐𝑟 ,𝑠) = 𝛾𝐺 (𝑓(𝑐)) = 1, 𝑓−1(𝜇𝐻)(𝑑𝑚 ,𝑛 ) = 𝜇𝐻(𝑓(𝑑)) =
1, 𝑓−1(𝐺) ∩ 𝑓−1(𝐻) = 𝑓−1(𝐺 ∩ 𝐻) = 𝑓−1(0    ∼) = 0    ∼ . Hence, (𝑋, 𝑇)  is an intuitionistic 

fuzzy 𝐺𝛿 -𝑒⋆-local 𝑇2 space.             

 

Proposition 3.2  Let (𝑋, 𝑇) and (𝑌, 𝑆) be any two intuitionistic fuzzy topological 

spaces. Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an intuitionistic fuzzy injective mapping and intuitionistic fuzzy 

weakly 𝐺𝛿 -𝑒⋆-locally continuous function. If (𝑌, 𝑆) is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local 𝑇2 

space, then (𝑋, 𝑇) is an intuitionistic fuzzy 𝑇2 space.  

   Proof. Let 𝑐𝑟 ,𝑠  and 𝑑𝑚 ,𝑛  be an intuitionistic fuzzy points in an intuitionistic fuzzy 
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topological space (𝑋, 𝑇) and 𝑐 ≠ 𝑑. By intuitionistic fuzzy injective function of 𝑓, we have 

𝑓(𝑐) ≠ 𝑓(𝑑) . Since, (𝑌, 𝑆)  is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆ -local 𝑇2  space, there exists an 

intuitionistic fuzzy 𝐺𝛿 - 𝑒⋆ -locally open sets 𝐺 =  𝑦, 𝜇𝐺 , 𝛾𝐺 , 𝐻 =  𝑦, 𝜇𝐻 , 𝛾𝐻  of 𝑆  with 

𝜇𝐺(𝑓(𝑐)) = 0, 𝛾𝐺 (𝑓(𝑐)) = 1, 𝜇𝐻(𝑓(𝑑)) = 1, 𝛾𝐻(𝑓(𝑑)) = 0  and 𝐺 ∩ 𝐻 = 0    ∼ . Since 𝑓  is an 

intuitionistic fuzzy weakly 𝐺𝛿 - 𝑒⋆ -locally continuous function. This implies 𝑓−1(𝐺) =
 𝑥, 𝑓−1(𝜇𝐺), 𝑓−1(𝛾𝐺) , 𝑓−1(𝐻) =  𝑥, 𝑓−1(𝜇𝐻), 𝑓−1(𝛾𝐻)  are 𝑁(𝑐𝑟 ,𝑠)  and 𝑁(𝑑𝑚 ,𝑛 ) 

respectively. That is 𝑓−1(𝐺)  and 𝑓−1(𝐻)  are intuitionistic fuzzy open sets. Now, 

𝑓−1(𝜇𝐺)(𝑐𝑟 ,𝑠) = 𝜇𝐺(𝑓(𝑐)) = 0, 𝑓−1(𝛾𝐺)(𝑐𝑟 ,𝑠) = 𝛾𝐺 (𝑓(𝑐)) = 1, 𝑓−1(𝜇𝐻)(𝑑𝑚 ,𝑛 ) = 𝜇𝐻(𝑓(𝑑)) =

1, 𝑓−1(𝛾𝐻)(𝑑𝑚 ,𝑛 ) = 𝛾𝐻(𝑓(𝑑)) = 0  and  𝑓−1(𝐺) ∩ 𝑓−1(𝐻) = 𝑓−1(𝐺 ∩ 𝐻) = 𝑓−1(0    ∼) =
0    ∼. Hence, (𝑋, 𝑇) is an intuitionistic fuzzy 𝑇2 space.             

Definition 3.4  An intuitionistic fuzzy topological space (𝑋, 𝑇) is said to be an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local Urysohn space if and only if for every intuitionistic fuzzy points 

𝑐𝑟 ,𝑠  and 𝑑𝑚 ,𝑛  in an intuitionistic fuzzy topological space (𝑋, 𝑇) and 𝑐 ≠ 𝑑 there exists an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally open sets 𝐺 =  𝑥, 𝜇𝐺 , 𝛾𝐺  , 𝐻 =  𝑥, 𝜇𝐻 , 𝛾𝐻  with 𝜇𝐺(𝑐) =
0, 𝛾𝐺 (𝑐) = 1, 𝜇𝐻(𝑑) = 1, 𝛾𝐻(𝑑) = 0 and 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐺) ∩ 𝐼𝐹𝐺 𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐻) = 0    ∼.  

Proposition 3.3  Every intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local Urysohn space is an intuitionistic 

fuzzy 𝐺𝛿 -𝑒⋆-local 𝑇2 space.  

   Proof. Let (𝑋, 𝑇) be an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local Urysohn space. Then for every 

intuitionistic fuzzy points 𝑐𝑟 ,𝑠  and 𝑑𝑚 ,𝑛  in an intuitionistic fuzzy topological space (𝑋, 𝑇) and 

𝑐 ≠ 𝑑 there exists an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally open sets 𝐺 =  𝑥, 𝜇𝐺 , 𝛾𝐺  , 𝐻 =  𝑥, 𝜇𝐻 , 𝛾𝐻   
with 𝜇 𝐺(𝑐) = 0, 𝛾𝐺 (𝑐) = 1, 𝜇𝐻(𝑑) = 1, 𝛾𝐻(𝑑) = 0  and 𝐼𝐹𝐺𝛿 -𝑒⋆ -𝑙𝑐𝑙(𝐺) ∩ 𝐼𝐹𝐺𝛿 -𝑒⋆ -𝑙𝑐𝑙(𝐻) =
0    ∼. Since 𝐺 ⊆ 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐺) and 𝐻 ⊆ 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐻). Then 𝐺 ∩ 𝐻 ⊆ 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐺) ∩
𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝐻). This implies 𝐺 ∩ 𝐻 = 0. Hence (𝑋, 𝑇) is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local 𝑇2 

space.            4.Interraltion  

Definition 4.1  Let (𝑋, 𝑇) and (𝑌, 𝑆) be two IFT’s and let 𝑓: 𝑋 → 𝑌 be a function. Then 

𝑓 is said to be an   

    1.  intuitionistic fuzzy 𝑒⋆-locally continuous iff the preimage of each IFCS in 𝑆 is an 

intuitionistic fuzzy 𝑒⋆-locally closed set in 𝑇.  

    2.  intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous iff the preimage of each IFCS in 𝑆 is 

an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set in 𝑇.  

    3.  intuitionistic fuzzy 𝑒⋆𝐺𝛿 -locally continuous iff the preimage of each IFCS in 𝑆 is 

an intuitionistic fuzzy 𝑒⋆𝐺𝛿 -locally closed set in 𝑇.  

Proposition 4.1  Let (𝑋, 𝑇) and (𝑌, 𝑆) be two intuitionistic fuzzy topological spaces. Let 

𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an intuitionistic fuzzy 𝐺𝛿 -locally continuous function. Then 𝑓 is an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous function.  

   Proof. Let 𝐴 be an intuitionistic fuzzy closed set in an intuitionistic fuzzy topological 

space (𝑌, 𝑆). Since 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -locally continuous function, 𝑓−1(𝐴) is an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set in an intuitionistic fuzzy topological space (𝑋, 𝑇). 

Since every intuitionistic fuzzy 𝐺𝛿 -locally closed set is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally 

closed set, 𝑓−1(𝐴)  is also an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆ -locally closed set. Hence 𝑓  is an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous function.             

Example 4.1  Let 𝑋 = {𝑎, 𝑏} = 𝑌, 𝐴 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
) ,  

𝐵 =  𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∨ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∧ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
) , 
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𝐶 =  𝑥, (
𝑎

1
,
𝑏

1
), (

𝑎

0
,

𝑏

0.1
) . Now, the family 𝑇 = {0    ∼, 1    ∼, 𝐴, 𝐵, 𝐴 ∨ 𝐵, 𝐴 ∧ 𝐵} of IFS’s in 𝑋 is an 

IFT on 𝑋 and the family 𝑆 = {0    ∼, 1    ∼, 𝐶} of IFS’s in 𝑌 is an IFT on 𝑌. If we define the 

function 𝑓: 𝑋 → 𝑌 be the identity function, then 𝑓−1(𝐶) is an 𝐼𝐹𝐺𝛿 -locally continuous but not 

𝐼𝐹𝑒⋆-locally continuous.   

Example 4.2  Let 𝑋 = {𝑎, 𝑏} = 𝑌, 𝐴 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
) ,  

𝐵 =  𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∨ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∧ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
) , 

𝐷 =  𝑥, (
𝑎

0.7
,

𝑏

0.7
), (

𝑎

0
,

𝑏

0.1
) . Now, the family 𝑇 = {0    ∼, 1    ∼, 𝐴, 𝐵, 𝐴 ∨ 𝐵, 𝐴 ∧ 𝐵} of IFS’s in 𝑋 is 

an IFT on 𝑋 and the family 𝑆 = {0    ∼, 1    ∼, 𝐷} of IFS’s in 𝑌 is an IFT on 𝑌. If we define the 

function 𝑓: 𝑋 → 𝑌 be the identity function, then 𝑓−1(𝐷) is an 𝐼𝐹𝐺𝛿 -𝑒⋆-locally continuous but 

not 𝐼𝐹𝐺𝛿 -locally continuous.   

Example 4.3  Let 𝑋 = {𝑎, 𝑏} = 𝑌, 𝐴 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
) ,  

𝐵 =  𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∨ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∧ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
) , 

𝐸 =  𝑥, (
𝑎

0.5
,

𝑏

0.5
), (

𝑎

0
,

𝑏

0.1
) . Now, the family 𝑇 = {0    ∼, 1    ∼, 𝐴, 𝐵, 𝐴 ∨ 𝐵, 𝐴 ∧ 𝐵} of IFS’s in 𝑋 is 

an IFT on 𝑋 and the family 𝑆 = {0    ∼, 1    ∼, 𝐸} of IFS’s in 𝑌 is an IFT on 𝑌. If we define the 

function 𝑓: 𝑋 → 𝑌 be the identity function, then 𝑓−1(𝐸) is an 𝐼𝐹𝑒⋆-locally continuous but not 

𝐼𝐹𝐺𝛿 -𝑒⋆-locally continuous.   

Example 4.4  Let 𝑋 = {𝑎, 𝑏} = 𝑌, 𝐴 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
) ,  

𝐵 =  𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∨ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∧ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
) , 

𝐹 =  𝑥, (
𝑎

0.6
,

𝑏

0.6
), (

𝑎

0.1
,

𝑏

0.1
) . Now, the family 𝑇 = {0    ∼, 1    ∼, 𝐴, 𝐵, 𝐴 ∨ 𝐵, 𝐴 ∧ 𝐵} of IFS’s in 𝑋 is 

an IFT on 𝑋 and the family 𝑆 = {0    ∼, 1    ∼, 𝐹} of IFS’s in 𝑌 is an IFT on 𝑌. If we define the 

function 𝑓: 𝑋 → 𝑌 be the identity function, then 𝑓−1(𝐸) is an 𝐼𝐹𝐺𝛿 -𝑒⋆-locally continuous but 

not 𝐼𝐹-𝑒⋆-locally continuous.   

Example 4.5  Let 𝑋 = {𝑎, 𝑏} = 𝑌, 𝐴 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
) ,  

𝐵 =  𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∨ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∧ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
) , 

𝐺 =  𝑥, (
𝑎

0.9
,

𝑏

0.9
), (

𝑎

0
,

𝑏

0.1
) . Now, the family 𝑇 = {0    ∼, 1    ∼, 𝐴, 𝐵, 𝐴 ∨ 𝐵, 𝐴 ∧ 𝐵} of IFS’s in 𝑋 is 

an IFT on 𝑋 and the family 𝑆 = {0    ∼, 1    ∼, 𝐺} of IFS’s in 𝑌 is an IFT on 𝑌. If we define the 

function 𝑓: 𝑋 → 𝑌 be the identity function, then 𝑓−1(𝐺) is an 𝐼𝐹𝑒⋆𝐺𝛿 -locally continuous but not 

𝐼𝐹𝐺𝛿 -𝑒⋆-locally continuous.   

Example 4.6  Let 𝑋 = {𝑎, 𝑏} = 𝑌, 𝐴 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
) ,  

𝐵 =  𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∨ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∧ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
) , 

𝐺 =  𝑥, (
𝑎

0.9
,

𝑏

0.9
), (

𝑎

0
,

𝑏

0.1
) . Now, the family 𝑇 = {0    ∼, 1    ∼, 𝐴, 𝐵, 𝐴 ∨ 𝐵, 𝐴 ∧ 𝐵} of IFS’s in 𝑋 is 

an IFT on 𝑋 and the family 𝑆 = {0    ∼, 1    ∼, 𝐺} of IFS’s in 𝑌 is an IFT on 𝑌. If we define the 
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function 𝑓: 𝑋 → 𝑌 be the identity function, then 𝑓−1(𝐺) is an 𝐼𝐹𝑒⋆𝐺𝛿 -locally continuous but not 

𝐼𝐹𝐺𝛿 -locally continuous.   

Example 4.7  Let 𝑋 = {𝑎, 𝑏} = 𝑌, 𝐴 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
) ,  

𝐵 =  𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∨ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∧ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
) , 

𝐻 =  𝑥, (
𝑎

0.6
,

𝑏

0.6
), (

𝑎

0.3
,

𝑏

0.1
) . Now, the family 𝑇 = {0    ∼, 1    ∼, 𝐴, 𝐵, 𝐴 ∨ 𝐵, 𝐴 ∧ 𝐵} of IFS’s in 𝑋 is 

an IFT on 𝑋 and the family 𝑆 = {0    ∼, 1    ∼, 𝐻} of IFS’s in 𝑌 is an IFT on 𝑌. If we define the 

function 𝑓: 𝑋 → 𝑌 be the identity function, then 𝑓−1(𝐻) is an 𝐼𝐹𝐺𝛿 -locally continuous but not 

𝐼𝐹𝑒⋆𝐺𝛿 -locally continuous.   

Example 4.8  Let 𝑋 = {𝑎, 𝑏} = 𝑌, 𝐴 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
) ,  

𝐵 =  𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∨ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
) ,𝐴 ∧ 𝐵 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
) , 

𝐼 =  𝑥, (
𝑎

0.5
,

𝑏

0.4
), (

𝑎

0
,

𝑏

0.1
)  Now, the family 𝑇 = {0    ∼, 1    ∼, 𝐴, 𝐵, 𝐴 ∨ 𝐵, 𝐴 ∧ 𝐵} of IFS’s in 𝑋 is an 

IFT on 𝑋 and the family 𝑆 = {0    ∼, 1    ∼, 𝐼} of IFS’s in 𝑌 is an IFT on 𝑌. If we define the 

function 𝑓: 𝑋 → 𝑌 be the identity function, then 𝑓−1(𝐼) is an 𝐼𝐹𝑒⋆-locally continuous but not 

𝐼𝐹-locally continuous.   

Remark 4.1  Every intuitionistic fuzzy locally continuous is an intuitionistic fuzzy 

𝐺𝛿 -locally continuous but the converse need not be true as shown in [7].  

Remark 4.2  Clearly the followinng diagram holds.  

 

 
 

Definition 4.2  An intuitionistic fuzzy topological space (𝑋, 𝑇) is said to be intuitionistic 

fuzzy 𝐺𝛿 -𝑒⋆-local connected if and only if the only intuitionistic fuzzy sets which are both 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally open set and intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set are 

0    ∼ and 1    ∼.  

 

 

Proposition 4.2  Let (𝑋, 𝑇) and (𝑌, 𝑆) be any two intuitionistic fuzzy topological 

spaces. If 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous surjective 

function and (𝑋, 𝑇) is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local connected space then (𝑌, 𝑆) is an 

intuitionistic fuzzy connected space.  

   Proof. Let (𝑋, 𝑇) be an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local connected space. Suppose that 

(𝑌, 𝑆) is not an intuitionistic fuzzy connected space. Then there exists a proper intuitionistic fuzzy 
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set 𝐴 such that 𝐴 is both intuitionistic fuzzy open set and intuitionistic fuzzy closed set in (𝑌, 𝑆). 

Since 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous surjective function, then 𝑓−1(𝐴) is 

both intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally open set and intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally closed set in 

(𝑋, 𝑇), which is contradiction. Hence, (𝑌, 𝑆) is an intuitionistic fuzzy connected space.             

Definition 4.3  Let (𝑋, 𝑇) be an intuitionistic fuzzy topological space. If a family 

{ 𝑥, 𝜇𝐺𝑗
, 𝛾𝐺𝑗

 : 𝑗 ∈ 𝐽} of an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally open sets in 𝑋 satisfies the condition 

 { 𝑥, 𝜇𝐺𝑗
, 𝛾𝐺𝑗

 : 𝑗 ∈ 𝐽}} = 1    ∼ then it is called as an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally open 

cover of an intuitionistic fuzzy topological space (𝑋, 𝑇).  

Definition 4.4  An intuitionistic fuzzy topological space (𝑋, 𝑇) is said to be intuitionistic 

fuzzy 𝐺𝛿 -𝑒⋆-local compact if every intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally open cover of {𝐴𝑗 : 𝑗 ∈ 𝐽} of 

an intuitionistic fuzzy topological space (𝑋, 𝑇), there exists a finite subfamily 𝐽0 ⊂ 𝐽 such that 

1    ∼ =  {𝐴𝑗 : 𝑗 ∈ 𝐽0}.  

Proposition 4.3  Let (𝑋, 𝑇) and (𝑌, 𝑆) be any two intuitionistic fuzzy topological 

spaces. If 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous bijective function 

and (𝑋, 𝑇) is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local compact space then (𝑌, 𝑆) is an intuitionistic 

fuzzy 𝐺𝛿 -𝑒⋆-local compact space.  

   Proof. Let {𝐴𝑗 : 𝑗 ∈ 𝐽} be an intuitionistic fuzzy open cover of an intuitionistic fuzzy 

topological space (𝑌, 𝑆) such that  

 1    ∼ =  𝑗∈𝐽 𝐴𝑗  (7) 

 Since 𝑓 is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally continuous bijective function, {𝑓−1(𝐴𝑗 ): 𝑗 ∈ 𝐽} 

is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally open cover of an intuitionistic fuzzy topological space 

(𝑋, 𝑇). 

From, (6) 𝑓−1 = 𝑓−1( 𝑗∈𝐽 𝐴𝑗 ), 1    ∼ =  𝑗 ∈𝐽 𝑓−1(𝐴𝑗 ) . Now {𝑓−1(𝐴𝑗 ): 𝑗 ∈ 𝐽}  is an 

intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-locally open cover of an intuitionistic fuzzy topological space (𝑋, 𝑇). 

Since (𝑋, 𝑇) is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆ -local compact space, then there exist a finite 

subcover {𝑓−1(𝐴𝑗 ): 𝑗 = 1,2,3, …𝑛}  of {𝑓−1(𝐴𝑗 ): 𝑗 ∈ 𝐽}  is an intuitionistic fuzzy topological 

space (𝑋, 𝑇) . Then, 1    ∼ =  𝑛
𝑗=1 𝑓−1(𝐴𝑗 ) . Now, 𝑓(1    ∼) = 𝑓( 𝑛

𝑗=1 𝑓(𝐴𝑗 )) . Since 𝑓  is an 

intuitionistic fuzzy surjective function,1    ∼ =  𝑛
𝑗 =1 𝑓(𝑓−1(𝐴𝑗 )) =  𝑛

𝑗=1 𝐴𝑗  implies that (𝑌, 𝑆) 

is an intuitionistic fuzzy 𝐺𝛿 -𝑒⋆-local compact space.             
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Abstract 
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Introduction Chang [7] introduced the notion of fuzzy topology in 1968 by using the concepts of 
fuzzy sets introduced by Zadeh [28] in 1965. Since then an extensive work on fuzzy topological spaces has 

been carried out by many researchers like Gouguen [8], Wong[25], Lowen[14], Warren[24], Hutton[11] 

and others. Separation axioms are important parts in fuzzy topological spaces. Many works 

[[1],[3],[9],[20],[21],[23]] on separation axioms have been done by researchers. Among those axioms, 

fuzzy 𝑇0 type is one and it has been already introduced in the literature. There are many articles on fuzzy 

𝑇0 topological space which are created by many authors like Wuyts and Lowen [27], Ali [2], Srivastava et. 

al [22], Hossain and Ali [10] and many others. 
The purpose of this paper is to further contribute to the development of fuzzy topological spaces 

specially on fuzzy regular 𝑅0 topological spaces. In the present paper, fuzzy regular 𝑅0 topological spaces 

is defined by using quasi-coincidence sense and relation among the given and other such notions are shown 

here. It is showed that the good extension property is satisfied on our notions. It is also showed that the 
hereditary, order preserving, productive, and projective properties hold on the new concepts. In the last 

section of this paper initial and final fuzzy topological spaces are discussed on author’s concept.   

 

Preliminaries  

In this section, we recall some concepts occurring in the papers [[2], [28]] which will be needed in 

the sequel. In the present paper, 𝑋 and 𝑌 always denote non empty sets and 𝐼 = [0,1], 𝐼1 = [0,1). The 

class of all fuzzy sets on a non empty set 𝑋 is denoted by 𝐼𝑋  and fuzzy sets on 𝑋 are denoted as 𝜆, 𝜇, 𝛾 

etc. Crisp subsets of 𝑋 are denoted by capital letters 𝑈, 𝑉, 𝑊 etc. throughout this paper. 

 

Definition 1.1  [28] A function 𝜆 from 𝑋 into the unit interval 𝐼 is called a fuzzy set in 𝑋. For 
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every 𝑥 ∈ 𝑋, 𝜆(𝑥) ∈ 𝐼 is called the grade of membership of 𝑥 in 𝜆. Some authors say that 𝜆 is a fuzzy 

subset of 𝑋 instead of saying that 𝜆 is a fuzzy set in 𝑋. The class of all fuzzy sets from 𝑋 into the closed 

unit interval 𝐼 will be denoted by 𝐼𝑋 .  
 

Definition 1.2  [17] A fuzzy set 𝜆 in 𝑋 is called a fuzzy singleton if and only if 𝜆(𝑥) = 𝑟, 0 <
𝑟 ≤ 1, for a certain 𝑥 ∈ 𝑋 and 𝜆(𝑦) = 0 for all points 𝑦 of 𝑋 except 𝑥. The fuzzy singleton is denoted 

by 𝑥𝑟  and 𝑥 is its support. The class of all fuzzy singletons in 𝑋 will be denoted by 𝑆(𝑋). If 𝜆 ∈ 𝐼𝑋 and 

𝑥𝑟 ∈ 𝑆(𝑋), then we say that 𝑥𝑟 ∈ 𝜆 if and only if 𝑟 ≤ 𝜆(𝑥).  

 

Definition 1.3  [26] A fuzzy set 𝜆 in 𝑋 is called a fuzzy point if and only if 𝜆(𝑥) = 𝑟, 0 < 𝑟 < 1, 

for a certain 𝑥 ∈ 𝑋 and 𝜆(𝑦) = 0 for all points 𝑦 of 𝑋 except 𝑥. The fuzzy point is denoted by 𝑥𝑟  and 𝑥 
is its support.  

 

Definition 1.4  [12] A fuzzy singleton 𝑥𝑟  is said to be quasi-coincidence with 𝜆, denoted by 𝑥𝑟𝑞𝜆 

if and only if 𝜆(𝑥) + 𝑟 > 1. If 𝑥𝑟  is not quasi-coincidence with 𝜆, we write 𝑥𝑟𝑞𝜆 and defined as 𝜆(𝑥) +
𝑟 ≤ 1.  

Definition 1.5  [7] Let 𝑓 be a mapping from a set 𝑋 into a set 𝑌 and 𝜆 be a fuzzy subset of 𝑋. 

Then 𝑓 and 𝜆 induce a fuzzy subset 𝜇 of 𝑌 defined by  

 𝜇(𝑦) = {𝑠𝑢𝑝{𝜆(𝑥)} if ∈ 𝑓−1[{𝑦}] ≠ 𝜙, 𝑥 ∈ 𝑋,
0 otherwise.

 

Definition 1.6  [7] Let 𝑓 be a mapping from a set 𝑋 into a set 𝑌 and 𝜇 be a fuzzy subset of 𝑌. 

Then the inverse of 𝜇 written as 𝑓−1(𝜇) is a fuzzy subset of 𝑋 defined by 𝑓−1(𝜇)(𝑥) = 𝜇(𝑓(𝑥)), for 𝑥 ∈
𝑋.  

Definition 1.7  [7] Let 𝐼 = [0,1], 𝑋 be a non empty set and 𝐼𝑋 be the collection of all mappings 

from 𝑋 into 𝐼, i.e. the class of all fuzzy sets in 𝑋. A fuzzy topology on 𝑋 is defined as a family 𝜏 of 

members of 𝐼𝑋 , satisfying the following conditions.   

    1.  1,0 ∈ 𝜏  

    2.  If 𝜆 ∈ 𝜏 for each 𝑖 ∈ Λ, then ⋃𝑖∈Λ 𝜆𝑖 ∈ 𝜏, where Λ is an index set.  

    3.  If 𝜆, 𝜇 ∈ 𝜏 then 𝜆 ∩ 𝜇 ∈ 𝜏.  

 The pair (𝑋, 𝜏) is called a fuzzy topological space(in short fts) and members of 𝜏 are called 

𝜏-open fuzzy sets. A fuzzy set 𝜇 is called a 𝜏-closed fuzzy set if 1 − 𝜇 ∈ 𝜏.  

Definition 1.8 [6] A fuzzy subset 𝜆 of a space 𝑋 is called fuzzy regular open(resp. fuzzy regular 

closed) if 𝜆 = 𝑖𝑛𝑡(𝑐𝑙(𝜆))(resp. 𝜆 = 𝑐𝑙(𝑖𝑛𝑡(𝜆))). 

The set of all fuzzy regular open sets (resp. fuzzy regular closed sets) of 𝑋  is denoted by 

𝐹𝑅𝑂(𝑋)(resp. 𝐹𝑅𝐶(𝑋)).  

 

Definition 1.9 The function 𝑓: (𝑋, 𝜏) → (𝑌, 𝜎) is called a   

    1.  fuzzy continuous [18] if for every 𝜇 ∈ 𝜎, 𝑓−1(𝜇) ∈ 𝜏.  

    2.  fuzzy homeomorphic [18] if 𝑓 is bijective and both 𝑓 and 𝑓−1 are fuzzy continuous.  

    3.  fuzzy regular continuous [6] if for every 𝜇 ∈ 𝜎,𝑓−1(𝜇) ∈ 𝐹𝑅𝑂(𝑋).  

 

Definition 1.10  The function 𝑓: (𝑋, 𝜏) → (𝑌, 𝜎) is called a   

    1.  fuzzy open [16] if for every fuzzy open set 𝜆 in (𝑋, 𝜏), 𝑓(𝜆) is fuzzy open set in (𝑌, 𝜎).  

    2.  fuzzy closed [16] if for every closed fuzzy set 𝜆 in (𝑋, 𝜏), 𝑓(𝜆) is closed fuzzy set in 

(𝑌, 𝜎).  

    3.  fuzzy regular open [6] if for every fuzzy open set 𝜆 in (𝑋, 𝜏), 𝑓(𝜆) is fuzzy regular open 

set in (𝑋, 𝜎).  

    4.  fuzzy regular closed [6] if for every fuzzy closed set 𝜆 in (𝑋, 𝜏) 𝑓(𝜆) is fuzzy regular 

closed set in (𝑌, 𝜎).  
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 Definition 1.11  [6] If 𝜆  and 𝜇  are two fuzzy subsets of 𝑋  and 𝑌  respectively then the 

Cartesian product 𝜆 × 𝜇  of two fuzzy subsets 𝜆  and 𝜇  is a fuzzy subset of 𝑋 × 𝑌  defined by (𝜆 ×
𝜇)(𝑥, 𝑦) = 𝑚𝑖𝑛(𝜆(𝑥), 𝜇(𝑦)), for each pair (𝑥, 𝑦) ∈ 𝑋 × 𝑌.  

 

Definition 1.12  [13] Let {𝑋𝑖 , 𝑖 ∈ 𝛬}, be any class of sets and let 𝑋 denotes the Cartesian product 

of these sets, i.e., 𝑋 = 𝛱𝑖∈𝛬𝑋𝑖. Note that 𝑋 consists of all points 𝑝 =< 𝑎𝑖 , 𝑖 ∈ 𝛬 >, where 𝑎𝑖 ∈ 𝑋𝑖. Recall 

that, for each 𝑗0 ∈ 𝛬, we define the projection 𝜋𝑗0
 from the product set 𝑋 to the coordinate space 𝑋𝑗0

, i.e. 

𝜋𝑗0
: 𝑋 → 𝑋𝑗0

 by 𝜋𝑗0
(< 𝑎𝑖 , 𝑖 ∈ 𝛬 >) = 𝑎𝑗0

. These projections are used to define the product topology.  

  

Definition 1.13  [25] Let {𝑋𝑖 , 𝑖 ∈ 𝛬} be a family of non empty sets. Let 𝑋 = 𝛱𝑖∈𝛬𝑋𝑖 be the usual 

product of 𝑋𝑖’s and let 𝜋𝑖 be the projection from 𝑋 into 𝑋𝑖. Further assume that each 𝑋𝑖 is an fuzzy 

topological space with fuzzy topology 𝜏𝑖. Now the fuzzy topology generated by {𝜋𝑖
−1(𝑏𝑖): 𝑏𝑖 ∈ 𝜏𝑖 , 𝑖 ∈ 𝛬} as 

a sub basis, is called the product fuzzy topology on 𝑋. Clearly if 𝑤 is a basis element in the product, then 

there exist 𝑖1, 𝑖2, 𝑖3, … , ∈ 𝛬 such that 𝑤(𝑥) = 𝑚𝑖𝑛{𝑏𝑖(𝑥𝑖): 𝑖 = 1,2,3, … , 𝑛}, where 𝑥 = (𝑥𝑖)𝑖∈𝛬 ∈ 𝑋.  

 

Definition 1.14  [19] Let 𝑓 be a real valued function on a topological space. If {𝑥: 𝑓(𝑥) > 𝛼} is 

open for every real 𝛼, then 𝑓 is called lower semi continuous function.  

 

Definition 1.15  [14] Let 𝑋 be a non empty set and 𝑇 be a topology on 𝑋. Let 𝜏 = 𝜔(𝑇) be the 

set of all lower semi continuous functions from (𝑋, 𝜏) to 𝐼 (with usual topology). Thus 𝜔(𝑇) = {𝑢 ∈
𝐼𝑋 : 𝑢−1(𝛼, 1] ∈ 𝑇} for each 𝛼 ∈ 𝐼1. It can be shown that 𝜔(𝑇) is a fuzzy topology on 𝑋.  

Let 𝑃 be the property of a topological space (𝑋, 𝜏) and FP be its fuzzy topological analogue. Then 

FP is called a ’good extension’ of 𝑃 if and only if the statement (𝑋, 𝜏) has 𝑃 if and only if (𝑋, 𝜔(𝑇)) has 

FP holds good for every topological space (𝑋, 𝜏). 
 

Definition 1.16  [15] The initial fuzzy topology on a set 𝑋 for the family of fuzzy topological 

space {(𝑋𝑖 , 𝜏𝑖)𝑖∈𝛬} and the family of functions {𝑓𝑖: 𝑋 → (𝑋𝑖 , 𝜏𝑖)}𝑖∈𝛬 is the smallest fuzzy topology on 𝑋 

making each 𝑓𝑖 fuzzy continuous. It is easily seen that it is generated by the family {𝑓𝑖
−1(𝜆𝑖): 𝜆𝑖 ∈ 𝜏𝑖}𝑖∈𝛬.  

Definition 1.17  [15] The final fuzzy topology on a set 𝑋 for the family of fuzzy topological spaces 

{(𝑋𝑖 , 𝜏𝑖)𝑖∈𝛬} and the family of functions {𝑓𝑖: (𝑋𝑖 , 𝜏𝑖) → 𝑋}𝑖∈𝛬 is the finest fuzzy topology on 𝑋 making 

each 𝑓𝑖 fuzzy continuous.  

Theorem 1.1  [4] A bijective mapping from an fts (𝑋, 𝜏) to an fts (𝑌, 𝜎) preserves the value of a 

fuzzy singleton (fuzzy point).  

 
Note: Preimage of any fuzzy singleton (fuzzy point) under bijective mapping preserves its value. 

2. Regular fuzzy 𝑹𝟎 topological spaces  

In this section, we Introduce regular fuzzy 𝑅0- type separation axioms and some well-known 
properties are discussed. 

 

Definition 2.1 A fuzzy topological space (𝑋, 𝜏) is called [(i)]  

    1.  regular fuzzy 𝑅0(𝑖)(briefly, ℜ𝐹𝑅0(𝑖)) if and only if for any pair 𝑥𝑡 , 𝑦𝑡′ ∈ 𝑆(𝑋) with 𝑥 ≠
𝑦, whenever there exists 𝜆 ∈ 𝐹𝑅𝑂(𝑋) with 𝑥𝑡𝑞𝜆, 𝑦𝑡′𝑞𝜆, then there exists 𝜇 ∈ 𝐹𝑅𝑂(𝑋) such that 𝑦𝑡′𝑞𝜇 

and 𝑥𝑡𝑞𝜇.  

    2.  regular fuzzy 𝑅0(𝑖𝑖)(briefly, ℜ𝐹𝑅0(𝑖𝑖)) if and only if for any pair 𝑥𝑡 , 𝑦𝑡′ ∈ 𝑆(𝑋) with 

𝑥 ≠ 𝑦, there exists 𝜆 ∈ 𝐹𝑅𝑂(𝑋) such that 𝑥𝑡𝑞𝜆, 𝑦𝑡′ ∧ 𝜆 = 0 or there exists 𝜇 ∈ 𝐹𝑅𝑂(𝑋) such that 

𝑦𝑡′𝑞𝜇, 𝑥𝑡 ∧ 𝜇 = 0.  

Now, we shall show that our notions satisfy the good extension property. 
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Theorem 2.1  Let (𝑋, 𝑇) be a topological space. Consider the following statements:  

    i.  (𝑋, 𝑇) be a ℜ𝑅0- topological space.  

    ii.  (𝑋, 𝜔(𝑇)) be an ℜ𝐹𝑅0(𝑖) space.  

    iii.  (𝑋, 𝜔(𝑇)) be an ℜ𝐹𝑅0(𝑖𝑖) space.  

 Then the following implications are true. (𝑖) ⇔ (𝑖𝑖) and  (𝑖) ⇔ (𝑖𝑖𝑖).  

 

   Proof. (i) ⇒ (ii): Let (𝑋, 𝑇) be a topological space and (𝑋, 𝑇) is ℜ𝑅0. We have to prove that 

(𝑋, 𝜔(𝑇)) is ℜ𝐹𝑅0(𝑖). Let 𝑥𝑡 , 𝑦𝑡′ be fuzzy singletons in 𝑋 with 𝑥 ≠ 𝑦 and 𝜆 ∈ 𝜔(𝑇) with 𝑥𝑡𝑞𝜆 and 

𝑦𝑡𝑞𝜆. Now, 𝑥𝑟𝑞𝜆 ⇒ 𝜆(𝑥) + 𝑡 > 1 ⇒ 𝜆(𝑥) > 1 − 𝑡 ⇒ 𝑥 ∈ 𝜆−1(1 − 𝑟, 1] and 𝑥𝑡𝑞𝜆 and 𝜆(𝑦) ≤ 1 − 𝑟 ⇒
𝑦 ∉ 𝜆−1(1 − 𝑟, 1] 

Since (𝑋, 𝑇) is ℜ𝑅0  topological space, we have, there exists 𝑉 ∈ 𝑇  such that 𝑦 ∈ 𝑈, 𝑥 ∉ 𝑈 . 

From the definition of lower semi continuous we have 1𝑈 , 1𝑉 ∈ 𝜔(𝑇) and 1𝑉(𝑦) = 1, 1𝑉(𝑥) = 0. Then 

1𝑉(𝑦) + 𝑡 > 1 ⇒ 𝑦𝑡𝑞1𝑉  and 1𝑉(𝑥) + 𝑡 ≤ 1 ⇒ 𝑥𝑡𝑞1𝑉. It follows that there exists 1𝑉 ∈ 𝜔(𝑇) such that 

𝑦𝑡𝑞1𝑉  and 𝑥𝑟𝑞1𝑉 . Hence (𝑋, 𝜔(𝑇)) is ℜ𝐹𝑅0(𝑖). Thus (1) ⇒ (2) holds. 

Conversely, let (𝑋, 𝜔(𝑇)) be a fuzzy topological space and (𝑋, 𝜔(𝑇)) is ℜ𝐹𝑅0(𝑖). We have to 

prove that (𝑋, 𝑇) is ℜ𝑅0. Let 𝑥, 𝑦 be points in 𝑋 with 𝑥 ≠ 𝑦 and 𝑈 ∈ 𝑇 with 𝑥 ∈ 𝑈 and 𝑦 ∉ 𝑈. From 

the definition of lower semi continuous, we have 1𝑈 ∈ 𝜔(𝑇) and 1𝑈(𝑥) = 1, 1𝑈(𝑦) = 0. Then 1𝑈(𝑥) +
𝑡 > 1 ⇒ 𝑥𝑡𝑞1𝑈 and 1𝑈(𝑦) + 𝑡 ≤ 1 ⇒ 𝑦𝑡𝑞1𝑈 . Since (𝑋, 𝜔(𝑇)) is ℜ𝐹𝑅0(𝑖) topological space, we have, 

for any fuzzy singletons 𝑥𝑡 , 𝑦𝑡′  in 𝑋, there exists 𝜆 ∈ 𝐹ℜ𝑂(𝑋) such that 𝑥𝑡𝑞𝜆, 𝑦𝑡′𝑞𝜆 

Now, 𝑥𝑡𝑞𝜆 ⇒ 𝜆(𝑥) + 𝑡 > 1 ⇒ 𝜆(𝑥) > 1 − 𝑡 ⇒ 𝑥 ∈ 𝜆−1(1 − 𝑡, 1] 
and 𝑦𝑡′𝑞𝜆 ⇒ 𝜆(𝑦) + 𝑡 ≤ 1 ⇒ 𝜆(𝑦) ≤ 1 − 𝑡 ⇒ 𝑦 ∉ 𝜆−1(1 − 𝑟, 1]. 
It follows that ∃ 𝜆−1(1 − 𝑡, 1] ∈ 𝑇 such that 𝑥 ∈ 𝜆−1(1 − 𝑟, 1], 𝑦 ∉ 𝜆−1(1 − 𝑟, 1]. Hence, (𝑋, 𝑇) 

is ℜ𝑅0 topological space. Thus (𝑖𝑖) ⇒ (𝑖) holds. Similarly, we can prove that (𝑖) ⇔ (𝑖𝑖𝑖).             
Now, we shall show that the hereditary property is satisfied on our notions. 

 

Theorem 2.2 Let (𝑋, 𝜏) be a fuzzy topological space, 𝐵 ⊆ 𝑋,  𝜏𝐵 = {𝜆/𝐵: 𝜆 ∈ 𝜏}, then  

    i.  (𝑋, 𝜏) is ℜ𝐹𝑅0(𝑖) ⇒ (𝐵, 𝜏𝐵) is ℜ𝐹𝑅0(𝑖).  

    ii.  (𝑋, 𝜏) is ℜ𝐹𝑅0(𝑖𝑖) ⇒ (𝐵, 𝜏𝐵) is ℜ𝐹𝑅0(𝑖𝑖).  

  

 

   Proof. (ii) Let (𝑋, 𝜏) be a fuzzy topological space and (𝑋, 𝜏) is ℜ𝐹𝑅0(𝑖𝑖). We have to prove 

that (𝐵, 𝜏𝐵) is ℜ𝐹𝑅0(𝑖𝑖). Let 𝑥𝑡 , 𝑦𝑡′  be fuzzy singletons in 𝐵 with 𝑥 ≠ 𝑦 and 𝜆 ∈ 𝜏𝐴 with 𝑥𝑡𝑞𝜆 and 

𝑦𝑡′ ∧ 𝜆 = 0. Since 𝐵 ⊆ 𝑋, these fuzzy singletons are also fuzzy singletons in 𝑋. Since 𝜆 ∈ 𝜏𝐴 we can 

write 𝜆 = 𝜇/𝐵  where 𝜇 ∈ 𝜏  with 𝑥𝑡𝑞𝜇  and 𝑦𝑡′ ∧ 𝜇 = 0.  Also since (𝑋, 𝜏)  is ℜ𝐹𝑅0(𝑖𝑖)  fuzzy 

topological space, we have, there exists 𝛾 ∈ 𝐹ℜ𝑂(𝑋) such that 𝑥𝑡𝑞𝜆, 𝑦𝑡′ ∧ 𝛾 = 0. For 𝐵 ⊂ 𝑋, we have 

𝛾/𝐵 ∈ 𝜏𝐵 .  Now, 𝑦𝑡′𝑞𝛾 ⇒ 𝛾(𝑦) + 𝑡 > 1, 𝑦 ∈ 𝑋 ⇒ 𝛾/𝐵(𝑦) + 𝑠 > 1, 𝑦 ∈ 𝐴 ⊆ 𝑋 ⇒ 𝑦𝑡′𝑞𝛾/𝐵.  And 𝑥𝑡 ∧
𝛾 = 0 ⇒ 𝛾(𝑥) = 0, 𝑥 ∈ 𝑋 ⇒ (𝛾/𝐵)(𝑥) = 0, 𝑥 ∈ 𝐴 ⊆ 𝑋 ⇒ 𝑥𝑟 ∧ (𝛾/𝐵) = 0.  It follows that there exist 

𝛾/𝐵 ∈ 𝜏𝐴  such that 𝑦𝑡′𝑞(𝛾/𝐵)  and 𝑥𝑡 ∧ (𝛾/𝐵) = 0.  Hence, (𝐵, 𝜏𝐵)  is ℜ𝐹𝑅0(𝑖𝑖) . Similarly, we can 

prove (i).            
As our next work we shall show that our notions satisfy the productive and projective properties 

 

Theorem 2.3 Let (𝑋𝑖 , 𝜏𝑖), 𝑖 ∈ 𝛬 be fuzzy topological spaces and 𝑋 = 𝛱𝑖∈𝛬𝑋𝑖 and 𝜏 be the 

product topology on 𝑋, then   

    i.  for all 𝑖 ∈ Λ, (𝑋𝑖 , 𝜏𝑖) is ℜ𝐹𝑅0(𝑖) if and only if (𝑋, 𝜏) is ℜ𝐹𝑅0(𝑖).  

    ii.  for all 𝑖 ∈ Λ, (𝑋𝑖 , 𝜏𝑖) is ℜ𝐹𝑅0(𝑖𝑖) if and only if (𝑋, 𝜏) is ℜ𝐹𝑅0(𝑖𝑖).  

  
 

   Proof.(i) Let for all 𝑖 ∈ Λ, (𝑋𝑖 , 𝜏𝑖)  is ℜ𝐹𝑅0(𝑖)  space. We have to prove that (𝑋, 𝜏)  is 
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𝑅𝐹𝑇0(𝑖). Let 𝑥𝑡 , 𝑦𝑡′  be fuzzy singletons in 𝑋 with 𝑥 ≠ 𝑦 and 𝜆 ∈ 𝜏 with 𝑥𝑡𝑞𝜆 and 𝑦𝑡′ ∧ 𝜆 = 0. Then 

(𝑥𝑖)𝑡 , (𝑦𝑖)𝑡′  are fuzzy singletons with 𝑥𝑖 ≠ 𝑦𝑖  for some 𝑖 ∈ Λ  and we can find 𝜆𝑖 ∈ 𝑡𝑖  such that 

(𝑥𝑖)𝑡𝑞𝜆𝑖 , (𝑦𝑖)𝑡′𝑞𝜇𝑖 .  Since (𝑋𝑖 , 𝜏𝑖)  is ℜ𝐹𝑅0(𝑖) , there exists 𝜇𝑖 ∈ 𝐹𝑅𝑂(𝑋𝑖)  such that 

(𝑦𝑖)𝑡𝑞𝜇𝑖 , (𝑥𝑖)𝑡′𝑞𝜇𝑖 = 0 or there exists 𝜇𝑖 ∈ 𝐹𝑅𝑂(𝑋𝑖) such that (𝑦𝑖)𝑡′𝑞𝜇𝑖 , (𝑥𝑖)𝑡 ∧ 𝜇𝑖 = 0. But, we have 

𝜋𝑖(𝑥) = 𝑥𝑖 and 𝜋𝑖(𝑦) = 𝑦𝑖. 

Now, (𝑥𝑖)𝑡𝑞𝜆𝑖 ⇒ 𝜆𝑖(𝑥𝑖) + 𝑡 > 1, 𝑥 ∈ 𝑋 ⇒ 𝜆𝑖(𝜋𝑖(𝑥)) + 𝑡 > 1 

⇒ (𝜆𝑖 ∘ 𝜋𝑖)(𝑥) + 𝑡 > 1 ⇒ 𝑥𝑡𝑞(𝑢𝑖 ∘ 𝜋𝑖) 

and (𝑦𝑖)𝑡′ ∧ 𝜆𝑖 = 0 ⇒ 𝜆𝑖(𝑦𝑖) = 0, 𝑦 ∈ 𝑋 ⇒ 𝜆𝑖(𝜋𝑖(𝑦)) = 0, 𝑦 ∈ 𝑋 

⇒ (𝜆𝑖 ∘ 𝜋𝑖)(𝑦) = 0 ⇒ 𝑦𝑡′ ∧ (𝜆𝑖 ∘ 𝜋𝑖) = 0. 

It follows that there exists (𝜆𝑖 ∘ 𝜋𝑖) ∈ 𝑡𝑖 such that 𝑥𝑡𝑞(𝜆𝑖 ∘ 𝜋𝑖), 𝑦𝑡′ ∧ (𝜆𝑖 ∘ 𝜋𝑖) = 0. Hence, (𝑋, 𝜏) 

is ℜ𝐹𝑇0(𝑖𝑖). 

Conversely, Let (𝑋, 𝜏) be a fuzzy topological space and (𝑋, 𝜏) is ℜ𝐹𝑇0(𝑖𝑖). We have to prove 

that (𝑋𝑖 , 𝜏𝑖), 𝑖 ∈ Λ  is ℜ𝐹𝑇0(𝑖𝑖) . Let 𝑎𝑖  be a fixed element in 𝑋𝑖 . Let 𝐴𝑖 = {𝑥 ∈ 𝑋 = Π𝑖∈Λ𝑋𝑖: 𝑥𝑗 =

𝑎𝑗  forsome  𝑖 ≠ 𝑗}. Then 𝐴𝑖 is a subset of 𝑋, and hence (𝐴𝑖 , 𝜏𝐴𝑖
) is a subspace of (𝑋, 𝜏). Since (𝑋, 𝜏) is 

ℜ𝐹𝑇0(𝑖𝑖), so (𝐴𝑖 , 𝜏𝐴𝑖
) is 𝑅𝐹ℜ0(𝑖𝑖). Now we have 𝐴𝑖 is homeomorphic image of 𝑋𝑖. Hence it is clear that 

for all 𝑖 ∈ Λ, (𝑋𝑖 , 𝜏𝑖) is 𝑅𝐹𝑇0(𝑖𝑖) space. Thus (2) holds. Proof of (1) is similar to proof of (2).              

Now, we shall show that our notions satisfy the order preserving property. 

 

Theorem 2.4 Let (𝑋, 𝜏) and (𝑌, 𝜎) be two fuzzy topological spaces and 𝑓: 𝑋 → 𝑌 be a one-one, 
onto and regular open map then,  

    i.  (𝑋, 𝜏) is ℜ𝐹𝑅0(𝑖) ⇒ (𝑌, 𝜎) is ℜ𝐹𝑅0(𝑖).  

    ii.  (𝑋, 𝜏) is ℜ𝐹𝑅0(𝑖𝑖) ⇒ (𝑌, 𝜎) is ℜ𝐹𝑅0(𝑖𝑖).  
  

 

   Proof. (1) Let (𝑋, 𝜏) be a fuzzy topological space and (𝑋, 𝜏) is ℜ𝐹𝑅0(𝑖). We have to prove 

that (𝑌, 𝜎) is ℜ𝐹𝑅0(𝑖). Let 𝑥𝑡
′ , 𝑦𝑡′

′  be fuzzy points in 𝑌 with 𝑥′ ≠ 𝑦′. Since 𝑓 is onto then there exist 

𝑥, 𝑦 ∈ 𝑋  with 𝑓(𝑥) = 𝑥′, 𝑓(𝑦) = 𝑦′  and 𝑥𝑡 , 𝑦𝑡′  are fuzzy points in 𝑋  with 𝑥 ≠ 𝑦  as 𝑓  is one-one. 

Again since (𝑋, 𝜏) is ℜ𝐹𝑅0(𝑖) space, there exists 𝜆 ∈ 𝐹ℜ𝑂(𝑋) such that 𝑥𝑡𝑞𝜆, 𝑦𝑡′𝑞𝜆 or there exists 

𝜇 ∈ 𝐹ℜ𝑂(𝑋) such that 𝑦𝑡′𝑞𝜇, 𝑥𝑡𝑞𝜇. 

Now, 𝑥𝑡𝑞𝜆 ⇒ 𝜆(𝑥) + 𝑡 > 1 and 𝑦𝑡′𝑞𝜆 ⇒ 𝜆(𝑦) + 𝑡′ ≤ 1. 

Now, 𝑓(𝜆)(𝑥′) = {s𝑢𝑝 𝜆(𝑥): 𝑓(𝑥) = 𝑥′} ⇒ 𝑓(𝜆)(𝑥′) = 𝜆(𝑥), for some 𝑥 

and 𝑓(𝜆)(𝑦′) = {s𝑢𝑝 𝜆(𝑦): 𝑓(𝑦) = 𝑦′} ⇒ 𝑓(𝜆)(𝑦′) = 𝜆(𝑦), for some 𝑦. 

Also, since 𝑓 is regular open map then 𝑓(𝜆) ∈ 𝐹ℜ𝑂(𝑌) as 𝜆 ∈ 𝜏. 

Again, 𝜆(𝑥) + 𝑡 > 1 ⇒ 𝑓(𝜆)(𝑥′) + 𝑡 > 1 ⇒ 𝑥𝑡
′𝑞𝑓(𝜆) 

and, 𝜆(𝑦) + 𝑡′ ≤ 1 ⇒ 𝑓(𝜆)(𝑦′) + 𝑡′ ≤ 1 ⇒ 𝑦𝑡′
′ 𝑞𝑓(𝜆). 

It follows that there exists 𝑓(𝜆) ∈ 𝐹ℜ𝑂(𝑌) such that 𝑥𝑡
′𝑞𝑓(𝜆), 𝑦𝑡′

′ 𝑞𝑓(𝜆). Hence, it is clear that 

(𝑌, 𝜎) is ℜ𝐹𝑅0(𝑖) space. Proof of (2) is similar to proof of (1).              
 

Theorem 2.5 Let (𝑋, 𝜏) and (𝑌, 𝜎) be two fuzzy topological spaces and 𝑓: 𝑋 → 𝑌 be a one-one, 

onto and regular continuous map then, [(i)]  

    1.  (𝑌, 𝜎) is ℜ𝐹𝑅0(𝑖) ⇒ (𝑋, 𝜏) is ℜ𝐹R(𝑖).  

    2.  (𝑌, 𝜎) is ℜ𝐹𝑅0(𝑖𝑖) ⇒ (𝑋, 𝜏) is ℜ𝐹𝑅0(𝑖𝑖).  

  

 

   Proof. (2) Let (𝑌, 𝜎) be a fuzzy topological space and (𝑌, 𝜎) is ℜ𝐹𝑅0(𝑖𝑖). We have to prove 

that (𝑋, 𝜏) is ℜ𝐹𝑅0(𝑖𝑖). Let 𝑥𝑡 , 𝑦𝑡′ be fuzzy points in 𝑋 with 𝑥 ≠ 𝑦. Then (𝑓(𝑥))𝑡 , (𝑓(𝑦))𝑡′ are fuzzy 

points in 𝑌 with 𝑓(𝑥) ≠ 𝑓(𝑦) as 𝑓 is one-one. Again, since (𝑌, 𝜎) is ℜ𝐹𝑅0(𝑖𝑖) space, there exists 𝜆 ∈
𝐹ℜ𝑂(𝑌)  such that (𝑓(𝑥))𝑡𝑞𝜆, (𝑓(𝑦))𝑡′ ∧ 𝜆 = 0  or there exist 𝜇 ∈ 𝐹ℜ𝑂(𝑌)  such that 
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(𝑓(𝑦))𝑡′𝑞𝜇, (𝑓(𝑥))𝑡 ∧ 𝜇 = 0. 

Now, (𝑓(𝑥))𝑡𝑞𝜆 ⇒ 𝜆(𝑓(𝑥)) + 𝑡 > 1 ⇒ 𝑓−1(𝜆(𝑥)) + 𝑡 > 1 

⇒ (𝑓−1(𝜆))(𝑥) + 𝑡 > 1 ⇒ 𝑥𝑡𝑞𝑓−1(𝜆) 

and, (𝑓(𝑦))𝑡′ ∧ 𝜆 = 0 ⇒ 𝜆(𝑓(𝑦)) = 0 ⇒ 𝑓−1(𝜆(𝑦)) = 0 

⇒ (𝑓−1(𝜆))(𝑦) = 0 ⇒ 𝑦𝑡′ ∧ 𝑓−1(𝜆) = 0. 

Now, since 𝑓 is regular continuous map and 𝜆 ∈ 𝜎 then 𝑓−1(𝜆) ∈ 𝐹ℜ𝑂(𝑋). It follows that there 

exist 𝑓−1(𝜆) ∈ 𝐹ℜ𝑂(𝑋)  such that 𝑥𝑡𝑞𝑓−1(𝜆), 𝑦𝑡′ ∧ 𝑓−1(𝜆) = 0 . Hence it is clear that (𝑋, 𝜏)  is 

ℜ𝐹𝑅0(𝑖𝑖) space. Proof of (1) is similar to proof of (2).                
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Abstract 
              In this paper, new approaches to find the approximate solution of triangular fuzzy 

superposition theorem for calculations method of electrical current is determine the function to optimize 

the current source. We introduce the triangular fuzzy system of superposition theorem for fuzzy linear 

circuit and also find the approximate solution of real life situation of fuzzy linear system and numerical 

illustrations are given. 

Keywords: Superposition theorem, triangular fuzzy System, linear circuit, etc. 

1. Introduction: 

First defined the fuzzy concept 1965, Zadeh [1], the concept of fuzzy set concept and there after 

it has been developed by several authors through the contribution of the different articles on this concept 

and applied on different branches of pure and applied mathematics. In  [4],[5], [7] ,[8],[9],[10], [19] 

&[20], Elementary calculus of fuzzy sets and systems and the basic fuzzy idea of triangular fuzzy 

numbers have applied in literature that includes the applying of fuzzy sets to pattern recognition, 

judgment issues, perform approximation, system theory, logical system, fuzzy algorithms, fuzzy 

automata, fuzzy grammars, fuzzy language, fuzzy mathematics, fuzzy topology, etc. during this note, 

our interests are in the study of certain concepts in triangular fuzzy linear circuit. 

For every electrical circuit, there are two or more independent supplies like current, voltage or 

both the sources. For examining these electrical circuits, the superposition theorem is widely utilized 

and mostly for time-domain circuits at various frequencies. For instance, a linear DC circuit consists of 

one or more independent supply; we can get the supplies like voltage and current by using methods like 

mesh analysis and nodal analysis techniques 

2. PRELIMINARIES 
The preliminary segment, The Fuzzy numbers are the great consequence of fuzzy systems. 

Regularly used the fuzzy numbers in applications of the triangular fuzzy number. [4],[5], [7] 

,[8],[9],[10], [19] &[20], 

2.1 Definition 1: [5]  

A fuzzy number is a set similar 
]1,0[:  IRv
 which satisfies [8 – 12], 

1. Upper semi continuous function is v . 

2. Outside of the interval [c,d] is
0)( xv

. 

3. There exists a real numbers a, b such that dbac  and 

3.1 The monotonically increasing function )(xv   [c, a]. 

3.2 The monotonically decreasing function )(xv   [b, d]. 

3.3  1)( xv , ].,[ bax  

It is denoted by )(F .  

Arithmetic operations among two triangular fuzzy numbers defined on universal set of real numbers 
)(F  are reviewed [4]. 
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2.2  Fuzzy set: [1] 

A fuzzy set L must the three axioms, 

i . L
~

 is a ordinary set. 

ii.   L
~

 is closed interval , for all ]1,0[  

iii.  L
~

, L
~0

  is bounded. 

2.3   Triangular Fuzzy Number: [4], [8-12]  

A fuzzy numbers delineated with three points as: 
),,(

~
321 lllL 

 

This illustration is taken as membership rule and holds the subsequent axioms 

 (i)  Increasing function is  1l  to 2l  

(ii)  Decreasing function is 2l to 3l  

(iii)  321 lll 
 

 































3

32

13

3

21

12

1

1

,0

,0

)(

lxfor

lxlfor
ll

xl

lxlfor
ll

lx

lxfor

xL

 

2. 4. A  Triangular fuzzy number is positive is defined as
),,(

~
321 lllL 

, here  

2.5.  A Triangular fuzzy number is negative is defined as
),,(

~
321 lllL 

, here  

2.6.    Two triangular fuzzy numbers L
~

and M
~

are identically equal, that is ML
~~

 , if and only if 

11 ml  22 ml  and 33 ml 
 

 

3. Proposed Method 

Superposition theorem for triangular fuzzy system.  

In a linear fuzzy network containing more than one independent triangular fuzzy source and 

dependent fuzzy source, then result current in any element is the algebraic sum of the current that would 

be produced by each independent fuzzy source acting alone all the other independent sources being 

represented meanwhile by their respective internal resistances. 

The independent voltage sources are represented by their internal resistance if given or simply 

with zero resistances (i.e) short circuits if internal resistances are not mentioned. The independent 

current sources are represented by infinite resistances. That is open circuits. The dependent sources are 
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not sources but dissipative components. Hence they are active at all times. A dependent sources has 

zero value only when its control voltage or current is zero. 

A linear network is one whose parameters are constant. That is do not change with voltage and 

current. 

Procedure for Superposition Theorem of fuzzy system  

The Following steps in order to find the response in a particular fuzzy branch using 

superposition theorem of fuzzy systems. Here especially we have use triangular fuzzy systems.  

Step 1 − Find the current through the resistance when only one independent source is acting, replacing 

all other independent sources by respective internal resistance. 

Step 2 – Find the current through the resistance for each of the independent sources. 

Step 3 – Find the resultant current through the resistance by the superposition theorem considering 

magnitude and the direction of each current. 

4. Numerical Illustrations: 

Consider the triangular fuzzy circuit to which we are going to determine the current I through 

the (2, 4, 6) ohm resistor using superposition theorem for fuzzy system. 

 

When the (19 20 21) V source is acting alone 

 

By series parallel reduction technic  
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When the (19, 20, 21) V source is acting alone 

 

By series-parallel reduction technique 
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)23.3,29.2,65.1(
)5.5,75.3,5.2()6,5,4(
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I

 

By current division rule, 

)71.1,84.0,42.0(
)12,10,8()7,6,5(

)7,6,5(
)23.3,29.2,65.1( 


I

 

III   

   = (2.5, 3.75, 5.5) + (0.42, 0.84, 1.71) 

   = (2.92, 4.59, 7.21) 

5. Conclusion: 

The superposition theorem of fuzzy system is suitable for working on the principle of fuzzy 

linear system. Here the triangular fuzzy system used to find the power calculation is more accuracy for 

calculus methods and also the power equation is not linear. The application of superposition theorem is, 

very useful service only for linear circuits as well as the circuit which has more accuracy of supplies. 
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Abstract 

In this paper, a new approaches to solve linear network using triangular fuzzy superposition 

theorem of AC circuit and also establish the superposition theorem based problems on linearly 

independent current source or voltage source of linear network. A new idea is apply to find the optimal 

current source or voltage source in the given linear circuit using linear fuzzy systems and also 

numerical illustration are given. 

Keywords: Triangular Fuzzy system, AC Circuit, Linear Network, etc. 

INTRODUCTION: 

All the electrical problems cannot be solved by linear system. Many capabilities possess the 

nonlinear ones, which output and input are coupled nonlinearly. Even if the problem is solvable with a 

linear time variant system, the nonlinear device does it usually with a simpler structure in some cases 

just with several units. 

The Superposition theorem is applicable to linear network consisting of independent sources, 

linear dependent sources, linear passive elements and linear transformers. When the linear circuit has 

large number of sources is current or voltage source use superposition theorem to obtain the current or 

voltage in any branch of the circuit. Since the AC circuits are linear the superposition theorem applies 

to AC circuits the same manner to applied DC circuits. The theorem becomes important if the circuit 

has sources operating at different frequencies. In this case since the impedances depend on frequencies, 

we must have a different frequency domain circuit for each frequency the total response and must be 

obtained by adding the individual responses in the phasor or frequency domain. 

First defined the fuzzy concept 1965, Zadeh [1], the concept of fuzzy set and there after it has 

been developed by several authors through the contribution of the different articles on this concept and 

applied on different branches of pure and applied mathematics. In  [4],[5], [7] ,[8],[9],[10], [19] &[20], 

Some applications of triangular fuzzy numbers depends on their similarity. Chen and Lin proposed the 

distance of two triangular fuzzy numbers and calculated the similarity of two triangular fuzzy numbers 

based on their distance between them, our interests are in the study of superposition theorem concepts 

in triangular fuzzy linear circuit.   

PRELIMINARIES 

The preliminary segment, The Fuzzy numbers are the great consequence of fuzzy systems. 

Regularly used the fuzzy numbers in applications of the triangular fuzzy number. The basic concept 

and the result to this paper are referred in  [4],[5], [7] ,[8],[9],[10], [19] &[20], 
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3. Proposed Method 

Triangular fuzzy superposition theorem for AC circuit  

A Triangular fuzzy linear circuit having two or more independent triangular fuzzy sources one 

way to determine the value of specific variable of triangular fuzzy source (voltage or current) is to use 

nodal or mesh analysis. Another way is to determine the contribution of each triangular fuzzy 

independent sources to the Specific variable and then add them up. It is denoted as triangular fuzzy 

superposition principle. Triangular fuzzy Superposition theorem is applied when we are to determine 

the current in one particular branch of a triangular fuzzy linear network containing several voltage fuzzy 

sources and fuzzy current sources. We consider one independent fuzzy source at a time while all other 

independent fuzzy source are turned off. This implies that we replace every voltage fuzzy source by 

zero volt, and every fuzzy current source by zero amps. The dependent fuzzy source are left intact 

because they are controlled by circuit variables. 

Steps to be followed in superposition theorem of fuzzy system 

The Following steps in order to find the response in a particular fuzzy branch using 

superposition theorem of AC circuit of fuzzy systems. Here especially we have use triangular fuzzy 

systems.  

Step 1 – Determine the current in one particular branch of a triangular fuzzy linear network containing 

several voltage fuzzy sources and fuzzy current sources. Consider one independent fuzzy source at a 

time while all other independent fuzzy source are turned off. 

Step 2 – Replace every voltage fuzzy source by zero volt, and every fuzzy current source by zero amps. 

The dependent fuzzy source are left intact because they are controlled by circuit variables. 

Step 3 – Find the resultant current through the resistance by the fuzzy superposition theorem 

considering magnitude and the direction of each current. 

4. Numerical Illustrations: 

The following numerical illustrations the proper use of fuzzy superposition of dependent fuzzy 

source. All the superposition equation are written by inspection using voltage division, current division, 

series parallel combinations, and ohm’s law. In case, it is simpler not to use superposition if the 

dependent sources remain active  

 Consider the triangular fuzzy linear circuit to which we are going to determine the current I in 

the following circuit using superposition theorem for fuzzy system. 

 

Step 1 

 When the V09050  fuzzy source acting alone 
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Step III 

By Superposition theorem  
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5. Conclusion: 

The superposition theorem of triangular fuzzy linear system used to find the optimal Current or 

voltage. The proposed method of triangular fuzzy systems is more accuracy for the normal calculus 

methods and also superposition theorem is very useful service only for linear circuits as well as the AC 

circuit which has more accuracy of supplies and also superposition theorem of fuzzy system is suitable 

for working on the principle of fuzzy linear system. 

REFERENCES 

1. Zadeh, L.A., The concept of a Linguistic variable and its applications to approximate 

reasoning – parts I, II and III”, Inform. Sci. 8(1975) 199-249; 8 1975 301-357; 9(1976) 43-80. 

2. E. Hansan and G. W. Walster, “Global optimization using Interval Analysis”, Marcel Dekker, 

New York, 2003. 

3. Karl Nickel, On the Newton method in Interval Analysis.  Technical report 1136, 

Mathematical Research Center, University of Wisconsion, Dec1971. 

4. A. Nagoor Gani and S. N. Mohamed Assarudeen, “A new operation on Triangular fuzzy 

number for solving fuzzy linear programming problem”, Applied Mathematical Sciences, 

Vol.6, 2012, no.11, 525-532. 

5. G.Veeramalai and P.Gajendran, ”A New Approaches to Solving Fuzzy Linear System with 

Interval Valued Triangular Fuzzy Number” Indian Scholar  An International Multidisciplinary 

Research e-Journal , ISSN: 2350-109X,.Volume 2, Issue 3, (Mar2016),    PP 31-38.   

6. G.Veeramalai and R.J.Sundararaj, “Single Variable Unconstrained Optimization Techniques 

Using Interval Analysis” IOSR Journal of Mathematics (IOSR-JM), ISSN: 2278-5728. 

Volume 3,Issue 3,  (Sep-Oct. 2012), PP 30-34. 

7. G.Veeramalai, ”Unconstrained Optimization Techniques Using Fuzzy Non Linear Equations” 

Asian Academic Research Journal of Multi-Disciplinary,ISSN: 2319- 2801.Volume 1, Issue 

9, (May2013), PP 58-67.  

Page 2743 of 3066Page 2743 of 3066



International Journal of Grid and Distributed Computing 
Vol. 13, No. 1, (2020), pp. 1695–1699 

 

1699 
ISSN: 2005-4262 IJGDC 

Copyright ⓒ200 SERSC 

8. J.J. Buckley, E. Eslami and T. Feuring (2002). Fuzzy Mathematics in Economics and 

Engineering. Physics - Verlag 

9. D. Dubois, H. Prade (1980). Fuzzy sets and systems. Theory and application. Academic, New 

York. 

10. R. Goetschel, W. Voxman (1986). Elementary Calculus, Fuzzy Sets and Systems 18:31-43 

11. J.E. Dennis, R.B Schnabel (1983). Numerical Methods for Unconstrained Optimization and 

Nonlinear Equations, Prentice-Hall Jersey. 

12. J. Wright, Stephen, Nocedal, Jorge (2006). Numerical Optimization, 2e.pp(614) 

13. Eldon Hansen, Global optimization using interval analysis- Marcel Dekker, 1992 

14. K. Ganesan and P. Veeramani, On Arithmetic Operations of Interval Numbers, International 

Journal of     Uncertainty, Fuzziness and Knowledge - Based Systems, 13 (6) (2005), 619 – 

631. 

15. G.Veeramalai, “Eigen Values of an Interval Matrix” CLEAR IJRMST, Vol-02-No-03,   Jan-

June 2012,   ISSN: 2249-3492. 

16. Abbasbandy S., Ezzati R., Jafarian A.:LU decomposition method for solving fuzzy system of 

linear equations. Applied Mathematics and Computation 172, 633-643 (2006) 

17. G.Veeramalai . , P.Ramesh, “Haar’ s Measure using Triangular Fuzzy Finite Topological 

Group “ International Journal of Innovative Technology and Exploring Engineering (IJITEE), 

Vol 8, Issue 11,(Sep 2019) 

18. G.Veeramalai., K.Chitirakala., ”Fixed Point Theorems in Normed Linear Space of 

Triangular Fuzzy Numbers” International Journal of Pharmaceutical Research, Vol 12,  

Issue 3, Apr - Jun 2020. 

19. Louis B. Rall, A Theory of interval iteration, proceeding of the American Mathematics 

Society, 86z:625-631, 1982. 

Page 2744 of 3066Page 2744 of 3066



7450 

 
Published by: The Mattingley Publishing Co., Inc. 

Some Properties of 𝑮𝜹-𝒆⋆-locally Closed Sets via 

Intuitionistic Fuzzy Topological Spaces  
 

S. Sivasangari 𝟏,  R. Balakumar 𝟐  and G. Saravanakumar 𝟑 
 1,2Department of Mathematics, Prist University, Tanjore, Tamil Nadu,India 

 3Department of Mathematics, M. Kumarasamy College of Engineering (Autonomous), Karur - 639 113, India 
1sivasangarimaths2020@gmail.com, 2balaphd@gmail.com, 3saravananguru2612@gmail.com 

 
Article Info 

Volume 83 

Page Number: 7450 - 7454 

Publication Issue: 

May - June 2020  

 

 

 

 

 

Article History  

Article Received: 19 November 2019 

Revised: 27 January 2020 

Accepted: 24 February 2020 

Publication: 18 May 2020 

 

Abstract: 

This paper is devoted to the study of new class of sets called an intuitionistic fuzzy 

e^⋆-locally closed sets, intuitionistic fuzzy e^⋆ G_δ-set, intuitionistic fuzzy e^⋆ 

G_δ-locally closed sets and intuitionistic fuzzy G_δ-locally closed sets are introduced 

and studied. Also the concepts of an intuitionistic fuzzy G_δ-e^⋆-locally closed set, 

intuitionistic fuzzy subspace, intuitonistic fuzzy G_δ-e^⋆-local-δ-semi (resp., δ-pre and 

β) spaces are introduced and interesting properties are established. In this connection, 

interelations are discussed. Examples are provided where necessary. 

Keywords: Intuitionistic fuzzy -e^⋆-locally closed set, Intuitionistic fuzzy e^⋆ 

G_δ-sets,Intuitionistic fuzzy e^⋆ G_δ-locally closed set, Intuitionistic fuzzy 

G_δ-e^⋆-locally closed set, intuitionistic fuzzy G_δ-e^⋆-local-T_(1/2)- spaces and 

intuitionistic fuzzy G_δ-e^⋆-δ semi(resp., δ-pre and β) spaces. 

AMS (2010) subject classification: 54A40, 54A99, 03E72, 03E99  

 

I. Introduction  The concept of fuzzy sets 

was introduced by Zadeh [15] and Atanassov [1] 

introduced and studied intuitionistic fuzzy sets 

(briefly, ℐℱ𝒮 ). On the other hand, Coker [4] 

introduced the notions of an intuitionistic fuzzy 

topological spaces (briefly, ℐℱ𝒯𝒮 ), intuitionistic 

fuzzy continuity and some other related concepts. 

The concept of an intuitionistic fuzzy 𝛼-closed set 

was introduced by Biljana Krsteshka and Erdal Ekici 

[9]. The first step of locally closedness was done by 

Bourbaki [3]. Ganster and Relly used locally closed 

sets in [8] to define LC-continuity and 

LC-irresoluteness. Roja, Uma and Balasubramanian 

[2] discussed fuzzy 𝐺𝛿  continuous functions. The 

initiations of 𝑒⋆ -open sets, 𝑒⋆ -continuity and 

𝑒⋆ -compactness in topological spaces are due to 

Ekici [5, 6, 7]. In fuzzy topology, 𝑒⋆-open sets were 

introduced by seenivasan in 2014 [12]. Sobana et.al 

[13] were introduced the concept of fuzzy 𝑒⋆-open 

sets, fuzzy 𝑒⋆-continuity and fuzzy 𝑒⋆-compactness 

in intuitionistic fuzzy topological spaces (briefly., 

IFTS’s). In this paper we introduce the concepts of 

an intuitionistic fuzzy 𝑒⋆ -locally closed sets, 

intuitionistic fuzzy 𝑒⋆𝐺𝛿 -sets, intuitionistic fuzzy 

𝑒⋆𝐺𝛿 -locally closed sets and intuitionistic fuzzy 

𝐺𝛿 - 𝑒⋆ -locally closed sets in IFTS’s. Also the 

concepts of an intuitionistic fuzzy 𝐺𝛿 - 𝑒⋆ -locally 

closed intuitionistic fuzzy subsapce, intuitionistic 

fuzzy 𝐺𝛿 - 𝑒⋆ -local 𝑇1

2

 space, intuitionistic fuzzy 

𝐺𝛿-𝑒⋆-local 𝛿-semi (resp., 𝛿-pre and 𝛽) spaces are 

introduced and studied. Some interesting properties 

and interrelations among sets and spaces are 

discussed with necessary examples. 

 II. Preliminaries  

 

Definition 2.1 [1] Let 𝑋  be a nonempty 

fixed set and 𝐼 the closed interval [0, 1]. An ℐℱ𝒮 𝔄 

is an object of the following form 𝔄 =
{⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩: 𝑥 ∈ 𝑋} , where the mapping 

𝜇𝔄: 𝑋 → 𝐼  and 𝛾𝔄: 𝑋 → 𝐼  denote the degree of 

membership (namely 𝜇𝐴(𝑥)) and the degree of non 

membership (namely 𝛾𝔄(𝑥)) for each element 𝑥 ∈
𝑋  to the set 𝔄 , respectively, and 0 ≤ 𝜇𝔄(𝑥) +
𝛾𝔄(𝑥) ≤ 1 for each 𝑥 ∈ 𝑋. Obviously, every fuzzy 

set 𝔄  on a nonempty set 𝑋  is an IFS of the 

following form,𝔄 = {⟨𝑥, 𝜇𝔄(𝑥), 1 − 𝜇𝔄(𝑥)⟩: 𝑥 ∈ 𝑋}. 

For the sake of simplicity, we shall use the symbol 

𝔄 = {⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩  for the ℐℱ𝒮  𝔄 =
{⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩: 𝑥 ∈ 𝑋}.  

Definition 2.2 [1] Let 𝔄 and 𝔅 be ℐℱ𝒮’s 

of the form 𝔄 = {⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩: 𝑥 ∈ 𝑋}  and 

𝔅 = {⟨𝑥, 𝜇𝔅(𝑥), 𝛾𝔅(𝑥)⟩: 𝑥 ∈ 𝑋}. Then   

    1.  𝔄 ⊆ 𝔅  if and only if 𝜇𝔄(𝑥) ≤
𝜇𝔅(𝑥) and 𝛾𝔄(𝑥) ≥ 𝛾𝔅(𝑥);  

    2.  𝔄 = {⟨𝑥, 𝛾𝔄(𝑥), 𝜇𝔄(𝑥)⟩: 𝑥 ∈ 𝑋};  

Page 2745 of 3066Page 2745 of 3066



7451 

 
Published by: The Mattingley Publishing Co., Inc. 

    3.  𝔄 ∩ 𝔅 = {⟨𝑥, 𝜇𝔄(𝑥) ∧
𝜇𝔅(𝑥), 𝛾𝔄(𝑥) ∨ 𝛾𝔅(𝑥)⟩: 𝑥 ∈ 𝑋};  

    4.  𝔄 ∪ 𝔅 = {⟨𝑥, 𝜇𝔄(𝑥) ∨
𝜇𝔅(𝑥), 𝛾𝔄(𝑥) ∧ 𝛾𝔅(𝑥)⟩: 𝑥 ∈ 𝑋};  

Definition 2.3 [1] The ℐℱ𝒮’s 0    ∼ and 1    ∼ 

are defined by , 0    ∼ = {< 𝑥, 0, 1 >: 𝑥 ∈ 𝑋}  and 

1    ∼ = {< 𝑥, 1, 0 >: 𝑥 ∈ 𝑋}.  

Definition 2.4 [4] An intuitionistic fuzzy 

topology (ℐℱ𝒯) in Coker’s sense on a nonempty set 

𝑋  is a family 𝛤  of ℐℱ𝒮 ’s in 𝑋  satisfying the 

following axioms:   

    1.  0    ∼, 1    ∼ ∈ Γ;  

    2.  𝔊1 ∩ 𝔊2 ∈ Γ, for any 𝔊1, 𝔊2 ∈ Γ;  

    3.  ∪ 𝔊𝑖 ∈ Γ  for any arbitrary family 

{𝔊𝑖: 𝑖 ∈ 𝔍} ⊆ Γ.  

In this paper by (𝑋, Γ) or simply by 𝑋 we 

will denote the ℐℱ𝒯𝒮. Each ℐℱ𝒮 which belongs to 

Γ  is called an ℐℱ  open set ( ℐℱ𝒪𝒮 ) in 𝑋 . The 

complement 𝔄  of an ℐℱ𝒪𝒮  𝔄  in 𝑋  is called an 

ℐℱ closed set (ℐℱ𝒞𝒮) in 𝑋. 

Definition 2.5 [4] Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮 

and 𝔄 = {< 𝑥, 𝜇𝔄, 𝜈𝔄 >: 𝑥 ∈ 𝑋} be an ℐℱ𝒮  in 𝑋 . 

Then the ℐℱ  closure and ℐℱ  interior of 𝔄  are 

defined by   

    1.  𝑐𝑙(𝔄) = ⋂ {ℭ: ℭ isan  IFCS 

𝑖𝑛 𝑋and ℭ ⊇ 𝔄};  

    2.  𝑖𝑛𝑡(𝔄) = ⋃ {𝔇: 𝔇 isan  IFOS 

𝑖𝑛 𝑋and 𝔇 ⊆ 𝔄};  

 It can be also shown that 𝑐𝑙(𝔄)  is an 

ℐℱ𝒞𝒮 , 𝑖𝑛𝑡(𝔄)  is an ℐℱ𝒪𝒮  in 𝑋  and 𝔄  is and 

ℐℱ𝒞𝒮  in 𝑋  if and only if 𝑐𝑙(𝔄) = 𝔄 ; 𝔄  is an 

ℐℱ𝒪𝒮 in 𝑋 if and only if 𝑖𝑛𝑡(𝔄) = 𝔄  

Definition 2.6  [14] Let 𝔄 be ℐℱ𝒮  in an 

ℐℱ𝒯𝒮 (𝑋, 𝛤). 𝔄 is called an   

    1.  ℐℱ regular open set (briefly 𝐼𝐹𝑅𝑂𝑆) 

if 𝔄 = 𝑖𝑛𝑡𝑐𝑙(𝔄)  

    2.  ℐℱ  regular closed set (briefly 

𝐼𝐹𝑅𝐶𝑆) if 𝔄 = 𝑐𝑙𝑖𝑛𝑡(𝔄)  

 Definition 2.7 [2] Let (𝑋, 𝛤)  be a fuzzy 

topological space and 𝔄 be a fuzzy set in 𝑋. 𝔄 is 

called 𝐺𝛿  set if 𝔄 = ⋂∞
𝑖=1 𝔄𝑖  where each 𝔄𝑖 ∈ 𝑇. 

The complement of fuzzy 𝐺𝜆 is fuzzy 𝐹𝜎  

Definition 2.8  [14] Let (𝑋, 𝛤)  be an 

ℐℱ𝒯𝒮  and 𝔄 = 〈𝑥, 𝜇𝔄(𝑥), 𝜈𝔄(𝑥)〉 be a ℐℱ𝒮  in 𝑋. 

Then the fuzzy 𝛿  closure of 𝔄  are denoted and 

defined by 𝑐𝑙𝛿(𝔄) =∩ {𝔎: 𝔎  is an ℐℱℛ𝒞𝒮  in 𝑋 

and 𝔄 ⊆ 𝔎} and 𝑖𝑛𝑡𝛿(𝔄) =∪ {𝔊: 𝔊 is an ℐℱℛ𝒪𝒮 

in 𝑋 and 𝔊 ⊆ 𝔄}.  

Definition 2.9 [13] Let 𝔄 be an ℐℱ𝒮 in an 

ℐℱ𝒯𝒮 (𝑋, 𝛤). 𝔄 is called an ℐℱ 𝛿-semiopen (resp. 

𝛿 -preopen, 𝛽 -open) set ( ℐℱ𝛿 SO (resp. ℐℱ𝛿 PO, 

ℐℱ𝛽O), for short), if 𝔄 ⊆ 𝑐𝑙(𝑖𝑛𝑡𝛿(𝔄)) (resp. 𝔄 ⊆
𝑖𝑛𝑡(𝑐𝑙𝛿(𝔄)), 𝔄 ⊆ 𝑐𝑙(𝑖𝑛𝑡(𝑐𝑙(𝔄)))). 𝔄 is called an 

ℐℱ 𝛿-semiclosed (resp. 𝛿-preclosed, 𝛽-closed) set 

(ℐℱ𝛿SC (resp. ℐℱ𝛿PC, ℐℱ𝛽C) (for short)) if 𝔄 ⊇
𝑖𝑛𝑡(𝑐𝑙𝛿(𝔄))  (resp. 𝔄 ⊇ 𝑐𝑙(𝑖𝑛𝑡𝛿(𝔄)) , 𝔄 ⊇
𝑖𝑛𝑡(𝑐𝑙(𝑖𝑛𝑡(𝔄)))).  

Definition 2.10 [13] Let 𝔄 be an ℐℱ𝒮 in an 

ℐℱ𝒯𝒮(𝑋, 𝛤). 𝔄 is called an ℐℱ 𝑒⋆-open set (ℐℱ𝑒⋆ 

OS, for short) in 𝑋 if 𝔄 ⊆ 𝑐𝑙𝑖𝑛𝑡𝑐𝑙𝛿(𝔄)  

Definition 2.11 [10] Let (𝑋, 𝛤)  be an 

ℐℱ𝒯𝒮  and 𝑌  be any ℐℱ  subset of 𝑋 . Then 𝛤𝑌 =
(𝔄/𝑌|𝔄 ∈ 𝛤)  is an ℐℱ𝒯  on 𝑌  and is called the 

induced or relative ℐℱ𝒯 . The pair (𝑌, 𝛤𝑌) is called 

an ℐℱ subspace of (𝑋, 𝛤): (𝑌, 𝛤𝑌) is called an ℐℱ 

open/ℐℱ  closed subspace if the ℐℱ  characteristic 

function of (𝑌, 𝛤𝑌) viz 𝜒𝑌 is ℐℱ open/ℐℱ closed.  

 

 III. Intuitionistic fuzzy 

𝑮𝜹 - 𝒆⋆ -locally closed sets in an 

intuitionistic fuzzy topological spaces   

 
Definition 3.1  Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮. Let 

𝔄 = {⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩: 𝑥 ∈ 𝑋}  be an ℐℱ𝒮  on an 

ℐℱ𝒯𝒮 (𝑋, 𝛤). Then 𝔄 is said to be ℐℱ 𝑒⋆- locally 

closed set (in short, ℐℱ - 𝑒⋆ - 𝑙𝑐𝑠 ) if 𝔄 = ℭ ∩ 𝔇 , 

where ℭ = {⟨𝑥, 𝜇ℭ(𝑥), 𝛾ℭ(𝑥)⟩: 𝑥 ∈ 𝑋}  is an ℐℱ 

𝑒⋆-open set and 𝔇 = {⟨𝑥, 𝜇𝔇(𝑥), 𝛾𝔇(𝑥)⟩: 𝑥 ∈ 𝑋} is 

an ℐℱ 𝑒⋆-closed set in (𝑋, 𝛤).  

Definition 3.2  Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮. Let 

𝔄 = {⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩: 𝑥 ∈ 𝑋}  be an ℐℱ𝒮  on an 

ℐℱ𝒯𝒮 𝑋. Then 𝔄 is said to be an ℐℱ 𝑒⋆𝐺𝛿- set if 

𝔄 = ⋂∞
𝑖=1 𝔄𝑖 , where 𝔄𝑖 = {⟨𝑥, 𝜇𝔄𝑖

(𝑥), 𝛾𝔄𝑖
(𝑥)⟩: 𝑥 ∈

𝑋} is an ℐℱ 𝑒⋆-open set in an ℐℱ𝒯𝒮 (𝑋, 𝛤).  

Definition 3.3  Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮. Let 

𝔄 = {⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩: 𝑥 ∈ 𝑋}  be an ℐℱ𝒮  on an 

ℐℱ𝒯𝒮  (𝑋, 𝛤) . Then 𝔄  is said to be an ℐℱ 

𝑒⋆𝐺𝛿-locally closed set (in short,ℐℱ -𝑒⋆𝐺𝛿-𝑙𝑐𝑠) if 

𝔄 = ℭ ∩ 𝔇 , where ℭ = {⟨𝑥, 𝜇ℭ(𝑥), 𝛾ℭ(𝑥)⟩: 𝑥 ∈ 𝑋} 

is an ℐℱ 𝑒⋆𝐺𝛿 set and 𝔇 = {⟨𝑥, 𝜇𝔇(𝑥), 𝛾𝔇(𝑥)⟩: 𝑥 ∈
𝑋} is an ℐℱ 𝑒⋆-closed set in (𝑋, 𝛤).  

Definition 3.4  Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮. Let 

𝔄 = {⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩: 𝑥 ∈ 𝑋}  be an ℐℱ𝒮  on an 

ℐℱ𝒯𝒮  (𝑋, 𝛤) . Then 𝔄  is said to be an ℐℱ 

𝐺𝛿-𝑒⋆-locally closed set (in short,ℐℱ 𝐺𝛿-𝑒⋆-𝑙𝑐𝑠) if 

𝔄 = 𝔅 ∩ ℭ, where 𝔅 = {⟨𝑥, 𝜇𝔅(𝑥), 𝛾𝔅(𝑥)⟩: 𝑥 ∈ 𝑋} 

is an ℐℱ 𝐺𝛿 set and ℭ = {⟨𝑥, 𝜇ℭ(𝑥), 𝛾ℭ(𝑥)⟩: 𝑥 ∈ 𝑋} 

is an ℐℱ 𝑒⋆-closed set in (𝑋, 𝛤).  

 

The complement of an ℐℱ  𝐺𝛿 -𝑒⋆ -locally 
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closed set is said to be an ℐℱ 𝐺𝛿-𝑒⋆-locally open set 

(in short, ℐℱ 𝐺𝛿-𝑒⋆-los). 

Definition 3.5  Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮. Let 

𝔄 = {⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩: 𝑥 ∈ 𝑋}  be an ℐℱ𝒮  on an 

ℐℱ𝒯𝒮  (𝑋, 𝛤). The ℐℱ  𝐺𝛿-𝑒⋆-locally closure of 𝔄 

is denoted and defined by 𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑐𝑙(𝔄) =
⋂ {𝔅: 𝔅 = {⟨𝑥, 𝜇𝔅(𝑥), 𝛾𝔅(𝑥)⟩: 𝑥 ∈ 𝑋}  is an ℐℱ 

𝐺𝛿-𝑒⋆-locally closed set in 𝑋 and 𝔄 ⊆ 𝔅.  

Proposition 3.1  Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮 . 

For any two ℐℱ𝒮’s 𝔄 = {⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩: 𝑥 ∈ 𝑋} 

and 𝔅 = {⟨𝑥, 𝜇𝔅(𝑥), 𝛾𝔅(𝑥)⟩: 𝑥 ∈ 𝑋}  of an ℐℱ𝒯𝒮 

(𝑋, 𝛤) then the following statements are true.   

    1.  𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(0    ∼) = 0    ∼  

    2.  𝔄 ⊆ 𝔅 ⇒ 𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑐𝑙(𝔄) ⊆
𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝔅)  

    3.  𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑐𝑙(𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑐𝑙(𝔄)) =
𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝔄)  

    4.  𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑐𝑙(𝔄 ∪ 𝔅) =
(𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝔄)) ∪ (𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝔅))  

  

 

 

Definition 3.6  Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮. Let 

𝔄 = {⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩: 𝑥 ∈ 𝑋}  be an ℐℱ𝒮  on an 

ℐℱ𝒯𝒮 (𝑋, 𝛤). The ℐℱ 𝐺𝛿-𝑒⋆-locally interior of 𝔄 

is denoted and defined by 𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑖𝑛𝑡(𝔄) =
⋃ {𝔅: 𝔅 = {⟨𝑥, 𝜇𝔅(𝑥), 𝛾𝔅(𝑥)⟩: 𝑥 ∈ 𝑋}  is an ℐℱ 

𝐺𝛿-𝑒⋆-𝑙𝑜𝑠 in 𝑋 and 𝔅 ⊆ 𝔄.  

Proposition 3.2  Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮 . 

Let 𝔄 = {⟨𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)⟩: 𝑥 ∈ 𝑋}  and 𝔅 =
{⟨𝑥, 𝜇𝔅(𝑥), 𝛾𝔅(𝑥)⟩: 𝑥 ∈ 𝑋} are ℐℱ𝒮’s in an ℐℱ𝒯𝒮 

(𝑋, 𝛤). Then the following statements are true.   

    1.  𝐼𝐹𝐺𝛿 -𝑒⋆ - 𝑙𝑐𝑙(𝔄)  is the largest ℐℱ 

𝐺𝛿-𝑒⋆-𝑙𝑜𝑠 contained in 𝔄  

    2.  If 𝔄 is an ℐℱ 𝐺𝛿-𝑒⋆-𝑙𝑜𝑠 then 𝔄 =
𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝔄)  

    3.  IF 𝔄  is an ℐℱ  𝐺𝛿 - 𝑒⋆ - 𝑙𝑜𝑠  then 

𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑖𝑛𝑡(𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑖𝑛𝑡(𝔄)) =
𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝔄)  

    4.  𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝔄) = 𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝔄)  

    5.  𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝔄) = 𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝔄)  

    6.  If 𝔄 ⊆ 𝔅 then 𝐼𝐹𝐺𝛿 -𝑒⋆ -𝑙𝑖𝑛𝑡(𝔄) ⊆
𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝔅)  

    7.  (𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑖𝑛𝑡(𝔄)) ∩
(𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝔅)) ⊇ 𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝔄 ∩ 𝔅).  

 Remark 3.1    

    1.  𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝔄) = 𝔄 if and only if 

𝔄 is an ℐℱ 𝐺𝛿-𝑒⋆-𝑙𝑐𝑠  

    2.  𝐼𝐹𝐺𝛿 - 𝑒⋆ - 𝑙𝑖𝑛𝑡(𝔄) ⊆ 𝐴 ⊆
𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝔄)  

    3.  𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(1    ∼) = 1    ∼  

    4.  𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(0    ∼) = 0    ∼  

    5.  𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(1    ∼) = 1    ∼  

  

Proposition 3.3  Every ℐℱ 𝑒⋆-𝑙𝑐𝑠 is an ℐℱ 

𝑒⋆𝐺𝛿-𝑙𝑐𝑠.  

 

Remark 3.2  The converse of the 

Proposition 3.3 need not be true as show in Example 

3.1.  

Example 3.1  Let 𝑋 = {𝑎, 𝑏}  be a 

nonempty set. Let 𝔄 = ⟨𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
)⟩,  𝔅 =

⟨𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
)⟩ , 𝔄 ∪ 𝔅 =

⟨𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
)⟩  and 𝔄 ∩ 𝔅 =

⟨𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
)⟩  be ℐℱ𝒮 ’s of 𝑋 . Then the 

family 𝛤 = {0    ∼, 1    ∼, 𝔄, 𝔅, 𝔄 ∪ 𝔅, 𝔄 ∩ 𝔅}  is an 

ℐℱ𝒯  on 𝑋 . Now ℭ = ⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.9
,

𝑏

0.9
)⟩  be ℐℱ 

𝑒⋆𝐺𝛿 - set let 𝔇 = ⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

1
,

𝑏

1
)⟩  be an ℐℱ 

𝑒⋆ -closed set. Hence 𝔈 = ℭ ∩ 𝔇 =

⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

1
,

𝑏

1
)⟩ is ℐℱ 𝑒⋆𝐺𝛿-𝑙𝑐𝑠. But, 𝔈 is not an 

ℐℱ 𝑒⋆-𝑙𝑐𝑠. Hence, ℐℱ 𝑒⋆𝐺𝛿-set need not be an ℐℱ 

𝑒⋆-𝑙𝑐𝑠.  

 

Proposition 3.4  Every ℐℱ  𝐺𝛿 - 𝑙𝑐𝑠  is an 

ℐℱ 𝐺𝛿-𝑒⋆-𝑙𝑐𝑠.  

 

Remark 3.3  The converse of the 

Propositionn 3.4 need not be true as shown in 

Example 3.2.  

Example 3.2  In Example 3.1 𝔄 ∩ 𝔅 is an 

ℐℱ 𝐺𝛿-set. Let 𝔉 = ⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.7
,

𝑏

0.7
)⟩ be an ℐℱ 

𝑒⋆ -closed set. Hence 𝔈 = (𝔄 ∩ 𝔅) ∩ 𝔉 =

⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.7
,

𝑏

0.7
)⟩ is 𝐺𝛿-𝑒⋆-𝑙𝑐𝑠. But, 𝔈 is not an 

ℐℱ 𝐺𝛿 -𝑙𝑐𝑠. Hence, ℐℱ 𝐺𝛿 -𝑒⋆-𝑙𝑐𝑠 need not be an 

ℐℱ 𝐺𝛿-𝑙𝑐𝑠.  

Remark 3.4  ℐℱ  𝑒⋆ - 𝑙𝑐𝑠  and ℐℱ 

𝐺𝛿-𝑒⋆-𝑙𝑐𝑠’s are independent of each other as shown 

by the following Example 3.3.   

Example 3.3  In Example 3.1 𝔄 ∩ 𝔅 is an 

ℐℱ  𝐺𝛿 -set. Let 𝔊 = ⟨𝑥, (
𝑎

0.1
,

𝑏

0.2
), (

𝑎

0.5
,

𝑏

0.5
)⟩  be an 

ℐℱ  𝑒⋆ -closed set. Hence 𝔈 = (𝔄 ∩ 𝔅) ∩ 𝔊 =

⟨𝑥, (
𝑎

0.1
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
)⟩ is 𝐺𝛿-𝑒⋆-𝑙𝑐𝑠. But, 𝔈 is not an 
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ℐℱ 𝑒⋆-𝑙𝑐𝑠 and ℌ = ⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
)⟩ be an ℐℱ 

𝑒⋆ -open set Hence 𝔈 = 𝔊 ∩ ℌ =

⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.5
)⟩  is ℐℱ  𝑒⋆ - 𝑙𝑐𝑠 . But, 𝔈  is not 

𝐺𝛿-𝑒⋆-𝑙𝑐𝑠.   

Proposition 3.5  Every ℐℱ 𝐺𝛿-𝑒⋆-𝑙𝑐𝑠 is an 

ℐℱ 𝑒⋆𝐺𝛿-𝑙𝑐𝑠.  

 

Remark 3.5  The converse of the 

Proposition 3.5 need not be true as shown in 

Example 3.4.  

Example 3.4  In Example 3.1 ℭ =

⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.9
,

𝑏

0.9
)⟩  be ℐℱ  𝑒⋆𝐺𝛿 - set and 𝔊 =

⟨𝑥, (
𝑎

0.1
,

𝑏

0.2
), (

𝑎

0.5
,

𝑏

0.5
)⟩  be an ℐℱ  𝑒⋆ -closed set. 

Hence 𝔈 = ℭ ∩ 𝔊 = ⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.9
,

𝑏

0.9
)⟩  is 

𝑒⋆𝐺𝛿-𝑙𝑐𝑠. But, 𝔈 is not an ℐℱ 𝐺𝛿-𝑒⋆-𝑙𝑐𝑠. Hence, 

ℐℱ 𝑒⋆𝐺𝛿-𝑙𝑐𝑠 need not be an ℐℱ 𝐺𝛿-𝑒⋆- 𝑙𝑐𝑠.  

Remark 3.6  ℐℱ  𝐺𝛿 - 𝑙𝑐𝑠  and ℐℱ 

𝑒⋆𝐺𝛿-𝑙𝑐𝑠’s are independent of each other as shown 

by the following Example 3.5.   

Example 3.5  In Example 3.1 ℭ =

⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.9
,

𝑏

0.9
)⟩  be ℐℱ  𝑒⋆𝐺𝛿 - set and 𝔊 =

⟨𝑥, (
𝑎

0.1
,

𝑏

0.2
), (

𝑎

0.5
,

𝑏

0.5
)⟩  be an ℐℱ  𝑒⋆ -closed set. 

Hence 𝔈 = ℭ ∩ 𝔊 = ⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.9
,

𝑏

0.9
)⟩  is 

𝑒⋆𝐺𝛿-𝑙𝑐𝑠. But, 𝔈 is not an ℐℱ 𝐺𝛿-𝑙𝑐𝑠 and 𝔄 ∧ 𝔅 

is an ℐℱ  𝐺𝛿 -set let ℑ = ⟨𝑥, (
𝑎

0.6
,

𝑏

0.6
), (

𝑎

0.3
,

𝑏

0.1
)⟩  be 

an ℐℱ  closed set. Hence 𝔈 = (𝔄 ∩ 𝔅) ∩ ℑ =

⟨𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
)⟩ is 𝐺𝛿 -𝑙𝑐𝑠 . But, 𝔈  is not an 

ℐℱ 𝑒⋆𝐺𝛿-𝑙𝑐𝑠.  

Proposition 3.6  Every ℐℱ  𝑙𝑐𝑠  is an ℐℱ 

𝑒⋆-𝑙𝑐𝑠.  

 

Remark 3.7  The converse of the 

Proposition 3.6 need not be true as shown in 

Example 3.6  

Example 3.6  In Example 3.1 Let 𝔍 =

⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
)⟩  be ℐℱ  𝑒⋆ -open set and ℌ =

⟨𝑥, (
𝑎

0.1
,

𝑏

0.2
), (

𝑎

0.4
,

𝑏

0.4
)⟩  be an ℐℱ  𝑒⋆ -closed set. 

Hence 𝔈 = 𝔍 ∩ ℌ = ⟨𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
)⟩  is 

𝑒⋆-𝑙𝑐𝑠. But, 𝔈 is not an ℐℱ 𝑙𝑐𝑠.  

 

Remark 3.8  Every ℐℱ  𝑙𝑐𝑠  is an ℐℱ 

𝐺𝛿-𝑙𝑐𝑠 but the converse need not be true as shown in 

[10].  

 

Remark 3.9  Clearly the followinng 

diagram holds.  

 

 
 

 

Definition 3.7  Let (𝑋, 𝛤)  be an ℐℱ𝒯𝒮 

and 𝑌  be any ℐℱ  subset of 𝑋 . Then 𝛤𝑌 =
(𝔄/𝑌|𝔄 ∈ 𝛤)  is an ℐℱ𝒯  on 𝑌  and is called the 

induced or relative ℐℱ𝒯. The pair (𝑌, 𝛤𝑌) is called 

an ℐℱ subspace of (𝑋, 𝛤): (𝑌, 𝛤𝑌) is called an ℐℱ 

𝐺𝛿 - 𝑒⋆ - 𝑙𝑐  ℐℱ  subspace if the ℐℱ  characteristic 

function of (𝑌, 𝛤𝑌) viz 𝜒𝑌 is ℐℱ 𝐺𝛿-𝑒⋆-𝑙𝑐𝑠.  

Proposition 3.7  Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮 . 

Suppose 𝑍 ⊆ 𝑌 ⊆ 𝑋  and (𝑌, 𝛤𝑌)  is an ℐℱ 

𝐺𝛿 - 𝑒⋆ -locally closed ℐℱ  subspace of an ℐℱ𝒯𝒮 

(𝑋, 𝛤). If (𝑍, 𝛤𝑍) is an ℐℱ 𝐺𝛿-𝑒⋆-𝑙𝑐 ℐℱ  subspace 

in an ℐℱ𝒯𝒮  (𝑋, 𝛤) ⇔ (𝑍, 𝛤𝑍) is an ℐℱ  𝐺𝛿 -𝑒⋆ -𝑙𝑐 

ℐℱ subspace in an ℐℱ𝒯𝒮 (𝑌, 𝛤𝑌).   

Definition 3.8  An ℐℱ𝒯𝒮 (𝑋, 𝛤) is said to 

be an ℐℱ  𝐺𝛿 -𝑒⋆ -local-𝑇1

2

 space if for every ℐℱ 

𝐺𝛿-𝑒⋆-𝑙𝑐𝑠 is an ℐℱ closed set in an ℐℱ𝒯𝒮 (𝑋, 𝛤).  

Definition 3.9  An ℐℱ𝒯𝒮 (𝑋, 𝛤) is said to 

be an ℐℱ 𝐺𝛿-𝑒⋆-local-𝛿-semi (resp.,𝛿-pre and 𝛽) 

space if for every ℐℱ 𝐺𝛿-𝑒⋆-𝑙𝑐𝑠 is an ℐℱ 𝛿-semi 

(resp.,𝛿-pre and 𝛽) closed set in an ℐℱ𝒯𝒮 (𝑋, 𝛤).  

Proposition 3.8  Every ℐℱ 𝐺𝛿-𝑒⋆-local-𝑇1

2

 

space is an ℐℱ  𝐺𝛿 - 𝑒⋆ -local- 𝛿 -semi 

(resp.,𝐺𝛿-𝑒⋆-local-𝛿-pre and 𝐺𝛿-𝑒⋆-local-𝛽) space.  

Remark 3.10  The converse of the 

Proposition 3.8 need not be true as shown in 

Examples 3.7 and 3.8.  

Example 3.7  Let 𝑋 = {𝑎, 𝑏}  be a 

nonempty set. Let 𝔄 = ⟨𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
)⟩,  𝔅 =

⟨𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
)⟩ , 𝔄 ∪ 𝔅 =

⟨𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
)⟩  and 𝔄 ∩ 𝔅 =

⟨𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
)⟩  be ℐℱ  sets of 𝑋 . Then the 

family 𝛤 = {0    ∼, 1    ∼, 𝔄, 𝔅, 𝔄 ∩ 𝔅, 𝔄 ∪ 𝔅}  is an 
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ℐℱ𝒯 on 𝑋. Now,𝔄 ∩ 𝔅 is an ℐℱ 𝐺𝛿-set. Let ℭ =

⟨𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.5
)⟩  be an ℐℱ  𝑒⋆ - closed set. 

Hence 𝔈 = (𝔄 ∩ 𝔅) ∩ ℭ = ⟨𝑥, (
𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
)⟩ 

is 𝛿 -semi-closed. Hence (𝑋, 𝛤)  is an ℐℱ 

𝐺𝛿 -𝑒⋆ -local- 𝛿 -semi space. But, 𝔈  is not an ℐℱ 

closed set. Thus, (𝑋, 𝛤) is not an ℐℱ 𝐺𝛿-𝑒⋆-local 

𝑇1

2

 space. Hence, ℐℱ  𝐺𝛿 - 𝑒⋆ -local- 𝛿 -semi space 

need not be an ℐℱ 𝐺𝛿-𝑒⋆-local 𝑇1

2

.  

Example 3.8  In Example 3.7 Let 𝔇 =

⟨𝑥, (
𝑎

0
,

𝑏

0
), (

𝑎

0.5
,

𝑏

0.5
)⟩ be an ℐℱ 𝑒- closed set. Hence 

𝔈 = (𝔄 ∩ 𝔅) ∩ 𝔇 = ⟨𝑥, (
𝑎

0
,

𝑏

0
), (

𝑎

0.6
,

𝑏

0.6
)⟩  is 

𝛿 -pre-closed(resp., 𝛽-closed). Hence (𝑋, 𝛤)  is an 

ℐℱ 𝐺𝛿-𝑒⋆-local-𝛿-pre (𝐺𝛿-𝑒⋆-local-𝛽-space). But, 

𝔈 is not an ℐℱ closed set. Thus, (𝑋, 𝛤) is not an 

ℐℱ  𝐺𝛿 - 𝑒⋆ -local 𝑇1

2

 space. Hence, ℐℱ 

𝐺𝛿-𝑒⋆-local-𝛿-pre (𝐺𝛿-𝑒⋆-local-𝛽)space need not be 

an ℐℱ 𝐺𝛿-𝑒⋆-local 𝑇1

2

.  

Remark 3.11  Clearly the following 

diagram holds.  
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Abstract 

In this paper, we introduce upper and lower M-continuous intuitionistic fuzzy multifunction 

from a topological space to an intuitionistic fuzzy topological space. 

Keywords and phrases: Intuitionistic fuzzy multifunctions, Lower M-continuous intuitionistic fuzzy 

multifunction, Upper M-continuous intuitionistic fuzzy multifunction. 

AMS (2000) subject classification: 54A99, 03E99  

1 Introduction: 

After the introduction of fuzzy sets by Zadeh [13] in 1965 and fuzzy topology by Chang [3] in 1967, 

several researches were conducted on the generalizations of the notions of fuzzy sets and fuzzy topology. 

The concept of intuitionistic fuzzy sets (ℐℱ𝒮, for short) was introduced by Atanassov [1] as a 

generalization of fuzzy sets. In the last 27 years various concepts of fuzzy mathematics have been 

extended for intuitionistic fuzzy sets. In 1997 Coker [4] introduced the concept of intuitionistic fuzzy 

topological spaces (ℐℱ𝒯𝒮, for short) as a generalization of fuzzy topological spaces. In 1999, Ozbakir and 

Coker [7] introduced the concept intuitionistic fuzzy multifunctions (briefly, I FM  ) and studied their 

lower and upper intuitionistic fuzzy semi continuity from a topological space to an intuitionistic fuzzy 

topological space. In the present paper we study the concepts of lower and upper ℳ-continuous I FM . 

2 Preliminaries 

Throughout this paper (𝑋, Γ) and (𝑌, 𝛾) represents a topological space (briefly, TS ) and an ℐℱ𝒯𝒮 

respectively. 

Definition 2.1 1[10] A subset 𝒜 of a TS (𝑋,𝛤) is called   

 (i) regular open if 𝒜 = 𝑖𝑛𝑡𝑐𝑙(𝒜),  

 (ii) regular closed if 𝒜 = 𝑐𝑙𝑖𝑛𝑡(𝒜),  

Definition 2.2 2[10] Let (𝑋,𝛤) be a TS  and𝒜 be a subset of 𝑋. Then the 𝛿-interior and 𝛿-closure of 𝒜 

are defined by:  

𝑖𝑛𝑡𝛿(𝒜) =∪ {𝒦:𝒦isregularopenset𝒦 ⊆ 𝒜}, 

𝑐𝑙𝛿(𝒜) =∩ {𝒦:𝒦isregularclosedset𝒜 ⊆ 𝒦}.  
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Definition 2.3 3[2] Let (𝑋,𝛤) be a TS  and𝒜 be a subset of 𝑋. Then the 𝜃-interior and 𝜃-closure of 𝒜 

are defined by:  

𝑖𝑛𝑡𝜃(𝒜) =∪ {ℬ: 𝑐𝑙(ℬ) ⊆ 𝒜,ℬ − open}, 

𝑐𝑙𝜃(𝒜) =∩ {ℬ:𝒜 ⊆ 𝑖𝑛𝑡(ℬ),ℬ − closed}.  

Definition 2.4 4[2] A subset 𝒜 of a TS (𝑋,𝛤) is called   

    (i) 𝜃 - open if 𝒜 = 𝑖𝑛𝑡𝜃(𝒜),  

    (ii) 𝜃 - closed if 𝒜 = 𝑐𝑙𝜃(𝒜),  

Definition 2.5 5A subset 𝒜 of a TS (𝑋,𝛤) is called   

    (i) 𝛿-pre open [8] if 𝒜 ⊆ 𝑖𝑛𝑡𝑐𝑙𝛿(𝒜),  

    (ii) 𝛿-pre closed [8] if 𝒜 ⊇ 𝑐𝑙𝑖𝑛𝑡𝛿(𝒜),  

    (iii) 𝜃-semi open [2] if 𝒜 ⊆ 𝑐𝑙𝑖𝑛𝑡𝜃(𝒜),  

    (iv) 𝜃-semi closed [2] if 𝒜 ⊇ 𝑖𝑛𝑡𝑐𝑙𝜃(𝒜),  

    (v) ℳ-open [6] if 𝒜 ⊆ 𝑐𝑙𝑖𝑛𝑡𝜃(𝒜) ∪ 𝑖𝑛𝑡𝑐𝑙𝛿(𝒜).  

    (vi) ℳ-closed [6] if 𝒜 ⊇ 𝑖𝑛𝑡𝑐𝑙𝜃(𝒜) ∩ 𝑐𝑙𝑖𝑛𝑡𝛿(𝒜).  

Remark 2.1 6Every open (resp. closed) set is ℳ-open (resp. ℳ-closed) and every 𝜃-semi open, 𝛿-pre 

open (resp. 𝜃-semi closed, 𝛿-pre closed) set is ℳ-open (resp. ℳ-closed) but the separate converses may 

not be true.  

The family of all ℳ-open (resp. ℳ-closed, 𝜃-semi open, 𝛿-pre open, 𝜃-semi closed, 𝛿-pre closed) 

subsets of TS (𝑋, Γ) is denoted by ℳ𝑂(𝑋) (resp. ℳ𝐶(𝑋), 𝜃𝑆𝑂(𝑋), 𝛿𝑃𝑂(𝑋), 𝜃𝑆𝐶(𝑋), 𝛿𝑃𝐶(𝑋)). The 

intersection of all ℳ-closed (resp. 𝜃-semi closed, 𝛿-pre closed) sets of 𝑋 containing a set 𝒜 of 𝑋 is called 

the ℳ-closure (resp. 𝜃-semi closure, 𝛿-pre closure) of 𝒜. It is denoted by ℳ𝑐𝑙(𝐴) (resp. 𝜃𝑠𝑐𝑙(𝐴), 
𝛿𝑝𝑐𝑙(𝐴)). The union of all ℳ-open (resp. 𝜃-semi open, 𝛿-pre open) sub sets of 𝒜 of 𝑋 is called the ℳ-

interior (resp. 𝜃-semi interior, 𝛿-pre interior) of 𝒜. It is denoted by ℳ𝑖𝑛𝑡(𝐴) (resp. 𝜃𝑠𝑖𝑛𝑡(𝐴), 𝛿𝑝𝑖𝑛𝑡(𝐴)). 
A subset 𝑁 of a topological space (𝑋, Γ) is called ℳ-neighborhood of a point 𝑥 of 𝑋 if there exist a ℳ-

open set 𝑂 of 𝑋 such that 𝑥 ∈ 𝑂 ⊂ 𝑁. 𝒜 is a ℳ-open in 𝑋 if and only if it is a ℳ-neighborhood of each 

of its points. A mapping 𝑓 from a TS (𝑋, Γ) to another TS (𝑋∗,𝑇∗) is said to be ℳ-continuous(briefly, 

ℳ-ℭ𝔱𝔰) if the inverse image of every open set of 𝑋∗ is ℳ-open in 𝑋. Every continuous mapping is ℳ-

ℭ𝔱𝔰 but the converse may not be true. A multifunction 𝐹 from a TS (𝑋, Γ) to another TS (𝑋∗,𝑇∗) is said 

to be lower ℳ-ℭ𝔱𝔰 (resp. upper ℳ-ℭ𝔱𝔰) at a point 𝑥0 ∈ 𝑋 if for every ℳ-neighborhood 𝑈 of 𝑥0 and for 

any open set 𝑊 of 𝑋∗ such that 𝐹(𝑥0) ∩ 𝑊 ≠ ϕ (resp. 𝐹(𝑥0 ⊂ 𝑊) there is a ℳ-neighborhood 𝑈 of 𝑥0 

such that 𝐹(𝑥) ∩ 𝑊 ≠ ϕ (resp. 𝐹(𝑥) ⊂ 𝑊) every 𝑥 ∈ 𝑈. 

Definition 2.6 7[1] Let 𝑌 be a nonempty fixed set. An ℐℱ𝒮𝒜  in 𝑌 is an object having the form 𝒜 =
{〈𝜇𝒜(𝑦), 𝜈𝒜(𝑦)〉: 𝑦 ∈ 𝑌} here the functions 𝜇𝒜(𝑦):𝑌 → 𝐼 and 𝜈𝒜(𝑦):𝑌 → 𝐼 denotes the degree of 

membership (namely 𝜇𝒜(𝑦)) and the degree of non membership (namely 𝜈𝒜(𝑦)) of each element 𝑦 ∈ 𝑌 

to the set 𝒜  respectively, and 0 ≤ 𝜇𝒜(𝑦) + 𝜈𝒜(𝑦) ≤ 1 for each 𝑦 ∈ 𝑌.  
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Definition 2.7 8[1] Let 𝑌 be a nonempty set and the ℐℱ𝒮𝒜  and𝐵  be in the form 

𝒜 = {〈𝜇𝒜(𝑦), 𝜈𝒜(𝑦)〉:𝑦 ∈ 𝑌},𝐵 = {〈𝜇𝐵(𝑦), 𝜈𝐵(𝑦)〉:𝑦 ∈ 𝑌} and let {𝒜 
𝛼 :𝛼 ∈∧ } be an arbitrary family 

of ℐℱ𝒮′𝑠 in 𝑌. Then:   

    (i) 𝒜 ⊆ 𝐵  if ∀𝑦 ∈ 𝑌[𝜇𝒜 (𝑦) ≤ 𝜇𝐵 and𝜈𝒜 (𝑦) ≥ 𝜈𝐵 (𝑦)],  

    (ii) 𝒜 = 𝐵  if 𝒜 ⊆ 𝐵  and 𝐵 ⊆ 𝒜 ,  

    (iii) 𝒜 𝑐 = {〈𝑦, 𝜈𝒜 (𝑦), 𝜇𝒜 (𝑦):𝑦 ∈ 𝑌},  

(iv) 0 = {〈𝑦, 0,1〉:𝑦 ∈ 𝑌} and1 = {〈𝑦, 1,0〉:𝑦 ∈ 𝑌},  

    (v) ∩ 𝒜 
𝛼 = {〈𝑦,∧ 𝜇𝒜 (𝑦),∨ 𝜈𝒜 (𝑦)〉:𝑦 ∈ 𝑌},  

    (vi) ∪ 𝒜 
𝛼 = {〈𝑦,∨ 𝜇𝒜 (𝑦),∧ 𝜈𝒜 (𝑦)〉:𝑦 ∈ 𝑌}. 

Definition 2.8 9[5] Two IFS`s 𝒜  and ℬ  of 𝑌 are said to be quasi coincident (𝒜 𝑞ℬ  for short) if ∃𝑦 ∈ 𝑌 

such that 𝜇𝒜 (𝑦) > 𝜈ℬ (𝑦) or 𝜈𝒜 (𝑦) < 𝜈ℬ (𝑦).  

Definition 2.9 10[5] For any two IFS`s 𝒜  and ℬ  of 𝑌, (𝒜 𝑞ℬ ) ⇔ 𝒜 ⊂ ℬ 𝑐 .  

Definition 2.10 11[4] An ℐℱ𝒯 on a non empty set 𝑌 is a family 𝛾 of ℐℱ𝒮 in 𝑌 which satisfy the following 

axioms:   

    (i) 0 , 1 ∈ 𝛾,  

    (ii) 𝒜 
1 ∩ 𝒜 

2 ∈ 𝛾 for any 𝒜 
1 ,𝒜 

2 ∈ 𝛾,  

    (iii) ∪ 𝒜 
𝑖  for any arbitrary family {𝒜 

𝑖 : 𝑖 ∈∧} ∈ 𝛾.  

In this case the pair (𝑌, 𝛾) is called an ℐℱ𝒯𝒮 and each ℐℱ𝒮 in 𝛾 is known as an ℐℱ open set (briefly, 

ℐℱ𝑜𝑠) in 𝑌. The complement ℬ 𝑐  of an ℐℱ𝑜𝑠ℬ  is called an ℐℱ closed set (briefly, ℐℱ𝑐𝑠) in 𝑌. 

Definition 2.11 12[4] Let (𝑌, 𝛾) be an IFTS and 𝒜  be an IFS in 𝑌. Then the closure and interior of 𝒜  
are defined by 

𝑐𝑙(𝒜 ) =∩ {𝒦 :𝒦 isan IFcs 𝑖𝑛𝑌and𝒜 ⊆ 𝒦 }, 

𝑖𝑛𝑡(𝒜 ) =∪ {𝒦 :𝒦 isanIFos 𝑖𝑛𝑌and𝒦 ⊆ 𝒜 }. 

Definition 2.12 13[7] Let 𝑋 and 𝑌 are two non empty sets. A function 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is called I FM  

if 𝐹(𝑥) is an i I FS  

 in 𝑌,∀𝑥 ∈ 𝑋.  

Definition 2.13 14[11] Let 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is an I FM  and𝒜 be a subset of 𝑋. Then 𝐹(𝒜) =
 𝑥∈𝒜 𝐹(𝑥).  
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Definition 2.14 15[7] Let 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) be an I FM . Then the upper inverse 𝐹+(𝒜 ) and lower 

inverse 𝐹−(𝒜 )𝒜 of an I FS 𝒜  in 𝑌 are defined as follows: 

𝐹+(𝒜 ) = {𝑥 ∈ 𝑋:𝐹(𝑥) ⊆ 𝒜 } and 

𝐹−(𝒜 ) = {𝑥 ∈ 𝑋:𝐹(𝑥)𝑞𝒜 } 

Definition 2.15 16[12] Let 𝒜 be IFS (𝑌, 𝛾). 𝒜 is called an ℐℱ regular open (briefly, ℐℱ𝑟𝑜) if 𝒜 =
𝑖𝑛𝑡𝑐𝑙(𝒜) and ℐℱ regular closed (briefly, ℐℱ𝑟𝑐) if 𝒜 = 𝑐𝑙𝑖𝑛𝑡(𝒜) 

Definition 2.16 17 [12]Let (𝑌, 𝛾) be an IFTS and 𝒜 be an IFS in 𝑌, then the fuzzy 𝛿-closure and 𝛿-

interior of 𝒜 are denoted and defined by  

𝑐𝑙𝛿(𝒜) =∧ {𝐾:𝐾isan IFrc 𝑠𝑒𝑡𝑖𝑛𝑌and𝒜 ≤ 𝐾}, 

𝑖𝑛𝑡𝛿(𝒜) =∨ {𝐾:𝐾isan IFro 𝑠𝑒𝑡𝑖𝑛𝑌and𝐾 ≤ 𝒜}.  

Definition 2.17 18[9] Let 𝒜 be an IFS in an IFTS (𝑌, 𝛾). 𝒜 is called an ℐℱ 

    • 𝛿-pre open if 𝒜 ≤ 𝑖𝑛𝑡𝑐𝑙𝛿(𝒜),  

    • 𝛿-pre closed if 𝒜 ≥ 𝑐𝑙𝑖𝑛𝑡𝛿(𝒜),  

3  Upper and lower 𝓜-continuous intuitionistic fuzzy multifunctions 

Definition 3.1 19 Let 𝒜 be IFS (𝑌, 𝛾). 𝒜 is called an I F 𝜃 - open if 𝒜 = 𝑖𝑛𝑡𝜃(𝒜) and I F 𝜃 - closed 

if 𝒜 = 𝑐𝑙𝜃(𝒜) 

Definition 3.2 20 Let (𝑌, 𝛾) be an IFTS and 𝒜 be an IFS in 𝑌, then the I F 𝜃-interior and  I F 𝜃-

closure of 𝒜 are denoted and defined by  

𝑖𝑛𝑡𝜃(𝒜) =∨ {ℬ: 𝑐𝑙(ℬ) ≤ 𝒜,ℬ − IFo }, 

𝑐𝑙𝜃(𝒜) =∧ {ℬ:𝒜 ≤ 𝑖𝑛𝑡(ℬ),ℬ − IFc }.  

Definition 3.3 21 Let 𝒜 be an IFS in an IFTS (𝑌, 𝛾). 𝒜 is called an I F  

    (i) 𝜃-semi open if 𝒜 ≤ 𝑐𝑙𝑖𝑛𝑡𝜃(𝒜),  

    (ii) 𝜃-semi closed if 𝒜 ≥ 𝑖𝑛𝑡𝑐𝑙𝜃(𝒜),  

    (iii) ℳ-open if 𝒜 ≤ 𝑐𝑙𝑖𝑛𝑡𝜃(𝒜) ∨ 𝑖𝑛𝑡𝑐𝑙𝛿(𝒜),  

    (iv) ℳ-closed if 𝒜 ≥ 𝑖𝑛𝑡𝑐𝑙𝜃(𝒜) ∧ 𝑐𝑙𝑖𝑛𝑡𝛿(𝒜),  

Definition 3.4 22 An I FM 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is said to be   
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    (i) I F  upper I FUuM  continuous  (briefly, I FUuM -ℭ𝔱𝔰) (resp. 𝜃-semi ℭ𝔱𝔰, 𝛿-pre ℭ𝔱𝔰 ) at a point 

𝑥0 ∈ 𝑋, if for any I F os𝑊 ⊂ 𝑌 such that 𝐹(𝑥0) ⊂ 𝑊  there exists a set 𝑈 ⊂ ℳ𝑂(𝑋) (resp. 𝑈 ∈
𝜃𝑆𝑂(𝑋),𝑈 ∈ 𝛿𝑃𝑂(𝑋)) containing 𝑥0 such that 𝐹(𝑈) ⊂ 𝑊 ,  

    (ii) I F  lower M  continuous (briefly, I FL M -ℭ𝔱𝔰) (resp. 𝜃-semi ℭ𝔱𝔰, 𝛿-pre ℭ𝔱𝔰) at a point 𝑥0 ∈ 𝑋, 

if for any I F  open set 𝑊 ⊂ 𝑌 such that 𝐹(𝑥0)𝑞𝑊  there exists a set 𝑈 ⊂ ℳ𝑂(𝑋) (resp. 𝑈 ∈
𝜃𝑆𝑂(𝑋),𝑈 ∈ 𝛿𝑃𝑂(𝑋)) containing 𝑥0 such that 𝐹(𝑈)𝑞𝑊 .  

I FUuℳ-ℭ𝔱𝔰 (resp. 𝜃-semi ℭ𝔱𝔰, 𝛿-pre ℭ𝔱𝔰) and I F  lower ℳ-ℭ𝔱𝔰 (resp. 𝜃-semi ℭ𝔱𝔰, 𝛿-pre ℭ𝔱𝔰) if it is 

I F ℳ-ℭ𝔱𝔰 (resp. 𝜃-semi ℭ𝔱𝔰, 𝛿-pre ℭ𝔱𝔰) and I F  lower ℳ-ℭ𝔱𝔰 (resp. 𝜃-semi ℭ𝔱𝔰, 𝛿-pre ℭ𝔱𝔰) at each 

point of 𝑋.   

Lemma 3.1 23 Let 𝒜 be a subset of a space (𝑋,𝛤). Then 𝒜 is ℳ-open in (𝑋,𝛤) if and only if 𝒜 is 𝜃-

semi open and 𝛿-pre open  

Theorem 3.1 24An I FM 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is I FUur ℳ-ℭ𝔱𝔰 if and only if it is I FUu𝜃semi-ℭ𝔱𝔰 and 

I FUu𝛿pre-ℭ𝔱𝔰.  

 Proof. It follows from Lemma 3.1             

Corollary 3.1 25 A fuzzy multifunction 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is fuzzy upper ℳ-ℭ𝔱𝔰 if and only if it is fuzzy 

upper 𝜃semi-ℭ𝔱𝔰 and fuzzy upper 𝛿pre-ℭ𝔱𝔰.  

Corollary 3.2 26 A multifunction 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is upper ℳ-ℭ𝔱𝔰 if and only if it is upper 𝜃semi-ℭ𝔱𝔰 

and upper 𝛿pre-ℭ𝔱𝔰.  

Theorem 3.2 27An I FM 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is I FL ℳ-ℭ𝔱𝔰 if and only if it is I FL 𝜃semi-ℭ𝔱𝔰 and 

I FL 𝛿pre-ℭ𝔱𝔰.  

 Proof. It follows from Lemma 3.1             

Corollary 3.3 28 A fuzzy multifunction 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is fuzzy lower ℳ-ℭ𝔱𝔰 if and only if it is fuzzy 

lower 𝜃semi-ℭ𝔱𝔰 and fuzzy lower 𝛿pre-ℭ𝔱𝔰.  

Corollary 3.4 29 A multifunction 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is lower ℳ-ℭ𝔱𝔰 if and only if it is lower 𝜃semi-ℭ𝔱𝔰 

and lower 𝛿pre-ℭ𝔱𝔰.  

Lemma 3.2 30 Let 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) be an I FM . Then [ℳ𝑐𝑙(𝐹)]−(𝑉 ) = 𝐹−(𝑉 ) for each IFos 𝑉  of 𝑌. 

 Proof. Suppose that 𝑉  be any I F os of 𝑌. Let 𝑥 ∈ [ℳ𝑐𝑙(𝐹)]−(𝑉 ). If 𝑥 ∉ 𝐹−(𝑉 ).Then, 

(𝐹(𝑥)𝑞𝑉 ).Which implies 𝐹(𝑥) ⊂ 𝑉 𝑐 . Since 𝑉 𝑐  is I F  closed and hence I F ℳ-closed, ℳ𝑐𝑙(𝐹(𝑥)) ⊂
𝑉 𝑐 . Consequently 𝑥 ∉ [ℳ𝑐𝑙(𝐹)]−(𝑉 ), which is a contradiction. Hence, 𝑥 ∈ 𝐹−(𝑉 ). This shows that 

[ℳ𝑐𝑙(𝐹)]−(𝑉 ) ⊂ 𝐹−(𝑉 ). Conversely, let 𝑥 ∈ 𝐹−(𝑉 ). Then 𝐹(𝑥)𝑞𝑉 . Suppose that 𝑥 ∉ [ℳ𝑐𝑙(𝐹)]−(𝑉 ). 
Then (ℳ𝑐𝑙(𝐹(𝑥)))𝑞𝑉 . And so ℳ𝑐𝑙(𝐹(𝑥)) ⊂ 𝑉 𝑐 , which implies that 𝐹(𝑥) ⊂ 𝑉 𝑐 . Hence, (𝐹(𝑥)𝑞𝑉 ). 
Which is a contradiction. Hence 𝑥 ∈ [ℳ𝑐𝑙(𝐹)]−(𝑉 ). This shows that [ℳ𝑐𝑙(𝐹)]−(𝑉 ) ⊃ 𝐹−(𝑉 ). 
Consequently, we obtain, [ℳ𝑐𝑙(𝐹)]−(𝑉 ) = 𝐹−(𝑉 ). 
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Theorem 3.3 31An I FM 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is I FL ℳ-ℭ𝔱𝔰 if and only if ℳ𝑐𝑙(𝐹): (𝑋,𝛤) → (𝑌, 𝛾) is 

I FL ℳ-ℭ𝔱𝔰.   

 Proof. Necessity. Suppose that 𝐹 is I FL ℳ-ℭ𝔱𝔰. Let 𝑥 ∈ 𝑋 and 𝑉  be any I F os of 𝑌 such that 

ℳ𝑐𝑙(𝐹(𝑥))𝑞𝑉 . By Lemma 3.2, we have 𝑥 ∈ [ℳ𝑐𝑙(𝐹)]−(𝑉 ) = 𝐹−(𝑉 ). Since 𝐹 is I FL ℳ-ℭ𝔱𝔰, there 

exists 𝑈 ∈ ℳ𝑂(𝑋) containing 𝑥 such that 𝐹(𝑢)𝑞𝑉 ,∀𝑢 ∈ 𝑈. Now 𝑉  be an I F os of 𝑌. 𝐹(𝑢)𝑞𝑉 ⇒

ℳ𝑐𝑙(𝐹(𝑥))𝑞𝑉 . This shows that ℳ𝑐𝑙(𝐹) is I FL ℳ-ℭ𝔱𝔰. 

Sufficiency. Suppose that ℳ𝑐𝑙(𝐹): (𝑋, Γ) → (𝑌, 𝛾) is I FL ℳ-ℭ𝔱𝔰. Let 𝑥 ∈ 𝑋 and 𝑉 be any ℳ-open set 

of 𝑌 such that 𝐹(𝑥)𝑞𝑉 . By lemma 3.2, we have 𝑥 ∈ [ℳ𝑐𝑙(𝐹)]−(𝑉 ) = 𝐹−(𝑉 ) and hence ℳ𝑐𝑙(𝐹(𝑥))𝑞𝑉 . 

Since, ℳ𝑐𝑙(𝐹) is I FL ℳ-ℭ𝔱𝔰, there exists 𝑈 ∈ ℳ𝑂(𝑋) containing 𝑥 such that hence, 

ℳ𝑐𝑙(𝐹(𝑥))𝑞𝑉 ,∀𝑢 ∈ 𝑈. Hence, 𝐹(𝑢)𝑞𝑉 ,∀𝑢 ∈ 𝑈 and 𝐹 is I FL ℳ-ℭ𝔱𝔰.             

Corollary 3.5 32 An fuzzy multifunction 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is fuzzy lower ℳ-ℭ𝔱𝔰 if and only if 

ℳ𝑐𝑙(𝐹): (𝑋,𝛤) → (𝑌, 𝛾) is fuzzy lower ℳ-ℭ𝔱𝔰.   

Corollary 3.6 33 An multifunction 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is lower ℳ-ℭ𝔱𝔰 if and only if ℳ𝑐𝑙(𝐹): (𝑋,𝛤) →
(𝑌, 𝛾) is lower ℳ-ℭ𝔱𝔰.   

Lemma 3.3 34 Let 𝒜 and ℬ be subsets of a TS (𝑋,𝛤),   

    (i) If 𝒜 ∈ 𝜃𝑆𝑂(𝑋) ∪ 𝛿𝑃𝑂(𝑋) and ℬ ∈ ℳ𝑂(𝑋), then 𝒜 ∩ ℬ ∈ ℳ𝑂(𝑋),  

    (ii) If 𝒜 ⊂ ℬ ⊂ 𝑋,𝒜 ∈ ℳ𝑂(𝑋) and ℬ ∈ ℳ𝑂(𝑋) then 𝒜 ∈ ℳ𝑂(𝑋).  

Theorem 3.4 35 If an I FM 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is I FUuℳ-ℭ𝔱𝔰 (resp. I F  lower ℳ-ℭ𝔱𝔰) and 𝑋0 ∈

𝛿𝑃𝑂(𝑋) ∪ 𝜃𝑆𝑂(𝑋) then the restriction 𝐹|𝑋0:𝑋0 → 𝑌 is I F ℳ-ℭ𝔱𝔰 (resp. I F  lower ℳ-ℭ𝔱𝔰).  

 Proof. We prove only the assertion for 𝐹 I FUuℳ-ℭ𝔱𝔰, the proof for 𝐹 I FL ℳ-ℭ𝔱𝔰 being analogous. Let 

𝑥 ∈ 𝑋 and 𝑉  be any I F os of 𝑌 such that 𝐹|𝑋0(𝑥) ⊂ 𝑉 . Since 𝐹 I FUuℳ-ℭ𝔱𝔰 and 𝐹|𝑋0(𝑥) = 𝑉 , there 

exists 𝑈 ∈ ℳ𝑂(𝑥) containing 𝑥 such that 𝐹(𝑈) ⊂ 𝑉 . Set 𝑈0 = 𝑈 ∩ 𝑋0, then By Lemma 3.2 we have 

𝑥 ∈ 𝑈0 ∈ ℳ𝑂(𝑋0) and (𝐹|𝑋0)(𝑈0) ⊂ 𝑉 . This shows that 𝐹|𝑋0:𝑋0 → 𝑌 is I FUuℳ-ℭ𝔱𝔰.             

Corollary 3.7 36 If a fuzzy multifunction 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is fuzzy upper ℳ-ℭ𝔱𝔰 (resp. fuzzy lower ℳ-

ℭ𝔱𝔰) and 𝑋0 ∈ 𝛿𝑃𝑂(𝑋) ∪ 𝜃𝑆𝑂(𝑋) then the restriction 𝐹|𝑋0:𝑋0 → 𝑌 is fuzzy upper ℳ-ℭ𝔱𝔰 (resp. fuzzy 

lower ℳ-ℭ𝔱𝔰).  

Corollary 3.8 37 If a multifunction 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is upper ℳ-ℭ𝔱𝔰 (resp. lower ℳ-ℭ𝔱𝔰) and 𝑋0 ∈
𝛿𝑃𝑂(𝑋) ∪ 𝜃𝑆𝑂(𝑋) then the restriction 𝐹|𝑋0:𝑋0 → 𝑌 is upper ℳ-ℭ𝔱𝔰 (resp. lower ℳ-ℭ𝔱𝔰).  

Theorem 3.5 38An I FM 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is I FUuℳ-ℭ𝔱𝔰 (resp. I FL ℳ-ℭ𝔱𝔰) if for each 𝑥 ∈ 𝑋 there 

exists 𝑋0 ∈ ℳ𝑂(𝑋) containing 𝑥 such that the restriction 𝐹|𝑋0:𝑋0 → 𝑌 is I FUuℳ-ℭ𝔱𝔰 (resp. I FL ℳ-

ℭ𝔱𝔰).  

 Proof. We prove only the assertion for 𝐹 I F  upper ℳ-ℭ𝔱𝔰, the proof for 𝐹 I FL ℳ-ℭ𝔱𝔰 being 

analogous. Let 𝑥 ∈ 𝑋 and 𝑉  be any I F os of 𝑌 such that 𝐹(𝑥) ⊂ 𝑉 . There exists 𝑋0 ∈ ℳ𝑂(𝑋) 

containing 𝑥 such that 𝐹|𝑋0(𝑥) = 𝐹(𝑥), is I F  upper ℳ-ℭ𝔱𝔰, there exists 𝑈 ∈ ℳ𝑂(𝑥) containing 𝑥such 
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that 𝐹|𝑋0(𝑈0) ⊂ 𝑉 . Then By Lemma 3.3 we have 𝑥 ∈ 𝑈0 ∈ ℳ𝑂(𝑋) and 𝐹(𝑢) = 𝐹|𝑋0(𝑢) for 𝑢 ∈ 𝑈0. 

This shows that 𝐹: (𝑋, Γ) → (𝑌, 𝛾) is ℐℱ upper ℳ-ℭ𝔱𝔰.             

Corollary 3.9 39 A fuzzy multifunction 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is fuzzy upper ℳ-ℭ𝔱𝔰 (resp. fuzzy lower ℳ-

ℭ𝔱𝔰) if for each 𝑥 ∈ 𝑋 there exists 𝑋0 ∈ ℳ𝑂(𝑋) containing 𝑥 such that the restriction 𝐹|𝑋0:𝑋0 → 𝑌 is 

fuzzy upper ℳ-ℭ𝔱𝔰 (resp. fuzzy lower ℳ-ℭ𝔱𝔰).  

Corollary 3.10 40 A multifunction 𝐹: (𝑋,𝛤) → (𝑌, 𝛾) is upper ℳ-ℭ𝔱𝔰 (resp. lower ℳ-ℭ𝔱𝔰) if for each 

𝑥 ∈ 𝑋 there exists 𝑋0 ∈ ℳ𝑂(𝑋) containing 𝑥 such that the restriction 𝐹|𝑋0:𝑋0 → 𝑌 is upper ℳ-ℭ𝔱𝔰 

(resp. fuzzy lower ℳ-ℭ𝔱𝔰).  
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Abstract 

The goal of this paper is to study the concepts of an intuitionistic fuzzy G_δ-e^⋆-locally 

neighborhood, intuitionistic fuzzy G_δ-e^⋆-locally quasi neighborhood, intuitionistic fuzzy 

G_δ-e^⋆-locally continuous and intuitionistic fuzzy G_δ-e^⋆-locally irresolute functions in 

intuitionistic fuzzy topological spaces. 

Keywords: intuitionistic fuzzy G_δ-e^⋆-locally neighborhood, intuitionistic fuzzy G_δ-e^⋆-locally 

quasi neighborhood, intuitionistic fuzzy G_δ-e^⋆-locally continuous, intuitionistic fuzzy G_δ-e^⋆-

locally irresolute function. 

1 Introduction: 

The concept of an intuitionistic fuzzy(briefly, ℐℱ)𝑒 ∗-closed set was introduced by Sobana et. al., [8] and 

pioneer concepts of this paper are studied from various authors like [2,5] In this paper, the concepts of an 

ℐℱ𝐺𝛿 -𝑒⋆-locally quasi neighborhood, ℐℱ𝐺𝛿-𝑒⋆-locally continuous and ℐℱ𝐺𝛿 -𝑒⋆-irresolute function are 

introduced and studied. Some interesting properties among continuous function are discussed. [1] Let 𝑋 

be a nonempty fixed set and 𝐼 the closed interval [0, 1]. An ℐℱ𝒮𝔄 is an object of the following form 

𝔄 = { 𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥) : 𝑥 ∈ 𝑋}, where the mapping 𝜇𝔄: 𝑋 → 𝐼 and 𝛾𝔄: 𝑋 → 𝐼 denote the degree of 

membership (namely 𝜇𝐴(𝑥)) and the degree of non membership (namely 𝛾𝔄(𝑥)) for each element 𝑥 ∈ 𝑋 

to the set 𝔄, respectively, and 0 ≤ 𝜇𝔄(𝑥) + 𝛾𝔄(𝑥) ≤ 1 for each 𝑥 ∈ 𝑋. Obviously, every fuzzy set 𝔄 on a 

nonempty set 𝑋 is an IFS of the following form,𝔄 = { 𝑥, 𝜇𝔄(𝑥), 1 − 𝜇𝔄(𝑥) : 𝑥 ∈ 𝑋}. For the sake of 

simplicity, we shall use the symbol 𝔄 = { 𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥)  for the ℐℱ𝒮𝔄 = { 𝑥, 𝜇𝔄(𝑥), 𝛾𝔄(𝑥) : 𝑥 ∈ 𝑋}. 

All other undefined notions are from [1-10] and cited therin 

2 Intuitionistic fuzzy 𝐆𝛅-𝐞⋆-locally continuous functions  

Definition 3.1  Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮. Let 𝔄 =  𝑥, 𝜇𝔄, 𝛾𝔄  be an ℐℱ𝒮 in an ℐℱ𝒯𝒮(𝑋, 𝛤). Then 𝔄 is said 

to be an ℐℱ𝐺𝛿 -𝑒⋆-locally neighbourhood (briefly, lnbd) of an ℐℱ𝒫𝑥𝑟 ,𝑠 if there exists an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑜𝑠𝐵 in 

an ℐℱ𝒯𝒮(𝑋, 𝛤) such that 𝑥𝑟 ,𝑠 ∈ 𝔅, 𝔅 ⊆ 𝔄. It is denoted by ℐℱ𝐺𝛿 -𝑒⋆-lnbd.  

Definition 3.2  Let (𝑋, 𝛤) be an ℐℱ𝒯𝒮. Let 𝔄 =  𝑥, 𝜇𝔄, 𝛾𝔄  be an ℐℱ𝒮 in an ℐℱ𝒯𝒮(𝑋, 𝛤). Then 𝔄 is said 

to be an ℐℱ𝐺𝛿 -𝑒⋆-locally quasi neighbourhood (briefly, lqnbd) of an ℐℱ𝒫𝑥𝑟 ,𝑠  if there exists an ℐℱ𝐺𝛿-𝑒⋆-

𝑙𝑜𝑠𝔅 in an ℐℱ𝒯𝒮(𝑋, 𝛤) such that 𝑥𝑟 ,𝑠𝑞𝔅,𝔅 ⊆ 𝔄. It is denoted by ℐℱ𝐺𝛿 -𝑒⋆-lqnbd.  
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Remark 3.1  

    1.  The family of all ℐℱ𝐺𝛿 -𝑒⋆-lnbd of an ℐℱ𝒫𝑥𝑟 ,𝑠 is denoted by 𝑁𝐼𝐹𝐺𝛿−𝑒⋆−𝑙(𝑥𝑟,𝑠).  

    2.  The family of all ℐℱ𝐺𝛿 -𝑒⋆-lqnbd  of an ℐℱ𝒫𝑥𝑟 ,𝑠  is denoted by 𝑁𝐼𝐹𝐺𝛿−𝑒⋆−𝑙𝑞 (𝑥𝑟 ,𝑠).  

Definition 3.3  Let (𝑋, 𝛤) and (𝑌, 𝛾) be any two ℐℱ𝒯𝒮′s. Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an ℐℱ mapping. Then 

𝑓 is said to be an ℐℱ𝐺𝛿 -𝑒⋆-locally continuous function(briefly, lctsf), if for each ℐℱ𝒫𝑥𝑟 ,𝑠 in 𝑋 and 

𝔅 ∈ 𝑁𝑓(𝑥𝑟 ,𝑠), there exists 𝔄 ∈ 𝑁𝐼𝐹𝐺𝛿−𝑒⋆−𝑙𝑞 (𝑥𝑟 ,𝑠) such that 𝑓(𝔄) ⊆ 𝔅.  

Theorem 3.1  Let (𝑋, 𝛤) and (𝑌, 𝛾) be any two ℐℱ𝒯𝒮′s. Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an ℐℱ mapping.   

    1.  𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆-lctsf.  

    2.  𝑓−1(𝔄) is an ℐℱ𝐺𝛿-𝑒⋆-𝑙𝑜𝑠 in an ℐℱ𝒯𝒮(𝑋, Γ), for each ℐℱℴ𝓈𝔄 in an ℐℱ𝒯𝒮(𝑌, 𝛾).  

    3.  𝑓−1(𝔅) is an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑠 in an ℐℱ𝒯𝒮(𝑋, Γ), for each ℐℱ𝒸𝓈𝔅 in an ℐℱ𝒯𝒮(𝑌, 𝛾).  

    4.  ℐℱ𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝔄)) ⊆ 𝑓−1(𝐼𝐹𝑐𝑙(𝔄)), for each ℐℱ𝒮𝔄 in an ℐℱ𝒯𝒮(𝑌, 𝛾).  

    5.  𝑓−1(𝐼𝐹𝑖𝑛𝑡(𝔄)) ⊆ 𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝑓−1(𝔄)), for each ℐℱ𝒮𝔄 in an ℐℱ𝒯𝒮(𝑌, 𝛾) are equivalent. 

 Proof. (i)⇒ (ii): Let 𝔄 be an ℐℱℴ𝓈 in an ℐℱ𝒯𝒮(𝑌, 𝛾). Let 𝑥𝑟 ,𝑠 be an ℐℱ𝒫 in an ℐℱ𝒯𝒮(𝑋, Γ) such that 

𝑥𝑟 ,𝑠𝑞𝑓
−1(𝔄). Since 𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆-lctsf, there exists 𝔅 ∈ 𝑁𝐼𝐹𝐺𝛿−𝑒⋆−𝑙𝑞 (𝑥𝑟,𝑠) such that 𝑓(𝔅) ⊆ 𝔄. Then  

 𝑥𝑟 ,𝑠 ∈ 𝔅 (1) 

 𝔅 ⊆ 𝑓−1(𝑓(𝔄)) (2) 

 

Thus, 𝑥𝑟 ,𝑠 ∈ 𝔅 ⊆ 𝑓−1(𝑓(𝔅)) ⊆ 𝑓−1(𝔄). This implies 𝑥𝑟 ,𝑠 ∈ 𝑓−1(𝔄) which shows that 𝑓−1(𝔄) ∈

𝑁𝐼𝐹𝐺𝛿−𝑒⋆−𝑙𝑞 (𝑥𝑟 ,𝑠). Hence 𝑓−1(𝔄) is an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑜𝑠 in an ℐℱ𝒯𝒮(𝑋, Γ). 

(ii)⇒ (i): This can be proved by taking complement of (i) 

(iii)⇒ (iv): Let 𝔄 be an ℐℱ𝒮 in an ℐℱ𝒯𝒮(𝑌, 𝛾). Since 𝔄 ⊆ 𝐼𝐹𝑐𝑙(𝔄), 𝑓−1(𝔄) ⊆ 𝑓−1(𝐼𝐹𝑐𝑙(𝔄)). By (iii), 

𝑓−1(𝐼𝐹𝑐𝑙(𝔄)) is an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑠 in an ℐℱ𝒯𝒮(𝑋, Γ). Thus, ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝔄)) ⊆ 𝑓−1(𝐼𝐹𝑐𝑙(𝔄)). 

(iv)⇒(v): Using (iv), ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝔄)) ⊆ 𝑓−1(𝐼𝐹𝑐𝑙(𝔄)). Then 

𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙(𝑓−1(𝔄)) ⊇ 𝑓−1(𝐼𝐹𝑐𝑙(𝔄)), 𝐼𝐹𝐺𝛿 − 𝑙𝑖𝑛𝑡(𝑓−1(𝔄)) ⊇ 𝑓−1(𝐼𝐹𝑖𝑛𝑡(𝔄)), 𝐼𝐹𝐺𝛿 − 𝑒⋆ −

𝑙𝑖𝑛𝑡(𝑓−1(𝔄)) ⊇ 𝑓−1(𝐼𝐹𝑖𝑛𝑡(𝔄)) implies that 𝑓−1(𝐼𝐹𝑖𝑛𝑡(𝔄)) ⊆ 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓−1(𝔄)), putting 

𝔄 = 𝔄, we have 𝑓−1(𝐼𝐹𝑖𝑛𝑡(𝔄)) ⊆ 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓−1(𝔄)). 
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(v)⇒ (i): Let 𝔄 be an ℐℱℴ𝓈 in an ℐℱ𝒯𝒮(𝑌, 𝛾). Then ℐℱ𝑖𝑛𝑡𝔄 = 𝔄. Using (v), 𝑓−1(𝐼𝐹𝑖𝑛𝑡(𝔄)) ⊆ 𝐼𝐹𝐺𝛿-𝑒⋆-

𝑙𝑖𝑛𝑡(𝑓−1(𝔄)) implies that 𝑓−1(𝔄) ⊆ 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑖𝑛𝑡(𝑓−1(𝔄)). But, ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑖𝑛𝑡(𝑓−1(𝔄)) ⊆ 𝑓−1(𝔄) 

implies that 𝑓−1(𝔄) = 𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝑓−1(𝔄)) that is, 𝑓−1(𝔄) is an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑜𝑠 in an ℐℱ𝒯𝒮(𝑋, Γ). Let 

𝑥𝑟 ,𝑠 be any ℐℱ𝒫 in 𝑓−1(𝔄). Then 𝑥𝑟 ,𝑠 ∈ 𝑓−1(𝔄). We have 𝑥𝑟 ,𝑠𝑞𝑓
−1(𝔄) implies that 𝑓(𝑥𝑟 ,𝑠)𝑞𝑓(𝑓−1(𝔄)). 

But 𝑓(𝑓−1(𝔄)) ⊆ 𝔄. Thus, for any ℐℱ𝒫𝑥𝑟 ,𝑠 and 𝔄 ∈ 𝑁𝑓(𝑥𝑟 ,𝑠), there exists 

𝐵 = 𝑓−1(𝔄) ∈ 𝑁𝐼𝐹𝐺𝛿−𝑒⋆−𝑙𝑞 (𝑥𝑟 ,𝑠) such that 𝑓−1(𝑓(𝔄)) ⊆ 𝔄. Therefore, 𝑓(𝔅) ⊆ 𝔄. Thus, 𝑓 is an ℐℱ𝐺𝛿 -

𝑒⋆-lctsf.             

Theorem 3.2  Let (𝑋, 𝛤) and (𝑌, 𝛾) be any two ℐℱ𝒯𝒮′s. Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an ℐℱ bijective 

function. Then 𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆-lctsf if and only if ℐℱ𝑖𝑛𝑡(𝑓(𝔄)) ⊆ 𝑓(𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝔄)), for each ℐℱ𝒮𝔄 

of an ℐℱ𝒯𝒮(𝑋, 𝛤).  

 Proof. Assume that 𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆-lctsf and 𝔄 be an ℐℱ𝒮 in an ℐℱ𝒯𝒮(𝑋, Γ). Hence, 𝑓−1(𝐼𝐹𝑖𝑛𝑡(𝑓(𝔄))) 

is an ℐℱ𝐺𝛿-𝑒⋆-𝑙𝑜𝑠 in an ℐℱ𝒯𝒮(𝑋, Γ). From Theorem (v) of (0.1) 𝑓−1(𝐼𝐹𝑖𝑛𝑡𝑓(𝔄)) ⊆ 𝐼𝐹𝐺𝛿 -𝑒⋆-

𝑙𝑖𝑛𝑡(𝑓−1(𝑓(𝔄))), 𝑓−1(𝐼𝐹𝑖𝑛𝑡𝑓(𝔄)) ⊆ 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑖𝑛𝑡(𝔄). Since 𝑓 is an ℐℱ surjective function, 

𝑓(𝑓−1(𝐼𝐹𝑖𝑛𝑡𝑓(𝔄))) ⊆ 𝑓(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑖𝑛𝑡(𝔄)). That is, ℐℱ𝑖𝑛𝑡(𝑓(𝔄)) ⊆ 𝑓(𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝔄)). 

Conversely, assume that ℐℱ𝑖𝑛𝑡(𝑓(𝔄)) ⊆ 𝑓(𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝔄)), for each ℐℱ𝒮𝔄 of an ℐℱ𝒯𝒮(𝑋, Γ). Let 𝔅 

be an ℐℱℴ𝓈 in an ℐℱ𝒯𝒮(𝑌, 𝛾). Then 𝔅 = 𝐼𝐹𝑖𝑛𝑡(𝔅). Since 𝑓 is an ℐℱ surjective function, 𝔅 =
𝐼𝐹𝑖𝑛𝑡(𝔅) = 𝐼𝐹𝑖𝑛𝑡(𝑓(𝑓−1(𝔅))) ⊆ 𝑓(𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝑓−1(𝔅))). Since 𝑓 is an ℐℱ injective function, 

𝑓−1(𝔅) ⊆ 𝑓−1(𝑓(𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑖𝑛𝑡(𝑓−1(𝔅)))). From the fact that 𝑓, is an ℐℱ injective function, we have  

𝑓−1(𝔅) ⊆ 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓−1(𝔅)) (3) 

 but  

𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑖𝑛𝑡(𝑓−1(𝔅)) ⊆ 𝑓−1(𝔅) (4) 

From (3) and (4) implies that 𝑓−1(𝔅) = 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑖𝑛𝑡(𝑓−1(𝔅)). That is, 𝑓−1(𝔅) is an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑜𝑠 in 

an ℐℱ𝒯𝒮(𝑋, Γ). Thus, 𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆-lctsf.             

Theorem 3.3  Let (𝑋, 𝛤) and (𝑌, 𝛾) be any two ℐℱ𝒯𝒮′s. Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an ℐℱ bijective fuction. 

Then 𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆-lctsf if and only if 𝑓(𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝔄)) ⊆ 𝐼𝐹𝑐𝑙(𝑓(𝔄)), for each ℐℱ𝒮𝔄 of an 

ℐℱ𝒯𝒮(𝑋, 𝛤).  

 Proof. Assume that 𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆-lctsf and 𝔄 be an ℐℱ𝒮 in an ℐℱ𝒯𝒮(𝑋, Γ). Hence, 𝑓−1(𝐼𝐹𝑐𝑙(𝑓(𝔄))) 

is an ℐℱ𝐺𝛿-𝑒⋆-𝑙𝑐𝑠 in an ℐℱ𝒯𝒮(𝑋, Γ). From Theorem (iv) of (0.1) 𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝑓(𝔄))) ⊆
𝑓−1(𝐼𝐹𝑐𝑙𝑓(𝔄)). Since 𝑓 is an ℐℱ injective function, ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝔄)) ⊆ 𝑓−1(𝐼𝐹𝑐𝑙𝑓(𝔄)). Taking 𝑓 on 

both sides, 𝑓(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝔄)) ⊆ 𝑓(𝑓−1(𝐼𝐹𝑐𝑙𝑓(𝔄))). Since 𝑓 is an ℐℱ surjective function,𝑓(𝐼𝐹𝐺𝛿 -𝑒⋆-

𝑙𝑐𝑙(𝔄)) ⊆ 𝐼𝐹𝑐𝑙(𝑓(𝔄)). 

Conversely, assume that 𝑓(𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝔄)) ⊆ 𝐼𝐹𝑐𝑙(𝑓(𝔄)), for each ℐℱ𝒮𝐴 of an ℐℱ𝒯𝒮(𝑋, Γ). Let 𝔅 be 

an ℐℱ𝒸𝓈 in an ℐℱ𝒯𝒮(𝑌, 𝛾). Then 𝔅 = 𝐼𝐹𝑐𝑙(𝔅). Since 𝑓 is an ℐℱ surjective function, and by assumption 

𝔅 = 𝐼𝐹𝑐𝑙(𝔅) = 𝐼𝐹𝑐𝑙(𝑓(𝑓−1(𝔅))) ⊇ 𝑓(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝔅))), 𝑓−1(𝔅) ⊇ 𝑓−1(𝑓(𝐼𝐹𝐺𝛿 -𝑒⋆-

𝑙𝑐𝑙(𝑓−1(𝔅)))). Since 𝑓 is an ℐℱ injective function,  

 𝑓−1(𝔅) ⊇ 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙(𝑓−1(𝔅)) (5) 

 But  

Page 2759 of 3066Page 2759 of 3066



International Journal of Advanced Science and Technology 

Vol. 29, No. 4s, (2020), pp. 3043-3048 

` 

` 

 
3046 ISSN: 2005-4238 IJAST  

Copyright ⓒ 2020 SERSC 

 
 

 (𝑓−1(𝔅)) ⊆ 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑐𝑙(𝑓−1(𝔅)) (6) 

 

From (5) and (6) implies that 𝑓−1(𝔅) = 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝔅)). That is, 𝑓−1(𝔅) is an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑠 in an 

ℐℱ𝒯𝒮(𝑋, Γ). Thus, 𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆-locally continuous function.             

Theorem 3.4  Let (𝑋, 𝛤) and (𝑌, 𝛾) be any two ℐℱ𝒯𝒮. Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an ℐℱ bijective fuction. If 

𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆-lctsf. Then if 𝔄 ∈ 𝐼𝑌 is an ℐℱ𝒸𝓈 , then 𝑓−1(𝔄) = 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝔄)).  

 Proof. Let 𝔄 be an ℐℱ𝒸𝓈 in an ℐℱ𝒯𝒮(𝑌, 𝛾). By Theorem(iv)of (0.1).  

 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙(𝑓−1(𝔄)) ⊆ 𝑓−1(𝐼𝐹𝑐𝑙(𝔄)) = 𝑓−1(𝔄) (7) 

 Since 𝔄 = 𝐼𝐹𝑐𝑙(𝔄). But  

 𝑓−1(𝔄) ⊆ 𝐼𝐹𝐺𝛿 − 𝑒⋆ − 𝑙𝑐𝑙(𝑓−1(𝔄)) (8) 

 From (7) and (8) implies that 𝑓−1(𝔄) = 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝔄)). 

Proposition 3.1  Let (𝑋, 𝑇), (𝑌, 𝑆)  𝑎𝑛𝑑 (𝑍, 𝑅) be any three ℐℱ𝒯𝒮′s. Let 𝑓: (𝑋. 𝑇) → (𝑌, 𝑆) be an ℐℱ𝐺𝛿 -

𝑒⋆-lctsf. If 𝑓(𝑋) ⊂ 𝑍 ⊂ 𝑌 then 𝑔: (𝑋, 𝑇) → (𝑍, 𝑅) where 𝑅 = 𝑆/𝑍 restricting the range of 𝑓 is an ℐℱ𝐺𝛿 -

𝑒⋆-lctsf.  

 Proof. Let 𝔅 be an ℐℱ𝒸𝓈 in an ℐℱ𝒯𝒮(𝑍, 𝑅). Then 𝔅 = 𝑆/𝑍, for some ℐℱ𝒸𝓈𝔄 of an ℐℱ𝒯𝒮′s (𝑌, 𝛾). If 

𝑓(𝑋) ⊂ 𝑍 ⊂ 𝑌, 𝑓−1(𝔄) = 𝑔−1(𝔅). Since 𝑓−1(𝔄) is an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑠 in an ℐℱ𝒯𝒮(𝑋, Γ). Hence, 𝑔−1(𝔅) 

is an ℐℱ𝐺𝛿-𝑒⋆-𝑙𝑐𝑠 in an ℐℱ𝒯𝒮(𝑋, Γ). Therefore, 𝑔 is an ℐℱ𝐺𝛿 -𝑒⋆-lctsf.             

Proposition 3.2  Let (𝑋, 𝑇), (𝑋1 ,𝑇1) 𝑎𝑛𝑑 (𝑋2 , 𝑇2) be any three ℐℱ𝒯𝒮′s and 𝑃𝑖 : 𝑋1 × 𝑋2 → 𝑋𝑖  be an ℐℱ 

projection of 𝑋1 × 𝑋2 onto 𝑋𝑖 . If 𝑓: 𝑋 → 𝑋1 × 𝑋2 is an ℐℱ𝐺𝛿-𝑒⋆-lctsf. Then 𝑃𝑖 ∘ 𝑓: 𝑋 → 𝑋𝑖  is also an 

ℐℱ𝐺𝛿 -𝑒⋆-lctsf.  

 Proof. Let 𝔄 be an ℐℱ𝒸𝓈 in an ℐℱ𝒯𝒮′s (𝑋𝑖 , 𝑇𝑖) (𝑖 = 1, 2), (𝑃𝑖 ∘ 𝑓)−1(𝔄) = 𝑓−1(𝑃𝑖
−1(𝔄)). Since 𝑃𝑖  is an 

ℐℱ mapping 𝑃𝑖
−1(𝔄) is an ℐℱ𝒸𝓈 in an ℐℱ𝒯𝒮′s 𝑋1 × 𝑋2. Hence, 𝑓−1(𝑃𝑖

−1(𝔄)) is an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑠 in an 

ℐℱ𝒯𝒮(𝑋, Γ). Hence, 𝑃𝑖 ∘ 𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆-lctsf.             

Proposition 3.3  Let (𝑋, 𝛤) and (𝑌, 𝛾) be any two ℐℱ𝒯𝒮′s. If ℐℱ graph function 𝑔: 𝑋 → 𝑋 × 𝑌 is an 

ℐℱ𝐺𝛿 -𝑒⋆-lctsf. Then 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) is an ℐℱ𝐺𝛿-𝑒⋆-lctsf.  

 Proof. Let 𝑔 be an ℐℱ𝐺𝛿 -𝑒⋆-lctsf and 𝑥𝑟 ,𝑠 be any ℐℱ𝒫 in an ℐℱ𝒯𝒮(𝑋, Γ). If 𝔅 ∈ 𝑁𝐼𝐹𝐺𝛿−𝑒⋆−𝑙𝑞𝑓(𝑥𝑟 ,𝑠) in 

an ℐℱ𝒯𝒮(𝑌, 𝑆), 𝑋 × 𝔅 ∈ 𝑁𝐼𝐹𝐺𝛿−𝑒−𝑙𝑞𝑔(𝑥𝑟 ,𝑠) in an ℐℱ𝒯𝒮𝑋 × 𝑌. Since 𝑔 is an ℐℱ𝐺𝛿 -𝑒⋆-lctsf, there exists 

𝔄 ∈ 𝑁(𝑥𝑟 ,𝑠) such that 𝑔(𝔄) ⊆ 𝑋 × 𝔅. By Definition 3.3, we have 𝑓(𝔄) ⊆ 𝔅. Therefore, 𝑓 is an ℐℱ𝐺𝛿 -

𝑒⋆-lctsf.             

Definition 3.4  Let (𝑋, 𝛤) and (𝑌, 𝛾) be two ℐℱ𝒯𝒮′s. Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an ℐℱ mapping. Then 𝑓 is 

said to be an   

    1.  ℐℱ𝐺𝛿-𝑒⋆-locally irresolute function(briefly, ℐℱ𝐺𝛿 -𝑒⋆ lirrf), if for each ℐℱ𝐺𝛿-𝑒⋆-𝑙𝑐𝑠𝔄 in an 

ℐℱ𝒯𝒮(𝑌, 𝑆), 𝑓−1(𝔄) is an ℐℱ𝐺𝛿-𝑒⋆-𝑙𝑐𝑠 in an ℐℱ𝒯𝒮(𝑋, Γ).  
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    2.  ℐℱ weakly 𝐺𝛿 -𝑒⋆-locally irresolute function(ℐℱ𝑤𝐺𝛿 -𝑒⋆irrf), if for each ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑠𝔄 in an 

ℐℱ𝒯𝒮(𝑌, 𝑆), 𝑓−1(𝔄) is an ℐℱ𝒸𝓈 in an ℐℱ𝒯𝒮(𝑋, Γ).  

 

Example 3.1  Let 𝑋 = {𝑎, 𝑏, 𝑐} = 𝑌, and 𝔄 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
) ,  𝔅 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
) ,𝔄 ∨

𝔅 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
) ,𝔄 ∧ 𝔅 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
) , ℭ =  𝑥, (

𝑎

0.7
,

𝑏

0.7
), (

𝑎

0
,

𝑏

0.1
)  Now, the family 

𝑇 = {0    ∼, 1    ∼,𝔄, 𝔅, 𝔄 ∨ 𝔅, 𝔄 ∧ 𝔅} of ℐℱ𝒮′s in 𝑋 is an ℐℱ𝒯 on 𝑋 and the family 𝑆 = {0    ∼, 1    ∼,ℭ} of 

ℐℱ𝒮′𝑠 in 𝑌 is an ℐℱ𝒯 on 𝑌. If we define the function 𝑓: 𝑋 → 𝑌 be the identity function. Now, 𝑓 is an 

ℐℱ𝐺𝛿 -𝑒⋆- lirrf, because ℭ is an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑠 in 𝑌, 𝑓−1(ℭ) is also an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑠 in 𝑋.  

Example 3.2  Let 𝑋 = {𝑎, 𝑏, 𝑐} = 𝑌, and 𝔄 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.6
,

𝑏

0.6
) ,  𝔅 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.5
,

𝑏

0.4
) ,𝔄 ∨

𝔅 =  𝑥, (
𝑎

0.3
,

𝑏

0.3
), (

𝑎

0.5
,

𝑏

0.4
) ,𝔄 ∧ 𝔅 =  𝑥, (

𝑎

0.3
,

𝑏

0.1
), (

𝑎

0.6
,

𝑏

0.6
) , 

ℭ =  𝑥, (
𝑎

0
,

𝑏

0.1
), (

𝑎

0.7
,

𝑏

0.7
)   =  𝑥, (

𝑎

0.7
,

𝑏

0.7
), (

𝑎

0
,

𝑏

0.1
)  Now, the family 𝑇 = {0    ∼, 1    ∼,𝔄, 𝔅, 𝔄 ∨ 𝔅, 𝔄 ∧

𝔅, ℭ} of ℐℱ𝒮′s in 𝑋 is an ℐℱ𝒯 on 𝑋 and the family 𝑆 = {0    ∼, 1    ∼,} of ℐℱ𝒮′s in 𝑌 is an ℐℱ𝒯 on 𝑌. If 

we define the function 𝑓: 𝑋 → 𝑌 be the identity function, Now, 𝑓 is an ℐℱ weakly 𝐺𝛿 -𝑒⋆- lirrf, because  

is an ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑠 in 𝑌, 𝑓−1(𝔄) is ℐℱ𝒸𝓈 in 𝑋.  

Theorem 3.5  Let (𝑋, 𝛤) and (𝑌, 𝛾) be any two ℐℱ𝒯𝒮′s. Let 𝑓: (𝑋, 𝑇) → (𝑌, 𝑆) be an ℐℱ mapping.   

    1.  𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆- lirrf.  

    2.  for every ℐℱ𝒮𝔄 of an ℐℱ𝒯𝒮(𝑋, 𝑇), 𝑓(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝔄)) ⊆ 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓(𝔄)).  

    3.  for every ℐℱ𝒮𝔄 of an ℐℱ𝒯𝒮(𝑌, 𝑆), 𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝔄)) ⊆ 𝑓−1(𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙 𝔄  are equivalent. 

Proof. (i)⇒ (ii): Let 𝔄 be an ℐℱ𝒮 in an ℐℱ𝒯𝒮(𝑋, Γ). Suppose 𝑓 is an ℐℱ𝐺𝛿 -𝑒⋆- lirrf. Now, ℐℱ𝐺𝛿 -𝑒⋆-

𝑙𝑐𝑙(𝑓(𝔄)) is an ℐℱ𝐺𝛿-𝑒⋆-lcs in an ℐℱ𝒯𝒮(𝑌, 𝛾). By hypothesis, 𝑓−1(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓(𝔄))) is an ℐℱ𝐺𝛿 -𝑒⋆-

lcs in an ℐℱ𝒯𝒮(𝑋, Γ) and hence, 𝔄 ⊆ 𝑓−1(𝑓(𝔄)) ⊆ 𝑓−1(𝐼𝐹𝐺𝛿-𝑒⋆-(𝑙𝑐𝑙(𝑓(𝔄)))). Now, ℐℱ𝐺𝛿-𝑒⋆-

𝑙𝑐𝑙(𝔄) ⊆ 𝑓−1(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓(𝔄))). That is, 𝑓(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝔄)) ⊆ 𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝑓(𝔄)). 

(ii)⇒ (iii): Let 𝔄 be an ℐℱ𝒮 in an ℐℱ𝒯𝒮(𝑌, 𝛾), then 𝑓−1(𝔄) is an ℐℱ𝒮 in an ℐℱ𝒯𝒮(𝑋, Γ). By (ii), 𝑓(𝐼𝐹𝐺𝛿-

𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝔄))) ⊆ 𝐼𝐹𝐺𝛿-𝑒⋆-𝑙𝑐𝑙(𝑓(𝑓−1(𝔄))). Since 𝑓 is an ℐℱ bijective function, ℐℱ𝐺𝛿 -𝑒⋆-

𝑙𝑐𝑙(𝑓−1(𝔄)) ⊆ 𝑓−1(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝔄)) 

(iii)⇒ (i): Suppose 𝔄 is ℐℱ𝐺𝛿 -𝑒⋆-lcs in an ℐℱ𝒯𝒮(𝑌, 𝛾). Then ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝔄) = 𝔄. By hypothesis, 

ℐℱ𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝔄)) ⊆ 𝑓−1(𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝔄)), 𝐼𝐹𝐺𝛿 -𝑒⋆-𝑙𝑐𝑙(𝑓−1(𝔄)) ⊆ 𝑓−1(𝔄).             
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ABSTRACT 
 

         The market for carbon nanotubes (CNTs) is augmented due to their assorted 

commercial applications and the annual number of CNT related journal publications and issued 

patents continue to grow. Due to their extraordinary mechanical, electrical and optical 

properties, CNTs have stimulated extensive research since their discovery by Sumio Iijima in the 

early 1990s as already reported in the year 1952 by Radushkevich and Lukyanovich. The present 

work aspire to explore a natural renewable green precursor for the synthesis of Multiwalled 

carbon nanotubes (MWCNTs) using waste cooking oil at different temperature ranging from 

550°C to 750°C with interval of 100 °C on Fe-Mo supported on alumina under N2 atmosphere. 

The characterization of the as-grown carbon nanomaterials were analyzed by Scanning electron 

microscopy (SEM), High resolution transmission electron microscopy (HRTEM), XRD and 

Raman spectroscopic analysis. We confirmed that the yield and diameter of as-grown MWNTs 

were not same at all temperatures. The crystalline perfection of CNTs increases first as the 

temperature increases from 550°C to 650°C and then decreases as the temperature increases 

from 650°C to 750°C. Our results indicated that the synthesis temperature could affect the 

degree of graphitization of CNTs. 

 

Keywords: Carbon nanotubes; Spray-pyrolysis; HRTEM; SEM, XRD analysis, Raman 

spectroscopic analysis, Used Cooking Oil            

                     

 

1. INTRODUCTION   
 

     Synthesis of carbon nanotube (CNT) have attracted the great attention of number of 

research groups, since discovered in 1991 [1] CNTs are now considered to be a top class subject 

in academic researches as well as in various industrial due to their outstanding electrical and 

mechanical properties [2]. Numerous applications have been developed by using CNTs such as 

field emission devices [3], transistors [4], sensors [5], energy storage [6], logic circuits [7], 

catalyst support [8], biomedical applications [9]. Various synthetic methods such as arc discharge 

[10], laser vaporization [11], chemical vapor deposition (CVD) [12], solvothermal [13], 
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hydrothermal [14], electrolysis [15], ball milling [16] have been developed for the production of 

CNTs. Recently, the synthesis of CNTs using Spray pyrolysis method has attracted much 

attentions because of many advantages such as high purity, high yield, controlled growth and 

spray pyrolysis method involves vaporization and pyrolysis of carbon source occur 

simultaneously [17].Mostly petroleum products are used as precursors for synthesizing CNTs 

using CVD method apart from these volatile petroleum based hydrocarbons, carbon nanotubes 

have been synthesized from polymers, metallocenes and domestic fuels such as kerosene and 

liquefied petroleum gas [18]. According to the principles of green chemistry, the feed stock of 

any industrial process must be a renewable natural resource. Hence, it is the time’s prime demand 

to explore renewable natural materials for CNTs synthesis. Recently there have been a few 

reports on synthesis of Multi-walled carbon nanotubes (MWNTs) and vertically aligned ones by 

thermal decomposition of turpentine, camphor and eucalyptus oil [19-21]. Our research groups 

have also succeeded in growing MWNT from Eco-friendly green bio-hydrocarbons such as Pine 

oil, Jactropha curcas oil, Cymbopogen flexuosus oil, Madhuca longifolia oil, Brassica Juncea 

oil, Oryza sativa oil, Glycine Max oil, Zingiber Officinale and Moringa oleifera oil [22-30]. 

 In this work, we report synthesis of MWNTs from plant derived hydrocarbon used 

cooking oil having vaporizing temperature around 325°C by catalytic decomposition carbon 

precursor over alumina impregnated with Fe and Mo catalyst. Unlike  any  fossil or petroleum  

product,  there  is  no  fear of its  being depleted  as it  is a  regenerative source and can be 

obtained easily by cultivating as much quantity as required. 

 

2.EXPERIMENTAL 
  

2.1 Preparation of mixture of catalysts  

 

        The alumina supported Fe/Mo catalyst was prepared by the metal ion impregnation method 

Fe(SO4)3 (0.3 g Alrich, technical grade) and (NH3)2MoO4 (0.04 g with 99.95% purity) were 

dissolved in approximately 50 ml of de-ionized water and approximately 2 g of a alumina was 

added to the solution giving a Fe:Mo:Al2O3 ratio 1:0.2:15. The water was removed by rotary 

evaporation and the solid dried at 100 °C the resulting powder was grinded thoroughly using a 

mortar and pestle. The fine powders were then calcined for 1hour at 450 °C and then re-grinded 

before loading into the reactor. The prepared catalyst was directly placed in a quartz boat and 

kept at the centre of a quartz tube which was placed inside a tubular furnace [31]. 

 

2.2 Fabrication and purification of nanotubes  

 

             The catalyst was positioned on the centre of the quartz boat and the heating furnace was 

placed with boat. The carrier gas nitrogen (100 mL/min) was flushed out before switch on the 

reaction furnace to remove air and create nitrogen atmosphere. The temperature was raised to the 

desired growing temperature. consequently, used cooking  oil was introduced into the quartz tube 

through spray nozzle and the flow was maintained at the rate of 0.5 mL/min. The reaction time 

lasted for 45 minutes for each deposition at different temperatures from 550°C to 750°C with 

100°C. The reactor was then allowed to cool to room temperature with nitrogen gas flowing. The 

yield does not change substantially as time progressed beyond 45 minutes. The amount of CNTs 

produced is proportional to the amount of catalyst used. So, the optimum condition for the 
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synthesis of high yield of relatively pure MWNTs of narrow size 15-45 nm were projected as 

reaction temperature around 650 °C, 80 mg of catalyst substrate, 45 minutes reaction time, 100 

mL per minute nitrogen gas flow and 0.5 mL per minute precursor flow.  

             The as-grown MWNTs were purified by the following procedure. 40 mg of raw material 

was added to 20 mL 1N HCl to form an acidic slurry. This slurry was heated to 60 °C and stirred 

at 600 rpm. To this heated acidic slurry 20 mL H2O2 was added to form oxidative slurry that 

continued to be heated and stirred for 30 minutes. The addition of HCl, H2O2, subsequent heating 

and stirring was repeated three more times, each time allowing the heated oxidative slurry to stir 

for 30 minutes. Phase separation was allowed to proceed followed by filtering the carbon phase 

and washing with 1N HCl and distilled water. The collected sample was dried at 120°C in air for 

2 hours. [32] 

 

2.3 CNT Characterization  

           The crystalline structure of as grown CNT samples was characterized by Raman 

Spectroscopy. Raman spectra of samples were performed by JASCO NRS- 1500W, green laser 

with excitation wavelength 532 nm. X-ray diffraction (XRD) with Cu-K radiation using an 

automated X-ray diffractometer (Shimazu Lab XRD-6000). As grown carbon samples surface 

morphology was examined using field-emission scanning electron microscope (FE-SEM, Hitachi 

S-4700) and high-resolution transmission electron microscope (HRTEM, JEOL-3010). For 

HRTEM studies, the samples were prepared by sonication of products in isopropanol and few 

drops of resultant suspension was put onto holey carbon grid and dried. 

 

 

         
 
Fig. 1 (a): The schematic diagram of Spray Pyrolysis set-up. (a) Heating source, (b) Spray 

nozzle, (c) Carbon feed stock inlet, (d) Nitrogen gas, (e) Quartz tube 

(b) Schematic diagram of the Sprayer 1. Gas inlet; 2. Solution inlet; 3. Tightening;   4. 

Polished glass-to-glass connection;   5, 6-Inner and outer pyrex tube. 

 

3. RESULTS AND DISCUSSION 

3.1 Effect of Temperature on the Growth of MWNTs 

 
            Fig. 2 and 3 illustrate the SEM and HRTEM images of the MWNTs synthesized at 

different temperatures ranging from 550 to 750 oC with 100 oC intervals over Fe-Mo catalysts 
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supported on alumina using waste cooking oil as precursor at a flow rate of 20 mL per hour under 

N2 atmosphere. The diameter of MWNTs was in the range of 34-82 nm. As the temperature 

increases the crystallization perfection of the graphitic walls of MWNTs also increases. This 

study further confirms that low yield of carbon deposit was produced at 550 °C attributed to poor 

activation of catalysts. The carbon deposit yield increases to maximum at 650 °C due to almost 

equal rate of catalytic decomposition of precursor. A decrease in carbon deposit yield observed at 

750 °C possibly due to high rate of pyrolysis followed by encapsulation of catalysts.  

 

           
 

 

 
 

Fig. 2a, b & c: SEM images of MWNTs grown at different Temperatures. 
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Fig. 3a, b & c: HRTEM images of MWNTs grown at different Temperatures. 

 

 
Fig. 4 Variation of Carbon deposit with reaction temperature 

 
 

3.2 Raman Spectroscopy Analysis of MWNTs  

 

            Figure 5 shows the Raman spectrum obtained for the MWNTs grown at 650oC. The two 

main typical graphite bands are present in the Raman spectrum of MWCNTs bundles: the band at 

1580 cm–1 (G band) assigned to the in-plane vibration of the C–C bond (G band) and the band at 

1342 cm–1 (D band)  

activated by the presence of disorder in carbon systems. The Raman spectrum also exhibits a 

band at 2683 cm–1 called the G’ band and attributed to the overtone of the D band [33] confirms 

presence of MWNTs. The observed IG/ID ratio value was about 1.17 further confirms the well 

crystallization of graphene layers of MWNTs synthesized using the chosen precursor at 650 °C 

under N2 atmosphere. No lower frequency RBM peaks in Raman spectrum of the samples 

synthesized in this work show the absence of SWNTs 

 

c

a 
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Fig. 5 Raman Spectrum of grown MWNTs at 650°c 

 

3.3 XRD Analysis of MWNTs 

 
            A XRD measurement was carried out using Cu Kα radiation (λ=1.54060Å) to examine 

the structure of the MWNTs was recorded with 2-theta (2θ) between 10o to 80o. Fig. 6 shows the 

XRD diffraction pattern of as-synthesized MWCNTs having two peaks at 26o and 44o. At 

synthesis temperature of about 650oC appearance of characteristic peak of graphite at 26° shows 

the presence of MWNTs in the sample [34]. The interlayer spacing of 0.337nm, similar to that of 

graphite (0.334nm), shows orderly stacking in the MWNTs. The peak at 44° with layer distance 

of 0.203nm corresponds to d(101) [35]. 

 

 

 
   

Fig. 6 XRD spectrum of grown MWCNTs at 650°C 
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4 CONCLUSIONS 
 

            The MWNTs were profitably synthesized by using spray pyrolysis method. We 

scrutinized the effect of temperature on the quality of the grown MWNTs.  We established that 

the yield and diameter of as-grown MWNTs were not same at all temperatures. The crystalline 

perfection and yield of MWNTs increases first as the temperature increases from 550°C to 650°C 

and then decreases as the temperature increases from 650°C to 750°C. Our results also reported 

that the synthesis temperature could affect the degree of graphitization of CNTs. At 650 oC this 

process yields better outcome. 
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Abstract: English is the most quickly developing dialects 
on the planet and in this way the requirement for 
reasonable clients of English candidates have been on 
the expansion amid the most recent two decades. This 
request has been affected by training organizers, heads 
and advice from assorted gatherings. Yet, the prospects 
to instruct and learn English are accessible generally in 
outlandish English medium non-public schools in huge 
urban areas and just the rich can have enough cash to send 
their youngsters to these schools. The other wannabe for 
learning English need to stay satisfied with lesser schools 
where the medium of the guideline is English just in name 
and the majority of the correspondences both inside and 
outside happen in the dialects nearest to the kids’ chest. 
The general population leave to schools in the provincial 
territories of the nation the educating and learning of 
English is exceedingly lamentable kids originate from 
families where practically every individual is put on trial 
in monetary employment to include the family salary and 
where nobody in many families at any point had a chance 
to go to a school. Additionally, the schools scarcely have 
educators who could claim to know English more than the 
base level of adequate English. The schools barely have 
any establishment office to show English uncertainty a 
slate and a bit of chalk.

Keywords:  Dialects, Educators, English, Learning, 
Training.

I. Introduction

Education is an imperative stage throughout understudy’s life. 
Learners take in essential language structure from the school level 
that would have breezed through the tests and the examinations. 

Application situated punctuation isn’t educated in schools. 
After these stages, an understudy goes into school life. Learners 
have their own eccentricity and hallucination about school life, 
since this is an opening period for them. 

The imperative rises above the school life of learners learn 
substance, bailiwick, assurance, request and regard. When they 
go into school life, they think as though he/she got exclusion. 

Article can be accessed online at http://www.publishingindia.com
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Maintenance this view as a primary concern they think that 
its complex to sit in classrooms. At this climacteric, there are 
two issues which a dialect instructor looks. Initial, an instructor 
needs to deal with every one of the learners in a classroom. 
In the event that the learners make an emergency, it is a 
humiliating circumstance for him/her. Second, the instructor 
names the learners who make inconveniences. It isn’t smart to 
reprimand such learners before others. It is so since learners 
will be influenced mentally. Now and again learners may hand 
over resistance to the instructors.

In the meantime, they start to see an instructor as his resister. 
This isn’t a solid vogue. All the while, to amend those inside 
the classroom will lessen the educating time. There is likewise 
a peril of uniqueness from the educating of a subject as well. 
In this way, the first-hand assignment of educators is to move 
them in appropriate way and influence them to complete the 
estimation of school life. 

Educators’ obligation lies not just with normal or more normal 
learners yet additionally with beneath normal/moderate 
students. To sum up things, a great educator needs to hold 
classes for every one of the learners in a classroom. Soul focus 
will comprehend a wide range of issues which emerge while 
taking care of classes. As a therapeutic measure, moderate 
students ought to be given extra training and guiding. On the off 
chance that an understudy floats in a class, he/she ought not to 
be chided or censured for his/her defiance in the class itself. This 
will influence them to debilitate delicately. As a substitution 
call, such learners face to face after class hours are finished and 
offer imperative advice and campaigner them the significance 
of school life. This will create a simpatico association amongst 
staff and learners. 

To ease issues from the very beginning itself, an English 
educator needs to help the learners to talk in English as it were. 
This demonstration makes them cocksure. By taking additional 
mind, the English instructor will impart the detail talked parts 
of a dialect once/twice in seven days as a sanative measure. At 
the point when such kind of Spoken English classes initiates, 
understudy inviting or student-driven circumstance will surely 
pre command, as an ever-increasing number of learners will 
contribute in the session. Instructors ought to empower learners 
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to share learning. This will answer all the obstacle obstructs in 
learners. Showing learning isn’t a restricted procedure. It is a 
multi-way process. When the instructing is over learners should 
raise their questions, illumination and so on. By doing as such 
learners’ relational abilities in English will be supported. 

To get this, a satisfactory watch must be given to learners in 
their prelim arrange. In the meantime, as keeping up classroom 
supervision correspondingly student neighbourly vibe ought to 
likewise rule there. This guarantees learners to take in more and 
share more.

Specifically, an educator is a decent companion, control and a 
logician to learners. He/she coordinates learners to go in the 
exam as well as endure the difficulties and take the right choices 
amid the season of scrape in life. This is normally a genuine and 
harsh task in front of a decent English instructor. 

With the expectation that the showing techniques ought to 
desire at utilizing the dialects and other property of the students 
and make taking in a charming background. Since the rustic 
individuals feel that learning of English would shrivel the hole 
amongst well off and poor, urban areas and towns, the English 
instructor should give careful consideration to these nation 
learners. 

Dialect is an opportune blessing filling in as a medium for 
communicating one’s idea and standpoint. It is a solid device 
of the human dispatch framework. It is the nuts and bolts for 
social, social, painterly, religious and monetary improvement 
and development of each person. A man is taught figure by 
the way he utilizes the dialect either in an aureate or squatty 
style. Dialect one of the effective components recognizes the 
general population over the world. English is the most critical 
entomb dialect which is talked everywhere. To broaden global 
understanding and surrogate sodality feeling, dialect turns into 
an irreplaceable instrument. It is the first language of more 
than 420 million individuals and another 300 million utilize it 
as their second dialect. English turn into an imperative piece 
of Indian instructive framework as it has been assuming an 
existence supporting part. Its carelessness would be a substantial 
misfortune not just in the field of science and innovation yet 
additionally in the human augmentation.

 II. Facing Tricky Classroom Situations

By and large teachers of English stumble upon several problems 
while teaching English to a campestral group of students. In 
engineering colleges, teachers have to covenant with students 
who had studied in reputed schools, and those who had studied 
through mother Tongue medium in rural schools. A significant 
number of mother-tongue medium students have a low level of 
proficiency in English because of lack of exposure to English. 
Teachers have to make special efforts to help these NEP (Nether 
English Proficient) students. At the same time, students with 
high proficiency need some challenging task in language 
classes. Teachers find it difficult to plan lessons that precious to 
the needs of the two different groups of students. The problems 

faced by teachers are discussed and tending strategies are 
suggested for effective learning.

 III. Trouble-Free Ways to Reach and Teach 
English Language Learners

Representing yourself in a position where you can’t comprehend 
the dialect being talked around you. You need to make a decent 
partner and share yet your restricted dialect ability makes you 
startled. An educationist once watched that not having the 
capacity to convey is more troublesome than not having the 
capacity to see. That incitement is likely starting felt by the 
English dialect students in your classroom.

The following methods help you maintain ELLs through this 
complicated stage of language proficiency. Implementing these 
techniques will support all the students in your classroom and 
can bestow to differentiated teaching. Much of what the ESOL 
teacher does is best practice teaching and you may distinguish 
and already use some of the tactics below. The more you merge 
these tactics in your teaching. The more contented ELLs will 
be in your classroom and more aggravated they will be to learn 
English and the content you teach. 

 IV. Training ELL: Classroom System 
Strategies

The new teachers must know how to create their classrooms 
ELL friendly. By using these suggestions first-year teachers 
will be enhanced to keep ELL and EO students on course. 

V. Training ELL: Wide-Ranging Instructional 
Strategies

These strategies, take out from simple ways to attain and teach 
English language learners, partake good thinking and best 
practices. New and apprentice teachers will find they work well 
for both ELLs and EO students. 

 VI. Training ELL: Listening and Speaking 
Strategies

The teachers will get the advert of teaching ELLs with these 
proposals take out from simple ways to attain and teach 
English language learners. Novice teachers, acclimatize these 
strategies to help ELLs and all students get better their language 
enlargement in a primitive way. 

 VII. Training ELL: Reading and Writing 
Strategies

Novice teachers can provide a chance for all students to listen, 
speak, read and write in a multiplicity of settings. Using these 
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writing and reading strategies, novice teachers will help ELL 
students develop language adeptness.

 VIII. Common Features of Language 
Teaching

 ∑ An emphasis on teaching language for communication.
 ∑ A focus on student’s needs and interests.
 ∑ The integration of the four skills (L, R, W & S).
 ∑ The use of tasks to negotiate to mean.
 ∑ The use of authentic materials and realia.
 ∑ The primary use of the L2 to conduct a class.
 ∑ A view of error as “risk-taking”.

 IX. A Bureaucratic Timeline Verse

The tutoring of abroad dialects began from the analyst, the pri-
vate amid prior hundreds of years in showing Latin and Greek 
in England and Europe. The course readings utilized as a part 
of the main issue ages for showing traditionalist dialects were 
constructed just in light of the syntaxes of donatus. Present-day 
outside dialects were examined in the language structure based 
arrangement a similar way Latin had been prepared once in the 
past. In this way, these works inventive originations of dialect 
instructing took after. One of them was the analytic strategy. 
The supporters of this technique began with the composed con-
tent and by its investigation to show its phrasing and directions. 
New ways in instructing an outside dialect were acquainted 
along the hundreds of years with come. Jean Joseph Jacotot an 
educator who showed French presented the strategy of bilin-
gual writings.

 X. Types of English Lessons

The key type of direction in class is the lesson. Every lesson 
has its own capacity. It helps the understudies with securing 
propensities and capacities, with the limit of understanding, 
talking, perusing and composing English.

 XI. Need Ten Principles to Guide

 ∑ Make the best use of learning opportunities.
 ∑ Smooth the progress of discussed communication.
 ∑ Curb perceptual mismatches.
 ∑ Set off perceptive heuristics.

 ∑ Create language awareness.
 ∑ Inculcate linguistic input.
 ∑ Integrate language skills. 
 ∑ Uphold learner autonomy.
 ∑ Make sure social relevance. 
 ∑ Lift up cultural consciousness.

 XII. Conclusion

To conclude, the competence of a teaching technique cannot be 
judged or realized on a general postulation that a method is a 
compound equation with a definite course of process and results 
which are universally applicable. A method in that way is always 
in the process of making and any definite outcome like that of 
scientific chemical formula on the basis of an equation cannot 
be made. It is an open-ended process in the hands of a teacher 
who uses it creatively and in-put given to the learners is received 
by them differently as per their individual creative ability which 
varies from one learner to another. Learning English should be 
a passion to the new learners, leads to trenchant man. 
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ABSTRACT:  
A modest and a capable method was enhanced underway of tetrazole moiety derivatives got from the different 

diamines buildup with 2-amino-benzoic acid and numerous substituted benzoylchloride responses have for some 

time been an alluring objective for the advancement of agents against bacterial and parasitic diseases and also 

cancer. The point of this examination contemplate is to find a novel engineered lead compounds for future 

advancement. Another arrangement of benzimidazole analogs is outlined have been incorporated, it has treated 

with phosphorous pentachloride and sodiumazide response to yield benzimidazole clubbed with tetrazole moiety 

derivative structure illustration of the new was satisfied in view of elemental analysis (C, H, N), FT-IR, 1H-

NMR, 13CNMR, and Mass spectrometry, and screening of anticancer ponders additionally recorded. 
 

KEYWORDS: 2-amino-benzoicacid, substituted benzoylchloride and PCl5 and sodiumazide, anti HIV1. 
 

 

INTRODUCTION:  
A significant number of heterocyclic compounds 

demonstrate the natural or pharmacological exercises. 

Consequently, every one of the derivatives of 

heterocyclic compounds is utilized for the 

pharmaceutical applications. From these compounds, 

benzimidazole derivatives are generally utilized as a part 

of the pharmaceutical regions. The pathogenic fungi are 

becoming increasingly common, especially in 

individuals with suppressed immune systems such as 

cancer chemotheraphy and AIDS patients. The 

compounds bearing benzimidazole moiety are reported 

to possess a number of interesting biological activities 

and the widespread importance of benzimidazole 

structure has been used in extensive studies for 

synthesizing heterocycles [1-3]. 
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Benzimidazole derivatives have found the appreciation 

in diverse therapeutic areas including antimicrobial 

activity [4-8], the activity against several viruses such as 

HIV [9-11], antiallergic [12,13], antioxidant [14-16], 

antihistaminic [17] antitubercular [18,19], antiasthmatic 

[20], anti-diabetic [21,22], anticancer [23-27], antitumor 

[28,29], antiulcer [30,31], antihelmentic [32], HIV-1 

reverse transcriptase inhibitors [33,34], antiviral [35], 

anticoagulant [36], antiinflammatory [37], antibacterial 

[38] and so as the series of biologically active 

benzimidazole derivatives. 
 

RESULT AND DISCUSSION: 
Chemistry: 

In this examination, the unions of the new 

benzimidazoles (6-9), have been finished [39-45] has 

showed up in Scheme First, benzidine with acetic acid 

were reacted the gained compound (1) nucleophilic 

reaction when (1) has been reacted with benzoyl chloride 

[46] inside seeing pyridine as a base. The benzidine and 

benzimidazole compounds were reacted to give another 

compound (2). IR, 1H-NMR and 13CNMR spectra were 

evaluated for the compound 2 and 3-5. In the scope of 

the compound 2, bunches were seen at around 3300– 

2400 cm– 1 and 1680 cm–1 having a spot with – N– H and 

– CO bonds, separately. The proton of the benzimidazole 

nitrogen was seen at 12.8 ppm as far reaching singlet top 

of sequence. In the scope of the blends 2–5, carbonyl 

gatherings were viewed 1689– 1676 cm–1 and methylene 
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protons were seen at around 6.30– 6.34 ppm. At the 

resulting stage, substituted benzamide backups (2–5) and 

moved benzylamines were refluxed in acetic acid to 

manage the expense of contrasting sodiumazide 

subordinates (6-9). The resulting things were yielded in 

the extent of 50– 60%. In the IR spectra of the last 

compounds (6– 9), all gatherings were seen in expected 

zones and moreover evaporating of expanding bunches 

around 1689–1676 cm–1 having a spot with ketone 

carbonyl was a proof for ring end separated by IR 

spectroscopy. In the 1H-NMR spectra of the last blends, 

doublet top was seen at 4.62– 4.68 ppm having a spot 

with – N– CH2 protons and the resonating of these 

protons as doublet was accepted to be a result of 

appealing anisotropy. The pinnacles are seen at 7.79–

8.28 ppm were named for methylene protons in the chief 

position of 1H-benzimidazole ring structure. The flag 

having a spot with the C4– H proton of the 1H-

benzimidazole thick ring structure was observed 

extensively advance downfield at around 8.62– 8.71 ppm 

as demonstrated by the other fragrant protons. The other 

trademark fragrant protons were seen at anticipated 

districts, around 6.55– 7.86 ppm. In the 13C NMR 

spectra of the compounds (2-5), the trademark tops were 

seen at around 163.82– 164.55 ppm and 27.72– 27.92 

ppm having a spot with – CO and – CH3 gathering of 

carbon. Crests at around 32.02– 36.01 ppm and 112.16– 

112.52 ppm having a spot with – CH2– and CH– carbon 

particles were likewise observed in spectra of the last 

compounds (6-9). The mass spectra of the compounds 

exhibited crests, in simultaneousness with their sub-

nuclear weight. All compounds gave sophisticated 

elemental examination results in connection with the 

computations. In the lab work, comparative compound 

1-Methyl-2-(4'-(5-(4-trifluromethyl)phenyl-1H-tetrazol-

1-yl)- [1,1'-biphenyl]-4-yl)-1H-benzo[d]imidazole, 1-

methyl-2-(4'- (5-(4-methylthio)phenyl-1H-tetrazol-1-yl)- 

[1,1'- biphenyl]-4yl)- 1H-benzo[d]imidazole, 4-(1-(4'- 

(1-methyl-1H-benzo[d]imidazol-2-yl)- [1,1'- biphenyl]-

4-yl)- 1H-tetrazol-5-yl)benzene-1-sulfonyl fluoride, and 

2-(4'- [5-(4-Cyanato-phenyl)- tetrazol-1-yl]-[-biphenyl]-

4-yl)- 1-methyl-1H-benzo[d]imidazole were synthesized. 

 

Experimental: 

Reagents and Solutions: 

Melting points were recorded on a REMI Series 

Instrument. Thin Layer Chromatography was detected 

on silica gel covered plates and plates were reviewed 

under iodine shake. Infra Red spectra were recorded in 

KBr pellets on Schimadzu FT-IR Spectrophotometer. 1H 

and 13C-NMR spectra were estimated on Bruker (AC 

400MHz). Essential investigation information was 

finished by Perkin-Elmer arrangement– II Analyzer 

2400. All the synthetic reagents and solvents were 

utilized as a part of the expository review. 

 

4-(1-Methyl-1H-benzo[d]imidazol-2-yl) aniline (1): 

Benzidine (0.1mole) and anthranilic acid (0.1mole) were 

heated in a water bath for 1hr 40 min, It’s followed to 

cool and added 10% NaOH stirring until base nature. 

The yield was filtered, cleaned with ice cold water, 

decolorize and cleaned continue and dried out. The yield 

was recrystallized from ethanol. 

 

To a mixture of compound (1) (2m mole) in 

dimethylformamide (10mL) was sodium hydride (55%, 

2m mole) was added at 0°C. After completion of this 

process heat for 2hrs 45min, the reaction stay cooled to 

0°C and the alkyl halide (2.4m mole) was added at 0°C. 

The reaction mixture was then allowed to warm to room 

temperature and stirred for 3hrs. After completion of the 

reaction, water (50mL) was slowly added to the reaction 

mixture and extracted with ethyl acetate (50mL). The 

organic layer was washed with water (50mL), Brine and 

dried over anhydrous magnesium sulfate and 

concentrated under vacuum to yield the corresponding 

N-substituted different derivative vice. The yield was 

recrystallized from hot aq. ethanol to obtain pure yield. 

m.p. 142°C. The yield was 83%. Infrared Spectral Data 

(KBr), value in cm-1 3392.02 (s, NH2), 3279.08 (s,N-H, 

2oamine), 3034.40 (Ar- CH), 1632.43 (s, C=N), 1442.93 

(CH3), 1339.76 (s, C-N); 1H NMR Spectral Data 

(DMSO/TMS), δ values in ppm 7.9 (m), 7.2 (m), 7.9 (d), 

6.8, 5.1 (s), 4.6 (s); 13C NMR Spectral Data 

(DMSO/TMS), δ values in ppm 154, 144, 141, 134, 126, 

122, 119, 113, 109, 31. 

 

N-(4’-(1-methyl-1H-benzo[d]imidazol-2-yl)[1,1’-

biphenyl]-4-yl)-4-(trifluoromethyl) benzamide (2): 

It was prepared by using 2 (1; 0.01mole) of and 4- 

Trifluoromethyl-benzoyl chloride (0.1mole) was 

refluxed with pyridine (40mL) for 15hrs. That yield was 

undisturbed and added with cold ice, neutralized with the 

help of conc. HCl which produced yield. The yield was 

separated by filtration and cleaned with cold ice water. 

The yield was recrystallized from ethanol and separated 

by column chromatography. m.p. 180°C. The yield was 

70%. Infrared Spectral Data (KBr), value in cm-1 

3439.07, 3350.10, 3079.13, 1690.12, 1650.11, 1562.03, 

1260.11, 1160.30; 1H NMR Spectral Data 

(DMSO/TMS), δ values in ppm 9.5 (s, 1H), 8.3 (d), 7.9 

(m), 7.8 (m), 7.7 (d), 8.1, 7.4, 7.0 (m), 4.24 (s). 13C NMR 

Spectral Data (DMSO/TMS), δ values in ppm 165, 155, 

144, 140, 136, 133, 130, 127, 124, 122, 120, 117, 108, 

31. 

 

N-(4’-(1-methyl-1H-benzo[d]imidazol-2-yl)-[1,1’-

biphenyl]-4yl)-4-(methylthio) benzamide (3): 

The title compound 3 was formed with the reaction 

between 2 (1; 0.01 mole) and 4- Methylsulfanyl-benzoyl 

chloride (0.1 moles) of the preceding route. The yield 

was filtered and cleaned with cold ice water. The yield 
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was recrystallized from ethanol and cleaned by column 

chromatography, m.p.189°C. The yield was 75%. 

Infrared Spectral Data (KBr), value in cm-1 3484.40, 

3292.32, 3090.09, 1660.10, 1571.99, 1516.47, 1295.35, 

1160.12 (s, C-N); 1H NMR Spectral Data (DMSO/TMS), 

δ values in ppm 10.5 (s), 8.4 (d), 8.0 (m), 7.7 (m), 7.5(d), 

7.0, 4.2 (s); 13C NMR Spectral Data (DMSO/TMS), δ 

values in ppm 165.0, 156.0, 142, 138, 134, 125, 121, 

113, 32. 

 

4-((4’-(1-methyl-1H-benzo[d]imidazol-2-yl)-[1,1’-

biphenyl]-4-yl) carbamoyl) benzene-1-

sulfonylfluoride (4): 

The title compound 4 was formed with the reaction 

between 2 (1; 0.01 mole) and 4-Fluorosulfonyl-benzoyl 

chloride (0.1 moles) of the preceding route. The yield 

was filtrated and cleaned with cold ice water. The yield 

was recrystallized from ethanol and cleaned by column 

chromatography, m.p. 183°C. The yield was 82%. 

Infrared Spectral Data (KBr), value in cm-1 3470.23 (s), 

3278.52 (s), 3082.52, 1684.19, 1605.22, 1528.81, 

1293.05, 1184.03, 1100.48; 1H NMR Spectral Data 

(DMSO/TMS), δ values in ppm 10.4 (s), 8.5 (m), 7.7 

(m), 7.9 d), 8.0 (m), 7.4 (m), 7.1 (m), 4.0 (s); 13C NMR 

Spectral Data (DMSO/TMS), δ values in ppm 164.4, 

154, 149, 138-136, 132.2, 130, 128, 121, 119.8, 112, 32. 

 

4-Cyano-N-(4’-(1-methyl-1H-benzo[d]imidazol-2-yl)-

[1,1’-biphenyl])-4-yl) benzamide (5): 

The title compound 5 was formed with the reaction 

between 2 (1; 0.01mole) and 4-cyanato-benzoyl chloride 

(0.1 moles) of the preceding route. The yield was 

filtrated and cleaned with cold ice water. The yield was 

recrystallized from ethanol and cleaned by column 

chromatography, m.p. 194°C. The yield was 74%. 

Infrared Spectral Data (KBr), value in cm-1 3501.16 (s), 

3317.37 (s), 3084.11 (s), 2283.08 , 1680.44 (s), 1595.28 

(s), 1563.78, 1291.06 (s), 1172.04 (s); 1H NMR Spectral 

Data (DMSO/TMS), δ values in ppm 8.2 (d), 7.8 (d), 7.6 

(m), 7.2 (m), 3.9 (s); 13C NMR Spectral Data 

(DMSO/TMS), δ values in ppm 164, 153, 143, 138, 136, 

132, 129, 128, 127, 126, 123, 120, 118.2, 110, 32. 

 

1-Methyl-2-(4’-(5-(4-trifluromethyl) phenyl-1H-

tetrazol-1-yl)-[1,1’-biphenyl]-4-yl)-1H-

benzo[d]imidazole (6): 

Compound (2) (0.01mole) treated along with the amount 

of PCl5 (0.01mole) at 100°C until the evaluation of HCl 

fumes finished. That mixture has some free POCl3. By 

distillation of those non reacted POCl3 were removed 

with low pressure. Then it was allowed to react with an 

ice cold solution of NaN3 (0.02 mole), 40mL of acetone 

and added sodium acetate to keep allowing to stir over 

night. The untreated solution was divided and evaporates 

to obtain the yield. The yield filtered and cleaned with 

ice cold water. The yield was recrystallized from the 

mixture of benzene and pet-ether, m.p. 210°C. The Yield 

was 65%.Elemental analysis for C28H19N6F3: C, 67.71; 

H, 3.86; N, 16.90; Found: C, 67.70; H, 3..80; N, 16.97; 

Infrared Spectral Data (KBr), value in cm-1 3290.03 (s, 

N-H), 3072.18 (s, Ar-C-H), 1661.12 (s, C=N), 1601.00 

(C=N, tetrazole), 1242.66 (tetrazole, N-N=N); 1H NMR 

Spectral Data (DMSO/TMS), δ values in ppm 8.0 (d), 

7.7 (m), 7.5 (m), 7.2 (m), 7.0 (m), 4.0 (s); 13C NMR 

Spectral Data (DMSO/TMS), δ values in ppm 164, 153, 

142-135, 130, 125, 123, 120, 32; Mass Spectra Data 

Values, m/z (%) 497.1624 (0.30), 352 (0.02), 339.1422 

(0.18), 337 (0.02), 277.1216 (0.17), 275 (0.01), 251.0917 

(0.21), 223 (0.01), 221.1175 (0.10), 209.1145 (0.18), 207 

(0.02), 145.0620 (0.40), 131.0725 (1.00), 103.0676 

(0.77), 77.0456 (0.62) 

 

1-methyl-2-(4’-(5-(4-methylthio) phenyl-1H-tetrazol-

1-yl)-[1,1’-biphenyl]-4yl)-1H-benzo[d]imidazole (7): 

The title compound was prepared by the common 

process. The yield was recrystallized from the mixture of 

benzene – petroleum ether. It was cleaned by column 

chromatography and m.p. 238°C. The Yield was 68%. 

Elemental analysis for C28H22N6S: C, 70.86; H, 4.68; N, 

17.78; Found: C, 70.80; H, 4.70; N, 17.80; Infrared 

Spectral Data (KBr), value in cm-1 3309.05, 3080.16 

(aromatic C-H stretching), 1671.30 (C=N stretching), 

1612.18 (C=N, tetrazole), 1264.30 (tetrazole, N-N=N); 
1H NMR Spectral Data (DMSO/TMS), δ values in ppm 

8.3 (m), 7.9 (m), 7.7 (m), 7.4 (m), 7.1 (m), 7.0 (m), 4.0 

(s); 13C NMR Spectral Data (DMSO/TMS), δ values in 

ppm 163, 153, 145-136, 133, 128-120, 118, 111, 32; 

Mass Spectra Data Values, m/z (%) 475.1659 (0.38), 373 

(0.01), 357.1323 (0.36), 355 (0.02), 353 (0.01), 351.1524 

(0.20), 295.1123 (0.21), 293 (0.02), 277.1216 (0.17), 

257.0532 (0.08), 255 (0.01), 251.0917 (0.22), 249 (0.02), 

241 (0.01), 239.0810 (0.30), 209.1145 (0.19), 207 (0.02), 

131.0725 (1.00), 121.0424 (0.50), 95.0471 (0.58), 

77.0456 (0.64) 

 

4-(1-(4’-(1-methyl-1H-benzo[d]imidazol-2-yl)-[1,1’-

biphenyl] -4-yl)-1H-tetrazol-5-yl) benzene-1-

sulfonylfluoride (8): 

The title compound was prepared by the common 

process, the yield was recrystallized from the mixture of 

benzene – petroleum ether and cleaned by column 

chromatography and m.p. 254°C. The Yield was 63%. 

Elemental analysis for C27H19N6O2S: C, 63.52; H, 3.75; 

N, 16.46; Found: C, 63.57; H, 3.68; N, 16.44; Infrared 

Spectral Data (KBr), value in cm-1 3308.00 (s, N-H), 

3090.57 (s), 1693.72, 1619.01, 1490.30, 1302.30, 

1286.20, 1191.49; 1H NMR Spectral Data 

(DMSO/TMS), δ values in ppm 8.4 (m), 8.0 (m), 7.7 

(m), 7.2 (m), 7.0 (m), 4.0 (s); 13C NMR Spectral Data 

(DMSO/TMS), δ values in ppm 164, 153, 143, 139-131, 

130, 128, 127-120, 119, 112, 32; Mass Spectra Data 

Values, m/z (%) 510.5422 (0.22), 375 (0.2), 365(0.01), 
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363.1392 (0.17), 353.1524 (0.30), 351 (0.02), 303.1223 

(0.18), 301 (0.01), 277.1216 (0.18), 225 (0.02), 251.0917 

(0.30), 209.1145 (0.19), 207 (0.01), 173 (0.02), 171.0251 

(0.33), 139.0021 (0.40), 137 (0.01), 131.0725 (1.00), 

77.0456 (0.64) 

 

2-(4’-[5-(4-Cyanato-phenyl)-tetrazol-1-yl]-[-

biphenyl]-4-yl)-1-methyl-1H-benzo[d]imidazole (9): 

The title compound was prepared by the common 

process; the yield was recrystallized from the mixture of 

benzene–petroleum ether and cleaned by column 

chromatography and m.p. 259°C. The Yield was 62%. 

Elemental analysis for C28H19N7O: C, 71.63; H, 4.08; N, 

20.88; Found: C, 71.69; H, 4.11; N, 20.88; Infrared 

Spectral Data (KBr), value in cm-1 3284.08 (N-H 

streching), 3070.04, 1670.38, 1600.26, 1233.90; 1HNMR 

Spectral Data (DMSO/TMS), δ values in ppm 8.6 (m), 

7.9 (m), 7.6 (m), 7.4 (m), 7.2 (m), 6.7 (m), 4.0 (s); 
13CNMR Spectral Data (DMSO/TMS), δ values in ppm 

164, 155, 146, 136-134, 132-130, 129, 128, 125, 121, 

110, 32; Mass Spectra Data Values, m/z (%) 469.4575 

(0.40), 387 (0.01), 373.1059 (0.20), 371(0.02), 353.1524 

(0.24), 351 (0.01), 313.0823 (0.50), 311 (0.01), 277.1216 

(0.18), 275 (0.02), 257.0532 (0.08), 255 (0.02), 251.0917 

(0.20), 249 (0.02), 209.1145 (0.18), 207 (0.01), 181.0251 

(0.35), 179 (0.02), 139.0021 (0.40), 137 (0.01), 131.0725 

(1.00), 113.3541 (0.37), 111 (0.02), 77.0456 (0.63) 

 

Biological Screening: 

ANTI HIV SCREENING: 

Cell-Culture: 

The MT-4 cells were grown in RPMI 1640 DM (Dutch 

Modification) medium, supplemented with 10% (v/v) 

heat-inactivated fetal calf serum (FCS), 2mML-

glutamine, 0.1% sodium bi carbonate and 20µg/mL 

gentamycin (equal compete medium). The cells were 

maintained at 37°C in a humidified atmosphere of 5% 

CO2 in air. Every 3-4 days and always 2 days before 

starting the experiment cells were seeded at 3×105 

cells/mL. At regular time intervals, the MT-4 cells were 

analyzed for the presence of mycoplasma and 

consistently found to be mycoplasma free. 

 

Virus: 

HIV-1 (Strain HTLV-IIIB/LAI) were obtained from the 

culture supernatant of HIV-1 infected MT-4 cells lines. 

The virus titer of the supernatant was determined in MT-

4 cells. The virus stocks were stored at 37°C until used. 

 

AntiHIV Assay: 

Flat bottom, 96-well plastic microtiter trays (Life 

Technologies, Merelbeke, Belgium) were filled with 100 

µL of complete medium using a TitertekR Multidrop 

dispenser (ICN Biomedicals). This eight channel 

dispenser could fill a microtiter tray in less than 10s. 

Subsequently, stock solutions (10×final test 

concentration) of compounds were added in 25µL 

volumes to two series of triplicate wells so as to allow 

simultaneous evaluation of their effects on HIV and 

mock infected cells. Serial five-fold dilutions were made 

directly in the microtiter trays using a Biomek 2000 

robot (Beckmen). Untreated control HIV and mock-

infected cell samples were included for each compound. 

 

50µL of HIV at 100-300 CCID50 or medium was added 

to either infected or mock-infected part of microtiter 

tray. Exponentially growing MT-4 cells were centrifuged 

for 5 min at rpm and the supernatants were discarded. 

The MT-4 cells were resuspended at 6×105 cells/mL in a 

flask which was connected with an autoclavable 

dispensing cassette of a TitertekR Multidrop dispenser. 

Under slight magnetic stirring 50µL volumes were then 

transferred to the microtiter tray wells. The outer row 

wells were filled with 200µL of medium. The cell 

cultures were incubated at 37°C in a humidified 

atmosphere of 5% CO2 in air. The cells remained in 

contact with the test compounds during the whole 

incubation period five days after infection the viability of 

mock and HIV infected cells was examined 

spectrophotometrically by the MTT method. 

 

MTT Assay: 

The MTT Assay is based on the reduction of the yellow 

colored 3-(4,5-dimethylthiazol-2-yl)-2,5-

disphenylterazolium bromide (MTT) (Sigma Chemical 

Co., St, Loius, MO) by mitochondrial dehydrogenase of 

metabolically active cells to a blue formazan which can 

be measured spectrophotometrically. Therefore, to each 

well of the microtiter trays, 20µL of a solution of MTT 

(7.5mg/mL) in phosphate buffered saline was added 

using the TitertekR Multidrop. The trays were further 

incubated at 37 °C in a CO2 incubator for 1 h. A fixed 

volume of medium (150µL) was then removed from 

each cup using a 96-well washed (Beun De Ronde) 

without distributing the MT-4 cell clusters containing the 

formazan crystals. 

 

Solubilization of the formazan crystals was achieved by 

adding 100µL 10% (v/v) Triton X-100 in acidified 

isopropanol (2mL methanesulfonic acid per 500mL 

solvent) using the 96 well washers. Complete dissolution 

of the formazan crystals should be obtained after the 

trays had been placed on a plate shaker for 10 min. 

Finally, the absorbances were read in an eight channel 

computer controlled Titertek Microplate read and stacker 

(Multiscan MCC, ICN Flow) at two wavelengths (540 

and 690nm). The absorbance measured at 690nm was 

automatically subtracted from the absorbance at 540nm, 

so as to eliminate the effects of non-specific absorption. 

Blanking was carried out directly on the microtiter trays 

with the first column wells which contained all reagents 

except for the MT-4 cells, virus and compounds. All data 
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were calculated using the median OD value of three 

wells. The 50% cytotoxic dose (CD50) was defined as the 

concentration of compound that reduced the absorbance 

(CD540) of the mock-infected control sample by 50%. 

 

The percent protection achieved by the compound in 

HIV infected cells was calculated by the following 

formula: 

 

 
 

Whereby (ODT) HIV is the optical density measured with 

a given concentration of the test compound in HIV- 

infected cells; (ODC) HIV is the optical density measured 

for the control untreated HIV- infected cells; (ODC) MOCK 

is the optical density measured for the control untreated 

HIV- infected cells. The dose achieving 50% protection 

according to the above formula was defined as the 50% 

effective concentration (EC50), where azidothymidine 

(AZT) or zidovudine were used as standard compounds. 

 
Table 1: AntiHIV-1 screening of the compounds 

Compounds Strain IC50 (µg/mL)a CC50 (µg/mL)b 

2 IIIB >29.1 29.1 

3 IIIB >31.2 31.2 

4 IIIB >0.042 0.042 

5 IIIB >1.302 1.302 

6 IIIB >39.9 39.9 

7 IIIB >41.5 41.5 

8 IIIB >1.542 1.542 

9 IIIB >2.672 2.672 

AZT IIIB 0.0012 65.9 

 

a - Effective Concentration of compound, achieving 50% 

protection of MT-4 cells against cytopathic effect of 

HIV. 
 

b – Cytotoxic concentration of compounds, required to 

reduce the viability of mock infected MT-4 cells by 

50%. 
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SEVERAL TYPES OF GENERALIZED DOUBLE FUZZY
Z DISCONNECTED SPACES

A. VADIVEL, S. DEVI SATHAANANTHAN, S. TAMILSELVAN, AND G. SARAVANAKUMAR1

ABSTRACT. In this paper we introduce the concepts of pre generalized dou-
ble fuzzy Z-open, generalized double fuzzy Z-extremally disconnected spaces.
Also we introduce the concepts of generalized double fuzzy Z-basically dis-
connected space and related sets such as (r, κ)-generalized fuzzy Z open-Fσ,
(r, κ)-generalized fuzzy Zclosed-Gδ sets and maps such as generalized double
fuzzy ZFσ-open, ZGδ-continuous and ZFσ-irresolute function. Some charac-
terizations of the concepts are studied.

1. INTRODUCTION AND PRELIMINARIES

In 1986, Atanassov [1] started ’Intuitionistic fuzzy sets’ and Coker [2] in 1997,
initiated Intuitionistic fuzzy topological space". The term “double" instead of
“intuitionistic" coined by Garcia and Rodabaugh [4] in 2005. In the previous
two decades many analysts [7–9, 14] accomplishing more applications on dou-
ble fuzzy topological spaces. The class of L-fuzzy ω-extremally disconnected
spaces is defined by Sudha et al. [13]. From 2011, Z-open sets and maps were
introduced in topological spaces by El-Maghrabi and Mubarki [6].
X denotes a non-empty set, I1 = [0, 1), I0 = (0, 1], I = [0, 1], 0 = 0(X), 1 =

1(X), r ∈ I0 & κ ∈ I1 and always 1 ≥ r + κ. IX is a family of all fuzzy sets on
X. In 2002, Double fuzzy topological spaces (briefly, dfts), (X, η, η∗), (r, κ)-fuzzy

1corresponding author
2010 Mathematics Subject Classification. 54A40, 54D30, 03E72.
Key words and phrases. pgDFZO, gDFZed, (r, κ)-gfZo-Fσ, (r, κ)-gfZo-Gδ, gDFZb-

disconnected space.
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open (resp. (r, κ)-fuzzy closed) (briefly (r, κ)-fo (resp. (r, κ)-fc)) set were given
by Samanta and Mondal [11].

All other undefined notions are from [3,5,6,8–12] and cited there in.

2. GENERALIZED DOUBLE FUZZY Z -EXTREMALLY DISCONNECTED SPACES

Definition 2.1. Let (X, ρ1, ρ∗1) & (Y, ρ2, ρ
∗
2) be dfts. A function f : (X, ρ1, ρ

∗
1) →

(Y, ρ2, ρ
∗
2) is called pre generalized double fuzzy Z-open (briefly, pgDFZO) if f(γ)

is an (r, κ)-gfZo in IY forall (r, κ)-gfZo set γ ∈ IX .

Remark 2.1. Let (X, ρ1, ρ∗1) be dfts. ∀ γ ∈ IX , the following statements hold:

(i) GZIρ,ρ∗(γ, r, κ) = GZCρ,ρ∗(1− γ, r, κ).
(ii) GZCρ,ρ∗(γ, r, κ) = GZIρ,ρ∗(1− γ, r, κ).

Proposition 2.1. Let (X, ρ1, ρ∗1) & (Y, ρ2, ρ
∗
2) be dfts. A function f : (X, ρ1, ρ

∗
1)→

(Y, ρ2, ρ
∗
2) is a

(i) gDFZIrr function iff f(GZCρ1,ρ∗1(γ, r, κ)) ≤ GZCρ2,ρ∗2(f(γ), r, κ) ∀ fs γ
in IX .

(ii) gDFZO surjective function, then ∀ fs γ in IY .
f−1(GZCρ2,ρ∗2(γ, r, κ)) ≤ GZCρ1,ρ∗1(f

−1(γ), r, κ).

Definition 2.2. A dfts (X, ρ, ρ∗) is said to be an generalized double fuzzy Z ex-
tremely disconnected (briefly, gDFZed) space if GZCρ,ρ∗(γ, r, κ) is an (r, κ)-gfZo
set ∀ (r, κ)-gfZo set γ ∈ IX .

Example 1. The dfts (X, ρ, ρ∗) is gDFZed space, where X = {l,m, n} with the
topologies

ρ(γ) =



1, if γ ∈ {0, 1},
3
4

γ = 0.5,

1
2

γ ∈ {0.3, 0.7},
1
4

γ ∈ {0.4, 0.6},
0 o.w.

ρ∗(γ) =



0, if γ ∈ {0, 1},
1
4

γ = 0.5,

1
2

γ ∈ {0.3, 0.7},
3
4

γ ∈ {0.4, 0.6},
1 o.w.

Proposition 2.2. Let (X, ρ1, ρ∗1) and (Y, ρ2, ρ
∗
2) be dfts’s. If a function f : (X, ρ1, ρ

∗
1)

→ (Y, ρ2, ρ
∗
2) is a gDFZIrr, gDFZO surjective function such that (X, ρ1, ρ∗1) is an

gDFZed then, (Y, ρ2, ρ∗2) is gDFZed.
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Theorem 2.1. Let (X, ρ, ρ∗) be a dfts. Then:

(i) (X, ρ, ρ∗) is an gDFZed space.
(ii) ∀ (r, κ)-gfZc set γ, GZIρ,ρ∗(γ, r, κ) is an (r, κ)-gfZc set.

(iii) ∀ (r, κ)-gfZo set γ, GZCρ,ρ∗(γ, r, κ)
∨
GZCρ,ρ∗(1−GZCρ,ρ∗(γ, r, κ)r, κ) = 1.

(iv) ∀ (r, κ)-gfZo sets γ & µ 3 GZCρ,ρ∗(γ, r, κ) ∨ µ = 1, then
GZCρ,ρ∗(γ, r, κ) ∨GZCρ,ρ∗(µ, r, κ) = 1

are equivalent.

Theorem 2.2. A dfts (X, ρ, ρ∗) is gDFZed space iff ∀ a (r, κ)-gfZo set γ & a
(r, κ)-gfZc set µ set 3 γ ≤ µ, GZCρ,ρ∗(γ, r, κ) ≤ GZIρ,ρ∗(µ, r, κ).

3. GENERALIZED DOUBLE FUZZY Z -BASICALLY DISCONNECTED SPACES

Definition 3.1. Let (X, ρ, ρ∗) be a dfts. A fs γ ∈ IX is said to be an (r, κ)-
generalized fuzzy

(i) Zopen-Fσ (briefly, (r, κ)-gfZo-Fσ) if γ is an (r, κ)-gfZo and (r, κ)-fuzzy Fσ
set.

(ii) Zclosed-Gδ (briefly, (r, κ)-gfZc-Gδ) if γ is an (r, κ)-gfZc and (r, κ)-fuzzy Gδ

set.
(iii) Zclopen-GF (briefly, (r, κ)-gfZco-GF ) if γ is an (r, κ)-gfZo-Fσ & (r, κ)-

gfZc-Gδ set.
(iv) ZGδ-closure of γ is defined by GZGδCρ,ρ∗(γ, r, κ) =

∧
{µ ∈ IX\γ ≤ µ and µ

is (r, κ)-gfZc-Gδ}.
(v) ZFσ-interior of γ is defined by GZFσIρ,ρ∗(γ, r, κ) =

∨
{µ ∈ IX\µ ≤ γ & µ is

(r, κ)-gfZo-Fσ}.

Remark 3.1. Let (X, ρ, ρ∗) be a dfts. ∀ γ ∈ IX , r ∈ I0 & κ ∈ I1, the statements
hold:

(i) GZFσIρ,ρ∗(γ, r, κ) = GZGδCρ,ρ∗(1− γ, r, κ).
(ii) GZGδCρ,ρ∗(γ, r, κ) = GZFσIρ,ρ∗(1− γ, r, κ).

Definition 3.2. A dfts (X, ρ, ρ∗) is called generalized double fuzzy Z-basically
(briefly gDFZ-b) disconnected space if the GZGδCρ,ρ∗(γ, r, κ) is an (r, κ)-gfZo-
Fσ, ∀ (r, κ)-gfZo-Fσ γ in IX .

Definition 3.3. Let (X, ρ1, ρ∗1) & (Y, ρ2, ρ
∗
2) be dfts’s. A function f : (X, ρ1, ρ

∗
1) →

(Y, ρ2, ρ
∗
2) is called
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(i) generalized double fuzzy ZFσ-open (briefly, gDFZFσO) if f(γ) is an (r, κ)-
gfZo-Fσ set in IY , ∀ (r, κ)-gfZo-Fσ in IX .

(ii) generalized double fuzzy ZGδ-continuous (briefly, gDFZGδCts) if f−1(γ) is
an (r, κ)-gfZc-Gδ set in IX , ∀ (r, κ)-fc and (r, κ)fuzzy Gδ set γ in IY .

(iii) generalized double fuzzy ZFσ-irresolute (briefly, gDFZFσIrr) if f−1(γ) is
an (r, κ)-gfZo-Fσ set in IX , ∀ (r, κ)-gfZo-Fσ in IY .

Proposition 3.1. Let (X, ρ1, ρ∗1) & (Y, ρ2, ρ
∗
2) be dfts’s. If a function f : (X, ρ1, ρ

∗
1)

→ (Y, ρ2, ρ
∗
2) is (i) gDFZFσO surjective function, then ∀ fs γ in IY ,

f−1(GZGδ Cρ2,ρ∗2(γ, r, κ)) ≤ GZGδCρ1,ρ∗1(f
−1γ, r, κ). (ii) gDFZFσIrr function

iff f(GZGδ Cρ1,ρ∗1(γ, r, κ)) ≤ GZGδCρ2,ρ∗2(f(γ), r, κ), ∀ fuzzy set γ in IX .

Theorem 3.1. Let (X, ρ1, ρ∗1) & (Y, ρ2, ρ
∗
2) be dfts’s. A function f : (X, ρ1, ρ

∗
1) →

(Y, ρ2, ρ
∗
2) is gDFZFσIrr, gDFZFσO onto function 3 (X, ρ1, ρ

∗
1) is a gDFZ-b

disconnected space, then (Y, ρ2, ρ
∗
2) is gDFZ-b disconnected space.

Theorem 3.2. For a dfts (X, ρ, ρ∗), the statements:

(i) (X, ρ, ρ∗) is a gDFZ-b disconnected space.
(ii) ∀ an (r, κ)-gfZc-Gδ set γ, GZFσIρ,ρ∗(γ, r, κ) is an (r, κ)-gfZc-Gδ set.

(iii) ∀ an (r, κ)-gfZo-Fσ set γ, GZGδCρ,ρ∗(γ, r, κ)∨GZGδCρ,ρ∗(1−GZGδCρ,ρ∗(γ,

r, κ)r, κ) = 1.
(iv) ∀ an (r, κ)-gfo-Fσ set γ & µ 3GZGδCρ,ρ∗(γ, r, κ)∨µ = 1,GZGδCρ,ρ∗(γ, r, κ)∨

GZGδCρ,ρ∗(µ, r, κ) = 1

are equivalent.

Theorem 3.3. A dfts (X, ρ, ρ∗) is a gDFZ-b disconnected iff ∀ (r, κ)-gfZo-Fσ set
γ and (r, κ)-gfZc-Gδ set µ 3 γ ≤ µ, GZGδCρ,ρ∗(γ, r, κ) ≤ GZFσIρ,ρ∗(µ, r, κ).
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GENERALIZED FUZZY Z-CLOSURE
IRRESOLUTE MAPPINGS IN DOUBLE FUZZY TOPOLOGICAL SPACES

S. DEVI SATHAANANTHAN, A. VADIVEL1, S. TAMILSELVAN, AND G. SARAVANAKUMAR

ABSTRACT. We introduce and investigate some new class of mappings called
double fuzzy generalized Z-open irresolute map, double fuzzy generalized Z-
closed irresolute map, double fuzzy generalized Z-continuous map, double
fuzzy generalized Z-irresolute map and double fuzzy generalized Z-closure
irresolute map in double fuzzy topological spaces. Also, some of their fun-
damental properties are studied.

1. INTRODUCTION AND PRELIMINARIES

In 1986, Atanassov [2] started ’Intuitionistic fuzzy sets’ and Coker [3] in 1997,
initiated Intuitionistic fuzzy topological space". The term “double" instead of
“intuitionistic" coined by Garcia and Rodabaugh [5] in 2005. In the previous
two decades many analysts [8, 9] accomplishing more applications on double
fuzzy topological spaces. From 2011, Z-open sets and maps were introduced in
topological spaces by El-Maghrabi and Mubarki [7].
X denotes a non-empty set, I1 = [0, 1), I0 = (0, 1], I = [0, 1], 0 = 0(X), 1 =

1(X), r ∈ I0 & κ ∈ I1 and always 1 ≥ r + κ. IX is a family of all fuzzy sets on
X. In 2002, double fuzzy topological spaces (briefly, dfts), (X, η, η∗), (r, κ)-fuzzy
open (resp. (r, κ)-fuzzy closed) (briefly (r, κ)-fo (resp. (r, κ)-fc)) were defined.

All other undefined notions are from [1,4,6,7,9–11] and cited there in.

1corresponding author
2010 Mathematics Subject Classification. 54A40, 45D05, 03E72.
Key words and phrases. gDFZoIrr, gDFZcIrr, gDFZCts, gDFZIrr and gDFZCl Irr.
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2. GENERALIZED DOUBLE FUZZY Z -CLOSURE IRRESOLUTE FUNCTIONS

In this section, some characterisations of generalized double fuzzy
Z-continuous (resp. (open, closed, closure) irresolute) functions are studied.

Definition 2.1. A map f : (X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2) is called as ageneralized double

fuzzy

(i) Z-open irresolute (briefly, gDFZoIrr) if for every (r, κ)-gfZo set γ ∈ IX , κ ∈
I1 and r ∈ I0, f(γ) is an (r, κ)-gfZo in IY .

(ii) Z-closed irresolute (briefly, gDFZcIrr) if for every (r, κ)-gfZc set γ ∈ IX ,
κ ∈ I1 and r ∈ I0, f(γ) is an (r, κ)-gfZc in IY .

(iii) Z-continuous (briefly, gDFZCts) if for every (r, κ)-fo set γ ∈ IY , r ∈ I0 and
κ ∈ I1, f−1(γ) is an (r, κ)-gfZo in IX .

(iv) Z-irresolute (briefly, gDFZIrr) if f−1(µ) is (r, κ)-gfZo set ∀(r, κ)-gfZo set
µ ∈ IY .

(v) Z-closure irresolute (briefly, gDFZCl Irr) if f−1(GZCρ, ρ∗(f(γ), r, κ) is an
(r, κ)-gfZc set for every (r, κ)-gfZc set γ ∈ IY , r ∈ I0 and κ ∈ I1.

Theorem 2.1. For any bijective map f : (X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2), the below stated

statements are equivalent.

(i) f is gDFZCl Irr function.
(ii) For every fuzzy set γ ∈ IX , f(GZCρ1,ρ∗1(γ, r, κ)) ≤ GZCρ2,ρ∗2(f(γ), r, κ).

(iii) For every fuzzy set γ in IY , GZCρ1,ρ∗1(f
−1(γ), r, κ) ≤ f−1(GZCρ2,ρ∗2(γ, r, κ)).

Proof.
(i) ⇒ (ii) : Suppose γ ∈ IX and GZCρ1,ρ∗1(f(γ), r, κ) ∈ IY is an (r, κ)-

gfZc, then by (i), we have f−1(GZCρ2,ρ∗2 (f(γ), r, κ) ∈ IX is an (r, κ)-gfZc
set, r ∈ I0 and κ ∈ I1. Therefore, GZCρ2,ρ∗2(f

−1(GZCρ2,ρ∗2(f(γ), r, κ)), r, κ) =

f−1(GZCρ2,ρ∗2(f(γ), r, κ)). Since γ ≤ f−1(f(γ)) and GZCρ1,ρ∗1(γ, r, κ) ≤ GZCρ2,ρ∗2
(f−1(f(γ), r, κ)). Also, f(γ) ≤ GZCρ2,ρ∗2 (f(γ), r, κ). Then GZCρ1,ρ∗1(γ, r, κ) ≤
GZCρ2,ρ∗2(f

−1(GZCρ2,ρ∗2(f(γ), r, κ), r, κ)) = f−1(GZCρ2,ρ∗2(f(γ), r, κ)).
(ii) ⇒ (iii) : Suppose γ ∈ IY , by (ii), f(GZCρ2,ρ∗2(f

−1(γ), r, κ)) ≤ GZCρ2,ρ∗2
(f(f−1(γ)), r, κ) ≤ GZCρ2,ρ∗2(γ, r, κ). That is, f(GZCρ1,ρ∗1(f

−1(γ), r, κ)) ≤GZCρ2,ρ∗2
(γ, r, κ). Therefore, f−1(f(GZCρ1,ρ∗1(f

−1(γ), r, κ))) ≤ f−1(GZCρ2,ρ∗2(γ, r, κ)).
Hence, GZCρ1,ρ∗1(f

−1(γ), r, κ) ≤ f−1(GZCρ2,ρ∗2(γ, r, κ)).
(iii)⇒ (i) : Suppose γ ∈ IY is an (r, κ)-gfZc set. Then, GZCρ2,ρ∗2(γ, r, κ) = γ.

By (iii), GZCρ1,ρ∗1(f
−1(γ), r, κ) ≤ f−1(GZCρ2,ρ∗2(γ, r, κ)) = f−1(γ). But f−1(γ)
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≤ GZCρ1,ρ∗1(f
−1(γ), r, κ). Therefore, f−1(γ) = GZCρ2,ρ∗2(γ, r, κ) i.e., f−1(γ) ∈ IX

is (r, κ)-gfZc. Thus f is gDFZCl Irr map. �

Proposition 2.1. The map f : (X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2) is a gDFZcIrr iff ∀γ ∈ IX ,

GZCρ1,ρ∗1(f(γ), r, κ) ≤ f(GZCρ1,ρ∗1 (γ, r, κ)).

Proposition 2.2. For any gDFZCl Irr function f : (X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2), GZ

Bρ1,ρ∗1(f
−1(γ), r, κ) is zero for every (r, κ)-gfZo set γ ∈ IY .

Definition 2.2. A dfts (X, ρ, ρ∗) is said to be a double fuzzy Z-(ρ, ρ∗)1/2 space
(briefly, DFZ-(ρ, ρ∗)1/2), if each (r, κ)-fZc set is (r, κ)-fc set in X.

Proposition 2.3. For any dfts (X, ρ1, ρ
∗
1) and DFZ-(ρ, ρ∗)1/2 space (Y, ρ2, ρ

∗
2), if

the map f : (X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2) is a bijective, then

(i) f and f−1 are gDFZCl Irr
(ii) f is gDFZCts and gDFZoIrr.

(iii) f is gDFZCts and gDFZcIrr.
(iv) f(GZCρ1,ρ∗1(γ, r, κ)) = GZCρ2,ρ∗2(f(γ), r, κ), for every γ ∈ IX .

are equivalent.

Proof.
(i) ⇒ (ii) : Suppose γ is an (r, κ)-gfZo set in X. Since f−1 is gDFZCl Irr,

(f−1)−1(γ) ∈ IY is (r, κ)-gfZo set, so f is gDFZoIrr. Now, let ν ∈ IY be an
(r, κ)-fZo set, then it is an (r, κ)-gfZo. But by hypothesis, f−1 are gDFZCl Irr,
then f−1(ν) ∈ IX is an (r, κ)-gfZo, i.e, f is gDFZCts.

(ii)⇒ (iii) : Obvious.
(iii) ⇒ (iv) : If γ ∈ IX , then γ ≤ f−1(f(γ)) and f(γ) ≤ GZCρ2,ρ∗2(f(γ), r, κ)
⇒ γ ≤ f−1(GZCρ2,ρ∗2(f(γ), r, κ). Now, GZCρ2,ρ∗2(f(γ), r, κ) ∈ IY is an (r, κ)-
gfZc set. But (Y, ρ2, ρ

∗
2) is a DFZ-(ρ, ρ∗)1/2 space, and GZCρ2,ρ∗2(f(γ), r, κ)

is an (r, κ)-fc set, then GZCρ2,ρ∗2(f(γ), r, κ) ∈ IY is an (r, κ)-fZc set. Since
f is gDFZCts, f−1(GZCρ2,ρ∗2(f(γ), r, κ)) is an (r, κ)-gfZc set, which implies,
GZCρ2,ρ∗2(f

−1(GZCρ2,ρ∗2(f(γ), r, κ)), r, κ) = f−1(GZCρ2,ρ∗2(f(γ), r, κ)). But
GZCρ2,ρ∗2 (f(γ), r, κ) ≤ GZCρ2,ρ∗2(f

−1(GZCρ2,ρ∗2(f(γ), r, κ)), r, κ) and
GZCρ2,ρ∗2(f(γ), r, κ) ≤ f−1(GZCρ2,ρ∗2(f(γ), r, κ)). Therefore, f(GZ Cρ1,ρ∗1(γ, r, κ)) ≤
GZCρ2,ρ∗2(f(γ), r, κ). Also,
GZCρ2,ρ∗2(f(γ), r, κ) ≤ f(GZCρ1,ρ∗1(γ, r, κ)) ⇒ f(GZCρ1,ρ∗1(γ, r, κ)) =

GZ Cρ2,ρ∗2(f(γ), r, κ).
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(iv)⇒ (i) : Let γ ∈ IX , by hypothesis of (iv), f(GZCρ1,ρ∗1(γ), r, κ) = GZCρ2,ρ∗2
(f(γ), r, κ). Therefore, f(GZCρ1,ρ∗1(f(γ), r, κ) ≤ GZCρ2,ρ∗2(f(γ), r, κ). Then, f is a
gDFZCl Irr function. Now, suppose ν ∈ IY is (r, κ)-gfZc. Then
GZCρ2,ρ∗2(ν, r, κ) = ν ⇒ f(GZCρ2,ρ∗2(ν, r, κ)) = f(ν).

But, by (iv), GZCρ1,ρ∗1(f(ν), r, κ) = f(GZCρ2,ρ∗2(ν, r, κ)). Therefore, GZCρ1,ρ∗1
(f(ν), r, κ) = f(ν), then f(ν) ∈ IY is an (r, κ)-gfZc set. Therefore, f−1 is a
gDFZCl Irr. �

Proposition 2.4. For any two dfts’s (X, ρ1, ρ
∗
1) and (Y, ρ2, ρ

∗
2) and any map f :

(X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2).

(i) If f is any function, thenGZEρ1,ρ∗1(f
−1(δ), r, κ) ≤ GZCρ1,ρ∗1(1−f

−1(δ), r, κ,

∀ fuzzy set δ ∈ IY .
(ii) If f is a gDFZCts function, then for every (r, κ)-fZc δ ∈ IY , we have

GZBρ1,ρ∗1(f
−1(δ), r, κ)=GZFρ1,ρ∗1 (f

−1(δ), r, κ).

Proposition 2.5. Let (X, ρ1, ρ
∗
1) & (Y, ρ2, ρ

∗
2) be dfts’s and let f : (X, ρ1, ρ

∗
1) →

(Y, ρ2, ρ
∗
2) be gDFZCl Irr function 3 (X, ρ1, ρ

∗
1) is g∗DFZ-(ρ, ρ∗)1/2 space. Then,

for every (r, κ)-gfZc set δ ∈ IY , the following statements hold:

(i) GBρ1,ρ∗1(f
−1(δ) , r, κ) = GFρ1,ρ∗1(f

−1(δ), r, κ).
(ii) GEρ1,ρ∗1(f

−1(δ), r, κ) = 1− f−1(δ).

Proposition 2.6. Let f : (X, ρ1, ρ
∗
1) → (Y, ρ2, ρ

∗
2) be gDFZ-closed map such that

(Y, ρ2, ρ
∗
2) is g∗DFZ-(ρ, ρ∗)1/2 space. Then, ∀(r, κ)-gfZc set δ in IX , the following

statements hold:

(i) GBρ2,ρ∗2(f(δ), r, κ) = GFρ2,ρ∗2(f(δ), r, κ).
(ii) GEρ2,ρ∗2(f(δ), r, κ) = 1− f(δ).

Proposition 2.7. Let (X, ρ1, ρ∗1), (Y, ρ2, ρ
∗
2) & (Z, ρ3, ρ

∗
3) be dfts’s, f : (X, ρ1, ρ

∗
1)→

(Y, ρ2, ρ
∗
2) and g : (Y, ρ2, ρ

∗
2) → (Z, ρ3, ρ

∗
3) be gDFZCl Irr functions 3 (X, ρ1, ρ

∗
1)

is g∗DFZ-(ρ, ρ∗)1/2 space. Then, ∀(r, κ)-gfZc set in Z, the following statements
hold:

(i) GBρ1,ρ∗1((g ◦ f)
−1(δ), r, κ) = GFρ1,ρ∗1((g ◦ f)

−1(δ), r, κ).
(ii) GEρ1,ρ∗1((g ◦ f)

−1(δ), r, κ) = 1− (g ◦ f)−1(δ).
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3. CONCLUSION

We have introduced and investigated some new class of mappings called dou-
ble fuzzy generalized Z-open irresolute map, double fuzzy generalized Z-closed
irresolute map, double fuzzy generalized Z-continuous map, double fuzzy gen-
eralized Z-irresolute map and double fuzzy generalized Z-closure irresolute
map in dfts. Also, some of their fundamental properties are studied.
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GENERALIZED FUZZY Z CLOSED SETS
IN DOUBLE FUZZY TOPOLOGICAL SPACES

S. DEVI SATHAANANTHAN, A. VADIVEL1, S. TAMILSELVAN, AND G. SARAVANAKUMAR

ABSTRACT. In this paper we introduce (l, k)-generalized fuzzy Z-closed respec-
tive border, exterior & frontier in double fuzzy topological spaces. Some char-
acterizations of these notions are presented.

1. INTRODUCTION AND PRELIMINARIES

In 1986, Atanassov [1] started ’Intuitionistic fuzzy sets’and Coker [2] in 1997,
initiated Intuitionistic fuzzy topological space. The term ’double’ instead of ’in-
tuitionistic’ coined by Garcia and Rodabaugh [3] in 2005. In the previous two
decades many analysts accomplishing more applications on double fuzzy topo-
logical spaces. From 2011, Z-open sets and maps were introduced in topological
spaces by El-Maghrabi and Mubarki [4].

In [6] (l, k)-fuzzy Z-closed sets and study some of their properties were stud-
ied in double fuzzy topological spaces.
X denotes a non-empty set, I1 = [0, 1), I0 = (0, 1], I = [0, 1], 0 = 0(X),

1 = 1(X), r ∈ I0 and κ ∈ I1 and always 1 ≥ r+κ. IX is a family of all fuzzy sets
on X. In 2002, Double fuzzy topological spaces (briefly, dfts), (X, η, η∗), (r, κ)-
fuzzy open (resp. (r, κ)-fuzzy closed) (briefly (r, κ)-fo (resp. (r, κ)-fc)) set were
given by Samanta and Mondal [5].

All other undefined notions are from [4–6] and cited therein.

1corresponding author
2010 Mathematics Subject Classification. 54A40, 45D05, 03E72.
Key words and phrases. (l, k)-gfZc, GZBγ,γ∗(λ, l, k), GZFγ,γ∗(λ, l, k) and GZEγ,γ∗(λ, l, k).
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2. AN (l, k)-GENERALIZED FUZZY Z CLOSED SETS

Definition 2.1. Let (X, γ, γ∗) be a dfts, λ, µ ∈ IX , l ∈ I0 and k ∈ I1 3 l + k ≤ 1

the fs λ is called an (l, k)- generalized fuzzy

(i) Z closed (briefly (l, k)-gfZc) set if ZCγ,γ∗(λ, l, k) ≤ µ whenever λ ≤ µ,

γ(µ) ≥ l 3 γ∗(µ) ≤ k.

(ii) Z open (briefly (l, k)-gfZo) set if 1− λ is an (l, k)-gfZc set.

Example 1. Let X = {u, v, w} and let the fs’s α1, α2 and α3 are defined as α1(u) =

0.3, α2(v) = 0.4, α1(w) = 0.5, α2(u) = 0.6, α2(v) = 0.9, α2(w) = 0.5 and
α3(u) = 0.4, α3(v) = 0.0, α3(w) = 0.5. Consider the dfts’s (X, γ, γ∗) with

γ(µ) =


1, if µ ∈ {0, 1},
1
2
, if µ ∈ {α1, α2}

0, o.w.

, γ∗(µ) =


0, if µ ∈ {0, 1},
1
2
, if µ ∈ {α1, α2}

1, o.w.

.

Then the fs α3 is an (1
2
, 1
2
)-gfZo set.

Theorem 2.1. Let (X, γ, γ∗) be a dfts, l ∈ I0 and k ∈ I1, λ ∈ IX is (l, k)-gfZo set
iff ξ ≤ ZIγ,γ∗(λ, l, k) whenever ξ ≤ λ, γ(1− ξ) ≥ l and γ∗(1− ξ) ≤ k.

Definition 2.2. Let (X, γ, γ∗) be a dfts, ∀ λ, ξ ∈ IX , l ∈ I0 and k ∈ I1 3 l + k ≤ 1

we define an (l, k)-generalized fuzzy Z closure operator (l, k)-GZCγ,γ∗ : IX × I0 ×
I1 → IX as GZCγ,γ∗(λ, l, k) =

∧{
ξ ∈ IX |λ ≤ ξandξ is (l, k)-gfZc

}
.

Remark 2.1. Every (l, k)-fZc set is an (l, k)-gfZc set. But not conversely.

Example 2. In Example 1, the fs α3 is an (1
2
, 1
2
)-gfZo set but not an (1

2
, 1
2
)- fZo.

Theorem 2.2. Let (X, γ, γ∗) be a dfts, ∀ λ, ξ ∈ IX , l ∈ I0 and k ∈ I1 3 l + k ≤ 1,

then the operator (l, k)-GZCγ,γ∗ satisfies the statements

(i) GZCγ,γ∗(0, l, k) = 0 and GZCγ,γ∗(1, l, k) = 1;
(ii) λ ≤ GZCγ,γ∗(λ, l, k);
(iii GZCγ,γ∗(λ ∨ ξ, l, k) ≥ GZCγ,γ∗(λ, l, k) ∨GZCγ,γ∗(ξ, l, k);

(iv) GZCγ,γ∗(GZCγ,γ∗(λ, l, k), l, k) = GZCγ,γ∗ (λ, l, k);
(v) If λ is (l, k)-gfZc set then GZCγ,γ∗(λ, l, k) = λ;

(vi) GZCγ,γ∗(λ, l, k) ≤ ZCγ,γ∗(λ, l, k) ≤ Cγ,γ∗(λ, l, k).

Theorem 2.3. Let (X, γ, γ∗) be a dfts, ∀ λ, ξ ∈ IX , l ∈ I0 and k ∈ I1 3 l +

k ≤ 1 we define an (l, k)- generalized fuzzy Z interior operator (l, k)-GZIγ,γ∗ :
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IX × I0 × I1 → IX as GZIγ,γ∗(λ, l, k) =
∨{

ξ ∈ IX |λ ≥ ξ and ξ is (l, k)-gfZo
}
,

then GZIγ,γ∗(1− λ, l, k) = 1−GZCγ,γ∗(λ, l, k).

Proposition 2.1. Let (X, γ, γ∗) be a dfts, λ ∈ IX , l ∈ I0 and k ∈ I1.

(i) If λ is (l, k)-gfZc set and an (l, k)-fZo set then λ is an (l, k)-fZc set.
(ii) If λ is (l, k)-gfZc set and an (l, k)-fo set then λ ∧ ξ is an (l, k)-fZc set

whenever ξ ≤ ZCγ,γ∗(λ, l, k).

Definition 2.3. Let (X, γ, γ∗) be a dfts, ∀ λ ∈ IX , l ∈ I0 and k ∈ I1. A fs λ is
called as (l, k)- generalized∗ fuzzy

(i) Z closed (briefly (l, k)-g∗fZc) set if ZCγ,γ∗(λ, l, k) ≤ ξ whenever λ ≤ ξ

and ξ is an (l, k)-gfo set in IX .
(ii) Z open (briefly (l, k)-g∗fZo) set if 1− λ is (l, k)-g∗fZc set.

Example 3. In Example 1, the fs α3 is an (1
2
, 1
2
)-g ∗ fZo set.

Theorem 2.4. Let (X, γ, γ∗) be a dfts, λ ∈ IX , l ∈ I0 and k ∈ I1, then λ is
(l, k)-g∗fZo set iff ξ ≤ ZIγ,γ∗(λ, l, k) whenever ξ is an (l, k)-gfc set.

Proposition 2.2. Let (X, γ, γ∗) be a dfts. For each λ and ξ ∈ IX , l ∈ I0 and
k ∈ I1,

(i) If λ and ξ are (l, k)-g∗fZc sets then λ ∧ ξ is an (l, k)-g∗fZc set,
(ii) If λ is (l, k)-g∗fZc set and γ(ξ) ≥ l, γ∗(ξ) ≤ k then λ∧ ξ is an (l, k)-g∗fZc

set.

Proposition 2.3. Let (X, γ, γ∗) be a dfts. ∀ λandξ ∈ IX , l ∈ I0 and k ∈ I1.

(i) If λ is both (l, k)-gfo and (l, k)-g∗fZc set then λ is an (l, k)-fZc set.
(ii) If λ is (l, k)-g∗fZc set and λ ≤ ξ ≤ ZCγ,γ∗(λ, l, k) then ξ is an (l, k)-g∗fZc

set.

Theorem 2.5. Let (X, γ1, γ
∗
1) and (Y, γ2, γ

∗
2) be dfts’s. If λ ≤ 1Y ≤ 1X , 3 λ is

(l, k)-g∗fZc set in IX , l ∈ I0 and k ∈ I1, then λ is an (l, k)-g∗fZc set relative to Y.

Theorem 2.6. Let (X, γ, γ∗) be a dfts, ∀ λ, ξ ∈ IX ,l ∈ I0 and k ∈ I1, with ξ ≤ λ.

If ξ is (l, k)-g∗fZc set relative to λ 3 λ is both (l, k)-gfo and (l, k)-g∗fZc set of IX

then ξ is an (l, k)-g∗fZc set relative to X.
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3. PROPERTIES OF (l, k)-GENERALIZED FUZZY Z OPEN SETS

Proposition 3.1. For any λ, ξ in a dfts (X, γ, γ∗),

(i) GZIγ,γ∗(λ, l, k) is the largest (l, k)-gfZo set 3 GZIγ,γ∗(λ, l, k) ≤ λ.
(ii) λ = GZIγ,γ∗(λ, l, k) iff λ is an (l, k)-gfZo set.
(iii) GZIγ,γ∗(GZIγ,γ∗(λ, l, k), l, k) = GZIγ,γ∗(λ, l, k).
(iv) 1−GZIγ,γ∗(λ, l, k) = GZCγ,γ∗(1− λ, l, k).
(v) 1−GZCγ,γ∗(λ, l, k) = GZIγ,γ∗(1− λ, l, k).
(vi) If λ ≤ ξ, then GZIγ,γ∗(λ, l, k) ≤ GZIγ,γ∗(ξ, l, k).
(vii) If λ ≤ ξ, then GZCγ,γ∗(λ, l, k) ≤ GZCγ,γ∗(ξ, l, k).
(viii) GZIγ,γ∗(λ, l, k) ∧GZIγ,γ∗(ξ, l, k) = GZIγ,γ∗(λ ∧ ξ, l, k).
(ix) GZIγ,γ∗(λ, l, k) ∨GZIγ,γ∗(ξ, l, k) = GZIγ,γ∗(λ ∨ ξ, l, k).

Definition 3.1. In any dfts (X, γ, γ∗), the (l, k)-fuzzy Z border (resp. frontier
and exterior) of a fs λ ∈ IX (briefly ZBγ,γ∗(λ, l, k) (resp. ZFγ,γ∗(λ, l, k) and
ZEγ,γ∗(λ, l, k))) is given byZBγ,γ∗(λ, l, k) = λ−ZIγ,γ∗(λ, l, k) (resp. ZFγ,γ∗(λ, l, k)
= ZCγ,γ∗(λ, l, k)−ZIγ,γ∗(λ, l, k) and ZEγ,γ∗(λ, l, k) = ZIγ,γ∗(1− λ, l, k)).

Definition 3.2. In any dfts (X, γ, γ∗), the (l, k)-generalized fuzzy Z border (resp.
frontier and exterior) of a fs λ ∈ IX (brieflyGZBγ,γ∗(λ, l, k) (resp. GZFγ,γ∗(λ, l, k)
and GZEγ,γ∗(λ, l, k))) is given by GZBγ,γ∗(λ, l, k) = λ − GZIγ,γ∗(λ, l, k) (resp.
GZFγ,γ∗(λ, l, k) = GZCγ,γ∗(λ, l, k)−GZIγ,γ∗(λ, l, k) and GZEγ,γ∗(λ, l, k) = GZIγ,γ∗
(1− λ, l, k)).

Proposition 3.2. For any λ, ξ in a dfts (X, γ, γ∗),

(i) GZBγ,γ∗(λ, l, k) ≤ ZBγ,γ∗(λ, l, k).
(ii) If λ is an (l, k)− gfZo, then GZBγ,γ∗(λ, l, k) = 0.
(iii) GZBγ,γ∗(λ, l, k) ≤ GZCγ,γ∗(1− λ, l, k).
(iv) GZIγ,γ∗(GZBγ,γ∗(λ, l, k), l, k) ≤ λ.
(v) GZBγ,γ∗(λ ∨ ξ) ≤ GZBγ,γ∗(λ, l, k) ∨GZBγ,γ∗(ξ, l, k).
(vi) GZBγ,γ∗(λ ∧ ξ) ≥ GZBγ,γ∗(λ, l, k) ∧GZBγ,γ∗(ξ, l, k).

Proposition 3.3. For any λ, ξ in a dfts (X, γ, γ∗),

(i) GZFγ,γ∗(λ, l, k) ≤ ZFγ,γ∗(λ, l, k).
(ii) GZBγ,γ∗(λ, l, k) ≤ GZFγ,γ∗(λ, l, k).
(iii) GZFγ,γ∗(1− λ, l, k) = GZFγ,γ∗ (λ, l, k).
(iv) GZFγ,γ∗(GZIγ,γ∗(λ, l, k), l, k) ≤ GZFγ,γ∗(λ, l, k).
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(v) GZFγ,γ∗(GZ Cγ,γ∗(λ, l, k), l, k) ≤ GZFγ,γ∗(λ, l, k).
(vi) λ−GZFγ,γ∗(λ, l, k) ≤ GZIγ,γ∗(λ, l, k).
(vii) GZFγ,γ∗(λ ∨ ξ, l, k) ≤ GZFγ,γ∗(λ, l, k) ∨GZFγ,γ∗(ξ, l, k).
(viii) GZFγ,γ∗(λ ∧ ξ, l, k) ≥ GZFγ,γ∗(λ, l, k) ∧GZFγ,γ∗(ξ, l, k).

Proposition 3.4. For any dfts (X, γ, γ∗), ∀ λ ∈ IX , l ∈ I0 and k ∈ I1, we have:

(i) ZEγ,γ∗(λ, l, k) ≤ GZEγ,γ∗(λ, l, k).
(ii) GZEγ,γ∗(λ, l, k) = 1−GZCγ,γ∗(λ, l, k).
(iii) GZEγ,γ∗(GZEγ,γ∗(λ, l, k), l, k) = GZIγ,γ∗(GZCγ,γ∗(λ, l, k), l, k).
(iv) If λ ≤ ξ, then GZEγ,γ∗(λ, l, k) ≥ GZEγ,γ∗(ξ, l, k).
(v) GZEγ,γ∗(1, l, k) = 0.
(vi) GZEγ,γ∗ (0, l, k) = 1.
(vii) GZIγ,γ∗(λ, l, k) ≤ GZEγ,γ∗(GZEγ,γ∗(λ, l, k), l, k).
(viii) GZEγ,γ∗ (λ ∨ ξ, l, k) = GZEγ,γ∗(λ, l, k) ∧GZEγ,γ∗(ξ, l, k).
(ix) GZEγ,γ∗(λ ∧ ξ, l, k) = GZEγ,γ∗(λ, l, k) ∨GZEγ,γ∗(ξ, l, k).

Proposition 3.5. If λ is an (l, k)-gfZc set in a dfts (X, γ, γ∗) then

(i) GZBγ,γ∗(λ, l, k) = GZFγ,γ∗(λ, l, k).
(ii) GZEγ,γ∗(λ, l, k) = 1− λ.

Definition 3.3. A dfts (X, γ, γ∗) is said to be a generalized∗ double fuzzy Z-
(γ, γ∗)1/2 space (briefly, g∗dfZ-(γ, γ∗)1/2), if each (l, k)-gfZc set in X is an (l, k)-
gfc set.

Proposition 3.6. Let (X, γ, γ∗) be a g∗dfZ-(γ, γ∗)1/2 space and λ be an (l, k)-gfZc
set in X. Then the statements

(i) GBγ,γ∗(λ, l, k) = GFγ,γ∗(λ, l, k),
(ii) GEγ,γ∗(λ, l, k) = 1− λ. are hold.
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SEVERAL MAPPINGS VIA (L,K)-Z-GENERALIZED OPEN SETS
IN DOUBLE FUZZY TOPOLOGICAL SPACES

A. VADIVEL1, SHIVENTHIRA DEVI SATHAANANTHAN, S. TAMILSELVAN,
AND G. SARAVANAKUMAR

ABSTRACT. We introduce some new class of generalized sets namely (l, k)-fuzzy
Z- generalized closed sets in double fuzzy topological spaces. Using them we
investigate the class of mappings called double fuzzy Z-generalized continuous
and irresolute maps. Furthermore we study double fuzzy Z-generalized home-
omorphisms and pre double fuzzy Z-generalized homeomorphisms. Also, some
of their fundamental properties are studied.

1. INTRODUCTION AND PRELIMINARIES

In 1986, Atanassov [1] started ’Intuitionistic fuzzy sets’ and Coker [2] in 1997,
initiated Intuitionistic fuzzy topological space. The term ’double’ instead of ’in-
tuitionistic’ coined by Garcia and Rodabaugh [4] in 2005. In the previous two
decades many analysts accomplishing more applications on double fuzzy topo-
logical spaces. From 2011, Z-open sets and maps were introduced in topological
spaces by El-Maghrabi and Mubarki [3].
X denotes a non-empty set, I1 = [0, 1), I0 = (0, 1], I = [0, 1], 0 = 0(X),

1 = 1(X), r ∈ I0 & κ ∈ I1 and always 1 ≥ r+κ. IX is a family of all fuzzy sets on
X. In 2002, Double fuzzy topological spaces (briefly, dfts), (X, η, η∗), (r, κ)-fuzzy

1corresponding author
2010 Mathematics Subject Classification. 54A40, 45D05, 03E72.
Key words and phrases. double fuzzy Z-generalized continuous map, double fuzzy Z-

generalized open, closed, irresolute maps and double fuzzy Z-generalized homeomorphisms.
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open (resp. (r, κ)-fuzzy closed) (briefly (r, κ)-fo (resp. (r, κ)-fc)) set were given
by Samanta and Mondal [5].

All other undefined notions are from [5–7] and cited therein.

2. (l, k)-FUZZY Z -GENERALIZED CLOSED SETS

Definition 2.1. A fuzzy subset γ in a dfts (X,α, α∗) is called an (l, k)-fuzzy Z-
generalized

(i) closed (briefly, (l, k)-fZgc) set if ZCα,α∗(γ, l, k) ≤ σ, whenever γ ≤ σ & σ

is (l, k)-fZo set.
(ii) open (briefly, (l, k)-fZgo) set if σ ≤ ZIα,α∗(γ, l, k)) whenever σ ≤ γ & σ

is (l, k)-fZc set.

Also the complement of an (l, k)-fZgc set is called as (l, k)-fZgo set.

Definition 2.2. Let (X,α, α∗) be a dfts. For γ, σ ∈ IX , the (l, k)-fuzzy Z-
generalized closure (interior) of γ and is ZgCα,α∗(γ, l, k) =

∧
{σ ∈ IX : σ ≥

γ, σ is a (l, k)-fZgc set } (ZgIα,α∗(γ, l, k) =
∨
{σ ∈ IX : σ ≤ γ, σ is a

(l, k)-fZgo set }).

Theorem 2.1. Every (l, k)-fc set in (X,α, α∗) is (l, k)-fZgc set. But not conversely.

Theorem 2.2. Every (l, k)-fZc in (X,α, α∗) is (l, k)-fZgc, But not conversely.

Theorem 2.3. Let γ be any fuzzy subset of X. Then

(i) γ is (l, k)-fZgc if γ = ZgCα,α∗(γ, l, k).

(ii) ZgCα,α∗(γ, l, k) is (l, k)-fZgc in X.

Theorem 2.4. A finite union of (l, k)-fZgo sets is an (l, k)-fZgo set.

Remark 2.1. Union of two (l, k)-fZgc sets need not be an (l, k)-fZgc set.

Theorem 2.5. A finite intersection of (l, k)-fZgc is an (l, k)-fZgc set.

Remark 2.2. Intersection of two (l, k)-fZgo sets need not be an (l, k)-fZgo set.

Theorem 2.6. If γ is (l, k)-fZgc set and (l, k)-fZo set in (X,α, α∗), then γ is
(l, k)-fZc in (X,α, α∗).

Theorem 2.7. If γ is (l, k)-fZgc set in (X,α, α∗) & γ ≤ σ ≤ ZCα,α∗(γ, l, k), then
σ is (l, k)-fZgc set in (X,α, α∗).
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Theorem 2.8. If γ is (l, k)-fZgo set in (X,α, α∗) & ZIα,α∗(γ, l, k) ≤ σ ≤ γ, then
σ is (l, k)-fZgo set in (X,α, α∗).

Theorem 2.9. Let (X,α, α∗) be the dfts & γ be a fs of X. Then γ is (l, k)-fZgc set
iff γ q σ implies ZCα,α∗(γ, l, k) q σ, ∀ (l, k)-fZc set σ of X.

Theorem 2.10. Let γ be (l, k)-fZgc set in (X,α, α∗) & xp be a fuzzy point (briefly,
fp) of (X,α, α∗) 3 xp q ZCα,α∗(γ, l, k) then ZCα,α∗(xp, l, k) q γ.

Theorem 2.11. Let (Y, αY , α∗
Y ) be a subspace of (X,α, α∗) & γ be a fs of Y. If γ is

(l, k)-fZgc set in X, then γ is (l, k)-fZgc set in Y.

Definition 2.3. Let γ be a fs in dfts X & xp be a fp of X, then γ is called (l, k)-
fuzzy Z-generalized neighbourhood (resp. q-neighbourhood) (briefly, (l, k)-fZg-
nbhd (resp. (l, k)-fZgq-nbhd)) of xp if ∃ a (l, k)-fZgo set σ of X 3 xp ∈ σ ≤ γ

(resp. xp q σ ≤ γ.)

Theorem 2.12. γ is (l, k)-fZgo set in X iff ∀ fp xp ∈ γ, γ is a (l, k)-fZg-nbhd of
xp.

Theorem 2.13. If γ & σ are (l, k)-fZg-nbhd of xp, then γ ∧ σ is also a (l, k)-fZg-
nbhd of xp.

Theorem 2.14. Let γ be a fs of a dfts X. Then a fp xp ∈ ZCα,α∗(γ, l, k) iff every
(l, k)-fZgq-nbhd of xp is quasi-coincident with γ.

Definition 2.4. A dfts X is dfZ-generalized T 1
2
-space (briefly, DFZgT 1

2
-space) if

every (l, k)-fZgc set in X is (l, k)-fc set in X.

Theorem 2.15. A dfts (X,α, α∗) is DFZT 1
2
-space iff every fs in (X,α, α∗) is both

(l, k)-fZo & (l, k)-fZgo.

3. DFZg-CONTINUOUS AND DFZg-IRRESOLUTE MAPPINGS

Definition 3.1. Let f : (X,α1, α
∗
1) → (Y, α2, α

∗
2) be a mapping from an dfts

(X, α1, α
∗
1) to another dfts (Y, α2, α

∗
2). Then f is called double fuzzy Z-generalized

continuous (resp. irresolute) (briefly, DFZgCts (resp. DFZgIrr)) mapping if
f−1(γ) is (l, k)-fZgo set in X ∀ (l, k)-fo (resp. (l, k)-fZgo) set γ in Y.

Theorem 3.1. (i) Every DFCts map is DFZgCts.
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(ii) Every DFZgIrr map is DFZgCts. But not conversely.

Theorem 3.2. If f : (X,α1, α
∗
1)→ (Y, α2, α

∗
2) is DFZgCts iff the inverse image of

(l, k)-fo set of Y is (l, k)-fZgo set of X.

Theorem 3.3. If f : (X,α, α∗)→ (Y, β, β∗) is DFZgCts, then (i) ∀ fp xp of X &

each γ ∈ Y 3 f(xp) ∈ γ, ∃ a (l, k)-fZgo set σ of X 3 xp ∈ σ & f(σ) ≤ γ. (ii) ∀ fp
xp of X & each γ ∈ Y 3 f(xp) q γ, ∃ a (l, k)-fZgo set σ of X 3 xp q σ & f(σ) ≤ γ.

Theorem 3.4. Let f : (X,α1, α
∗
1)→ (Y, α2, α

∗
2) be DFZgCts mapping and if X is

DFZT 1
2
-space, then f is DFZCts.

Definition 3.2. Let (X,α1, α
∗
1) & (Y, α2, α

∗
2) be two dfts’s. The function f :

(X,α1, α
∗
1)→ (Y, α2, α

∗
2) is said to be:

(i) double fuzzy Z-open (resp. closed) [6] (briefly, DFZO (resp. DFZC))
map if the image of every (l, k)-fo (resp. (l, k)-fc) set in X is (l, k)-fZo
(resp. (l, k)-fZc) set in Y.

(ii) pre double fuzzy Z-open (resp. closed) (briefly, pDFZO (resp. pDFZC))
map if the image of every (l, k)-fZo (resp. (l, k)-fZc) set inX is (l, k)-fZo
(resp. (l, k)-fZc) set in Y.

(iii) double fuzzy Zg-open (resp. closed) (briefly, DFZgO (resp. DFZgC))
map if the image of every (l, k)-fo (resp. (l, k)-fc) set in X is (l, k)-fZgo
(resp. (l, k)-fZgc) in Y. (iv) pre double fuzzy Zg-open (resp. closed)
(briefly, pDFZgO (resp. pDFZgC)) map if the image of every (l, k)-
fZgo (resp. (l, k)-fZgc) set in X is (l, k)-fZgo (resp. (l, k)-fZgc) in
Y.

Theorem 3.5. Let f : (X,α1, α
∗
1) → (Y, α2, α

∗
2) be onto, DFZIrr and pDFZC

mapping. If X is DFZgT 1
2
-space, then (Y, α2, α

∗
2) is DFZgT 1

2
-space.

Theorem 3.6. If the bijective map f : (X,α1, α
∗
1) → (Y, α2, α

∗
2) is DFZIrr &

pDFZO mapping then f is DFZgIrr.

Theorem 3.7. Let u : (X,α1, α
∗
1)→ (Y, α2, α

∗
2). Then the statements

(i) f is DFZgIrr.
(ii) ∀ fZgc set γ ∈ Y, u−1(γ) is fZgc in X.

(iii) ∀ fp xp of X & every fZgo set γ of Y 3 f(xp) ∈ γ, ∃ a fZgo set 3 xp ∈ σ
and f(σ) ≤ γ.
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are equivalent.

Theorem 3.8. Let u : (X,α, α∗) → (Y, β, β∗), v : (Y, β, β∗) → (Z, ρ, ρ∗) be two
maps 3 v ◦ u : (X,α, α∗) → (Z, ρ, ρ∗) is DFZgC map. (i) If u is DFCts &

surjective, then v is DFZgC map. (ii) If v is DFZgIrr and injective, then u is
DFZgC map.

Theorem 3.9. Let u : (X,α, α∗) → (Y, β, β∗), v : (Y, β, β∗) → (Z, ρ, ρ∗) be two
maps 3 v ◦ u : (X,α, α∗)→ (Z, ρ, ρ∗) is DFZ∗gC map.

(i) If u is DFCts & surjective, then v is pDFZgC map.
(ii) If v is DFZgIrr & injective, then u is pDFZgC map

Theorem 3.10. For the functions u : X → Y & v : Y → Z the following relations
hold:

(i) If u : X → Y is DFZgCts & v : Y → Z is DFCts then v ◦ u : X → Z is
DFZgCts.

(ii) If u : X → Y & v : Y → Z are DFZgIrr. then v ◦ u : X → Z is
DFZgIrr.

(iii) If u : X → Y is DFZgIrr & v : Y → Z is DFZCts then v ◦ u : X → Z is
DFZgCts.

Theorem 3.11. If u : (X,α, α∗) → (Y, β, β∗) is DFZgCts & v : (Y, β, β∗) →
(Z, ρ, ρ∗) is DFZCts 3 Y is DFZgT 1

2
-space then v ◦ u : (X,α, α∗)→ (Z, ρ, ρ∗)

is DFZgCts.
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FUZZY Z-OPEN MAPPINGS
IN DOUBLE FUZZY TOPOLOGICAL SPACES

SHIVENTHIRA DEVI SATHAANANTHAN, A. VADIVEL1, S. TAMILSELVAN,
AND G. SARAVANAKUMAR

ABSTRACT. We introduce and investigate some new class of mappings called
double fuzzy Z-open map and double fuzzy Z-closed map in double fuzzy
topological spaces. Also, some of their fundamental properties are studied.
Moreover, we investigate the relationships between some double fuzzy open
and their respective closed mappings.

1. INTRODUCTION AND PRELIMINARIES

In 1986, Atanassov [1] started ’Intuitionistic fuzzy sets’ and Coker [2] in 1997,
initiated Intuitionistic fuzzy topological space. The term ’double’ instead of ’in-
tuitionistic’ coined by Garcia and Rodabaugh [4] in 2005. In the previous two
decades many analysts accomplishing more applications on double fuzzy topo-
logical spaces. From 2011, Z-open sets and maps were introduced in topological
spaces by El-Maghrabi and Mubarki [5].
X denotes a non-empty set, I1 = [0, 1), I0 = (0, 1], I = [0, 1], 0 = 0(X),

1 = 1(X), r ∈ I0 & κ ∈ I1 and always 1 ≥ r+κ. IX is a family of all fuzzy sets on
X. In 2002, Double fuzzy topological spaces (briefly, dfts), (X, η, η∗), (r, κ)-fuzzy
open (resp. (r, κ)-fuzzy closed) (briefly (r, κ)-fo (resp. (r, κ)-fc)) set were given
by Samanta and Mondal [6].

1corresponding author
2010 Mathematics Subject Classification. 54A40, 54A99, 45D05, 03E72.
Key words and phrases. DFZO, DFδsO, DFpO, DFsO and DFbO.
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All other undefined notions are from [3,6,7] and cited therein.

2. ON DOUBLE FUZZY Z OPEN (RESP. CLOSED) MAPPINGS

Definition 2.1. A function f from a dfts (X, ρ, ρ∗) to a dfts (Y, ζ, ζ∗), is called as a
double fuzzy Z open (resp. δ semiopen, δ preopen, preopen, semi open and b open)
(briefly DFZO (resp. DFδsO, DFδpO, DFpO, DFsO and DFbO)) function
if f(µ) is an (r, κ)-fZo (resp. (r, κ)-fδso, (r, κ)-fδpo, (r, κ)-fpo, (r, κ)-fso and
(r, κ)-fbo) set in IY ∀ (r, κ)-fo set µ ∈ IX for all r ∈ I0 & κ ∈ I1.

Definition 2.2. A function f from a dfts (X, ρ, ρ∗) to a dfts (Y, ζ, ζ∗), is called
as a double fuzzy Z closed (resp. δ semiclosed, δ preclosed, preclosed, semi closed
and b closed) (brieflyDFZC (resp. DFδsC, DFδpC, DFpC, DFsC andDFbC))
function if f(µ) is an (r, κ)-fZc (resp. (r, κ)-fδsc, (r, κ)-fδpc, (r, κ)-fpc, (r, κ)-fsc
and (r, κ)-fbc) set in IY ∀ (r, κ)-fc set µ ∈ IX for all r ∈ I0 & κ ∈ I1.

Theorem 2.1. Let f : (X, ρ, ρ∗)→ (Y, η, η∗) be a mapping

(i) Every DFδO mapping is DFO (resp. DFδpO and DFδsO) mapping.
(ii) Every DFO mapping is DFsO (resp. DFpO) mapping.

(iii) Every DFδpO mapping is DFeO mapping.
(iv) Every DFδsO mapping is DFeO (resp. DFZO) mapping.
(v) Every DFpO mapping is DFZO mapping.

(vi) Every DFsO mapping is DFbO mapping.
(vii) Every DFZO mapping is DFeO (resp. DFbO) mapping. But not con-

versely.

DFODFδO

DFsODFpODFδsODFδpO

DFbODFeO DFZO

FIGURE 1
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Example 1. Let X = Y = {l,m, n} and let the fuzzy sets α1 to α7 are defined as
α1(l) = 0.3, α1(m) = 0.4, α1(n) = 0.5; α2(l) = 0.6, α2(m) = 0.9, α2(n) = 0.5;
α3(l) = 0.2, α3(m) = 0.2, α3(n) = 0.2; α4(l) = 0.4, α4(m) = 0.4, α4(n) = 0.5;
α5(l) = 0.5, α5(m) = 0.5, α5(n) = 0.5; α6(l) = 0.2, α6(m) = 0.4, α6(n) = 0.4

and α7(l) = 0.3, α7(m) = 0.0, α7(n) = 0.4. Consider the double fuzzy topolo-
gies (X, η, η∗), (Y, η1, η∗1), (Y, η2, η

∗
2), (Y, η3, η

∗
3), (Y, η4, η

∗
4), (Y, η5, η

∗
5) and (Y, η6, η

∗
6)

with

η(γ) = η∗(γ) =


1, if γ ∈ {0, 1},
1
2
, if γ ∈ {α1, α2}

0, o.w.

, η1(γ) = η∗1(γ) =


1, if γ ∈ {0, 1},
1
2
, if γ = α2

0, o.w.

,

η2(γ) = η∗2(γ) =


1, if γ ∈ {0, 1},
1
2
, if γ = α3

0, o.w.

, η3(γ) = η∗3(γ) =


1, if γ ∈ {0, 1},
1
2
, if γ = α4

0, o.w.

,

η4(γ) = η∗4(γ) =


1, if γ ∈ {0, 1},
1
2
, if γ = α5

0, o.w.

, η5(γ) = η∗5(γ) =


1, if γ ∈ {0, 1},
1
2
, if γ = α6

0, o.w.

,

and

η6(γ) =


1, if γ ∈ {0, 1},
1
2
, if γ = α7

0, o.w.

, η∗6(γ) =


0, if γ ∈ {0, 1},
1
2
, if γ = α7

1, o.w.,

.

Then the identity function (i) f : (X, η1, η
∗
1) → (Y, η, η∗) is a (i) DFO (resp.

DFδpO) function but not a DFδO, (ii) DFZO but not a DFδsO. (ii) f :

(X, η2, η
∗
2)→ (Y, η, η∗) is a DFpO function but not a DFO. (iii) f : (X, η3, η

∗
3)→

(Y, η, η∗) is aDFsO (resp. DFδsO) function but not aDFO. (iv) f : (X, η4, η
∗
4)→

(Y, η, η∗) is a DFZO function but not a DFpO. (v) f : (X, η5, η
∗
5) → (Y, η, η∗) is

a DFbO function but not a DFsO and (vi) f : (X, η6, η
∗
6)→ (Y, η, η∗) is a DFeO

function but not a DFZO. From the above we have,

Definition 2.3. A mapping f : (X, ρ, ρ∗) → (Y, η, η∗) is called DFZO at a fpt xr
if the image of each (r, κ)-Q neighbourhood of xr is an (r, κ)-ZQ neighbourhood
of f(xr) ∈ IY .
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Theorem 2.2. A mapping f : (X, ρ, ρ∗) → (Y, η, η∗) is DFZO iff it is DFZO at
every fpt xr ∈ IX .

Theorem 2.3. Let (X, ρ, ρ∗) & (Y, η, η∗) be dfts’s and f : (X, ρ, ρ∗)→ (Y, η, η∗)

be a mapping. Then statements the following statements are equivalent.

(i) f is DFZO function.
(ii) f(γ) is an (r, κ)-fZo set in (Y, η, η∗) ∀ (r, κ)-fo set γ in (X, ρ, ρ∗).

(iii) f is DFZC function.
(iv) f(γ) is an (r, κ)-fZc set in (Y, η, η∗) ∀ (r, κ)-fc set γ in (X, ρ, ρ∗).
(v) ZCρ,ρ∗(f(γ), r, κ) ≤ f(Cη,η∗(γ, r, κ)), ∀ γ ∈ IX .

(vi) Iρ,ρ∗(δCρ,ρ∗(f(γ), r, κ), r, κ)∧Cρ,ρ∗(Iρ,ρ∗(f(γ), r, κ), r, κ) ≤ f(Cη,η∗(γ, r, κ)),

∀ γ ∈ IX .
(vii) f(Iρ,ρ∗(γ, r, κ)) ≤ Cη,η∗(δIη,η∗(f(γ), r, κ), r, κ)∨Iη,η∗(Cη,η∗(f(γ), r, κ), r, κ)

∀ γ ∈ IX .
(viii) f(Iρ,ρ∗(γ, r, κ)) ≤ ZIη,η∗(f(γ), r, κ), ∀ γ ∈ IX .
(ix) Iρ1,ρ∗1(f

−1(γ), r, κ) ≤ f−1(ZIρ2,ρ∗2(γ, r, κ)) ∀ γ ∈ IY .

Theorem 2.4. Let (X, ρ, ρ∗) & (Y, η, η∗) be dfts’s. Let f : X → Y be a DFZC
mapping iff f is surjective, then ∀ subset µ of Y and each (r, κ)-fo set α in X

containing f−1(µ), ∃ an (r, κ)-fZo set β of Y containing µ 3 f−1(β) ≤ α.

Theorem 2.5. Let (X, ρ1, ρ∗1) & (Y, ρ2, ρ
∗
2) be dfts’s and f : (X, ρ1, ρ

∗
1)→ (Y, ρ2, ρ

∗
2)

be a DFZO (resp. DFδsO and DFpO) mapping. If µ ∈ IY and γ ∈ IX , ρ1(1 −
γ) ≥ r, ρ∗1(1 − γ) ≤ κ, r ∈ I0 κ ∈ I1 3 f−1(µ) ≤ γ, ∃ an (r, κ)-fZc (resp.
(r, κ)-fδsc and (r, κ)-fpc) set ν of Y 3 µ ≤ ν, f−1(ν) ≤ γ.

Theorem 2.6. If f : (X, ρ1, ρ
∗
1) → (Y, ρ2, ρ

∗
2) be a DFZO mapping. Then for

each µ ∈ IY , f−1(Cρ2,ρ∗2 (δIρ2,ρ∗2(µ, r, κ), r, κ)) ∧ f−1(Iρ2,ρ∗2(Cρ2,ρ∗2(µ, r, κ), r, κ)) ≤
Cρ1,ρ∗1(f

−1(µ), r, κ).

Theorem 2.7. If f : (X, ρ1, ρ
∗
1) → (Y, ρ2, ρ

∗
2) be a bijective mapping such that

f−1(Cρ2,ρ∗2(Iρ2,ρ∗2(µ, r, κ), r, κ)) ∧ f−1(Iρ2,ρ∗2(δCρ2,ρ∗2(µ, r, κ), r, κ)) ≤ Cρ1,ρ∗1(f
−1(µ),

r, κ), for each µ ∈ IY , then f is DFZO map.

Theorem 2.8. Let (X, ρ, ρ∗) & (Y, η, η∗) be dfts’s. Let f : X → Y be a DFZC
mapping. Then (i) If f is a surjective map and f−1(α)qf−1(β) in X, then there ex-
ists α, β ∈ IY such that αqβ. (ii) ZIη,η∗(ZCη,η∗(f(γ), r, κ), r, κ) ≤ f(Cρ,ρ∗(γ, r, κ)),
for each γ ∈ IX are hold.
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Proposition 2.1. Let f : (X, ρ1, ρ
∗
1) → (Y, ρ2, ρ

∗
2) DFZO mapping and if for any

fuzzy subset γ of Y is (r, κ)-fuzzy nowhere dense then f is dfδpO map.

Theorem 2.9. If f : (X, ρ1, ρ
∗
1) → (Y, ρ2, ρ

∗
2) be a DFδbiCts mapping then the

image of each (r, κ)-fZo set in (X, ρ1, ρ
∗
1) under f is (r, κ)-fZo set in (Y, ρ2, ρ

∗
2).

Remark 2.1. Let (X, ρ1, ρ∗1) & (Y, ρ2, ρ
∗
2) be dfts’s and f : X → Y be a mapping.

The composition of two DFZO mappings need not be DFZO as shown by,

Theorem 2.10. Let (X, ρ1, ρ∗1), (Y, ρ2, ρ
∗
2) and (Z, ρ3, ρ

∗
3) be dfts’s. If

f : (X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2)

and g : (Y, ρ2, ρ
∗
2) → (Z, ρ3, ρ

∗
3) are mappings, then g ◦ f is DFZO mapping if (i)

f is DFO & g is DFZO. (ii) f is DFZO & g is DFδbiCts mapping.

Theorem 2.11. Let (X, ρ1, ρ∗1), (Y, ρ2, ρ
∗
2) & (Z, ρ3, ρ

∗
3) be dfts’s. If f : (X, ρ1, ρ

∗
1)→

(Y, ρ2, ρ
∗
2) and g : (Y, ρ2, ρ∗2)→ (Z, ρ3, ρ

∗
3) are mappings, then (i) If g ◦ f is DFZO

mapping & f is a onto DFCts map, then g is DFZO map. (ii) If g ◦ f is DFO
mapping & g is an 1-1 DFZCts map, then f is DFZO map.

3. CONCLUSION

In this paper, we introduced and investigated the classes of mappings called
double fuzzy Z-open map and double fuzzy Z-closed map to the dfts’s. Also,
some fundamental properties were studied.
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The asymmetric unit of the title salt, C17H21N4S+
�C7H5O4

�
�C3H7OH, consists of

an olanzapinium cation, an independent 2,5-dihydroxybenzoate anion and a

solvent isopropyl alcohol molecule. The central seven-membered heterocycle is

in a boat conformation, while the piperazine ring displays a distorted chair

conformation. The dihedral angle between the benzene and thiene rings flanking

the diazepine ring is 52.58 (19)�. In the crystal, the anions and cations are

connected by N—H� � �O and O—H� � �O hydrogen bonds, forming a three-

dimensional network.

1. Chemical context

Olanzapine is an atypical antipsychotic with indications for the

treatment of schizophrenia, acute mania and the prevention of

relapse in bipolar disorder. Olanzapine is structurally similar

to clozapine, but is classified as a thienobenzodiazepine.

Reviews on olanzapine in the management of bipolar disor-

ders (Narasimhan et al., 2007) and olanzapine-associated

toxicity and fatality in overdose (Chue & Singer, 2003) have

been published. Olanzapine, the pharmaceutically active

component of the title compound, a thienobenzodiazepine

derivative, along with clozapine, quetiapine, risperidone and

ziprasidone, belongs to the newer generation of atypical

antipsychotic agents (Chakrabarti et al., 1980; Callaghan et al.,

1999; Kennedy et al., 2001; Tandon & Jibson, 2003).

These atypical antipsychotic agents, in comparison with the

older generation, show greater efficacy against both positive

and negative symptoms of schizophrenia (a debilitating

mental disorder) as well as associated cognitive deficits and

are virtually devoid of extrapyramidal symptoms (Tandon,

2002). The therapeutic action of olanzapine against the

symptoms of schizophrenia is thought to be due to its high

affinity for dopaminergic D2 and serotonergic 5-HT2A

receptor systems implicated in the pathogenesis of this disease

(Bever & Perry, 1998).

The crystal structures of 2-methyl-4-(4-methylpiperazin-1-

yl)-10H-thieno[2,3-b][1,5]benzodiazepine methanol solvate

monohydrate (Capuano et al., 2003), polymorphic form II of

2-methyl-4-(4-methyl-1-piperazinyl)-10H-thieno[2,3-b][1,5]-

benzodiazepine (Wawrzycka-Gorczyca et al., 2004a), 2-meth-

yl-4-(4-methyl-1-piperazinyl)-10H-thieno[2,3-b][1,5] benzodi-
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azepine methanol solvate (Wawrzycka-Gorczyca et al., 2004b),

olazipinium nicotinate (Ravikumar et al., 2005), olanzapine

and its solvates (Wawrzycka-Gorczyca et al., 2007), highly

soluble olanzapinium maleate crystalline salts (Thakuria &

Nangia, 2011a) and polymorphic form IV of olanzapine

(Thakuria & Nangia, 2011b) have been reported. In view of

the importance of olanzapine, this paper reports the crystal

structure of the title salt, C17H21N4S+
�C7H5O4

�
�C3H7OH, (I)

.

2. Structural commentary

A perspective view of (I), with the atomic numbering scheme,

is illustrated in Fig. 1. The asymmetric unit comprises an

olanzapinium cation, an independent 2,5-dihydroxybenzoate

anion and a solvent isopropyl alcohol molecule. The central

seven-membered (N1/C11/C6/N2/C5/C4/C12) heterocycle is in

a boat conformation with puckering parameter Q =

0.715 (3) Å while the six-membered piperazine ring, N3/C13/

C14/N4/C15/C16, adopts a distorted chair conformation with

puckering parameters Q = 0.564 (3) Å, � = 175.3 (3)�, ’ =

200 (4)�. The dihedral angle between the benzene and thiene

rings flanking the diazepine ring is 52.58 (19)�. This is similar

to the values observed in the related structure olanzapinium

dipicrate (II) [58.7 (9)�] . The dihedral angles between the

plane of the four C atoms in the piperazine ring and the planes

of the benzene and thiophene rings are 27.04 (13) and

33.36 (18)�, respectively. In the 2,5-dihydroxybenzoate, the

mean plane of the C18–O1–O2 group is twisted by 4.7 (5)�

from that of the benzene ring (C19–C24). The bond lengths

and bond angles of the thiene and piperazine rings of

compound (I) are also comparable with the values observed

for related structures (Kavitha et al., 2013; Ravikumar et al.,

2005).

The superimposed fit (Gans & Shalloway, 2001) of the

olazapine group of (I) (atoms C1–C8, N1, O1 and O2) gives an

r.m.s deviation of 1.179 Å with olanzapinium dipicrate (II)

(Kavitha et al., 2013) (Fig. 2) and 1.175 Å with olazipinium

nicotinate (III) (Ravikumar et al., 2005) (Fig. 3). The larger

r.m.s deviation with the related structure may be due to the

different substitution of groups on the olanzapinium cation.

3. Supramolecular features

In the crystal, the anions and cations are connected by C—

H� � �O, N—H� � �O and O—H� � �O hydrogen bonds (Table 1),

research communications
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Figure 2
A superimposed fit of (I) (red) and the related structure (II) (blue).

Figure 3
A superimposed fit of (I) (red) and the related structure (III) (green).

Figure 1
The molecular structure of (I), with displacement ellipsoids for the non-H
atoms drawn at the 30% probability level. Hydrogen bonds (Table 1) are
shown as dashed lines.
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forming a three-dimensional network. The interaction

between C1—O1 and C10—O1 via atoms H1A and H10

encloses an R2
4 (22) ring motif. In addition, the interaction

between C1—O1 and C13—O4 via atoms H1A and H13A

forms an R2
2 (15) ring motif and that between C17—O2 and

N4—O1 via atoms H17B and H4N encloses an R2
2 (7) ring

motif (Fig. 4). The atoms O2 and O3, O4, O5 and O3, O5 are

connected through H3A, H4A and H5, forming an inter-

molecular ring motif. The contact between atoms N4 and O1

via H4N generates parallel chains to form a three dimensional

network (Fig. 5).

4. Database survey

A search of the Cambridge Crystallographic Database (CSD

version 5.41, last update March 2020; Groom et al., 2016) gave

only twenty-two entries based on the olanzapine drug mol-

ecule. They include salts with gallic acid: {CSD refcodes

SUKPEW, 1-methyl-4-(2-methyl-10H-thieno[2,3-b][1,5]ben-

][1,5]benzodiazepin-4-yl)piperazin-1-ium 2,4,6-trihydroxy-

benzoate, and SUKPOG, 1-methyl-4-(2-methyl-10H-thieno-

[2,3-b][1,5]benzodiazepin-4-yl)piperazin-1-ium 3,4,5-tri-

hydroxybenzoate dihydrate; Sarmah et al., 2020}, with mono

and dihydroxy benzoic acid {FABJUQ, 1-methyl-4-(2-methyl-

10H-thieno[2,3-b][1,5]benzodiazepin-4-yl) piperazin-1-ium 4-

hydroxybenzoate acetonitrile solvate, FABJIE, 1-methyl-4-(2-

methyl-10H-thieno[2,3-b][1,5]benzodiazepin-4-yl) piperazin-

1-ium 2,5dihydroxybenzoate, FABJEA, 1-methyl-4-(2-methyl-

10H-thieno[2,3-b][1,5]benzodiazepin-4-yl)piperazin-1-ium

2,4-dihydroxybenzoate and FABJOK, 1-methyl-4-(2-methyl-

10H-thieno[2,3-b][1,5]benzodiazepin-4-yl) piperazin-1-ium

2,6dihydroxybenzoate; Sarmah et al., 2016}, with nicotinic acid

{TAQNUV, 1-methyl-4-(2-methyl-10H-thieno[2,3-b][1,5]benz-

odiazepin-4-yl) hexahydropyrazin-1-ium nicotinate; Ravi-

kumar et al., 2005}, with pyrazinoic acid (SUKPAS; Sarmah et

al., 2020) and with other carboxylic acids (AMIYUR and

AMIZAY; Thakuria et al., 2011a and Sarmah et al., 2020;

FABKAX and FABKEB; Sarmah et al., 2016; FHIRYUE,

HIRZAL, HIRZEP and HIRZIT; Thakuria et al., 2013;

JIXROY; Sridhar & Ravikumar, 2007; LESQIL; Kavitha et al.,

2013; PEWPUF, PEWQAM and PEWQEQ; Sarmah et al.,

2018; TAQNUV; Ravikumar et al., 2005). Among them, the

crystal structures of PEWQEQ, PEWQAM, HIRZIT,

FABJUQ, SUKPIA, SUKPOG, FABKEB, HIRZEP and

PEWQAM contain solvent molecules.

5. Hirshfeld surface (HS) analysis

The HS analysis (McKinnon et al., 1998, 2004, 2007; Spackman

& Jayatilaka, 2009) was performed to understand the inter-

molecular interactions in the crystal structure of (I) and was

constructed in the crystal environment using CrystalExplorer

17.5 (Turner et al., 2017). The various non-covalent inter-

actions are quantified with decomposed, two-dimensional

fingerprint plots (Spackman & McKinnon, 2002). The HS

plotted over dnorm is shown in Fig. 6 with red areas indicating

distances shorter (in closer contact) and blue those longer

(distant contact) than the van der Waals radii. The contacts
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Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C1—H1A� � �O1i 0.96 2.64 3.579 (4) 168
C10—H10� � �O1ii 0.93 2.52 3.316 (4) 143
C13—H13A� � �O4i 0.97 2.62 3.233 (4) 122
C17—H17B� � �O2 0.96 2.63 3.216 (4) 120
N2—H2� � �O4iii 0.87 (3) 2.28 (3) 3.088 (4) 156 (3)
N4—H4� � �O1 0.89 (4) 1.77 (4) 2.660 (3) 178 (4)
O3—H3A� � �O2 0.89 (4) 1.63 (4) 2.479 (3) 156 (4)
O4—H4A� � �O5iv 0.85 (4) 1.84 (4) 2.682 (3) 173 (4)
O5—H5� � �O3v 0.88 (4) 1.88 (4) 2.764 (3) 178 (3)

Symmetry codes: (i) x� 1; y; z; (ii) �xþ 1;�yþ 1;�z; (iii) �xþ 1;�y þ 1;�zþ 1;
(iv) xþ 1; y; z; (v) x� 1

2;�yþ 1
2; zþ 1

2.

Figure 4
Crystal packing of (I), showing the C—H� � �O hydrogen bonds [R2

4 (22)
ring motif, R2

2 (15) and R2
2 (7) ring motifs; Table 1] as dashed lines. H

atoms not involved in these interactions have been omitted for clarity.

Figure 5
Crystal packing of (I), showing the O—H� � �O and N—H� � �O hydrogen
bonds (Table 1) as dashed lines; the shortest contacts between O2 and O3
give rise to an R(6) motif. H atoms not involved in these interactions have
been omitted for clarity.
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with distances equal to the sum of van der Waals radii are

indicated in white (Venkatesan et al., 2016). From Fig. 6, the

bright-red spots appearing near the hydrogen atoms H2N,

H4N, H10, and H13 in the cation indicate that these hydrogen

atoms are involved in the intermolecular interactions. The

shape-index (SI) diagram, a tool to visualize �–� stacking

interactions, for the cation, anion and solvent molecule is

shown in Fig. 7. No adjacent red and blue triangles are seen,

indicating that no �–� interactions are present, which is in

agreement with the experimental findings. The overall two-

dimensional fingerprint (2D–FP) plots are illustrated in Fig. 6.

The H� � �H contacts make the highest contribution (53.8%) to

the total crystal packing (broad peaks at de+ di =�2.3 Å). The

second highest contribution is from H� � �C/C� � �H contacts

(21.8%) and is indicated by the broad wing-like structure at

de+ di = �2.6 Å. The symmetrical sharp spikes at de+ di =

�1.6 Å are attributed to H� � �O/O� � �H contacts (14.3%).

6. Synthesis and crystallization

Olanzapine (156 mg, 0.5 mmol) and 2,5-dihydroxybenzoic

acid (77 mg, 0.5 mmol) were dissolved in 20 mL of isopropyl

alcohol and stirred magnetically for 5 h at 330 K. The mixture

was kept aside for two days at room temperature and the salt

formed was filtered off and dried. The compound was

recrystallized from (1:1) isopropyl alcohol/DMF by slow

evaporation at room temperature (m.p. 373–375 K).

7. Refinement

Crystal data, data collection and structure refinement details

are summarized in Table 2. The N-bound and O-bound H

atoms were located in a difference-Fourier map and freely
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Figure 6
Views of the Hirshfeld surfaces of title compound (I) mapped with dnorm

in two different orientations. The HS is plotted in the range �0.1500 to
1.4938 a.u.

Figure 7
Views of the shape-index diagram of title compound (I).

Table 2
Experimental details.

Crystal data
Chemical formula C17H21N4S+

�C7H5O4
�
�C3H8O

Mr 526.64
Crystal system, space group Monoclinic, P21/n
Temperature (K) 294
a, b, c (Å) 8.4867 (6), 29.764 (2), 10.6334 (8)
� (�) 94.381 (1)
V (Å3) 2678.1 (3)
Z 4
Radiation type Mo K�
� (mm�1) 0.17
Crystal size (mm) 0.15 � 0.14 � 0.06

Data collection
Diffractometer Bruker SMART CCD area-

detector diffractometer
Absorption correction Multi-scan (SADABS; Bruker,

2008)
Tmin, Tmax 0.96, 0.98
No. of measured, independent and

observed [I > 2�(I)] reflections
25175, 4560, 4081

Rint 0.040
(sin �/�)max (Å�1) 0.588

Refinement
R[F 2 > 2�(F 2)], wR(F 2), S 0.069, 0.143, 1.31
No. of reflections 4560
No. of parameters 358
H-atom treatment H atoms treated by a mixture of

independent and constrained
refinement

�	max, �	min (e Å�3) 0.32, �0.21

Computer programs: SMART (Bruker, 2008), SAINT (Bruker, 2008), SHELXS97
(Sheldrick, 2008), SHELXL2018/3 (Sheldrick, 2015), QMOL (Gans & Shalloway, 2001),
Mercury (Macrae et al., 2020), ORTEPIII (Burnett & Johnson, 1996), WinGX publication
routines (Farrugia, 2012) and PLATON (Spek, 2020).

Page 2814 of 3066Page 2814 of 3066



refined. The C-bound H atoms were included in calculated

positions and treated as riding atoms: C—H = 0.93–0.97 Å with

Uiso(H) = 1.5Ueq(C) for methyl H atoms and = 1.2Ueq(C) for

other H atoms.
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Crystal structure and Hirshfeld surface analysis of 1-methyl-4-(2-methyl-10H-

benzo[b]thieno[2,3-e][1,4]diazepin-4-yl)piperazin-1-ium 2,5-dihydroxy-

benzoate propan-2-ol monosolvate

V. Natchimuthu, N. Sharmila and S. Ravi

Computing details 

Data collection: SMART (Bruker, 2008); cell refinement: SAINT (Bruker, 2008); data reduction: SAINT (Bruker, 2008); 

program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL2018/3 

(Sheldrick, 2018); molecular graphics: QMOL (Gans & Shalloway, 2001), Mercury (Macrae et al., 2020); software used 

to prepare material for publication: ORTEPIII (Burnett & Johnson, 1996), WinGX publication routines (Farrugia, 2012) 

and PLATON (Spek, 2020).

1-Methyl-4-(2-methyl-10H-benzo[b]thieno[2,3-e][1,4]diazepin-4-yl)piperazin-1-ium 2,5-dihydroxybenzoate 

propan-2-ol monosolvate 

Crystal data 

C17H21N4S+·C7H5O4
−·C3H8O

Mr = 526.64
Monoclinic, P21/n
a = 8.4867 (6) Å
b = 29.764 (2) Å
c = 10.6334 (8) Å
β = 94.381 (1)°
V = 2678.1 (3) Å3

Z = 4

F(000) = 1120
Dx = 1.306 Mg m−3

Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 4689 reflections
θ = 2.3–24.2°
µ = 0.17 mm−1

T = 294 K
Solid, white
0.15 × 0.14 × 0.06 mm

Data collection 

Bruker SMART CCD area-detector 
diffractometer

Radiation source: fine focus sealed tube
ω and φ scan
Absorption correction: multi-scan 

(SADABS; Bruker, 2008)
Tmin = 0.96, Tmax = 0.98
25175 measured reflections

4560 independent reflections
4081 reflections with I > 2σ(I)
Rint = 0.040
θmax = 24.7°, θmin = 2.0°
h = −9→9
k = −35→35
l = −12→12

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.069
wR(F2) = 0.143
S = 1.31

4560 reflections
358 parameters
0 restraints
Primary atom site location: structure-invariant 

direct methods
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Secondary atom site location: difference Fourier 
map

Hydrogen site location: mixed
H atoms treated by a mixture of independent 

and constrained refinement

w = 1/[σ2(Fo
2) + (0.0423P)2 + 1.7858P] 

where P = (Fo
2 + 2Fc

2)/3
(Δ/σ)max = 0.001
Δρmax = 0.32 e Å−3

Δρmin = −0.21 e Å−3

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

C1 −0.3762 (4) 0.47317 (12) 0.3380 (4) 0.0585 (9)
H1A −0.390099 0.447460 0.283753 0.088*
H1B −0.459922 0.494268 0.317993 0.088*
H1C −0.378228 0.463851 0.424267 0.088*
C2 −0.2208 (3) 0.49488 (10) 0.3192 (3) 0.0406 (7)
C3 −0.1143 (3) 0.48603 (10) 0.2353 (3) 0.0385 (7)
H3 −0.128823 0.463584 0.174715 0.046*
C4 0.0236 (3) 0.51399 (9) 0.2470 (3) 0.0352 (7)
C5 0.0161 (3) 0.54454 (9) 0.3420 (3) 0.0350 (7)
C6 0.1609 (3) 0.60738 (10) 0.2772 (3) 0.0366 (7)
C7 0.1472 (4) 0.65330 (10) 0.2934 (3) 0.0430 (7)
H7 0.110794 0.664279 0.367734 0.052*
C8 0.1862 (4) 0.68310 (11) 0.2016 (3) 0.0489 (8)
H8 0.176887 0.713877 0.214109 0.059*
C9 0.2390 (4) 0.66693 (11) 0.0915 (3) 0.0524 (9)
H9 0.264640 0.686670 0.028400 0.063*
C10 0.2537 (4) 0.62100 (11) 0.0749 (3) 0.0467 (8)
H10 0.290372 0.610411 0.000239 0.056*
C11 0.2157 (3) 0.59022 (10) 0.1660 (3) 0.0379 (7)
C12 0.1630 (3) 0.51169 (10) 0.1725 (3) 0.0374 (7)
C13 0.1896 (4) 0.42917 (9) 0.2035 (3) 0.0395 (7)
H13A 0.108954 0.432885 0.262627 0.047*
H13B 0.290178 0.424550 0.251401 0.047*
C14 0.1511 (4) 0.38905 (10) 0.1209 (3) 0.0446 (8)
H14A 0.149251 0.362254 0.172674 0.054*
H14B 0.047123 0.392826 0.077708 0.054*
C15 0.2881 (4) 0.42556 (11) −0.0459 (3) 0.0491 (8)
H15A 0.192261 0.430932 −0.099538 0.059*
H15B 0.374372 0.422019 −0.099854 0.059*
C16 0.3204 (4) 0.46547 (10) 0.0388 (3) 0.0440 (8)
H16A 0.422192 0.461909 0.085780 0.053*
H16B 0.323924 0.492549 −0.011672 0.053*
C17 0.2321 (5) 0.34478 (12) −0.0581 (4) 0.0658 (11)
H17A 0.130021 0.349145 −0.101715 0.099*
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H17B 0.231500 0.317686 −0.009157 0.099*
H17C 0.310467 0.342428 −0.118316 0.099*
N1 0.2492 (3) 0.54488 (8) 0.1415 (2) 0.0422 (6)
N2 0.1266 (3) 0.57751 (9) 0.3767 (2) 0.0401 (6)
H2 0.104 (3) 0.5922 (10) 0.443 (3) 0.038 (9)*
N3 0.1973 (3) 0.46954 (8) 0.1257 (2) 0.0401 (6)
N4 0.2699 (3) 0.38349 (9) 0.0266 (2) 0.0426 (6)
H4 0.359 (4) 0.3785 (12) 0.075 (3) 0.062 (11)*
S1 −0.15686 (9) 0.53903 (3) 0.41676 (8) 0.0417 (2)
C18 0.5648 (4) 0.32953 (11) 0.1890 (3) 0.0392 (7)
C19 0.7193 (3) 0.31664 (9) 0.2566 (3) 0.0323 (6)
C20 0.8224 (3) 0.34904 (9) 0.3104 (3) 0.0333 (6)
H20 0.795966 0.379278 0.302211 0.040*
C21 0.9623 (3) 0.33711 (9) 0.3753 (3) 0.0332 (6)
C22 1.0032 (4) 0.29233 (10) 0.3851 (3) 0.0431 (8)
H22 1.098573 0.284064 0.427658 0.052*
C23 0.9038 (4) 0.25982 (10) 0.3322 (3) 0.0466 (8)
H23 0.932732 0.229732 0.338820 0.056*
C24 0.7613 (3) 0.27150 (10) 0.2692 (3) 0.0380 (7)
O1 0.5341 (2) 0.37036 (7) 0.1732 (2) 0.0469 (6)
O2 0.4736 (3) 0.29822 (8) 0.1504 (2) 0.0603 (7)
O3 0.6639 (3) 0.23843 (8) 0.2203 (3) 0.0571 (7)
H3A 0.581 (5) 0.2537 (13) 0.186 (4) 0.071 (13)*
O4 1.0557 (3) 0.37078 (7) 0.4286 (2) 0.0442 (5)
H4A 1.127 (5) 0.3588 (13) 0.478 (4) 0.071 (13)*
C25 0.4829 (5) 0.37490 (14) 0.5193 (4) 0.0740 (12)
H25A 0.463666 0.400651 0.570276 0.111*
H25B 0.421761 0.377329 0.439808 0.111*
H25C 0.593185 0.373497 0.505130 0.111*
C26 0.4367 (4) 0.33350 (12) 0.5852 (3) 0.0519 (9)
H26 0.493746 0.332991 0.668868 0.062*
C27 0.4755 (6) 0.29132 (15) 0.5177 (4) 0.0808 (13)
H27A 0.426807 0.292136 0.433192 0.121*
H27B 0.436502 0.265885 0.561363 0.121*
H27C 0.587968 0.288851 0.515149 0.121*
O5 0.2703 (3) 0.33712 (9) 0.6017 (2) 0.0548 (6)
H5 0.238 (4) 0.3130 (12) 0.641 (3) 0.058 (11)*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

C1 0.046 (2) 0.052 (2) 0.078 (3) −0.0084 (16) 0.0086 (18) −0.0055 (19)
C2 0.0369 (17) 0.0321 (16) 0.0523 (19) 0.0018 (13) −0.0002 (14) 0.0041 (14)
C3 0.0413 (17) 0.0286 (15) 0.0445 (17) 0.0018 (13) −0.0032 (14) −0.0019 (13)
C4 0.0381 (17) 0.0292 (15) 0.0377 (16) 0.0041 (12) −0.0004 (13) 0.0056 (13)
C5 0.0369 (16) 0.0324 (16) 0.0353 (16) 0.0010 (13) 0.0001 (13) 0.0057 (13)
C6 0.0335 (16) 0.0379 (17) 0.0378 (16) −0.0064 (13) −0.0003 (13) 0.0048 (13)
C7 0.0422 (18) 0.0393 (18) 0.0476 (18) −0.0023 (14) 0.0044 (14) −0.0037 (15)
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C8 0.0488 (19) 0.0377 (18) 0.061 (2) 0.0000 (15) 0.0075 (16) 0.0042 (16)
C9 0.058 (2) 0.0422 (19) 0.058 (2) −0.0043 (16) 0.0106 (17) 0.0165 (16)
C10 0.051 (2) 0.047 (2) 0.0431 (18) −0.0029 (15) 0.0104 (15) 0.0032 (15)
C11 0.0324 (16) 0.0384 (17) 0.0429 (17) −0.0023 (13) 0.0021 (13) 0.0042 (14)
C12 0.0416 (17) 0.0363 (17) 0.0336 (16) 0.0058 (14) −0.0014 (13) 0.0027 (13)
C13 0.0405 (17) 0.0361 (17) 0.0424 (17) 0.0082 (13) 0.0064 (14) 0.0051 (14)
C14 0.0391 (17) 0.0388 (17) 0.055 (2) 0.0058 (14) 0.0006 (15) −0.0009 (15)
C15 0.057 (2) 0.054 (2) 0.0368 (17) 0.0186 (17) 0.0026 (15) 0.0040 (15)
C16 0.0481 (19) 0.0451 (19) 0.0397 (17) 0.0075 (15) 0.0088 (14) 0.0053 (14)
C17 0.077 (3) 0.057 (2) 0.060 (2) 0.012 (2) −0.017 (2) −0.0209 (19)
N1 0.0428 (15) 0.0379 (15) 0.0469 (15) 0.0026 (12) 0.0090 (12) 0.0031 (12)
N2 0.0490 (16) 0.0389 (15) 0.0321 (14) −0.0091 (12) 0.0011 (12) −0.0037 (12)
N3 0.0484 (15) 0.0334 (14) 0.0396 (14) 0.0055 (11) 0.0096 (12) 0.0037 (11)
N4 0.0431 (15) 0.0422 (15) 0.0408 (15) 0.0124 (12) −0.0072 (13) −0.0056 (12)
S1 0.0447 (5) 0.0361 (4) 0.0455 (5) −0.0030 (3) 0.0105 (4) −0.0033 (3)
C18 0.0372 (17) 0.0459 (19) 0.0346 (16) 0.0043 (15) 0.0032 (13) −0.0043 (14)
C19 0.0315 (15) 0.0368 (16) 0.0294 (14) 0.0039 (12) 0.0063 (12) −0.0023 (12)
C20 0.0379 (16) 0.0268 (14) 0.0354 (15) 0.0050 (12) 0.0047 (13) 0.0017 (12)
C21 0.0363 (16) 0.0327 (16) 0.0307 (14) −0.0023 (12) 0.0028 (12) 0.0000 (12)
C22 0.0397 (17) 0.0405 (18) 0.0472 (18) 0.0078 (14) −0.0085 (14) 0.0035 (14)
C23 0.0491 (19) 0.0253 (16) 0.064 (2) 0.0052 (14) −0.0056 (16) −0.0023 (15)
C24 0.0359 (16) 0.0348 (16) 0.0430 (17) −0.0012 (13) 0.0022 (13) −0.0060 (13)
O1 0.0411 (12) 0.0462 (14) 0.0518 (13) 0.0106 (10) −0.0059 (10) 0.0003 (10)
O2 0.0412 (13) 0.0572 (15) 0.0789 (18) −0.0010 (12) −0.0182 (12) −0.0084 (13)
O3 0.0453 (14) 0.0362 (13) 0.0874 (19) −0.0014 (11) −0.0101 (13) −0.0156 (12)
O4 0.0440 (13) 0.0357 (12) 0.0507 (13) −0.0039 (10) −0.0116 (11) 0.0016 (10)
C25 0.051 (2) 0.083 (3) 0.089 (3) −0.008 (2) 0.006 (2) 0.022 (2)
C26 0.0376 (18) 0.065 (2) 0.052 (2) −0.0007 (16) −0.0038 (15) 0.0092 (17)
C27 0.087 (3) 0.077 (3) 0.083 (3) −0.001 (2) 0.034 (3) −0.006 (2)
O5 0.0398 (13) 0.0617 (16) 0.0624 (16) −0.0048 (11) −0.0001 (11) 0.0184 (13)

Geometric parameters (Å, º) 

C1—C2 1.496 (4) C16—N3 1.452 (4)
C1—H1A 0.9600 C16—H16A 0.9700
C1—H1B 0.9600 C16—H16B 0.9700
C1—H1C 0.9600 C17—N4 1.483 (4)
C2—C3 1.343 (4) C17—H17A 0.9600
C2—S1 1.736 (3) C17—H17B 0.9600
C3—C4 1.434 (4) C17—H17C 0.9600
C3—H3 0.9300 N2—H2 0.87 (3)
C4—C5 1.365 (4) N4—H4 0.89 (4)
C4—C12 1.474 (4) C18—O1 1.252 (4)
C5—N2 1.388 (4) C18—O2 1.260 (4)
C5—S1 1.729 (3) C18—C19 1.496 (4)
C6—C7 1.383 (4) C19—C24 1.394 (4)
C6—C11 1.400 (4) C19—C20 1.395 (4)
C6—N2 1.429 (4) C20—C21 1.373 (4)
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C7—C8 1.378 (4) C20—H20 0.9300
C7—H7 0.9300 C21—O4 1.373 (3)
C8—C9 1.372 (5) C21—C22 1.379 (4)
C8—H8 0.9300 C22—C23 1.376 (4)
C9—C10 1.385 (4) C22—H22 0.9300
C9—H9 0.9300 C23—C24 1.381 (4)
C10—C11 1.388 (4) C23—H23 0.9300
C10—H10 0.9300 C24—O3 1.363 (4)
C11—N1 1.408 (4) O3—H3A 0.89 (4)
C12—N1 1.287 (4) O4—H4A 0.85 (4)
C12—N3 1.389 (4) C25—C26 1.485 (5)
C13—N3 1.463 (4) C25—H25A 0.9600
C13—C14 1.503 (4) C25—H25B 0.9600
C13—H13A 0.9700 C25—H25C 0.9600
C13—H13B 0.9700 C26—O5 1.440 (4)
C14—N4 1.484 (4) C26—C27 1.495 (5)
C14—H14A 0.9700 C26—H26 0.9800
C14—H14B 0.9700 C27—H27A 0.9600
C15—N4 1.485 (4) C27—H27B 0.9600
C15—C16 1.503 (4) C27—H27C 0.9600
C15—H15A 0.9700 O5—H5 0.88 (4)
C15—H15B 0.9700

C2—C1—H1A 109.5 N4—C17—H17A 109.5
C2—C1—H1B 109.5 N4—C17—H17B 109.5
H1A—C1—H1B 109.5 H17A—C17—H17B 109.5
C2—C1—H1C 109.5 N4—C17—H17C 109.5
H1A—C1—H1C 109.5 H17A—C17—H17C 109.5
H1B—C1—H1C 109.5 H17B—C17—H17C 109.5
C3—C2—C1 130.5 (3) C12—N1—C11 124.2 (3)
C3—C2—S1 110.5 (2) C5—N2—C6 114.5 (2)
C1—C2—S1 119.1 (2) C5—N2—H2 113 (2)
C2—C3—C4 114.5 (3) C6—N2—H2 111 (2)
C2—C3—H3 122.7 C12—N3—C16 119.0 (2)
C4—C3—H3 122.7 C12—N3—C13 121.3 (2)
C5—C4—C3 111.5 (3) C16—N3—C13 110.9 (2)
C5—C4—C12 120.9 (3) C17—N4—C14 111.8 (3)
C3—C4—C12 127.6 (3) C17—N4—C15 111.5 (3)
C4—C5—N2 126.8 (3) C14—N4—C15 111.1 (2)
C4—C5—S1 111.5 (2) C17—N4—H4 111 (2)
N2—C5—S1 121.7 (2) C14—N4—H4 103 (2)
C7—C6—C11 120.1 (3) C15—N4—H4 109 (2)
C7—C6—N2 119.9 (3) C5—S1—C2 91.97 (14)
C11—C6—N2 119.9 (3) O1—C18—O2 123.9 (3)
C8—C7—C6 121.4 (3) O1—C18—C19 118.6 (3)
C8—C7—H7 119.3 O2—C18—C19 117.5 (3)
C6—C7—H7 119.3 C24—C19—C20 118.6 (3)
C9—C8—C7 119.4 (3) C24—C19—C18 120.1 (3)
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C9—C8—H8 120.3 C20—C19—C18 121.3 (3)
C7—C8—H8 120.3 C21—C20—C19 121.2 (3)
C8—C9—C10 119.5 (3) C21—C20—H20 119.4
C8—C9—H9 120.2 C19—C20—H20 119.4
C10—C9—H9 120.2 O4—C21—C20 117.9 (3)
C9—C10—C11 122.3 (3) O4—C21—C22 122.7 (3)
C9—C10—H10 118.8 C20—C21—C22 119.4 (3)
C11—C10—H10 118.8 C23—C22—C21 120.4 (3)
C10—C11—C6 117.3 (3) C23—C22—H22 119.8
C10—C11—N1 116.3 (3) C21—C22—H22 119.8
C6—C11—N1 126.2 (3) C22—C23—C24 120.5 (3)
N1—C12—N3 117.6 (3) C22—C23—H23 119.7
N1—C12—C4 126.6 (3) C24—C23—H23 119.7
N3—C12—C4 115.7 (3) O3—C24—C23 119.1 (3)
N3—C13—C14 109.8 (2) O3—C24—C19 121.1 (3)
N3—C13—H13A 109.7 C23—C24—C19 119.8 (3)
C14—C13—H13A 109.7 C24—O3—H3A 103 (2)
N3—C13—H13B 109.7 C21—O4—H4A 108 (3)
C14—C13—H13B 109.7 C26—C25—H25A 109.5
H13A—C13—H13B 108.2 C26—C25—H25B 109.5
N4—C14—C13 110.8 (2) H25A—C25—H25B 109.5
N4—C14—H14A 109.5 C26—C25—H25C 109.5
C13—C14—H14A 109.5 H25A—C25—H25C 109.5
N4—C14—H14B 109.5 H25B—C25—H25C 109.5
C13—C14—H14B 109.5 O5—C26—C25 107.0 (3)
H14A—C14—H14B 108.1 O5—C26—C27 112.0 (3)
N4—C15—C16 112.1 (3) C25—C26—C27 113.2 (3)
N4—C15—H15A 109.2 O5—C26—H26 108.1
C16—C15—H15A 109.2 C25—C26—H26 108.1
N4—C15—H15B 109.2 C27—C26—H26 108.1
C16—C15—H15B 109.2 C26—C27—H27A 109.5
H15A—C15—H15B 107.9 C26—C27—H27B 109.5
N3—C16—C15 109.9 (3) H27A—C27—H27B 109.5
N3—C16—H16A 109.7 C26—C27—H27C 109.5
C15—C16—H16A 109.7 H27A—C27—H27C 109.5
N3—C16—H16B 109.7 H27B—C27—H27C 109.5
C15—C16—H16B 109.7 C26—O5—H5 110 (2)
H16A—C16—H16B 108.2

C1—C2—C3—C4 −179.3 (3) N1—C12—N3—C16 −3.9 (4)
S1—C2—C3—C4 0.6 (3) C4—C12—N3—C16 172.5 (3)
C2—C3—C4—C5 −0.6 (4) N1—C12—N3—C13 140.6 (3)
C2—C3—C4—C12 177.8 (3) C4—C12—N3—C13 −42.9 (4)
C3—C4—C5—N2 −178.0 (3) C15—C16—N3—C12 −152.5 (3)
C12—C4—C5—N2 3.5 (4) C15—C16—N3—C13 59.5 (3)
C3—C4—C5—S1 0.3 (3) C14—C13—N3—C12 151.8 (3)
C12—C4—C5—S1 −178.3 (2) C14—C13—N3—C16 −61.1 (3)
C11—C6—C7—C8 0.1 (5) C13—C14—N4—C17 −178.6 (3)
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N2—C6—C7—C8 177.0 (3) C13—C14—N4—C15 −53.4 (3)
C6—C7—C8—C9 0.4 (5) C16—C15—N4—C17 177.9 (3)
C7—C8—C9—C10 −0.7 (5) C16—C15—N4—C14 52.5 (4)
C8—C9—C10—C11 0.5 (5) C4—C5—S1—C2 0.1 (2)
C9—C10—C11—C6 0.0 (5) N2—C5—S1—C2 178.4 (2)
C9—C10—C11—N1 −174.7 (3) C3—C2—S1—C5 −0.4 (2)
C7—C6—C11—C10 −0.3 (4) C1—C2—S1—C5 179.6 (3)
N2—C6—C11—C10 −177.2 (3) O1—C18—C19—C24 −176.1 (3)
C7—C6—C11—N1 173.8 (3) O2—C18—C19—C24 3.3 (4)
N2—C6—C11—N1 −3.1 (5) O1—C18—C19—C20 5.2 (4)
C5—C4—C12—N1 −34.3 (4) O2—C18—C19—C20 −175.4 (3)
C3—C4—C12—N1 147.5 (3) C24—C19—C20—C21 −0.4 (4)
C5—C4—C12—N3 149.7 (3) C18—C19—C20—C21 178.3 (3)
C3—C4—C12—N3 −28.6 (4) C19—C20—C21—O4 −178.3 (2)
N3—C13—C14—N4 57.4 (3) C19—C20—C21—C22 1.5 (4)
N4—C15—C16—N3 −55.2 (3) O4—C21—C22—C23 178.6 (3)
N3—C12—N1—C11 170.5 (3) C20—C21—C22—C23 −1.1 (5)
C4—C12—N1—C11 −5.5 (5) C21—C22—C23—C24 −0.4 (5)
C10—C11—N1—C12 −144.3 (3) C22—C23—C24—O3 −178.5 (3)
C6—C11—N1—C12 41.5 (5) C22—C23—C24—C19 1.5 (5)
C4—C5—N2—C6 56.1 (4) C20—C19—C24—O3 178.9 (3)
S1—C5—N2—C6 −121.9 (3) C18—C19—C24—O3 0.2 (4)
C7—C6—N2—C5 125.9 (3) C20—C19—C24—C23 −1.1 (4)
C11—C6—N2—C5 −57.2 (4) C18—C19—C24—C23 −179.7 (3)

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

C1—H1A···O1i 0.96 2.64 3.579 (4) 168
C10—H10···O1ii 0.93 2.52 3.316 (4) 143
C13—H13A···O4i 0.97 2.62 3.233 (4) 122
C17—H17B···O2 0.96 2.63 3.216 (4) 120
N2—H2···O4iii 0.87 (3) 2.28 (3) 3.088 (4) 156 (3)
N4—H4···O1 0.89 (4) 1.77 (4) 2.660 (3) 178 (4)
O3—H3A···O2 0.89 (4) 1.63 (4) 2.479 (3) 156 (4)
O4—H4A···O5iv 0.85 (4) 1.84 (4) 2.682 (3) 173 (4)
O5—H5···O3v 0.88 (4) 1.88 (4) 2.764 (3) 178 (3)

Symmetry codes: (i) x−1, y, z; (ii) −x+1, −y+1, −z; (iii) −x+1, −y+1, −z+1; (iv) x+1, y, z; (v) x−1/2, −y+1/2, z+1/2.
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ABSTRACT: The subject of fractional calculus has emerged as a powerful and efficient mathematical 

instrument during the past six decades, mainly due to its demonstrated applications in numerous seemingly 

diverse and widespread fields of science and engineering.  Although researchers have already reported many 

excellent results inseveral seminal monographs and review articles, there arestill alarge number of non-local 

phenomena unexplored and waiting to be discovered. In this perspective, this paper investigates the use of 

Fractional Calculus in the fields of Physics, Mechanics, Biology, Engineering and Signal Processing. We hope 

this incomplete, but significant, details will guide young researchers and help new comers to see some of the 

important applications. We expect this collection of review will also benefit our society. 

 

KEYWORDS: Fractional Calculus, Sinc-Fractional Derivative, Electrical spectroscopy impedance, 

Newtonian Mechanics, Bio Heat Transfer Equation, HexapodRobot. 

I. INTRODUCTION 

 

Fractional calculus was formulated in 1695, shortly after the development of classical calculus. Fractional 

calculus is deeply related to the dynamics of complicated real-world problems. Many mathematical models are 

accurately governed by fractional order differential equationsThe earliest systematic studies were attributed to 

Liouville, Riemann, Leibniz, etc. [45, 56]. For a long time, fractional calculus has been regarded as a pure 

mathematical realm without real applications. But, in recent decades, such a state of affairs has been changed. It 

has been found that fractional calculus can be useful and even powerful, and an outline of the simple history 

about fractional calculus, especially with applications, can be found in Machado et al. [32]. Now, fractional 

calculus and its applications is undergoing rapid developments with more and more convincing applications in 

the real world [27,46].Research in fractional differentiation and integration is inherently multi-disciplinary and 

its application is done in various contexts: continuum mechanics, elasticity, signal analysis, quantum mechanics, 

bioengineering, biomedicine, financial systems, social systems, pollution control, turbulence, population growth 

and dispersal, landscape evolution, medical imaging, and complex systems, and some other branches of pure 

and applied mathematics. This review is organized into 7 sections. We begin with some important results of 

Fractional Calculus in physics, Mechanics, Biology, Engineering, Control and Signal Processing. 

 

II. APPLICATION OF FRACTIONAL CALCULUS IN PHYSICS 

A branch of theoretical physics which has been attracting considerable attention in the last years is quantum 

gravity. Several independent theories, models and hypotheses are gathered under this broad name, from string 

theory to asymptotic safety, from non-local to loop quantum gravity, from causal dynamical triangulations to 

causal sets, and so on [46,15,10, 37]. Since then, eminent mathematicians such as Fourier, Abel, Liouville, 

Riemann, Weyl, Riesz, and many others contributed to the field, but until later days Fractional Calculus has 

played a negligible role in physics. However, in recent years, applications of fractional calculus in physics have 

become more common in fields ranging from classical and quantum mechanics, nuclear physics, hadron 

spectroscopy, and up to quantum field theory. In theoretical  physics we can study the fractional equivalent of 

many standard physics equations: frictional forces, harmonic oscillator, wave equations, Schr¨odinger and Dirac 

equations, and several others. In applied physics, various methods of fractional calculus can be used in the 

description of chaotic systems and random walk problems, in polymer material science, in biophysics, and other 

fields. 
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2.1 Fractional calculus technique in random optimal search 

One common approach to the animal movement patterns is to use the scheme of optimizing random search 

[6,65,54]. In a random search model, single or multiple individuals search a landscape to find targets whose 

locations are not known a priori, which is usually adopted to describe the scenario of animals foraging for food, 

prey or resources. Many researchers have concentrated on the study of different animals‟ foraging movements. It 

is shown that when the environment contains a high density of food items, foragers tend to adopt Brownian 

walks, characterized by a great number of short step lengths in random directions that maintain foragers in a 

small portion of the available space [5,21]. In contrast, when the density of food items is low, individuals tend to 

exhibit Lévy flights, where larger step lengths occasionally occur and relocate the foragers in the environment. 

Due to the fact that the density of food items is often low, many animals behave a Lévy flight when foraging and 

their movements have been found to fit closely to a Lévy distribution (power law distribution) with an exponent 

close to 2 [66,67]. For instance, the foraging behavior of the wandering albatross on the ocean surface was 

found to obey a power law distribution [68]; the foraging patterns of a free-ranging spider monkey in the forests 

was also found to be a power law tailed distribution of steps consistent with Lévy walks [9,52]. 

 

2.2 Sinc-Fractional Derivative on Shannon wavelets 

The sinc-fractional operator will be generalized in order to compute the fractional derivative of the L2(R)-

functions belonging to the Hilbert space defined by the Shannon wavelet. In doing so, we will be able to 

compute the fractional derivative of these functions by knowing only their wavelet coefficients. Moreover, with 

this approach we will be able to decompose the fractional derivative at different scales, thus showing the 

influence of a given scale in multi scale physical problems. Sinc function is playing a fundamental role in 

mathematics and physics. Due to the many properties of this function it deserves a special role in applications. 

In recent years some authors have proposed [69] a fractional derivative based on this function.  

 

2.3 Linear visco elastic response functions and the Caputo-Fabrizio fractional operator 

The deep physics behind the fractional operator with exponential kernel  motivated this study and the efforts are 

oriented to show that the existing knowledge and models, as well as techniques of data treatment, in the 

framework of linear visco elasticity, lead naturally to formulation of the Caputo-Fabrizio fractional operator. 

This is in the context of the Sir Isaac Newton quote at the beginning of the article: the steps ahead on the 

shoulder of existing facts and results on the road to creations of new information are natural ways and actually 

the exciting moments in the beautiful journey in the world of science. It was demonstrated that in many cases 

there are viscoelastic materials which experimental behaviors exhibit strong departures from the power-law 

.  

2.4 Fractional Calculus and Electrical spectro scopy impedance 

The electrical spectroscopy impedance technique plays an important role from the experimental 

point of view to obtain information about the electrical properties of many different materials, in 

particular, of liquids [4]. It has been investigated, from the theoretical point of view, by using the 

Poisson–Nernst–Planck diffusion model [26] and/or equivalent circuits. In the low frequency 

limit, these approaches with simple considerations (boundary conditions and/or circuit elements) 

are not able to describe the experimental behavior. However, by using the well-established 

features of the fractional calculus and performing suitable changes in the boundary conditions, in 

order to account the surface effects, it is possible to overcome this issue and describe the 

experimental behavior in all frequency range[12,25].  Furthermore, this approach can also be 

used to investigate the ion diffusion in an electrolytic cell through the electrical conductivity, 

which is directly related to the mean square displacement.  

 

III. APPLICATION OF FRACTIONAL CALCULUS IN MECHANICS 

The use of real order derivatives has been found to be very useful in many practical applications. On the other 

hand, the studies of applications using derivatives of complex number order are still quite rare. However, there 

are some application areas in which complex order derivatives have been adapted to engineering mechanics, 

such as continuum mechanics and the modelling of viscoelastic materials [34,2] 

 . 

3.1 Fractional Calculus and Newtonian Mechanics 

One-dimensional Newtonian mechanics for a point-particle of constant mass m is based upon Newton‟s second 

law of motion, a second-order ordinary differential equation: 

   ( )

   
  
 

 
                                           ( )    

We can easily think of at least two possible ways of generalizing Newton‟s second law using fractional calculus: 

• Change the order of the time derivative in the left-hand-side of Eq. (1) to an arbitrary number q. • Generalize 
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the expression of the force (or force field) F on the right-hand-side of  Eq. (1) to include differintegrals of 

arbitrary order q. This is also routinely done in applications of FC to physics by selecting fractional 

generalizations of standard electromagnetic potentials, in order to analyze phenomena in nuclear physics, hadron 

spectroscopy, and other fields 

 

3.2 Fractional calculus for modeling oil pressure 

Darcy‟s law is used to relate fluid motion to pressure and gravitational gradients. The combination of the 

Continuity Equation and Darcy‟s Law leads to a heat-conducting differential equation in mathematical physics 

describing the transfer of the fluid. The application of the fractional calculus can be very useful for the modeling 

of anomalous diffusion phenomena in which the fractal structure better reflects the real conditions of the  

medium, as it is the case of the reservoirs in which because of its very nature it is difficult to find a structure 

Euclidian. 

 

3.3 Micro flows of visco elastic fluids with fractional constitutive relationships 

Recently the microflows of viscoelastic fluids have been studied extensively due to their 

importance in microfluidic systems. However, the application of fractional constitutive models in 

microchannel flow is still in early stages. Considering the successful applications of fractional 

constitutive models in the description of viscoelastic materials, the mechanics models to study the 

electro osmotic slip flows of viscoelastic fluids under the mixed influence of electro  osmosis and 

pressure gradient forcing.  

 

3.4 Unsteady flow towards subsurfacedrains 

Glover–Dumm equation (GDE), which is the most practical mathematical model to simulate 

water table profile between two parallel drainpipes under unsteady flow conditions, was obtained 

by analytically solving Boussinesq equation (BE). Fractional derivatives, because of having non-

locality property, can reduce the scale effects on the parameters and, consequently, better 

simulate the hydro-geological processes. Hereby a fractional BE (FBE) was proposed and 

analytically solved for one-dimensional unsteady flow towards parallel subsurface drains. The 

applicability and accuracy of the resultant solution, called fractional Glover–Dumm equation 

(FGDE), were examined using both laboratory and field data measured at an experimental farm in 

Abadan, Iran. 

 

IV. APPLICATION OF FRACTIONAL CALCULUS IN BIOLOGY 

Fractional calculus provides novel mathematical tools for modeling physical and biological processes. The 

bioheat equation is often used as a first order model of heat transfer in biological systems. Formulation of bio 

heat transfer in one dimension in terms of fractional order differentiation with respect to time can be described. 

In the future we hope to interpret the physical basis of fractional derivatives using Constructal Theory, 

according to which, the geometry biological structures evolve as a result of the optimization process. 

 

4.1 Bio Heat Transfer Equation 

The methods of fractional calculus, reviewed recently by Magin [33], are developed as the basis for formulation 

and solution of the bio heat transfer problem in peripheral tissue regions. Investigators have studied bio heat 

transfer using mathematical models for more than 50 years [70,59,16]. In these models tissue cooling (or 

warming) is approximated by coupling tissue perfusion to the bulk tissue temperature through Newton‟s law of 

cooling (or heating). In addition to full body models, there are numerous models in literature Design and Nature 

II, M. W. Collins & C. A. Brebbia (Editors) © 2004 WIT Press, www.witpress.com, ISBN 1-85312-721-3 that 

describe heat transfer mechanisms in a single organ or a portion of the body. In this regard, an analytical model 

developed by Keller and Seiler examines bioheat transport phenomena with heat generation (metabolism) 

occurring in the peripheral tissue regions. The Keller and Seiler [20] model was solved numerically using 

parallel computers to simulate all possible modes of bioheat transfer by Boregowda et al. [8]. Recently a number 

of investigators [14,1,29] have applied the bioheat transfer model to periodic diffusion problems in localized 

tissue regions such as that which occurs in the skin when laser heating and/or cryogen cooling is applied. 

Fractional calculus is ideally suited to address this kind of periodic heating or cooling, but to our knowledge has 

not been used in modeling bio heat transfer either at the tissue, organ or whole body level. The study 

demonstrates that fractional calculus can provide a unified approach to examine periodic heat transfer in 

peripheral tissue regions. For example, in an experimental study conducted by Pikkula et al. [48], cryogen spray 

cooling is utilized to cool the skin surface during the laser skin surgery. A generalized fractional calculus 

approach developed by Kulish and Lage [23,24] is adopted to model the localized periodic bioheat transfer 

problems similar to the one posed by Pikkula et al. [48]. The one-dimensional heat flow problem can be 

completely solved for well defined surface temperature or thermal flux boundary conditions by applying 
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Laplace transforms [7,49]. The solution can also be expressed as a fractional differential equation for the semi-

infinite peripheral tissue region [23]. Further, the fractional differential equation can be solved to compute the 

heat flux at the boundary for different periodic or on-off boundary conditions that closely represent the heating 

and cooling of skin surface during laser surgery. The approach offered by fractional calculus models a large 

class of biomedical problems that involve localized pulse heating and/or cooling. One advantage of this 

approach is that there is no need to solve first for the temperature in the entire domain. 

 

4.2 Models of bone remodeling and bone tumors using variable order derivatives 

Bone tissue is not static. Like every other part of our body, its cells are always dying and being 

replaced. The main actors of this process are the cells destroying bone tissue, called osteoclasts, 

and the cells that build bone back, called osteoblasts. The presence of osteoblasts influences the 

rate of increase of osteoclasts and the number of osteoclasts also influences their own evolution. 

The changes in dynamic behavior when there is a tumor can be modeled by tuning the parameters 

of au- tocrine and paracrine effects. Models found in the literature include intricate mathematical 

expressions for such variations.Our research has shown that the same effect can be obtained 

merely changing the order of the time derivative in the partial differential equations that model 

the involved diffusion phenomena. We studied the dynamic behavior of the resulting vari- able 

order partial differential equations and found in accord with the known qualitative behavior of 

healthy and tumorousbone remodeling.  

 

V. APPLICATION OF FRACTIONAL CALCULUS IN ENGINEERING 

Recently Fractional Calculus has been a fruitful field of research in science and engineering and many scientific 

areas are currently paying wider attention to the Fractional Calculus concepts. In the field   of dynamical 

systems theory, some work has been carried out but the proposed models and algorithms are still in a preliminary 

stage of establishment. This leads several case studies on the implementation of Fractional Calculus-based 

models, being demonstrated the advantages of using the Fractional Calculus theory in different areas of science 

and engineering 

 

5.1 Tuning of PID Controllers Using Fractional Calculus Concepts 

The PID controllers are the most commonly used control algorithms in industry. Among the various existent 

schemes for tuning PID controllers, the Ziegler-Nichols (Z-N) method is the most popular and is still 

extensively used for the determination of the PID parameters. It is well known that the compensated systems, 

with controllers tuned by this method, have generally a step response with a high percent overshoot. Moreover, 

the Z-N heuristics are only suitable for plants with monotonic stepresponse. 

 

PIDcontroller Plant 

 

 
 

Figure 1: Closed-loop control system with PID controller Gc(s). 

 

5.2 Fractional PD
α
Control of a HexapodRobot 

Figure 2 presents the dynamic model for the hexapod body and foot-ground interaction. It is considered robot 

body compliance because walking animals have a spine that allows supporting the locomotion with improved 

stability. The robot body is divided in n identical segments (each with mass Mbn
−1

) and a linear spring-damper 

system  is adopted to implement the intra body compliance [58]. The contact of the i th robot feet with the 

ground is modelled through a nonlinear system [57], being the values for the parameters based on the studies of 

soil mechanics[57]. 

 

 

 

R(s) + E(s) 

− 

U(s) Y(s) 
 

Gp(s) 

 

Gc(s) 
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Figure 2: Model of the robot body and foot-ground interaction. 

 

It is analysed the system performance of the different PD
α
tuning, during a periodic wave gait at a constant 

forward velocity VF, for two cases: two leg joints are motor actuated and the ankle joint is mechanical actuated 

and the three leg joints are fully motor actuated [58]. 

 

5.3 Heat Diffusion 

The heat diffusion is governed by a linear one-dimensional partial differential equation (PDE) of the form: 
  

  
  

   

   
                                                           (2) 

where k is the diffusivity, t is the time, u is the temperature, and x is the space coordinate. However, (2) 

involves the solution of a PDE of parabolic type for which the standard theory guarantees the existence of 

a unique solution[31].For the case of a planar perfectly isolated surface we usually apply a constant 

temperature U0atx= 0 and analyzes the heat diffusion along the horizontal co ordinate x. 

 

5.4 Circuit Synthesis Using Evolutionary Algorithms 

In recent decades evolutionary computation (EC) techniques have been applied to the design of electronic 

circuits and systems, leading to a novel area of research called Evolutionary Electronics (EE) or Evolvable 

Hardware. Several papers proposed designing combinational logic circuits using evolutionary algorithms and, in 

particular,  genetic algorithms (GAs) [30, 18] and hybrid schemes such   as the memetic algorithms (MAs)[18]. 

 

VI. APPLICATION OF FRACTIONAL CALCULUS IN CONTROL 

6.1 Application of D-decomposition technique in solving some controlproblems 

The basic idea of D-decomposition technique, conceived by the Russian scientist Neimark during 

the 1950s, is now extended for the case of linear fractional order systems and gives powerful tool 

for the analysis of systems stability and performance. In order to control as many different 

processes as possible, a fractional order proportional-integral-derivative (PID) controller is 

introduced, as a generalization of classical PID controller. Another useful application of this 

technique is control of underactuated systems. The D-decomposition method can be successfully 

used to solve a problem of asymptotic stability of inverted pendulum systems controlled by a 

fractional order controller[35,36]. 

 

6.2 The application of fractional order control for anair-based precision positioning system 

Precision, bandwidth (speed) and stability of motion are the most important performance indexes 

of any motion system. Fractional order PID has proven to be very effective to improve the 

performance. A recent work at TU Delft [55], utilizes the fractional order calculus to control a 

precision positioning stage. In this work, a contactless precision positioning system is designed 

by floating a silicon wafer on a thin film of air (see Fig. 3(a)). The system has been controlled as 

shown in Fig. 3(b) in which two cascade single-input/single-output (SISO) controllers are 

designed. By using only the fractionality, the bandwidths are extended by 14.6%  and 62%, for 

the inner and outer loops, respectively. Furthermore, a closed-loop positioning bandwidth of the 

wafer   of 60 Hz is achieved, resulting in a positioning error of 104 nm, which is limited by sensor 

noise and pressure disturbances. (ContributedbyS.HassanHosseinNia,Fractionalordercontrol). 
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Fig. 3.  (a) Overview of the air based precision positioning stage (so called the 

Flowerbed) designed at TU Delft. (b) Proposed Control Strategy, with an     

InnerLoopController(ILC)andanOuterLoopController(OLC). 

 

 

VII. APPLICATION OF FRACTIONAL CALCULUS IN SIGNAL AND IMAGE PROCESSING 

7.1 Astudyonfractionalcalculusapplicationsinimageprocessing 

Employing fractional differential to image processing is a prospering subject branch under 

discourse [55,19,72,73]. Recently, fractional calculus has been significantly examined in 

computer vision [11,74]. The principle purpose behind this advancement is the desire that the 

utilization of this theory will prompt a considerably more exquisite and viable method to treat 

problems of blocky effect and detail information protection. The fractional- order derivative 

operator has a non-local behavior because the fractional-order derivative at a point relies upon the 

characteristics of the entire function and not just the values in the vicinity of the point, which is 

helpful to enhance the performance of texture preservation. The numerical outcomes in published 

works show that the fractional-order derivative performs we eliminating the stair  case effect and 

preserving textures[74].It has been demonstrated in [50] that the fractional-order derivative 

fulfills the lateral inhibition principle of  thebiological visual system better than the integer -order 

derivative. Pu et al. [51] considered the kinetic physical meaning ofthe fractional-order derivative 

and demonstrated that fractional differential-based methods can protect the low-frequency 

contour features in those smooth areas, and non-linearly keep high-frequency marginal feature in 

those regions where gray-level changes significantly, and furthermore preserve texture details in 

those areas that gray-level does not change obviously.It is noted in [75] that for low-frequency 

signal, fractional differential lessens the signal not  as  much  as  the integerone and for high-

frequency one, fractional differential improves signal not as much as the integer one. Hence, we 

get the conclusion that fractional differential can upgrade the high-frequency signals, and 

reinforce the medium frequency one,while non-linear retain the low-frequency one.  

 

7.2 Application of the GPCF and DGIs for improving the resolution and quality of nano images 

We apply the generalized Pearson correlation function (GPCF) [38] POLS [41] and discrete 

geometrical invariants (DGI) for improving the quality and sharpness of nanoimages in the range 

of resolution (10–1000) nm. The GPCF helps to compare one piece of image with another one 

and the procedure of reduction to three incident points [42] allows finding “hidden” self-similar 

objects. The DGI based on the generalization of the Pythagoras theorem obtained by Babenko[3] 

allows comparing two randomly taken parts of images with each other and finding distinct 

differences expressed in terms of the integer moments. The quantitative parameters determined 

by the DGIs of the second and fourth orders, correspondingly allow monitoring the 

dynamics/changings of the chosen image in time. It can be applied for a wide set of random 

curves (experimental measurements) that are needed to be compared in terms of a limited number 

of the integer moments.  

 

7.3 NAFAS Sinaction: intermediate fractal model for the fitting of complex systems data 

We essentially modernize the NAFASS (Non-orthogonal Amplitude Frequency Analysis of the 

Smoothed Signals) approach suggested earlier [43,44]. The NAFASS opens an alternative way for 

creationofnewfluctuationspectroscopywhenthesegment of the Fourier series can fit any random signal 

with trend. However, the dispersion spectrum of the Fourier series 

    (        )    (               ) 
is replaced by the specific dispersion law    calculated by the original algorithm. It implies that any 

finite  signal  will  have  a  compact  amplitude-frequency  response  (AFR),  where  the  number  of 

the modes is much less in comparison with the number of data points (K N). The NAFASS approach 
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can be applicable for quantitative description of a wide set of random signals/fluctuations and allows 

one to compare them with each other based on one general  platform.  We  combine  also  the  

NAFASS  with  generalized  Pearson  correlation  function  [38, 40]  that  allows to apply this  

combination  for  analysis  of  signals  having  self-similar  origin  with  their  subsequent  fitting.   

 

VIII. CONCLUSION 

 

In recent years Fractional Calculus has been a fruitful field of research in science and engineering. In fact, many 

scientific areas are currently paying attention to the Fractional Calculus concepts and  we can refer its adoption 

in viscoelasticity and damping, diffusion and wave propagation, electromagnetism, chaos and fractals, heat 

transfer, biology, electronics, signal processing, robotics, system identification, traffic systems, genetic 

algorithms, percolation, modeling and identification, telecommunications, chemistry, irreversibility, physics, 

control systems as well as economy, and finance.The applications of fractional derivatives in condition 

monitoring and some of the above fields were discussed in this paper. We try our best to organize this Theme 

Issue in order to offer fresh stimuli for the fractional calculus community to further promote and develop 

cutting-edge research on fractional calculus and its applications. This survey cannot be considered as a complete 

one, but as a collection of sample applications, which can be used for further developments using analogies in 

the mathematical description of real problems arising in different fields of science. 
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ABSTRACT: Margaret Atwood is one of the most gifted, artistic, influential and intellectual female writers of 

modern fiction in the West today. She is a creative and eminent Canadian writer who is widely recognized as a 

social activist. Comparing to other contemporary writers, it is found that Margaret Atwood has achieved the 

attraction of readers and critics all around the world. A versatile genius, Margaret Atwood was differently 

handled the theme of survival in her novels as well as short stories. This essay dealt with the theme of survival, 

particularly between men and women. Also the survival was different for both men and women and it was 

clearly portrayed by the author in these short stories. The paper examines and narrates clearly how the 

protagonists of these short stories struggled to survive in this world. Through the short stories and short novels, 

the author shows her vision of survival to the readers.  

KEYWORDS: Margaret Atwood, survival, intellectual, stories, protagonists 

I. INTRODUCTION 

 

One of the most distinguished literary figures in Canada, Margaret Atwood has contributed her great part in the 

arena of world literature. She is internationally recognized poet, novelist, critic and social activist. Atwood’s 

career in literature started with her first novel The Edible Women in 1969. It was followed by many novels and 

short stories and her most recent work The Blind Assassin (2000) has helped her to achieve her concrete place 

among the top women writers around the world. Dancing Girls and Other Stories is a collection of fourteen 

short stories originally published in 1977 by McClelland and Stewart, Toronto. This short story collection won 

the St. Lawrence Award for Fiction and the award of The Periodical Distributors of Canada for Short Fiction. 

The fourteen short stories are The War in the Bathroom, The Man from Mars, Polarities, Under Glass, The 

Grave of the Famous Poet, Rape Fantasies, Hair Jewellery, When It Happens, A Travel Piece, The Resplendent 

Quetzal, Training, Lives of the Poets, Dancing Girls and Giving Birth. 

 

II. INSTINCT OF SURVIVAL 

In Oxford Advanced Learner’s Dictionary, the word instinct means, a natural tendency for people and animals 

behave in a particular way using the knowledge and abilities that they were born with rather than thought or 

training. The another meaning is a feeling that makes you to do something or believe that something is true, 

even though it is not based on facts or reason. The synonym for the word instinct is “intuition”.  

Instinct for survival means how the human beings have the inborn capacity to live even in a very difficult 

situation and what are the ways they used to come over the difficulties for their existence. 

In The Resplendent Quetzal, the story started with Sarah who was sitting near the edge of the sacrificial well. 

Edward had passion for birds and kept a notebook with him since his age of nine and noted down Robin, 

Bluejay, and Kingfisher. Edward wanted Sarah to fallen the habit of birding because he wanted to get rid of her 

for some time. For escaping from her husband, Sarah pointed out an oriole coloured birds. Sarah thought to live 

without Edward and Edward thought to kill Sarah.  

“She thought of herself as having more money if Edward were dead: she would  have all of his salary instead of 

just part of it. She knew there wouldn’t be any salary if he really were dead, but it spoiled the fantasy to 

remember this.” (DG, 68) So the survival itself was questioned by the author. He had a question why she 

changed? And he thought, it would be the baby which died at the time of the birth. But the baby was a perfect 

one said by the doctor and after that Sarah did not go to university and did not get a job. She sat at home, 
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looking over his shoulder, towards the door, out the window and waiting for something. She did not have the 

instinct to survive and she lived for namesake. The tourist guide informed some things to them. Edward stood 

up from the place and started to walk back and suddenly he felt a flash of orange. “It was an oriole partly hidden 

behind the leaves; he could see the breast, bright orange, and the dark barred wing. He wanted it to be a Hooded 

Oriole, he had not yet seen one” (DG, 93). The Oriole made Edward to remember their happy life and started to 

believe Sarah and created an instinct to live with Sarah. According to The Daily Life of the Aztecs, they called 

an unborn baby as “A jewel, a precious feather”. The word Quetzal means feather. Edward said The 

Resplendent Quetzal and it was a green and red bird with blue tail. He explained to Sarah that Quetzal Bird 

meant “Feather Bird”. When the baby died she blamed it on him and he said it was not his fault, not the doctor’s 

fault, the cord was twisted and she never accused him. They only got married because Sarah was pregnant and 

their instinct for survival was around the baby. They married only for the child and the child was no more and 

why they continued in their relationship and Edward did not want to quit the relationship. She stole a plaster 

Christ Child in a crèche while Edward was paying the bill. She thought she was pregnant all the time and she 

followed all the medications prescribed by the doctor. When the child died Edward only cried but not Sarah. 

This showed his instinct for survival; though the child was dead he wanted to live with Sarah. The whole group 

of tourists was moved and she went to the edge of the sacrificial well and Edward came back and saw Sarah was 

at the edge of the well and she threw something into the well. She seemed to be crying and the old Sarah came 

back. “This isn’t like you”, Edward said, pleading, as if that was a final argument which would snap her out of 

it, bring back the old calm Sarah.”(DG, 165). In Lives of the Poets, Julia lied in the bathroom and her feet were 

at the edge of the bathtub. She wanted an ice cube and she remembered the image of Coke and ice machine at 

the end of the hall, so, she moved towards it. A hotel guest opened the door and saw her and he thought it was 

an accident and closed his door. He did not want to help her. He wanted to survive but not about the survival of 

her. The machine was jammed and she went in front of the phone, tried to call long distance through the hotel 

operator, when she sneezed and the front page of the directory spattered with blood. She lost her another chance 

for her survival. In two hours, she had to give reading of the poem. She did not want to call Bernie because he 

will call the doctor and thought it wasn’t serious. For every reading, it was happened and it was not that much 

serious for a doctor. She always had a thought in her mind, during the introductions, she faint and taken to the 

hospital by the ambulance and woke up, safe and cured, with Bernie sitting near her and he smiled at her.  

They were living together for four years and they had a problem, they needed money. Bernie was on grant 

through painting and she had a part time job, cataloging in a library. Bernie ran out of money and had trouble in 

selling paintings. He said to her that he and other two painters planned to start a gallery named Notes from 

Underground. Julia published a book and had money and she lent him part of her grant money to start the 

gallery. Through his gallery Bernie did not make money and she believed it because she had also in the same 

situation. Her name was Marika and Julia met her at the gallery. Marika was friendly to Julia and said she has 

read her book and it was quite good. “I don’t find time to read books, but I got yours out of the library because 

of Bernie. I didn’t think I was going to like it, but actually it’s quite good. ….. It was the way Marika offered 

her compliment: like a biscuit to a dog, part reward, part bribe, and part condescending.” (DG, 243).  Though 

they were friendly, they were like two mothers at a birthday party. After sometimes, they talked and showed 

their difference each other. The last time Marika came to the house and Julia did not wake up and she wanted a 

black notebook with phone numbers. Julia got irritated and she found the notebook under the bed and asked her  

“Would you like some coffee?” Marika said, “Bernie says we have nothing in common, but I think we get on 

real well.” Julia wanted to stop Maria to coming home without hurting her. Bernie and Julia recently argued 

about the food bills because Bernie was eating twice as much as her. At first, they decided to share everything 

but now it changed. When she asked about that he said, “Don’t worry, you’ll get paid off” and it was about the 

gallery loan. The blood slowed down and dialed 0 and got the operator to place a call for her. She listened the 

noises from outer space and felt Bernie’s tongue was already in her mouth. There was no more blood so she 

could do reading and felt hungry in the dinnertime. “Blood, the elemental fluid, the juice of life, by product of 

birth, prelude to  death.” (DG, 348).In half an hour they will come to pick her up and thought of her poem 

reading. She phoned him and it was Marika who spoke in the phone and said Bernie went away for a couple of 

days and he would call tonight so, I informed him and said Julia to water the plants. Julia thought if she was his 

secretary, leaving her with messages for the idiot wife. Julia did not ask her where he had gone and when she 

put down the phone, she thought she heard something, it maybe a voice or a laugh. They will arrive, two young 

men to pick her up for poem reading. She watched the snow and she was led by the young men into the 

auditorium, where a gathering was waiting to hear her words. She will step across the stage, words coiled and 

she will open her mouth and the rooms will explode in blood. Bernie only wanted Julia’s money but not about 

her. He did not care about her and did not want to know about her survival. Julia wanted to survive but the 

circumstances around her made to lose her hope to survive. In Giving Birth, the author narrated a story with the 

help of a toy. In the beginning of the story the author questioned about the birth and delivery. The narrator had a 

girl child and they had greeted each other with hugs and smiles, played with hot water bottle and the alarm 

clock. The baby placed her fingers in her mother’s mouth for learning the secret of making words but she did 

Page 2834 of 3066Page 2834 of 3066



 

ISSN- 2394-5125 VOL 7, ISSUE 13, 2020 

 
  
 
 

4375 
 

not. The narrator was waiting for her first word. The narrator discovered a alarming thing in the playpen and it 

was a small naked woman, made of soft plastic. It was given by the narrator’s friend and the baby loved the toy 

and she made a tear in the body with her new teeth. The narrator put the woman in the cardboard box which was 

used for toy storage. She was back in the playpen and found the woman’s feet were gone and found in the 

baby’s diaper. The narrator wrote this story while the baby was in nap. She named the woman as Jeannie and 

the narrator showed the difference between her and Jeannie. Jeannie was not real but the narrator was real and 

the narrator’s hair was not light brown but Jeannie’s was. She was going to hospital for giving birth and she was 

sitting in the car. There were two other people in the car with Jeannie, one was a man, the narrator called him as 

A, was driving. The man accompanied her for doing breathing exercises; he will present at the time of delivery 

and went together to the hospital maternity ward. The other one was a woman, sitting in the front seat; she too 

was pregnant and went to the hospital, wearing brown and maroon checked coat and tied her hair with kerchief 

and not going to the hospital to give birth. “The word in English for unwanted intercourse is rape, but there is 

no word in the language for what is about to happen to this woman.”(DG, 355).In the hospital, Jeannie attended 

the prenatal classes and knew about the things after delivery. When they reached the hospital, the woman was 

not there and the man helped her to get out from the car. She was sent to Prep school, what she thought. She 

was purblind when she leaving her glasses and contact lenses. An old woman examined and told her that the 

labor would be last longing for another eight to nine hours. She wanted to hold something else during the 

difficult part of labor which was given by a talisman. This showed that she wanted to live the life after the 

delivery. When the doctor said it was just about four centimeters, Jeannie felt cheated. A nurse came with a 

needle and Jeannie said that she did not want that. She asked whether it hurt the baby and she answered her that 

it was mild analgesic. She felt the head and asked A to ring the bell. He pressed the button and a nurse came and 

took to the room. The nurse asked her not to push and breathe through mouth until her own doctor came. “Why 

should she wait, why should the baby wait for them because they’re late?” She pushed only after the doctor 

ordered to push. She saw the baby and advised not to get up the next morning without the help of a nurse. 

Jeannie heard the footsteps and it was the woman who came with her in the car, carried her paper bag, leaving 

the hospital with her job done. That was she killed the child and after the baby was carried in to Jeannie, she 

examined her and she was replaced by someone else. 

 

III. CONCLUSION 

 

In The Resplendent Quetzal, Sarah and Edward’s married life was started only after knowing that Sarah was 

pregnant. Their survival was bounded on their unborn child. Only because of the child their survival was fixed. 

Though they wanted to kill one another without any intention, the survival was questioned by the author. The 

love they had at the beginning of their life was demised; their child dead while it was born made their survival a 

difficult one. Sarah’s depression and her mystic behaviour confused Edward. This showed that the depression 

and death is a part and parcel of human beings’ survival. At the same time, one’s survival maybe ended by their 

loved ones and vice versa. A bird changed Sarah and Edward’s life to love each other and started a new life. In 

Lives of the Poets, Julia’s survival depended on her love with Bernie. Her survival bounded with Bernie’s 

survival. She handled all the difficult situations in her life as well as Bernie, particularly economical crisis. Julia 

believed Bernie in all the ways. Bernie’s survival depended only for Julia’s money not for her love anymore. 

Sometimes one’s survival based on others for their money or else other needs. Her love on Bernie made her to 

lose hope on her life. Though the diminished health made her weak, the unfaithful love made her to lose hope.  

In Giving Birth, the author questioned about the word delivery. The story narrated a woman’s survival based 

only on giving birth. Only by giving birth, the woman was capable for speaking and smiling with others. 

Though she did not want to give birth, she was insisted to give birth. The survival of a woman was questioned 

during the child birth. At the same time, the author questioned the readers about the woman who got raped and 

misconceived. A nurse in the hospital asked Jeannie to slow down the delivery. Is the baby wait till the doctors 

arrive? The survival was questioned by the author everywhere in these stories. In all the three stories, the 

survival of human beings was differently shown by the author to the readers. The survival of human beings is 

end up at anytime and anywhere. Some of the struggles related to the survival are same beyond country, 

religion, language, colour and gender. The author made the readers to consider themselves as protagonist to feel 

the difficulties narrated. The article deals with the survival of human beings and the struggles and difficulties 

faced by them. 
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The single crystal XRD analysis has been used to examine the structure of the centrosymmetric
crystal 4-Methoxy acetanilide. The material delineated in orthorhombic system with the space

group of Pbca. FTIR and Raman spectrum analysis have been executed to comprehend the

molecular interactions and to study the vibrational nature of the functional groups presented in

the title molecule. Characteristic studies like optical, dielectric and thermal stability have also
been carried out. Detailed explorations have been conducted on the optical properties of the

crystal using both quantum chemical calculations and experimental data.

Keywords: XRD; DFT; Z-scan; hyperpolarizability; HOMO–LUMO; NLO.

1. Introduction

Large numbers of crystals have been grown in the recent days in order to meet out

the demand in the market. Out of that, organic crystals attract much interest

compared to their counterpart because of its high second and third optical
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nonlinearity. These crystals ¯nd applications in optoelectronics, photonics and

telecommunication areas as a result of their high optical nonlinearity. Organic

materials generally have weak nonlinear absorption and strong nonlinear refraction.1

Materials with high nonlinear susceptibility play a vital role in the light modulation

and computing devices.2 Molecules with donor-�-acceptor group generally have

an asymmetric distribution of charges in both ground and excited state. This

will initiate an increase in optical nonlinearity. Donor-�-acceptor-like structured

organic materials are reported as promising materials in high-speed photonic

switching and signal processing due to their high optical nonlinearity and quicker

response time.3,4

Hence, we planned to grow 4-methoxy acetanilide (4MA) crystals for nonlinear

optical applications. It is noted that 4-methoxy aniline compounds are interesting

frequency convertors and electro optic modulators.5,6 Title molecule has electron

donor (NHþÞ and electron acceptor (CH3CO)2O� groups, which may give possession

of the charge transfer characteristics. Therefore, it is planned to grow and study the

characteristics of 4MA crystal.

2. Material Synthesis

For the growth of the 4MA crystal, 4-methoxy aniline and acetic anhydride from

Alfa aesar (98%) were used. The saturated solution of 4-methoxy aniline was pre-

pared in acetic anhydrate (30ml) at room temperature. This mixture yielded brown

color precipitates which was ¯ltered and dried for the crystal growth. The yielded

material was puri¯ed by recrystallization processes. In order to grow the bulk crystal,

salt was further dissolved in methanol and the temperature was sustained at 30�C.
Evaporation of solvent gives the crystal with the size of 8� 3� 2mm3 during three

weeks period. As-grown 4MA crystal picture is presented in Fig. 1.

Fig. 1. Photographic image of as grown crystal of 4MA.
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3. Structural Analysis

3.1. Powder and single crystal XRD

Using SHIMADZU XRD 6000 X-ray di®ractometer, XRD pattern of 4MA crystal

has been evidenced. Standard CuK� radiation wavelength of radiation at 1.540598�A

was used and di®racted beams were detected by using scintillation counter. It is

found that 4MA crystal has orthorhombic structure and Pbca space group. Struc-

tural details of 4MA crystal are listed in Table 1. Powder XRD pattern is shown in

Fig. 2. Bond length and angles are tabulated in Table 2. Figures 3(a) and 3(b)

demonstrate the optimized structure and ORTEP diagram of 4MA crystal.

The molecular packing diagram of 4MA crystal is presented in Fig. 3(c). The unit

cell of 4MA crystal has eight molecules and is stacked along c-axis. The hydrogen

bond is existing between the acetic anhydride oxygen (O2) and the nitrogen (N1) in

methoxy with the length of (N1. . .O2) 2.8�A and this value reveals that strong

interaction is happening between the acetic group and the methoxy-group. It is

observed from the reported literature that the strong hydrogen bond interactions are

highly needed for the nonlinear optical applications. It is understood from the

packing diagram of 4MA that the stabilization of the crystal structure happened

because of the weak bonds. Morphology picture of 4MA crystal is given in Fig. 3(d).

Morphology of 4MAA is shown in Fig. 3(d) and the six well-grown faces are (1 0

0), (0 1 0), (0 0 1), (�1 0 0), (0�1 0) and (0 0�1) as indicated. Planes (0 0 1) and (0 0

�1) are found as the major faces in the c-axis. Good crystallinity of the obtained

material has been con¯rmed by examination of the sharp peaks of PXRD.7

3.2. Hirshfeld surface and ¯ngerprint plot analysis

Hirshfeld surface and ¯ngerprint plot generally give information about the inter-

and intra- molecular interactions. Hirshfeld surface (dnorm, de, di and shape index

mapping) and ¯ngerprint plots of 4MA molecule are presented in Figs. 3(e) and 3(f),

respectively.
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Fig. 2. Powder XRD of 4MA.
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Table 1. Crystal structure data of 4MA.

Empirical formula C9H11NO2

Formula weight 165.19

Temperature 296(2)K
Wavelength 0.71073A

Crystal system, space group Orthorhombic, Pbca

Unit cell dimensions a ¼ 9:2146ð7Þ�A� ¼ 90�

b ¼ 7:6218ð8Þ�A� ¼ 90�

c ¼ 24:849ð2Þ�A� ¼ 90�

Volume 1745.2(3) A3

Z, Calculated density 8, 1.257Mg/m3

Absorption coe±cient 0.089mm�1

F(000) 704
Crystal size 0:60� 0:30� 0:20mm

Theta range for data collection 1.64� to 28.37�

Limiting indices �12 <¼ h <¼ 12, �10 <¼ k <¼ 10,

�33 <¼ l <¼ 33

Re°ections collected/unique 19582/2119 [RðintÞ ¼ 0:0352]

Completeness to theta ¼ 28:37 97.2%

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.9823 and 0.9483
Re¯nement method Full-matrix least-squares on F 2

Data/restraints/parameters 2119/0/111
Goodness-of-¯t on F ^ 2 1.122

Final R indices [I > 2 sigma (I)] R1 ¼ 0:0482, wR2 ¼ 0:1296

R indices (all data) R1 ¼ 0:0781, wR2 ¼ 0:1606

Largest di®. peak and hole 0.188 and �0.243 e.A�3

Table 2. Bond lengths [�A] and angles ½�� for 4MA.

Bond lengths ½A� Bond angles ½��
C(1)–H(1B) 0.9600 O(1)–C(1)–H(1A) 109.5

C(1)–H(1C) 0.9600 O(1)–C(1)–H(1B) 109.5

C(2)–O(1) 1.374(2) H(1A)–C(1)–H(1B) 109.5

C(2)–C(9) 1.379(2) O(1)–C(1)–H(1C) 109.5
C(2)–C(3) 1.381(2) H(1A)–C(1)–H(1C) 109.5

C(3)–C(4) 1.376(2) H(1B)–C(1)–H(1C) 109.5

C(3)–H(3) 0.9300 O(1)–C(2)–C(9) 124.60(16)

C(4)–C(5) 1.389(2) O(1)–C(2)–C(3) 115.99(16)
C(4)–H(4) 0.9300 C(9)–C(2)–C(3) 119.41(16)

C(5)–C(8) 1.383(2) C(4)–C(3)–C(2) 121.01(15)

C(5)–N(1) 1.4144(19) C(4)–C(3)–H(3) 119.5
C(6)–O(2) 1.226(2) C(2)–C(3)–H(3) 119.5

C(6)–N(1) 1.347(2) C(3)–C(4)–C(5) 120.00(15)

C(6)–C(7) 1.496(2) C(3)–C(4)–H(4) 120.0

C(7)–H(7A) 0.9600 C(5)–C(4)–H(4) 120.0
C(7)–H(7B) 0.9600 C(8)–C(5)–C(4) 118.49(15)

C(7)–H(7C) 0.9600 C(8)–C(5)–N(1) 117.71(14)
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Table 2. (Continued )

Bond lengths ½A� Bond angles ½��
C(8)–C(9) 1.380(2) C(4)–C(5)–N(1) 123.79(14)

C(8)–H(8) 0.9300 O(2)–C(6)–N(1) 123.09(15)

C(9)–H(9) 0.9300 O(2)–C(6)–C(7) 121.23(15)

N(1)–H(1N) 0.8600 N(1)–C(6)–C(7) 115.68(15)
C(6)–C(7)–H(7A) 109.5

C(6)–C(7)–H(7B) 109.5

H(7A)–C(7)–H(7B) 109.5
C(6)–C(7)–H(7C) 109.5

H(7A)–C(7)–H(7C) 109.5

H(7B)–C(7)–H(7C) 109.5

C(9)–C(8)–C(5) 121.52(15)
C(9)–C(8)–H(8) 119.2

C(5)–C(8)–H(8) 119.2

C(2)–C(9)–C(8) 119.49(16)

C(2)–C(9)–H(9) 120.3
C(8)–C(9)–H(9) 120.3

C(6)–N(1)–C(5) 127.64(13)

C(6)–N(1)–H(1N) 116.2

C(5)–N(1)–H(1N) 116.2
C(2)–O(1)–C(1) 117.00(16)

(a)

(b)

Fig. 3. (a) Optimized molecular structure of 4MA, (b) ORTEP diagram of 4MA, (c) Packing fraction of

4MA crystal, (d) Morphology of 4MA crystal, (e) Hirshfeld surfaces and (f) Fingerprint plots.
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(c)

(d)

(e)

Fig. 3. (Continued)
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Fingerprint analysis can be done by analyzing the area occupied; generally, strong

interactions between the species occupy large space in the ¯nger. H–H interaction

occupies (Table 3) 51% of area compared to other interactions and this inter mo-

lecular interactions show large spikes in the region de ¼ 2:4�A and di ¼ 1:2�A. This

result authenticates the occurrence of strong intermolecular interaction in the grown

material.

(f)

Fig. 3. (Continued)

Table 3. Interactions in 4MA

and its surface area.

Interactions Surface area (%)

H. . .C 10

N. . .C 0.4

H. . .N 0.6
H. . .H 51

H. . .O 10.5

O. . .H 11.9

C. . .O 0.1
C–N 0.4

C. . .H 13.6

C. . .C 0
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4. Vibrational Analysis

FTIR and FT-Raman spectrum of 4MA have been documented by means of IFS

Bruker FTIR and Bruker RFS 27 Spectrometer and are shown in Figs. 4(a) and 4(b),

respectively. Vibrational band assignments are charted in Table 4. 4MA molecule

contains 23 atoms and the molecules have totally 63 vibrational frequencies. Vi-

brational frequencies of 4MA are also computed theoretically using Gaussian 09W

package.8

Methoxy group vibrations In the simulated spectrum, two asymmetric and

symmetric stretching modes of OCH3 are noticed at 2994, 2977 and at 2976 cm�1.

Among these three, one stretching mode is experimental in FTIR at 2961 cm�1 and

the Raman courter part of the same vibration is noticed at 2960 cm�1. Generally,
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Fig. 4. (a) FTIR spectrum of 4MA and (b) FT-Raman spectrum of 4MA.
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position of stretching and bending vibrations of CH3 group gets disturbed if the

oxygen atom is bonded to the CH3 group. At 1460 cm�1, methoxy groups generally

trace their band for asymmetric bending.9,10 The asymmetric bending of CH3 group

is experimented at 1440 cm�1 and at 1465 cm�1 in FTIR and Raman, respectively. A

vibrational peak noticed in FTIR spectrum at 1340 cm�1 is assigned to the sym-

metric bending vibration and the same vibration traced a peak in Raman at

1328 cm�1. The bands noticed at 1245 cm�1 and 1177 cm�1 in FTIR and 1178 cm�1

in FT-Raman are attributed to C–O stretching vibrations.

Methyl group Vibrations

Aromatic ring CH3 group generally traces its asymmetric stretching vibrational peak

in the range of 2925–3000 cm�1 and symmetric stretching vibrational peak in the

spectral range 2905–2940 cm�1.11,12 Peaks noticed at 2931 cm�1 in Raman and at

2935 cm�1 in IR are consigned to CH3ass The CH3ss frequencies are observed

at 2911 cm�1 and 2836 cm�1 in FTIR. Raman complement of this is noticed at

2836 cm�1. As a result of the inductive e®ect, this frequency transfer takes place.

Asymmetric deformation of methyl group peaks is generally sketched out between

1400 cm�1 and 1485 cm�1.12 In the present examination, it is found in FTIR at

1465 cm�1. Rocking vibrations of CH3 can be identi¯ed by observing the vibrational

peak in between the frequency range of 1070–1010 cm�1,13 based on this note, a peak

outlined at 1030 cm�1 in FTIR (traced at 1016 cm�1 in the computed spectra) is

assigned to CH3 rocking vibration.

C–N and N–H vibrations

Recognition of C–N and C¼N stretching vibrations is rather tricky, since it is dif-

¯cult to di®erentiate C–N and C¼N vibrations from other vibrations.14 Peaks

identi¯ed in Raman spectrum at 1366 cm�1, 1178 cm�1 and at 1389 cm�1, 1177 cm�1

in FTIR arise due to stretching vibration of C–N group. The N–H group usually

traces its vibrational peaks in the region of 3500–3220 cm�1.15 An IR band observed

at 3276 cm�1 is consigned to N–H stretching and is overlapping with the reported

value.

C–C Vibrations

Usually, due to the conjugation of electron pair in the amine and in the aromatic

ring, it gives two peaks between 1360 cm�1 and 1250 cm�1 and between 1280 cm�1

and 1180 cm�1. Here, in 4MA, this vibrational peak is overlapping with the CH group

vibrations and gives medium intensity peaks. The C–C ring vibrations are observed

in the region 1625–1430 cm�1.16 In the simulated spectrum, the C–C ring vibrations

record two peaks at 1555 cm�1 and at 1584 cm�1, whereas the experimentally

recorded spectrum has one peak in this region at 1513 cm�1.

C–O vibrations

C–O stretching vibrations are very sensitive to detect because electronic e®ects

appear due to substituent's and ring strains, etc.17 The C¼O stretching vibrations

are experimentally observed at 1581 cm�1 in FTIR and at 1611 cm�1 in FT–Raman.
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5. Optical Analysis

The optical spectrum of 4MA crystal (experiment carried out with 1mm thickness

crystal) has been recorded using Lamda 35 spectrophotometer and is presented in

Figs. 5(a) and 5(b). It is reported in the literature that most of the organic NLO

crystals have lower cut- o® wavelength and high light transmission capability in the

visible and infrared spectral regions. It is experiential from Fig. 5(a), the grown 4MA

crystal has extensive light transmission capability in both the visible and infrared

spectral regions. The lower cut-o® wavelength of crystal is found at 244 nm. This is

an added advantage for frequency alteration process.18,19 To ¯nd out the band gap of
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Fig. 5. (a) UV-VIS-NIR transmittance spectrum of 4MA, (b) UV-VIS-NIR absorbance spectrum of 4MA

and (c) Plot between ð�h�Þ2 versus Energy.
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the grown material,20 a graph of (�h�Þ2 versus energy is drawn and it is shown in

Fig. 5(c). It is found that the grown 4MA has 6 eV band gap.

6. Molecular Orbital Analysis

Charge transfer nature in the conjugated molecules can be studied with the help of

molecular orbitals.8 HOMO–LUMO band gap is connected to the ionization poten-

tial, electron a±nity and also to the molecular chemical stability of the system.

Molecules with low HOMO–LUMO gap value are generally highly polarizable

molecules and are high chemical reactive in nature.10,11 The HOMO–LUMO

value of 4MA has been computed theoretically in B3LYP/6�311þþGðd; pÞ level.
Figures 6(a) and 6(b) represent the HOMO, LUMO and total density diagram of

4MA. By using the orbital energy values, various properties of 4MA have been

computed and the results are concised in Table 5.

Normally, soft molecules are highly polarizable than the hard molecules.12 Table 5

indicates that the title molecule has high energy gap value which validates the

suitability of grown 4MA molecule for NLO applications.

Net electrostatic e®ect and charge distribution in the molecules can be analyzed

by analyzing the molecular electrostatic potential (MEP). It can also be corrected

with the electrical properties of the molecules. Electrophilic and nucleophilic centers

and hydrogen bond interactions can be visualized by analyzing the electronic density

of the molecules.13–15 By analyzing the colors in the surface, one can analyze the

electrostatic potential on the surface. It can be increased in the order

red < orange < yellow < green < blue. The electrostatic potential V ðrÞ can be ex-

perimentally determined by di®raction or can be computed theoretically using
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0
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Fig. 5. (Continued)
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computational methods.21 Figure 6(b) shows the pictorial illustration of chemically

active locations in 4MA molecule.

Molecular interactions and various macroscopic properties of the molecules can

also be studied by analyzing the MEP mapping.22,23 MEP mapping of 4MA molecule

is computed at B3LYP/6�311þþGðd, pÞ and simulated mapping is shown in

Fig. 6(b). It is con¯rmed that the oxygen atoms in 4MA are negative electrostatic

potentials and hydrogen atoms are positive electrostatic potential. These potential

(a)

(b)

Fig. 6. (a) Frontier molecular orbitals-HOMO and LUMO of 4MA and (b) The total electron density

isosurface mapped with molecular electrostatic potential of 4MA.
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sites are referred for electrophilic attack and nucleophilic attack, respectively.

The orange region refers that the potential sites arise due to the intermolecular

interactions.

7. NBO Analysis

Natural Bonding Orbital (NBO) computations are executed using NBO 3.1 program

at B3LYP/6311þþGðd, pÞ level. Each occupied NBO is classi¯able as a core, lone

pair and bond orbital and analysis of NBO gives the knowledge about interaction in

both ¯lled and vacant orbitals.24 To calculate the donor–acceptor interaction, sec-
ond-order Fock matrix is used.25 Generally, larger E(2) value indicates that there is a

Table 5. Calculated HOMO and LUMO energies,

HOMO–LUMO energy gap, ionization potential, elec-

tron a±nity, electronegativity, chemical hardness,
chemical potential, chemical softness and electrophi-

licity index of 4MA.

EHOMO (hartee) �0.31427
ELUMO (hartee) �0.15984

EHOMO (eV) �8.5512

ELUMO (eV) �4.3492

�Ej ¼ EHOMO �ELUMO energy gap (eV) 4.2019
Ionization potentials, I ¼ �EHOMO (eV) 8.5512

Chemical potential, � ¼ �ðI þ AÞ=2 (eV) �6.4502

Electronegativity, � ¼ ðI þAÞ=2 (eV) 6.4502

Chemical hardness, 	 ¼ ðI �AÞ=2 (eV) 2.101

Chemical softness, S ¼ 1=ð2	Þ (eV�1) 0.2379

Electrophilicity index, ! ¼ �2=2	 (eV) 9.9040

Table 6. The second-order perturbation energies E(2)(Kj/mol) corresponding to the charge
transfer between donor–acceptor in 4MA.

NBO(i) Type ED/e NBO(j) Type ED/e E(2) (Kj/mol) Ei�EJ (a.u) F (i, j) (a.u)

C5–C18 � 1.68181 C6–C8 �� 0.31454 36.71 0.51 0.152

C10–C16 0.37589 42.47 0.49 0.130

C6–C8 � 1.70620 C5–C18 �� 0.37378 41.40 0.48 0.128

C10–C16 0.37589 38.96 0.47 0.124

C10–C16 � 1.69218 C5–C18 �� 0.37378 37.16 0.49 0.123

C6–C8 0.31454 39.04 0.51 0.126

N20 LP(1) 1.73971 C10–C16 �� 0.37589 39.40 0.54 0.134

C11–O23 0.22038 93.95 0.55 0.206

O22 LP(2) 1.88871 C5–C18 �� 0.37378 38.96 0.63 0.150

O23 LP(2) 1.88530 C11–C12 
� 0.04448 27.84 1.02 0.153
C11–N20 0.06584 38.63 1.13 0.189

Notes: Eð2Þ means energy of hyperconjucative interaction (stabilization energy)
Ej �Ei means the energy di®erence between donor and acceptor i and j NBO orbitals

F ði; jÞ is the Fock matrix element between i and j NBO orbitals.
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strong interaction taking place between electron donor and acceptor groups, which

gives way to charge transfer from donor to acceptor group.26 This charge transfer

creates the extension of conjugation in the whole system. Orbital energies are cal-

culated and are registered in Table 6.

It is observed that the maximum stabilization energy comes up to 42.47, 41.40,

39.04, 38.96, 37.16 and 36.71Kj/mol corresponding to the transferred of charges

between C5–C18ð�Þ to C10–C16ð��Þ, C6–C8ð�Þ to C5–C18ð��Þ, C10–C16ð�Þ to C6–
C8ð��Þ, C6–C8ð�Þ to C10–C16ð��Þ, C10–C16ð�Þ to C5–C18ð��Þ and C5�C18ð�Þ to C6–
C8ð��Þ, respectively. The lone pair nitrogen LP(1) N20 has stabilization energy

of 93.95Kj/mol. Larger E(2) value con¯rms the inteaction of electron donor and

acceptor interaction.
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Fig. 7. (a). Variation of dielectric constant of 4MA with frequency and (b). Variation of dielectric

constant of 4MA with frequency.
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8. Dielectric Studies

Dielectric measurement was done using PSM 1735 LCR meter at room. Figures 7(a)

and 7(b) demonstrate the variation of dielectric loss and dielectric constant with

frequency. Larger dielectric constant at lower frequency side indicates the occurrence

of all types of polarization and low value at higher frequency side rises because of

interfacial polarization. Low dielectric constant value at higher frequency con¯rms

the aptness of the crystal for NLO applications.27,28 Low dielectric constant value at

higher frequency authenticates the purity of the prepared materials.

9. Thermogravimetric Analysis

The thermogravimetric measurement of 4MA has been carried out using the thermal

analyzer STDQ 600 at the heating rate of 10� K/min with N2 ambience. Recorded

TG/DTA graph is shown in Fig. 8. In TGA curve, it is perceived that around 44% of

weight loss occurs in the temperature range of 130–240�C and the corresponding

exothermic DTA curve is observed at 210�C. Quality of the prepared material is

veri¯ed by noticing the sharp endothermic peak in DTA. Materials with superior

thermal stability are highly suitable for fabricating the devices.29,30 It is con¯rmed

that there is no enclosure of water molecule in the lattice and the crystal is thermally

stable up to 130�C.

10. Hyperpolarizability Calculations

Investigation on the theoretically computed hyperpolarizability helps to understand

origin of the NLO property. First- and second-order hyperpolarizability of 4MA are

computed using MOPAC package31 and the calculated values are tabulated in

Table 7. It is observed that the high value of second hyperpolarizability values arises
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Fig. 8. TG/DTA curve of 4MA crystal.
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because of donor-�-acceptor structure of the title molecule.32 Here, charge transfer of

the delocalized � electron occurs strongly because the methoxy group has low ability

to accept the electron compared to the amine presented in the donor-�-acceptor

system. Generally, second-order polarizability will be high due to the charger

transport behavior of the molecule.33

11. Z-Scan Studies

Third-order NLO property of 4MA is con¯rmed by using a 632.8 nm of He–Ne laser

beam through an automated Z-scan open aperture setup. Laser light with contin-

uous variation of the intensity is focused using a lens with the focal length 18.5 cm,

and the sample is mounted along the beam-axis taken as the z-axis.30–33 A typical

closed and open aperture Z-scan study for the 4MA transmission result is obtained

and the spectrum is presented in Figs. 9(a) and 9(b), respectively. The nonlinear

absorption coe±cient (�Þ of the grown crystal was approximated using the standard

relations and the value of � estimated is 4:25� 10�4cm/W.

Table 8 represents the Z-scan measurement details for 4MA crystal. It is observed

that the grown material has high value of �3. The high value �3 arises due to the

transport of � charge cloud.

Table 7. Polarizability, ¯rst-order hyperpolarizability and second-order hyper polarizability of 4MA.

Polarizability (in esu� 10�30) At ! ¼ 0 eV At ! ¼ 0:25 eV At ! ¼ 0:50 eV

�xx 0.1333 0.1334 0.1339
�yy 0.1121 0.1121 0.1123

�zz 0.0823 0.0827 0.0827

�Total 0.1093 0.1094 0.1096

First-order hyperpolarizability

(in esu� 10�30)

At ! ¼ 0 eV At ! ¼ 0:25 eV At ! ¼ 0:50 eV

�xxx �0.2562 �0.2632 �0.2859
�xyy �0.011 �0.0099 �0.0063

�xzz 0 0 0
�yyy 0.1154 0.1168 0.1213

�yxx �0.0968 �0.0992 �0.1072

�yzz 0.0203 0.0204 0.0208

�zzz 0 0 0
�zxx 0 0 0

�zyy 0 0 0

�total 0.1624 0.1661 0.1779

Second-order hyperpolarizability

(in esu�10�30)

At ! ¼ 0 eV At ! ¼ 0:25 eV At ! ¼ 0:50 eV

�xxxx 99.8270 105.2223 125.4802

�yyyy 0.2414 0.2457 0.2574

�zzzz 0.0793 0.0808 0.0855
�xxyy �1.2186 �1.5598 �3.0429

�xxzz 1.8733 1.9894 2.4398

�yyzz 0.7339 0.7622 0.8644

�Total 20.5850 21.6420 25.5717
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Fig. 9. (a). Normalized transmission for the closed aperture and (b). Normalized transmission open aperture.

Table 8. Z-scan measurements of 4MA crystal.

Laser beam wavelength (�Þ 632.8 nm
Lens focal length (fÞ 18.5 cm
Optical path distance (ZÞ 115 cm
Spot-size diameter in front of the aperture (!aÞ 1 cm
Aperture radius (raÞ 2mm
Incident intensity at the focus ðZ ¼ 0Þ 3.13MW/cm2

E®ective thickness Leff 2.09mm
Linear absorption coe±cient 0.0118
Nonlinear refractive index (n2Þ �5.10� 10�12 cm2/W
Nonlinear absorption coe±cient (�Þ 4.25� 10�4cm/W
Real part of third-order susceptibility [Re(�3Þ] 3.18� 10�10esu
Imaginary part of third-order susceptibility [Im(�3Þ] 1.20� 10�7esu
Third-order nonlinear optical susceptibility (�3Þ 3.33� 10�4esu
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12. Conclusions

The good quality novel crystal 4MA has been obtained by solution growth technique.

Crystal structure of 4MA and the presence of hydrogen bonding interactions have

been investigated by using single crystal XRD data. The FTIR and FT-Raman

techniques are used to establish the vibrational nature of the title molecule. 4MA has

low value of lower cut-o® wavelength and it is found that the crystal has band gap

value of 6 eV. Dielectric characteristic of the grown crystal has also been investi-

gated. It is found that the obtained 4MA is thermally stable upto 130�C. It is

authenticated that 4MA has both negative nonlinear refraction and saturable

absorption.
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Abstract: 

 In this paper, we introduced of 𝜿 − Intuitionistic fuzzy quotient group, 𝜿 − 

Intuitionistic fuzzy cosets of an Intuitionistic fuzzy normal subgroup are defined and 

discussed. A homomorphism from a given group onto the set of all 𝜿 − intuitionistic 

fuzzy quotient group is established. Some related results has been derived. 

Keywords: 

 Intuitionistic fuzzy (IFS), Intuitionistic fuzzy subgroup (IFSG), (𝛼, 𝛽) − Cut set, 𝜅 − 

Intuitionistic fuzzy coset, 𝜅 − intuitionistic fuzzy quotient group. 

1. Introduction:  

 The fundamental concept of fuzzy sets was initiated by Zadeh L[20] in 1965 .Since 

then these ideas have been applied to other algebraic structures such as groups, rings, 

modules, vector spaces and topologies. In 1986, introduced the new notation on Intuitionistic 

Fuzzy Sets by Atanassov  K T[1]. Barbhuiya S R[4], introduced the concept of t- Intuitionistic 

Fuzzy Sub algebra of BG-Algebras in 2015.Atanassov  K T[2], introduced the new notation on 

Intuitionistic Fuzzy Versions of L. Zadeh’s extension principle in 2006. In 1994, developed 

the concept of new Operations defined over the intuitionistic fuzzy sets by Atanassov  K T[3]. 

Szmidt E and KacprzykJ[18], introduced the concept of Intuitionistic Fuzzy Sets in group 

decision making in 1996. In 2015, developed the concept of Doubt Intuitionistic Fuzzy Ideals 

in BCK/BCI-Algebras by TriptiBej and MadhumangalPal[19].BavanariSatyanarayana, 

BinduMadhavi and Durga Prasad R[5], introduced the new notation On Intuitionistic Fuzzy H-

Ideals in BCK-Algebras in 2010.  Sharma P K[15], developed the concept of Intuitionistic 

Fuzzy Module over intuitionistic FuzzyRing in 2012.In 2012, initiated by the concept of t- 

Intuitionistic Fuzzy Quotient Group by Sharma P K[14]. MuhammdAkram[9], introduced the 
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new notation of Intuitionistic Fuzzy Closed Ideals in BCI-algebras in 2006. In 2012, initiated 

by the concept of t- Intuitionistic Fuzzy Quotient modules by Sharma P K[13]. Sharma P K[10], 

developed the notation of (𝛼, 𝛽) − Cut of Intuitionistic Fuzzy Groups in 2011.BodinKesorn, 

KhanrudeeMaimun, WatcharaRatbandan and AiyaredIampan[6],introduced the concept of 

Intuitionistic Fuzzy Sets in Up-Algebras in 2015. In 2015, develop the concept of  

Intuitionistic Fuzzy Filters On-𝛽 algebras by Sujatha K Chandramouleeswaran M and 

Muralikrishna P[17]. Sharma P K[12] initiated by the concept On the direct product of 

Intuitionistic Fuzzy Groups in 2012. In 2014, introduced the concept of An Overview On 

Intuitionistic Fuzzy Sets by Ejegwa P A, Akowe SO, Otene P M and Ikyule J M[8]. Sharma P 

K[11],develop the notation of Homomorphism of Intuitionistic Fuzzy Groups in 2011.In 2001, 

initiated by the concept of An application of Intuitionistic Fuzzy Sets in Medical diagnosis by 

SupriyaK.De, Biswas R and Roy A R[16]. Dengfeng Li, Cheng Chutian[7],introduced the concept 

of New Similarly Measure of IFS and Application of Pattern recognition in 2002. In this 

paper, we introduce the notion of 𝜅-Intuitionistic Fuzzycosets of an intuitionistic fuzzy 

normal subgroup and 𝜅-Intuitionistic Fuzzy Quotient Group 

and discuss some of their properties. 

2. Preliminaries: 

 In this  section, we site the fundamental definitions that will be used in 

the sequel. 

Definition: 2.1[Zadeh L. A] [20] 

 Let 𝑋 be a non-empty set .A fuzzy subset of the set X is a mapping 𝜇: 𝑋→ [0, 1]. 

Definition: 2.2 

 Let X be a fixed non-empty set. An intuitionistic fuzzy set (IFS) A of X is an 

object of the following from 𝐴 = {< 𝑥, 𝜇 (𝑥), 𝜈 (𝑥) >: 𝑥 ∈ 𝑋}, where 𝜇 :𝑋 → [0,1] 

and 𝜈 : 𝑋 → [0,1] define the degree of membership and degree of non-membership of 

the element 𝑥 ∈ 𝑋 respectively and for any 𝑥 ∈ 𝑋, we have 0 ≤ 𝜇 (𝑥) + 𝜈 (𝑥) ≤ 1. 

Remark: 2.2.1 

(i) When 𝜇 (𝑥) + 𝜈 (𝑥) = 1, i,e., when 𝜈 (𝑥) = 1 − 𝜇 (𝑥) = 𝜇 (𝑥). 

Then A is called fuzzy set. 
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(ii) We use the notation 𝐴 = (𝜇 , 𝜈 ) to denote the IFS A of X. 

Definition: 2.3 

 Let G be a group. An intuitionistic fuzzy subset(IFS) 𝐴 = (𝜇 , 𝜈 ) of G is 

called intuitionistic fuzzy subgroup(IFSG) of G if  

(i) 𝜇 (𝑥𝑦) ≥ 𝜇 (𝑥)⋀𝜇 (𝑦) 

(ii) 𝜇 (𝑥 ) = 𝜇 (𝑥) 

(iii) 𝜈 (𝑥𝑦) ≤ 𝜈 (𝑥)⋁𝜈 (𝑦) 

(iv) 𝜈 (𝑥 ) = 𝜈 (𝑥), ∀ 𝑥, 𝑦 ∈ 𝐺 

or Equivalently A is IFSG of G if and only if 𝜇 (𝑥𝑦 ) ≥ 𝜇 (𝑥)⋀𝜇 (𝑦) 

and 𝜈 (𝑥𝑦) ≤ 𝜈 (𝑥)⋁𝜈 (𝑦) 

Definition: 2.4 

An IFSG 𝐴 = (𝜇 , 𝜈 ) of a group G is said to be intuitionistic fuzzy normal 

subgroup of G (IFNSG) of G if  

(i) 𝜇 (𝑥𝑦) = 𝜇 (𝑦𝑥) 

(ii) 𝜈 (𝑥𝑦) = 𝜈 (𝑦𝑥),  for all 𝑥, 𝑦 ∈ 𝐺 

Or Equivalently A is an IFNSG of a group G is normal if and only if 

𝜇 (𝑦 𝑥𝑦) = 𝜇 (𝑥) and 𝜈 (𝑦 𝑥𝑦) = 𝜈 (𝑥), ∀ 𝑥, 𝑦 ∈ 𝐺 

Definition: 2.5 

 Let A be intuitionistic fuzzy set of a universe set X. Then (𝛼, 𝛽)-cut of A is a 

crisp subset 𝐶 , (𝐴) of the IFS A is given by  

𝐶 , (𝐴) = {𝑥: 𝑥 ∈ 𝑋 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝜇 (𝑥) ≥ 𝛼,  𝜈 (𝑥) ≤ 𝛽 }, where 𝛼, 𝛽 ∈ [0,1] with 

𝛼 + 𝛽 ≤ 1. 

Theorem: 2.6 

 If A is IFS of a group G. Then A is IFSG (IFNSG) of G if and only if 𝐶 , (𝐴) 

is a subgroup (normal) of group G, for all 𝛼, 𝛽 ∈ [0,1] with 𝛼 + 𝛽 ≤ 1. 
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3. 𝜿-Intuitionistic Fuzzy Quotient Group 

Definition: 3.1 

 Let A be an IFSNG of a group H. Let 𝜿∈ [0,1].For any𝑚 ∈ 𝐻define an IFS 

𝐴  of H called 𝜿-Intuitionistic fuzzy Coset of A in H as follows 

𝐴 (𝑔) = 𝜃 (𝑔), ∅ (𝑔) , where 𝜃 (𝑔) = {𝜃 (𝑔𝑚 )⋀𝜅} and∅ (𝑔) =

{∅ (𝑔𝑚 ) ⋀ 1 − 𝜅} , ∀𝑚, 𝑔 ∈ 𝐻. 

Proposition: 3.2 

 Let S be the set of all 𝜿-Intuitionistic fuzzy cosets of an IFNSG A in H. 

𝑖. 𝑒. , 𝑆 = {𝐴 : 𝑚 ∈ 𝐻}. Then the binary operations ⊗ defined on the set S as 

follows: 𝐴 ⊗ 𝐴 = 𝐴 , ∀ 𝑚, 𝑛 ∈ 𝐻 is a well defined operation. 

Proof: 

 Let 𝐴 = 𝐴  and 𝐴 = 𝐴 , for some 𝑚, 𝑛, 𝑚 , 𝑛 ∈ 𝐻 

Let 𝑔 ∈ 𝐻 ne any element, then 

[𝐴 ⊗ 𝐴 ](𝑔) = (𝐴 )(𝑔) = (𝜃 (𝑔), ∅ (𝑔)) 

Now 

𝜃 (𝑔) = {𝜃 𝑔(𝑚𝑛) ⋀𝜅} = {𝜃 (𝑔𝑛 )𝑚 ⋀𝜅} = 𝜃 (𝑔𝑛 ) = 𝜃 (𝑔𝑛 ) 

= 𝜃 (𝑔𝑛 )𝑚 ⋀𝜅 = 𝜃 (𝑔𝑚 )𝑛 ⋀𝜅 = 𝜃 𝑚 𝑔 = 𝜃 (𝑚 𝑔)

= 𝜃 (𝑔𝑚 )𝑛 ⋀𝜅 = 𝜃 𝑛 (𝑔𝑚 )⋀𝜅

= 𝜃 (𝑛 𝑚 )𝑔⋀𝜅  

= {𝜃 (𝑚 𝑛 ) 𝑔⋀𝜅} = {𝜃 𝑔(𝑚 𝑛 ) ⋀𝜅} 

= 𝜃 (𝑔) 

Similarly, we can show that ∅ (𝑔) = ∅ (𝑔), ∀𝑔 ∈ 𝐻. 

Therefore ⊗ is well defined operation on S. 
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Lemma: 3.3 

 If A is IFNSG of a group G. Then 𝐴 = 𝐴 ⟺ 𝑁𝑚 = 𝑁𝑚 , ∀ 𝑚, 𝑚 ∈ 𝐻, 

where 𝑁 = 𝐶 , (𝐴). 

Proof: 

 Let 𝐴 = 𝐴  for 𝑚, 𝑚 ∈ 𝐻 then 𝐴 (𝑚 )=𝐴 (𝑚 ) 

𝜃 𝑚 𝑚 ⋀𝜅 , ∅ 𝑚 𝑚 ⋁1 − 𝜅  

= ( 𝜃 𝑚 𝑚 ⋀𝜅 , ∅ 𝑚 𝑚 ⋁1 − 𝜅 ) 

= ({𝜃 (𝑒)⋀𝜅}, {∅ (𝑒)⋁1 − 𝜅} 

= {𝜅, 1 − 𝜅} 

⇒ 𝜃 𝑚 𝑚 ⋀𝜅 = 𝜅and ∅ 𝑚 𝑚 ⋁1 − 𝜅 = 1 − 𝜅 

⇒𝜃 𝑚 𝑚 ≥ 𝜅and∅ 𝑚 𝑚 ≤ 1 − 𝜅 and so 𝑚 𝑚 ∈ 𝐶 , (𝐴) = 𝑁 

⇒𝑁𝑚 = 𝑁𝑚 ………………………..(1) 

Now, we show that if 𝑁𝑚 = 𝑁𝑚 , then  𝐴 = 𝐴 . 

Let for some 𝑛 ∈ 𝐻, 𝐴 (𝑛) ≠ 𝐴 (𝑛) 

𝑖. 𝑒. , ({𝜃 (𝑚𝑛 )⋀𝜅}, {∅ (𝑚𝑛 )⋁1 − 𝜅})

≠ ({𝜃 (𝑚 𝑛 )⋀𝜅}, {∅ (𝑚 𝑛 )⋀1 − 𝜅}) 

Suppose 𝜃 (𝑚𝑛 ) < 𝜅 and 𝜃 (𝑚 𝑛 ) ≥ 𝜅 

Therefore ∅ (𝑚𝑛 ) ≤ 1 − 𝜅 and ∅ (𝑚 𝑛 ) ≤ 1 − 𝜅 

⇒ 𝑚 𝑛 ∈ 𝐶 , (𝐴) = 𝑁 

⇒ 𝑁𝑚 𝑛 = 𝑁 ⇒ 𝑁𝑚𝑛 = 𝑁 (Using 1) ⇒  𝑚𝑛 ∈ 𝑁 and so 𝜃 (𝑚𝑛 ) ≥ 𝜅, a 

contradiction 

Similarly, if 𝜃 (𝑚𝑛 ) ≥ 𝜅 and 𝜃 (𝑚 𝑛 ) < 𝜅 also leads to contradiction 
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Therefore either 𝜃 (𝑚𝑛 ) ≥ 𝜅 and 𝜃 (𝑚 𝑛 ) ≥ 𝜅 𝑖. 𝑒. , ∅ (𝑚𝑛 ) ≤ 1 − 𝜅and 

∅ (𝑚 𝑛 ) ≤ 1 − 𝜅 𝑜𝑟 𝜃 (𝑚𝑛 ) < 𝜅 𝑖. 𝑒. , ∅ (𝑚𝑛 ) ≤ 1 − 𝜅 𝑎𝑛𝑑 ∅ (𝑚 𝑛 ) ≤

1 − 𝜅. 

In First Part: 

 {𝜃 (𝑚𝑛 )⋀𝜅} = 𝜅and{∅ (𝑚𝑛 )⋀1 − 𝜅} = 1 − 𝜅 and so 𝐴 (𝑛) =

(𝜅, 1 − 𝜅) and also 

⇒{𝜃 (𝑚 𝑛 )⋁𝜅} = 𝜅and{∅ (𝑚 𝑛 )⋀1 − 𝜅} = 1 − 𝜅 and so 

⇒𝐴 (𝑛) = (𝜅, 1 − 𝜅). Thus 𝐴 (𝑛) = 𝐴 (𝑛), ∀ 𝑛 ∈ 𝐻 

∴ 𝐴 = 𝐴 . 

In Second Part: 

{𝜃 (𝑚𝑛 )⋀𝜅} = 𝜃 (𝑚𝑛 ) < 𝜅and{∅ (𝑚𝑛 )⋁1 − 𝜅} = 1 − 𝜅And also 

⇒{𝜃 (𝑚 𝑛 )⋀𝜅} = 𝜃 (𝑚 𝑛) < 𝜅and{∅ (𝑚 𝑛 )⋁1 − 𝜅} = 1 − 𝜅 

Now since 𝑁𝑚 = 𝑁𝑚 , therefore let𝑚 = 𝑁𝑚 , where 𝑎 ∈ 𝑁 

So that 𝜃 (𝑎) ≥ 𝜅 and ∅ (𝑎) ≤ 1 − 𝜅 

𝐴 (𝑛) = ( 𝜃 (𝑛𝑚 )⋀𝜅 , ∅ 𝑛𝑚 ⋁1 − 𝜅 ) 

= (𝜃 (𝑛𝑚 𝑎), 1 − 𝜅) 

= (𝜃 (𝑎𝑛𝑚 ), 1 − 𝜅) 

≥ (𝜃 (𝑎) ∩ 𝜃 (𝑛𝑚 ), 1 − 𝜅) 

= (𝜃 (𝑛𝑚 ), 1 − 𝜅) 

= ({𝜃 (𝑛𝑚 )⋀𝜅}, {∅ (𝑛𝑚 )⋁1 − 𝜅} 

= 𝐴 (𝑛) 

Thus 𝐴 (𝑛) ≥ 𝐴 (𝑛), ∀ 𝑛 ∈ 𝐻. 
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Similarly 𝐴 (𝑛) = ({𝜃 (𝑛𝑚 )⋀𝜅}, {∅ (𝑛𝑚 )⋁1 − 𝜅}) 

= (𝜃 (𝑛𝑚 )1 − 𝜅) 

= 𝜃 (𝑛𝑚 𝑎 , 1 − 𝜅 

≥ (𝜃 (𝑎) ∩ 𝜃 𝑛𝑚 , 1 − 𝜅) 

= 𝜃 𝑛𝑚 , 1 − 𝜅  

= 𝜃 𝑛𝑚 ⋀𝜅 , {∅ (𝑛𝑚 )⋁1 − 𝜅}  

= 𝐴 (𝑛) 

Thus 𝐴 (𝑛) ≥ 𝐴 (𝑛), ∀𝑛 ∈ 𝐻 

∴ 𝐴 (𝑛) = 𝐴 . 

Proposition: 3.4 

 The set S of all 𝜿-Intuitionistic fuzzy cosets of an IFNSG A of a group H, 

from a group the well-defined operations ⊗. 

Proof: 

It is easy to check that the identity element of S is 𝐴 , where 𝑒 is the identity element 

of group H, and the inverse of an element 𝐴  is 𝐴 . 

Proposition: 3.5 

 The IFS B of S defined by 𝐵(𝐴 ) = (𝜃 (𝐴 ), ∅ (𝐴 )) where 

𝜃 (𝐴 ) = {𝜃 (𝑚): 𝑚 ∈ 𝐻} and ∅ (𝐴 ) = {∅ (𝑚): 𝑚 ∈ 𝐻} is a 

IFSG of S, called 𝜿-intuitionistic fuzzy quotient group. 

Proof: 

 Let 𝑥, 𝑦 ∈ 𝐻 and let 𝐵(𝐴 ) = (𝛼 , 𝛼 )and 𝐵 𝐴 = (𝛽 , 𝛽 ), where 

𝛼 = {𝜃 (𝑚): 𝑚 ∈ 𝐻}, 𝛼 = {∅ (𝑚): 𝑚 ∈ 𝐻}and 
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𝛽 =
𝑆𝑢𝑝

𝐴 = 𝐴
{𝜃 (𝑚): 𝑚 ∈ 𝐻}, 𝛽 =

𝐼𝑛𝑓

𝐴 = 𝐴
{∅ (𝑚): 𝑚 ∈ 𝐻} 

There exist 𝑚, 𝑛 ∈ 𝐻 such that 𝛼 −∈< 𝜃 (𝑚), 𝑁𝑚 = 𝑁𝑥 𝑎𝑛𝑑 𝛽 −∈< ∅ (𝑛), 𝑁𝑛 =

𝑁𝑦 

Therefore 𝑁𝑚𝑛 = 𝑁𝑥𝑦 ⇒ 𝐴 = 𝐴 ⇒ 𝐴 ⊗ 𝐴 = 𝐴 ⊗ 𝐴  

So that 𝜃 (𝑚𝑛) ≤ 𝜃 (𝐴 ⊗ 𝐴 ) = 𝜃 (𝐴 ⊗ 𝐴 ) 

Now 𝜃 (𝑚𝑛) ≥ 𝜃 (𝑚) ∩ 𝜃 (𝑛) = 𝜃 (𝑚)[𝑠𝑎𝑦] > 𝛼 −∈ 

∴ 𝛼 −∈< 𝜃 (𝑚𝑛) ≤ 𝜃 𝐴 ⊗ 𝐴 , ∀ ∈> 0 

So that 𝛼 ≤ 𝜃 (𝐴 ⊗ 𝐴 ) 

Now two cases we have 

Case (i): When 𝛼 ≥  𝛽 , then 𝛼 −∈ ≥  𝛽 −∈ 

 𝛽 −∈ ≤ 𝛼 −∈ ≤ 𝜃 𝐴 ⊗ 𝐴 , ∀ ∈> 0 

So that  𝛽 ≤ 𝜃 𝐴 ⊗ 𝐴  

Therefore 𝜃 (𝐴 ) ∩ 𝜃 𝐴 = 𝛼 ∩  𝛽 =  𝛽 ≤ 𝜃 𝐴 ⊗ 𝐴  

Case(ii): When 𝛼 <  𝛽 , then 

𝜃 (𝐴 ) ∩ 𝜃 𝐴 = 𝛼 ∩  𝛽 ≤ 𝜃 𝐴 ⊗ 𝐴  

Thus in any case we get 𝜃 𝐴 ⊗ 𝐴 ≥ 𝜃 (𝐴 ) ∩ 𝜃 𝐴  

Similarly, we can show that ∅ 𝐴 ⊗ 𝐴 ≤ ∅ (𝐴 )  ∪ ∅ 𝐴  

Next to show that 𝐵(𝐴 ) = 𝐵((𝐴 ) ) = 𝐵(𝐴 ) 

Since 𝐴 = 𝐴 ⇒ 𝑁𝑚 = 𝑁𝑥 𝑎𝑛𝑑 𝐴 = 𝐴 ⇒ 𝑁𝑛 = 𝑁𝑥 = (𝑁𝑥) =  (𝑁𝑚) =

𝑁𝑚 . 

𝑛𝑚 ∈ 𝑁 ⇒ 𝑁𝑛𝑚 = 𝑁 ⇒ 𝐴 = 𝐴 ⇒ 𝐴 ⊗ 𝐴 = 𝐴  𝑠𝑜 𝐴 = 𝐴 and we know 

that 𝜃 (𝑚 ) = 𝜃 (𝐴 ) = 𝜃 (𝐴 ). 
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Similarly, we can show that ∅ (𝐴 ) = ∅ (𝐴 ).Whence𝐵(𝐴 ) = 𝐵(𝐴 ). 

Proposition: 3.6 

 A mapping 𝑓: 𝐺 → 𝑆, where G is a group and S is the set of all 𝜿-Intuitionistic fuzzy 

cosets of the IFNSG A of G defined by 𝑓(𝑚) = 𝐴 , is an onto homomorphism with ker𝑓 =

𝑁(= 𝐶 , (𝐴)), where 𝜅 ∈ [0,1]. 

Proof: 

 Clearly 𝑓 is an onto homomorphism 

Let 𝑚 ∈ 𝑘𝑒𝑟𝑓, then 𝑓(𝑚) =identity element of 𝑆 = 𝐴  

Therefore 𝐴 = 𝐴  so 𝑁𝑚 = 𝑁𝑒 = 𝑁 ⇒ 𝑚 ∈ 𝑁 

⇒𝑘𝑒𝑟𝑓 ⊆ 𝑁 

Conversely, let 𝑚 ∈ 𝑁 ⇒ 𝑁𝑚 = 𝑁 so that 

𝑁𝑚𝑔 = 𝑁𝑔  ∀ 𝑔 ∈ 𝐺. If possible let 𝑚 ∉ 𝑘𝑒𝑟𝑓 𝑖. 𝑒. , 𝐴 ≠ 𝐴 there fore there exists 

𝑔 ∈ 𝐺 such that 𝐴 (𝑔) ≠ 𝐴 (𝑔). 

Suppose𝜃 (𝑚𝑔 ) < 𝜅 and𝜃 (𝑔 ) ≥ 𝜅, 𝑖. 𝑒. , ∅ (𝑚𝑔 ) ≤ 1 − 𝜅 and ∅ (𝑔 ) ≤ 1 − 𝜅 

Therefore 𝜃 (𝑔 ) ≥ 𝜅 and ∅ (𝑔 ) ≤ 1 − 𝜅 ⇒ 𝑔 ∈ 𝑁 𝑠𝑜 𝑁𝑔 = 𝑁 

∴ 𝑁𝑚𝑔 = 𝑁 ⇒ 𝑚𝑔 ∈ 𝑁and so 𝜃 (𝑚𝑔 ) ≥ 𝜅, a contradiction. 

Similarly, 𝜃 (𝑚𝑔 ) ≥ 𝜅 and 𝜃 (𝑔 ) < 𝜅 is not possible. 

∴either𝜃 (𝑚𝑔 ) ≥ 𝜅, 𝜃 (𝑔 ) < 𝜅 i.e., ∅ (𝑚𝑔 ) ≤ 1 − 𝜅 and ∅ (𝑔 ) ≤ 1 − 𝜅 or  

𝜃 (𝑚𝑔 ) < 𝜅, 𝜃 (𝑔 ) < 𝜅  i.e., ∅ (𝑚𝑔 ) ≤ 1 − 𝜅 and ∅ (𝑔 ) ≤ 1 − 𝜅. 

In First Part: 

{𝜃 (𝑚𝑔 )⋀𝜅} = 𝜅and{∅ (𝑚𝑔 )⋁1 − 𝜅} = 1 − 𝜅 and so 𝐴 (𝑔) = (𝜅, 1 − 𝜅 ) 

Similarly we get, 𝐴 (𝑔) = (𝜅, 1 − 𝜅 ). Thus 𝐴 (𝑔) = 𝐴 (𝑔). 
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In Second Part: 

 {𝜃 (𝑚𝑔 )⋀𝜅} = 𝜃 (𝑚𝑔 ) < 𝜅and{∅ (𝑚𝑔 )⋁1 − 𝜅} = 1 − 𝜅 

𝐴 (𝑔) = ({𝜃 (𝑚𝑔 )⋀𝜅}, {∅ (𝑚𝑔 )⋁1 − 𝜅}) 

= (𝜃 (𝑚𝑔 ), 1 − 𝜅) 

≥ (𝜃 (𝑚) ∩ 𝜃 (𝑔), 1 − 𝜅) 

= (𝜃 (𝑔), 1 − 𝜅) [∴ 𝑚 ∈ 𝑁 ∴ 𝜃 (𝑚) ≥ 𝜅and 𝜃 (𝑔) = 𝜃 (𝑔 ) < 𝜅] 

= ({𝜃 (𝑒𝑔)⋀𝜅}, {∅ (𝑒𝑔 )⋁1 − 𝜅} 

= 𝐴 (𝑔) 

= (𝜃 (𝑔 ), 1 − 𝜅) 

     ≥ (𝜃 (𝑚𝑔 𝑚 ), 1 − 𝜅)[ As A is IFNSG of G 

so𝜃 (𝑚𝑔 𝑚 ) = 𝜃 (𝑔 ) ] 

≥(𝜃 (𝑚𝑔 ) ∩ 𝜃 (𝑚), 1 − 𝜅) 

= (𝜃 (𝑚𝑔 ), 1 − 𝜅) 

= ({𝜃 (𝑚𝑔 )⋀𝜅}, {∅ (𝑚𝑔 )⋁1 − 𝜅}) 

= 𝐴 (𝑔) 

i.e., 𝑓(𝑚) = identity element of S and so 𝑚 ∈ ker 𝑓 

𝑁 ⊆ 𝑘𝑒𝑟𝑓so𝑘𝑒𝑟𝑓 = 𝑁. 

Proposition: 3.7 

 If 𝑓: 𝐺 → 𝑆, is an onto homomorphism, then 𝑓(𝐴) = 𝐵, where A is IFS of G and B is 

IFS of S. 

Proof: 

 Let 𝐴 ∈ 𝑆 be any element of S, where 𝑥 ∈ 𝐻 such that 𝑓(𝑥) = 𝐴  
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Let A be IFS of G, then  

𝑓(𝐴)(𝐴 ) =
(𝑆𝑢𝑝{𝜃 (𝑚): 𝑚 ∈ 𝑓 (𝐴 )}, 𝐼𝑛𝑓{∅ (𝑚): 𝑚 ∈ 𝑓 (𝐴 )})

(𝜃 (𝑒), ∅ (𝑒))
 

=
(𝑆𝑢𝑝{𝜃 (𝑚): 𝐴 = 𝐴 }, 𝐼𝑛𝑓{∅ (𝑚): 𝐴 = 𝐴 })

(𝜃 (𝑒), ∅ (𝑒))
 

= 𝐵(𝐴 ) 

Hence 𝑓(𝐴) = 𝐵 

Theorem: 3.8 

 Let A be a IFNSG of G and B be a IFSG of S, then 𝐶 , (𝐵) = {𝐴 }. 

Proof: 

 Now  𝐵(𝐴 ) = {𝜃 (𝐴 ), ∅ (𝐴 )}, where  

𝜃 (𝐴 ) = 𝑆𝑢𝑝{𝜃 (𝑚): 𝑁𝑚 = 𝑁} 

= 𝑆𝑢𝑝{𝜃 (𝑚): 𝑚 ∈ 𝑁} 

≥ 𝜃 (𝑎), ∀𝑎 ∈ 𝑁 = 𝐶 , (𝐴) 

≥ 𝜅 

 

Similarly, we can show that  ∅ (𝐴 ) ≤ 1 − 𝜅. Thus 𝐴 ∈ 𝐶 , (𝐵) 

Let 𝐴 ∈ 𝐶 , (𝐵) ⇒ 𝜃 (𝐴 ) ≥ 𝜅 and ∅ (𝐴 ) ≤ 1 − 𝜅 

Let 𝛼 = 𝜃 (𝐴 ) = 𝑆𝑢𝑝{𝜃 (𝑚): 𝑁𝑚 = 𝑁𝑥} and 𝛼 = ∅ (𝐴 ) = 𝐼𝑛𝑓{∅ (𝑚): 𝑁𝑚 = 𝑁𝑥} 

Therefore 𝛼 ≥ 𝜅and 𝛼 ≤ 1 − 𝜅. Let 𝜀 > 0 be given there exist such that 𝑚, 𝑛 ∈ 𝐻 such that 

𝑁𝑚 = 𝑁𝑥 so that 𝑚𝑥 = 𝑎 ∈ 𝑁 and 𝜃 (𝑚) > 𝛼 − 𝜀 ≥ 𝜅 − 𝜀 and 𝑁𝑛 = 𝑁𝑥 so that 

𝑛𝑥 = 𝑎 ∈ 𝑁 and ∅ (𝑛) < 𝛼 + 𝜀 ≤ (1 − 𝜅) + 𝜖 
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𝜃 (𝑥) = 𝜃 (𝑥𝑎 𝑎 ) ≥ 𝜃 (𝑥𝑎 ) ∩ ∅ (𝑎 ) =
≥ 𝜅  𝑖𝑓𝜃 (𝑥𝑎 ) ≥ 𝜅 𝑎𝑛𝑑  

= 𝜃 (𝑥𝑎 ) 𝑖𝑓𝜃 (𝑥𝑎 ) < 𝜅 
 

∅ (𝑥) = ∅ (𝑥𝑎 𝑎 ) ≤ ∅ (𝑥𝑎 ) ∪ ∅ (𝑎 ) =
≤ 1 − 𝜅 𝑖𝑓∅ (𝑥𝑎 ) ≤ 1 − 𝜅 

= ∅ (𝑥𝑎 ) 𝑖𝑓 ∅ (𝑥𝑎 ) > 1 − 𝜅
 

Thus in any case 𝜃 (𝑥) > 𝜅 − 𝜀 and ∅ (𝑥) < (1 − 𝜅) + 𝜀, for all 𝜀 > 0 

⇒𝜃 (𝑥) ≥ 𝜅and∅ (𝑥) ≤ (1 − 𝜅)⇒ 𝑥 ∈ 𝐶 , (𝐴) 

⇒𝑁𝑥 = 𝑁so𝐴 = 𝐴  

Hence 𝐶 , (𝐵) = {𝐴 }. 
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Analyzation of Fuzzy Queueing Performance Measures by the
L-R Method with Erlang Service Model

Department of Mathematics, Bharathiar University, Coimbatore-641 046, India.

Abstract. Nowadays, in different fields there are many systems whose processes are described by queueing models. In this paper,
the L-R method is computing performance measures of fuzzy queues. Basing on this technique, we find the number of customers
and the waiting time of a queue M/EK/1 in the fuzzy environment, it is essentially based on L-R fuzzy arithmetic. The L-R method
has the advantage of being convenient, flexible and short compared to other methods. A numerical example is a model proposed to
shows the validity of this approach.

INTRODUCTION

In queueing theory, queueing models can be used to approximate the original queueing situation or system. A queue
is an event that is common in everyday life. A queue model enables various useful measures of performance stable
conditions to be determined. Queues often caused things are not desirable, because it can cause the time, cost and
other resources wasted. Therefore, the queueing behavior can be analyzed mathematically. Fuzzy queueing model is
more practical and realistic than determine to queue models within the context of general queueing theory, the inter-
arrival times and service times are required to follow certain distributions. However, in many practical situations, the
arrival pattern and service pattern are described by linguistic quantifiers such as fast, slow or moderate, rather than by
probability distributions.

Basic queueing models assume that the capacity of a facility has an unlimited number of units available. Arrivals
are then controlled by a Poisson process which is to be independent of the number of units present within the system
for a given time interval. In many research fields, such as optimal control and operations research, some problems are
usually described as a programming model or other mathematical relationships with vague information.

In fuzzy logic literature, fuzzy queues are largely studied in Prade[26], Li and Lee([19]), Negi and Lee[25], Kao
et al[17], Ritha and Menon[27], Srinivasan[28], Yager[29], Mukeba Kanyinda et al[21,22,23,24], etc. Most of these
papers are devoted to find system performance measures using α− cuts. In this paper, the L-R fuzzy number, arith-
metic of L-R fuzzy numbers and triangular fuzzy number concepts are utilized for analysis of fuzzy queueing models.
Here we compute the number of customers and the waiting time in a fuzzy queue by a new technique called the L-R
method.

The paper is organized as follows: Section 2, gives some basic definition for this paper. Section 3, mathemati-
cal model for this paper. Section 4, briefly introduces the solution procedure. Section 5, illustrated the numerical
examples. Section 6 Conclusions.

PRELIMINARIES

In this section, some basic concepts and alpha-cuts and interval arithmetic are presented here.

Alpha-cuts and interval arithmetic is one of the arithmetic methods most used and developed in fuzzy mathematics.
It operates with the help of the α− cuts notion defined above and interval arithmetic formulas defined as follows. Let
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[p1,q1] and [p2,q2] be two closed, bounded, intervals of reals numbers. If ∗ denotes addition, subtraction, multiplica-
tion, or division, then [p1,q1]∗ [p2,q2] = [k, l] where

[k, l] = {p∗q|p1 ≤ p ≤ q1, p2 ≤ q ≤ q2}. (1)

If ∗ is division, we must assume that zero does not belong to [p2,q2]. We may simplify the last equation as follows

[p1,q1]+ [p2,q2] = [p1 + p2,q1 +q2] (2)

[p1,q1]− [p2,q2] = [p1 −q2,q1 −b2] (3)

[p1,q1].[p2,q2] = [max(p1 p2, p1q2,q1 p2,q1q2);min(p1 p2, p1q2,q1 p2,q1q2)] (4)

[p1,q1]

[p2,q2]
= [min(

p1

p2
,

p1

q2
,

q1

p2
,

q1

q2
);max(

p1

p2
,

p1

q2
,

q1

p2
,

q1

q2
)] (5)

Definition 1 A fuzzy number C̃ is said L-R fuzzy number if and only if there exists three real numbers c,m > 0,n > 0
and two positive, continuous and decreasing functions L and R, from R to [0,1] such that

L(0) = R(0) = 1

L(1) = 0,L(x)> 0, lim
x→∞

L(x) = 0

R(1) = 0,R(x)> 0, lim
x→∞

R(x) = 0

ηC̃(x) =

⎧⎪⎪⎨
⎪⎪⎩

L( c−x
m ) i f x ∈ [c−m,c]

R( x−c
n ) i f x ∈ [c,c+n]
0 otherwise (6)

The L-R representation of the fuzzy number C̃ is C̃ =< c,m,n >LR. c is called the mean value(the mode or the model
value) of C̃,m and n are called respectively the left spread and right spread of C̃. Conventionally, < c,0,0 >LR is the
ordinary real number c; also called fuzzy singleton. According to the definition says supp(Ã) = {x ∈ E|ηÃ(x) > 0},
then the support of M̃ is the following open interval:

supp(C̃) =]c−m,c]∪ [c,c+n[=]c−m,c+n[.

Remark 1 We can state that:[14]

• If L=R, then C̃ =< c,m,n >LR is said semi-symmetric.

• If C̃ =< c,m,n >LR is semi-symmetric and m = n; then C̃ =< c,m,n >LR is said symmetric.

Arithmetic of L-R fuzzy numbers

Regarding the arithmetic of L-R fuzzy numbers, some results exits in the literature.

• [11]Shows that if there are two L-R fuzzy numbers of the same type Ã =< c, p,q >LR and B̃ =< d,r,s >LR; then
their sum and their difference are also L−R fuzzy numbers of the same type defined by the following formulas:

Ã+ B̃ =< c+d, p+ r,q+ s >LR (7)

Ã− B̃ =< c−d, p+ s,q+ r >LR (8)
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• [24]Shows that if there are two L-R fuzzy numbers of the same type Ã =< c, p,q > and B̃ =< d, p,q >LR;
then their product does not be always L-R fuzzy numbers. However, this reference confirms the following
result, found before in [14] on secant approximation for two positive L-R fuzzy numbers of the same type
Ã =< c, p,q > and B̃ =< d,r,s >LR:

Ã.B̃ ≈< cd,cr+d p− pr,cs+dq+qs >LR (9)

Definition 2 The inverse secant approximation of an L-R fuzzy number defined in [14], allows to determine the quo-
tient secant approximation of two positive L-R fuzzy numbers Ã =< c, p,q >LR and B̃ =< d,r,s >LR as follows:

Ã
B̃
=

< c, p,q >LR

< d,r,s >LR
≈
〈

c
d
,

cs
d(d + s)

+
p
c
− ps

d(d + s)
,

cr
d(d − r)

+
q
d
+

qr
d(d − r)

〉
LR

(10)

Definition 3 A fuzzy number T̃ is said triangular fuzzy number if and only if there exists three real numbers a < b < c
such that:

ηÃ(x) =

⎧⎪⎪⎨
⎪⎪⎩

L( x−a
b−a ) i f a ≤ x ≤ b

R( c−x
c−b ) i f b ≤ x ≤ c
0 otherwise (11)

Remark 2 Such triangular fuzzy number is often noted Ã = (a,b,c) or Ã = (a/b/c). According to the definitions,
a triangular fuzzy number Ã = (a/b/c) is always an L-R fuzzy number. In L-R representation, it can be written for
L(x) = R(x) = max(0,1− x).

L-R method description

Let us consider the queue M/EK/1. Suppose, the arrival rate and service rate are all triangular fuzzy numbers noted

respectively λ̃ = (λ1,λ2,λ3) and μ̃ = (μ1,μ2,μ3). The fuzzy information transmitted through λ̃ and μ̃ in the system
affect Lq and Wq, which become fuzzy numbers L̃q and W̃q. This model is denoted by FM/FEK/1, where FM
denotes a fuzzified exponential distribution. To determine its fuzzy performance measures, L-R method puts first the
fuzzy rates λ̃ and μ̃ in L-R representation, and replaces them to obtain two L-R fuzzy numbers L̃q and W̃q. It finds
finally the L-R representation of fuzzy numbers L̃q and W̃q using suitable formulas among (7),(8),(9) and (10). For
multiplication and division, it is required to use secant approximations, which give the exact support as shown in [23].

MATHEMATICAL MODEL

In this queueing system, the customer arrives at a single-server facility with arrival rate λ̃ and service rate μ̃ . Where

λ̃ is fuzzy in nature Poisson rate and μ̃ is fuzzy in nature Erlang service rate made up of K exponential phase. The
system capacity is infinite with first-come-first-served (FCFS) calling source.

The Erlang parameters K and μ̃ which denotes the mean and variance are given by E(m) = 1
μ and V (m) = 1

Kμ2 .

This model helps us to describe the queueing models containing service that consist of a series of identical phases.
For example, in admission process, the student must perform k steps, each taking the same mean time ( 1

kμ ), with the

times distributed exponentially, which is shown in table 1. If the input process is Poisson, we would have M/EK/1
model.

Then, the fuzzy set Ẽ of the universe of discourse Z is convex if and only if μẼ(ϕx1+(1−ϕ)x2)≥min{μẼ(x1),μẼ(x2)}
where μẼ is membership function φ ∈ [0,1],x1,x2 ∈ X . Let μλ̃ (a), μμ̃(b) are membership functions of arrival rate
and service rate respectively. We have

λ̃ = {a,μλ̃ (a)|a ∈ η(λ̃ )}
μ̃ = {b,μμ̃(b)|b ∈ η(μ̃)}
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TABLE I. Use of Erlang for Phased Service.

Step 1 Step 2 ... Step K
1

Kμ
1

Kμ ... 1
Kμ

Where η(λ̃ ) and η(μ̃) are the supports of λ̃ and μ̃ which denote the universal set of arrival rate and service rate

respectively. Clearly when λ̃ and μ̃ are the fuzzy number then the performance measure P̃(λ̃ , μ̃) is also fuzzy as well.
On the basis of Zadeh’s extension principle, the membership function of the performance measure is defined as

μP̃(λ̃ ,μ̃)(x) = sup
a∈A,b∈B

min{μλ̃ (a),μμ̃(b)|x = P(a,b)}

From general queueing theory, the steady-state condition ρ = λ
μ < 1, the expected number of customers in the queue,

Lq =

[
(K +1)

2K
.

λ̃ 2

μ̃(μ̃ − λ̃ )

]

The membership function of L̃q is

μL̃q(x) = sup
a∈A,b∈B,x<X

min

{
μλ̃ (a),μμ̃(b)/x =

[
(K +1)

2K
.

λ̃ 2

μ̃(μ̃ − λ̃ )

]}
(12)

We can find the waiting time for expected number of customers in the queue,

Wq =

[
(K +1)

2K
.

λ̃
μ̃(μ̃ − λ̃ )

]

The membership function of W̃q is

μW̃q(x) = sup
a∈A,b∈B,x<X

min

{
μλ̃ (a),μμ̃(b)/x =

[
(K +1)

2K
.

λ̃
μ̃(μ̃ − λ̃ )

]}
(13)

THE SOLUTION PROCEDURE

We drive the solution procedure for membership function, an approach to constructing the membership function of
μP̃(λ̃ ,μ̃) is on the basis of deriving α-cuts of μP̃(λ̃ ,μ̃). Denote α-cuts of λ̃ and μ̃ as

λ̃α = [aL
α ,a

U
α ] = [min

a∈A
{a/μλ̃ (a)≥ α}, max

a∈A
{a/μλ̃ (a)≥ α}] (14)

μ̃α = [bL
α ,b

U
α ] = [min

b∈B
{b/μμ̃(b)≥ α}, max

b∈B
{b/μμ̃(b)≥ α}] (15)

These intervals indicate the arrival rate and service rate lie at possibility level α . Consequently, the FM/FEK/1 queue

can be reduced to a family of crisp M/EK/1 queues with different α-level sets {λ̃α < α ≤ 1}.

By the convexity of a fuzzy number, the bounds of these intervals are functions of α and can be obtained as

aL
α = min μ−1

λ̃
(α) and aU

α = max μ−1

λ̃
(α)

bL
α = min μ−1

μ̃ (α) and bU
α = max μ−1

μ̃ (α)
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According to (12), μL̃q(α) is the minimum of μλ̃ (a) and μμ̃(b). We need either μλ̃ (a) = α and μμ̃(b) ≥ α (or)

μλ̃ (a) ≥ α and μμ̃(b) = α such that x =
[
(K+1)

2K . λ̃ 2

μ̃(μ̃−λ̃ )

]
to satisfy μL̃q(x) = α . We have to find the membership

function μL̃q(z), we need to find the the lower bound zL
α and the upper bound zU

α of the α-cuts of μL̃q(z). Then,

μλ̃ (a) =α can be represented by a= aL
α (or) a= aU

α this can be formulated as the constraint of a=ϕ1aL
α +(1−ϕ1)aU

α ,

where ϕ1 = 0 (or) 1. Similarly μμ̃(b) = α can be formulated as the constraint b = ϕ2bL
α +(1−ϕ2)bU

α , where ϕ2 = 0
(or) 1.

Moreover from (14) and (15) a ∈ λ̃α and b ∈ μ̃α can be respectively replaced by a ∈ (aL
α ,a

U
α ) and b ∈ (bL

α ,b
U
α )

consequently, considering both of these two cases above, the membership function μL̃q can be constructed via finding

the lower bound ˜(Lq)
L
α and upper bound ˜(Lq)

U
α .

We set ˜(Lq)
L
α = { ˜(Lq)

L1

α , ˜(Lq)
L2

α } and ˜(Lq)
U
α = { ˜(Lq)

U1

α , ˜(Lq)
U2

α } respectively. where

˜(Lq)
L1

α = min
a,b∈R

a < b

[
(K +1)

2K
.

λ̃ 2

μ̃(μ̃ − λ̃ )

]
(16)

such that a = t1aL
α +(1− t1)aU

α , bL
α ≤ b ≤ bU

α and t1 = 0 (or) 1.

˜(Lq)
L2

α = min
a,b∈R

a < b

[
(K +1)

2K
.

λ̃ 2

μ̃(μ̃ − λ̃ )

]
(17)

such that b = t2bL
α +(1− t2)bU

α , aL
α ≤ aU

α and t2 = 0 (or) 1.

˜(Lq)
U1

α = max
a,b∈R

a < b

[
(K +1)

2K
.

λ̃ 2

μ̃(μ̃ − λ̃ )

]
(18)

such that a = t3aL
α +(1− t3)aU

α , bL
α ≤ b ≤ bU

α and t3 = 0 (or) 1.

˜(Lq)
U2

α = max
a,b∈R

a < b

[
(K +1)

2K
.

λ̃ 2

μ̃(μ̃ − λ̃ )

]
(19)

such that b = t4bL
α +(1− t4)bU

α , bL
α ≤ b ≤ bU

α and t4 = 0 (or) 1.

where aL
α < bL

α . From the knowledge of calculus, a unique minimum and a unique maximum of the objective function

of models (16),(17),(18) and (19) are assumed, which shows that the lower bound ˜(Lq)
L
α and upper bound ˜(Lq)

U
α of

the α-cuts of L̃q can be found by solving these four models.
According to Zadeh’s extension principle, L̃q defined in (12) is the fuzzy number that possesses convexity. There-

fore for two values of α1 and α2 such that 0 < α2 < α1 ≤ 1, we have ˜(Lq)
L
α1

≥ ˜(Lq)
L
α2

and ˜(Lq)
U
α1

≤ ˜(Lq)
U
α2

. In other

words ˜(Lq)
L
α is non-decreasing with respect to α and ˜(Lq)

U
α is non-increasing with respect to α . This property assures

the convexity of L̃q. Consequently, the membership function μL̃q(z) can be obtained from the solutions of models
(16),(17),(18) and (19).

If both ˜(Lq)
L
α and ˜(Lq)

U
α are invertible with respect to α , then a left shape function LS(z) = ((L̃q)L

α)
−1 a right shape

function can be obtained. From LS(z) and RS(z), the membership function μL̃q is constructed as

μL̃q(z) =

⎧⎪⎪⎨
⎪⎪⎩

Ls(x), (Lq)L
α = 0 ≤ x ≤ (Lq)L

α = 1

1, (Lq)L
α = 1 ≤ x ≤ (Lq)Uα = 1

Rs(x), (Lq)Uα = 1 ≤ x ≤ (Lq)Uα = 0
(20)

NUMERICAL EXAMPLE

In order to show the benefits of this new method, this section compares it through the following the problem with an
alpha-cuts method.
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Problem

In a factory cafeteria, the customers have to pass through three counters. The customers buy coupons at the first
counter, select and collect the snacks at the second counter and collect tea at the third. The server at each counter
takes on an average 13 minutes although the distribution of service time is approximately Poisson at an average rate
of 9 hours. Calculate

• What is the expected number of customers in the queue?

• What is the average waiting time of a customer in the queue?

• Find the most possible values for the expected number of customers and waiting time in the queue?

α-cuts method solution

The rates being given in fuzzy information, it is not possible to analyze this problem with the traditional queueing
theory. The simple queue FM/FEK/1 having fuzzy rates. Let us suppose that these rates are triangular fuzzy numbers

given by λ̃ = [10,11,12] and μ̃ = [18,19,20]. These parameters being L-R fuzzy numbers, we can use the process
described in the subsection to analyze queue characteristics enumerated in equations.

The confidence interval at α are [10+α,12−α] and [18+α,20−α]

˜(Lq)
L
α =

[
α2 +20α +100

3α2 −75α +300

]

˜(Lq)
L
α is invertible

α =
(75z+20)±√

2025z2 +5400z
(6z−2)

α ≥ 0,(75z+20)±
√

2025z2 +5400z ≥ 0

z = 0.3333(or)0.5307

α ≤ 1,
(75z+20)±√

2025z2 +5400z
(6z−2)

≤ 1

z = 0.5307(or)0.3333

˜(Lq)
L
α =

(75z+20)±√
2025z2 +5400z

(6z−2)
0.3333 ≤ z ≤ 0.5307

Now,

˜(Lq)
U
α =

[
α2 −24α +144

3α2 +63α +162

]
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˜(Lq)
U
α is invertible

α =
−(63z+24)±√

1752z2 +5400z
(6z−2)

α ≥ 0,−(63z+24)±
√

1752z2 +5400z ≥ 0

z = 0.8888(or)0.5307

α ≤ 1,
−(63z+24)±√

1752z2 +5400z
(6z−2)

≤ 1

z = 0.5307(or)0.8888

˜(Lq)
U
α =

−(63z+24)±√
1752z2 +5400z

(6z−2)
0.8888 ≤ z ≤ 0.5307

From the inverse function of ˜(Lq)
L
α and ˜(Lq)

U
α the membership function of L̃q is defined as follows:

μL̃q(z) =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

(75z+20)±
√

2025z2+5400z
(6z−2) , 0.3333 ≤ z ≤ 0.5307

1, 0.5307 ≤ z ≤ 0.5307

−(63z+24)±
√

1752z2+5400z
(6z−2) , 0.8888 ≤ z ≤ 0.5307

Then,

˜(Wq)
L
α =

(α +10)

3α2 −75α +300

˜(Wq)
L
α is invertible

α =
(75z+1)±√

2025z2 +270z+1

6z

α ≥ 0,(75z+1)±
√

2025z2 +270z+1 ≥ 0

z = 0.0333(or)0.0482

α ≤ 1,
(75z+1)±√

2025z2 +270z+1

6z
≤ 1

z = 0.0482(or)0.0333

˜(Wq)
L
α =

(75z+1)±√
2025z2 +270z+1

6z
0.0333 ≤ z ≤ 0.0482

Now,

˜(Wq)
U
α =

(12−α)

3α2 +63α +162
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TABLE II. α-cuts of arrival rate, service rate, queue length and waiting time in queue.

α xL
α xU

α yL
α yU

α
˜(Lq)

L
α

˜(Lq)
U
α

˜(Wq)
L
α

˜(Wq)
U
α

0.0 10.0 12.0 18.0 20.0 0.3333 0.8888 0.0333 0.0740
0.1 10.1 11.9 18.1 19.9 0.3487 0.8412 0.0345 0.0706
0.2 10.2 11.8 18.2 19.8 0.3648 0.7969 0.0357 0.0675
0.3 10.3 11.7 18.3 19.7 0.3819 0.7555 0.0370 0.0645
0.4 10.4 11.6 18.4 19.6 0.3998 0.7169 0.0384 0.0618
0.5 10.5 11.5 18.5 19.5 0.4188 0.6808 0.0398 0.0592
0.6 10.6 11.4 18.6 19.4 0.4387 0.6469 0.0413 0.0567
0.7 10.7 11.3 18.7 19.3 0.4598 0.6151 0.0429 0.0544
0.8 10.8 11.2 18.8 19.2 0.4821 0.5852 0.0446 0.0522
0.9 10.9 11.1 18.9 19.1 0.5057 0.5571 0.0463 0.0501
1.0 11.0 11.0 19.0 19.0 0.5307 0.5307 0.0482 0.0482

˜(Wq)
U
α is invertible

α =
−(63z+1)±√

2025z2 +270z+1

6z

α ≥ 0,−(63z+1)±
√

2025z2 +270z+1 ≥ 0

z = 0.0740(or)0.0482

α ≤ 1,
−(63z+1)±√

2025z2 +270z+1

6z
≤ 1

z = 0.0482(or)0.0482

˜(Wq)
U
α =

−(63z+1)±√
2025z2 +270z+1

6z
0.0740 ≤ z ≤ 0.0482

From the inverse function of ˜(Wq)
L
α and ˜(Wq)

U
α the waiting time for membership function of W̃q is defined as follows:

μW̃q(z) =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

(75z+1)±
√

2025z2+270z+1
6z , 0.0333 ≤ z ≤ 0.0482

1, 0.0482 ≤ z ≤ 0.0482

−(63z+1)±
√

2025z2+270z+1
6z , 0.0740 ≤ z ≤ 0.0482

By using fuzzy numbers we have calculated L̃q and W̃q for the given values. The values of α are substituted in the
above-obtained formula and the results are in Table II and a graphical representation is given below.

Finally, the results formulation are: the number of customers in the queue at the steady state is approximately
between 0.3333 and 0.8888. The waiting time in the queue at the steady state is approximately between 0.0333 and
0.0740.
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FIGURE 1. ˜Lq−LR

FIGURE 2. ˜Wq−LR
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L-R method solution

We determine L-R representations of fuzzy numbers λ̃ and μ̃ , which are λ̃ =< 11,1,1 >LR and μ̃ =< 19,1,1 >LR

L̃q =

[
(K +1)

2K
.

λ̃ 2

μ̃(μ̃ − λ̃ )

]

=
2

3

[
< 121,21,23 >

< 152,44,48 >

]

˜(Lq)LR =< 0.5306,0.1973,0.3580 >LR

W̃q =

[
(K +1)

2K
.

λ̃
μ̃(μ̃ − λ̃ )

]

=

[
2

3
× < 11,1,1 >

< 152,44,48 >

]

˜(Wq)LR =< 0.0481,0.0148,0.0256 >LR

Fig 1 indicates that the support of L̃q ranges from 0.3333 to 0.8888, this says that the expected number of customers
are fuzzy. It is impossible for its values to fall below 0.3333 or exceed 0.8888. The mean value of L̃q is 0.5307 which is
the most possible value for that case. Similarly, the waiting time of a customer in the queue falls 0.0333(≈ 2minutes)
and 0.0740(≈ 4minutes). It indicates that the waiting time in the queue will never exceed 4 minutes or fall below 2
minutes. The most possible waiting time in the queue is 0.0482(≈ 3minutes).

CONCLUSION

In this paper, the L-R representation has been used to derive performance measures of the model with the help of
this method, the expected number of customers and the average waiting time of FM/FEK/1 model are successfully
computed and results are found in L-R representation. Under this representation, fuzzy results give many pieces
of informations than the crisp ones. The two spreads help to get lower and upper bound of the fuzzy measure.
This new method presents three major advantages, it is short, convenient and flexible and approximate method for
best explanatory results. Moreover, it is well established in the fuzzy logic literature that for system designers and
practioners, analytical results obtained under fuzzy environment are more useful than those usually obtained under
conventional model because they are very realistic and very informative.
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INTRODUCTION

An expansion of industrialization and urbanization  causes
a environmental disaster. The release of harmful wastewaters
from various industries has an impact on water resources, soil
fertility, aquatic organisms and the environment [1]. Waste-
waters from several industries, such as paper, materials, food,
etc. contain persistent dyes that are not environment friendly.
The reports show that approximately 15% of dyes are mixed
with the effluent during dyeing process [2]. Most of these dyes
are complex and stable molecular structure, making them more
resistant to traditional biological and chemical degradation
processes. The presence of these dyes in effluents affect the
water bodies [3]. They are commonly resistant to aerobic degra-
dation and can also be converted to potentially carcinogenic
aromatic amines in anaerobic conditions [4,5]. One of the azoic
dye is acid yellow 23, (C.I. tartrazine) was chosen as a model
pollutant for the present work. Acid yellow 23 dye is a water-
soluble powder and found in a large number of foods items,
textile, cosmetics, pharmaceutical and food industry [3]. Acid
yellow 23 has been cited as one of the possible causes of asthma,
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urticaria and angioedema [6]. It also shows the harmful effects
of food allergies, mutagenes, carcinogens and phototoxicity
[7-11].

Few traditional methods such as air stripping, extraction,
carbon adsorption, ultrafiltration, etc. have been used to remove
these dyes from wastewaters. Though, these processes transfer
the contaminants from one phase to the other one rather than
decomposing them. These techniques are non-destructive [12,
13]. Numerous advanced methods have been reported for the
removal of dyes from the environment including adsorption
[14], microbial degradation [15], photocatalytic degradation
[16], microwave assisted catalytic oxidation [17], electrocoag-
ulation [18], electrochemical treatment [19] and advanced
oxidation using UV/H2O2 [20,21].

It is necessary to develop water treatment technologies
with low cost and efficient to use. There has been a lot of rese-
arch conducted regarding the usage of photocatalysis on water
treatments due to efficient degradation of organic compounds.
Photocatalytic reaction can be completely degraded organic
pollutants into small, harmless species without usage of toxic
chemicals and to avoid sludge production and disposal [22,23].
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Heterogeneous photocatalytic oxidation is suitable for
wastewater treatment. In the interim, degradation of dyes, degrade
the contaminants from effluents, and consequently enhance
water quality [24-26]. It is considered that heterogeneous
photocatalysis is a significant destructive technology that can
cause the complete mineralization of most of the contaminants
[27]. Major advantage is that it eliminates all organic pollutants
compared to other water treatment methods [28]. In this tech-
nique, photogenerated semiconductor charge carriers can
produce highly reactive chemicals such as hydroxyl radicals.
These radicals can quickly and inevitably mineralize many
organic pollutants [29,30].

Recently, nanoparticles are perceiving a large applications
in research and various technologies. Nanoparticles, behave
like atoms due to the large surface, a wide gap between the
valence band and the conduction band [31]. Semiconductors
(for example, ZnO, TiO2, Fe2O3 and ZnS) are indispensable
for their electronic metal atom structure, characterized by an
empty conduction band and a filled valence band [32]. More
recently, calcium aluminate materials have been discovered
new applications in the field of catalytic supports, optical
ceramics, advanced ceramics, flame detectors, dental cements
and structural ceramics [33,34].

Magnetite (Fe3O4) structures have Eg = 2.2 eV been exten-
sively used for the degradation of azo dyes [35,36], due to their
small band gap allows the light absorption in the visible range.
The interest is using solar light, free, inexhaustible, renewable
and eco friendly [37-40]. It is important to control important
properties such as particle size, magnetic behaviour, shape,
stability and morphology to develop applications. Doping of
Fe3O4 nanoparticles is one of the most effective ways to improve
these properties [41,42]. Magnetite nanoparticles (Fe3O4) act
as a photocatalyst of the synthetic dye solution and wastewater
treatment.

In the present study, magnetite doped calcium aluminate
nanoparticles are synthesized by co-precipitation method. The
obtained product was characterized by EDAX and SEM. It
was observed that the use of magnetite doped calcium alu-
minate photocatalyst had better photocatalytic activity for
degradation of acid Yellow 23 in the presence of solar light.
The effect of dye variation, catalyst loading, pH, oxidizing

agent variation are studied and the optimum conditions were
also investigated.

EXPERIMENTAL

All chemicals and solvents (Merck, India) were of analy-
tical grade and used without any additional purification.

Synthesis of Fe3O4 doped calcium aluminate nano-
particles: Fe3O4 doped calcium aluminate nanoparticles were
synthesized by co-precipitation method. Ferrous sulphate and
ferric chloride were dissolved in water in a mole 3:2 of Fe3+/
Fe2+ and NH4OH was added slowly to the above solution until
the pH of the reaction mixture becomes 8 and stirred for 30
min. The stoichiometric amount of calcium nitrate, aluminium
nitrate and urea were added to the above mixture and stirred
for 90 min. The obtained precipitate was heated to 800 ºC and
purified.

Evaluation of photocatalytic activity: Photocatalysis
studies were performed in presence of solar light between 10.30
a.m. to 1.30 p.m. In photocatalytic studies, 50 mL of dye solution
was taken in 100 mL borosil petridishes. The λmax of acid yellow
23 was found to be at 427 nm. The photocatalyst suspension
was stimulated in the dark to ensure the adsorption equilibrium
and set aside in solar for degradation. The suspension was then
centrifuged at 15 min time interval and centrifuged at 5000
rpm for 5 min to remove the photocatalyst particles. The degra-
dation percentage of dye as calculated as follows:

o t

o

A A
D 100

A

−= ×

where Ao = initial absorbance of dye solution and At = absor-
bance at time 't'.

RESULTS AND DISCUSSION

Characterisation of synthesized Fe3O4 doped calcium
aluminate nanoparticles

SEM analysis: Fig. 1 shows the SEM image of synthesized
Fe3O4 doped calcium aluminate nanoparticles which have shown
a distinctive texture and morphology. SEM images revealed that
Fe3O4 doped calcium aluminate nanoparticles were crystal like
structures. The average crystalline size was found to be 45 nm.

Fig. 1. SEM images of Fe3O4 doped calcium aluminate
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EDAX analysis: The elemental composition of synthe-
sized Fe3O4 doped calcium aluminate nanoparticles were deter-
mined by EDAX technique. Fig. 2 shows the presence of iron
and oxygen peaks which indicated that iron and oxygen were
incorporated into the crystal lattice.
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Fig. 2. EDAX analysis of Fe3O4 doped calcium aluminate

Photodegradation studies of acid yellow 23

Effect of solar light: The photodegradation of acid yellow
23 occurred in two different conditions, in dark and in the
presence of sunlight. The acid yellow 23 decolouration rate
was shown to be 98% in the presence of sunlight, whereas only
39% in the dark.

Variation of dye concentration: Variation of initial dye
concentration on the photodecolourization of acid yellow 23
was studied at different dye concentrations. The amount of
dye varies in the range of 10-40 mg/L. The photo decolourization
percent reduced by increasing initial dye concentration is
shown in Fig. 3. When the dye concentration increases, large
number of organic substances were adsorbed on the photo-
catalyst surface. Thus, the production of hydroxyl radicals
would be diminished on the photocatalyst surface. Only less
number of active sites were available on the photocatalyst surface
for adsorption of hydroxyl ions and the generation of hydroxyl
radicals. Moreover, increasing the concentration of dye, the
photons get intercepted before they reach the photocatalyst
surface, hence the photons absorption by photocatalyst decre-
ased, consequently the degradation percentage was decreased
[43-45].

Effect of pH: Owing to amphoteric actions of most semi-
conductor oxides, effect of pH is considered to be a critical
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Fig. 3. Effect of initial dye concentration

parameter of the rate of reaction that occurs on the surface of
a semiconductor. The decolourization of acid yellow 23 was
monitored in a pH range 2 to 11. The surface of photocatalyst
was positively charged in acidic medium, where as it was
negatively charged in alkaline medium. The results (Fig. 4)
showed that the removal of dye was carried out effectively at
pH 4 and at pH 10. It is perceived that at low pH, adsorption on
the photocatalyst surface was more effective in photodegradation
of dyes. In acidic medium, the photodegradation of dyes was
probably due to the formation of hydroxyl radicals.
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Fig. 4. Effect of pH

Hence, the efficiency of photodegradation decreases in
the pH range 5-10 which is due to the formation of hydroxyl
radicals in large quantities. In alkaline solutions, the reaction
medium and the presence of large amount of OH− ions on the
photocatalyst surface favors the formation of OH• radical.
These hydroxyl radicals would enhance the photodegradation
of azo dyes which is known to be primary oxidizing species
responsible for the enhancement of the efficiency of the process
[46-49].

Effect of H2O2 concentration: The rate of photodegrada-
tion of organic compounds increases significantly in the presence
of oxygen or by addition of hydrogen peroxide. The H2O2

concentration was varied from 0.1 to 0.2 M. The percentage
decolourization was found to be between 98% within a short
interval of 90 min (Fig. 5). The rate of photodegradation was
increased by increasing hydrogen peroxide concentration and
reached to a maximum (98%) but above an optimum value (0.12
M) after that increasing H2O2 concentration retards the reaction.

The effect of H2O2 can be explained by radical reaction
mechanisms. The percentage decolourization decrease with
increase in H2O2 dosage. The added H2O2 could accelerate the
reaction by producing hydroxyl radicals from scavenging the
electrons and absorption of solar-light by the following reactions:

H2O2 + (catalyst)e– → •OH + –OH

H2O2 + O2
•− → •OH + –OH + O2

H2O2 + Solar light → 2•OH

Adding excess of H2O2, it acts as hydroxyl radical or hole
scavenger to form perhydroxy radicals (HO2

•) which are a
weaker oxidant than hydroxyl radicals [47,48].
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H2O2 + •OH → H2O + HO2
•

H2O2 + h+ → H+ + HO2
•

Thus, high concentration of H2O2 inhibited the reaction
rate of dye degradation by competing with acid yellow 23 for
available hydroxyl radicals.

Effect of photocatalyst loading: It is also necessary to
know the minimum amount of photocatalyst required to decol-
ourize the maximum amount of dye at a particular experimental
conditions. The photocatalyst was varied from 10 to 50 mg/L.
The decolourization percentage was found to be 92.98% at 90
min irradiation time (Fig. 6), where 10 mg photocatalyst was
found to be the optimum value. Furthermore, increasing the
catalyst amount does not affect the decolourization significantly.
Higher amount of photocatalyst, less photocatalytic degradation
(46.4%) was also observed. When the photocatalyst amount
increased above the limiting value (10 mg), the active sites on
the photocatalyst surface were also increased, but a decrease
in solar light penetration due to the increased suspension turbi-
dity results the excess catalyst particles in the solution [50,51].

Photodegradation kinetics: Fig. 6 depicts a relationship
between log(C/Co) and reaction time of acid yellow 23 degrad-
ation with varying amounts of photocatalyst.
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C = Co exp(–kt) or log (C/Co) = –kt

where C = initial concentration of acid yellow 23 (mol/L); Co

=  concentration of dye at various interval times (mol/L); t =
illumination time (min) and k = reaction rate constant.

A linear relationship between log(C/Co) and T  indicated
that the photocatalytic degradation reaction followed the pseudo-
first-order reaction. The apparent constants were calculated
to be 0.003, 0.003, 0.003, 0.003 and 0.003 min-1 for 10, 20,
30, 40 and 50 mg catalysts, respectively.

Reusability of photocatalyst: The photocatalyst reusa-
bility for acid yellow 23 degradation was also investigated.The
photocatalyst was washed with distilled water after each experi-
ment and reused for degradation process. The degradation
performance of photocatalyst decreased from 98 to 67% after
three catalytic cycles. Reduction percentage of dye degradation
might be due to the loss of photocatalyst in the recycling
process.

COD removal: It was observed that the COD decreases
slower than the decolourization of the solution (Fig. 7). This
is due to the fact that the dyes are not directly mineralized, but
transformed in intermediate photoproducts. These generated
photoproducts might submit other cycles of degradation to
complete total mineralization. The initial COD of the dye was
found to be 50.41 mg/L and after degradation, the final COD
was found to be 29.66 mg/L.
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Fig. 7. COD analysis of acid yellow 23

Pluasible mechanism: The mechanism of acid yellow
23 photodegradation is shown in Fig. 8. Under solar irradiations,
photocatalyst particles get excited and transfer electron from
valence band (VB) to the conduction band (CB). Electron in
the conduction band can reduce molecular oxygen and produce
the super oxide radical. Electron in the valence band can reduce
water molecule into hydroxide radicals. The super oxide radicals
and hydroxide radicals react with dye molecules and subse-
quently convert the organic pollutants into small and non-toxic
molecules.

Dye degradation: Several photocatalysts are reported for
the acid yellow 23 degrdation. ZnO is one of the photocatalyst
which degrades the dye under UV radiation at various condi-
tions 95% degradation was achieved at 120 min [52], 92.98%
degradation was achieved under UV radiation at 60 min  [53].
Magnetite reduced graphene oxide and TiO2 doped magnetite
reduced graphene oxide photocatalyst were also used for the
degradation of acid yellow 23, where the degradation efficiency
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achieved 95% under UV radiation [2]. TiO2/PVDF-TrFE [poly-
(vinylidene difluoride)-co-trifluoroethylene] nanocomposite
membrane in solar reactor degraded 78 % acid yellow 23, after
5 hours of solar radiation [3]. In the present study, magnetite
doped calcium aluminate nanoparticles were used for the acid
Yellow 23 degradation in the presence of solar light. Surpri-
singly, the degradation percentage was found to be 98%.

Conclusion

A Fe3O4 doped calcium aluminate nanoparticles were
synthesized and characterized by SEM & EDAX techniques.
It was observed that synthesized Fe3O4 doped calcium aluminate
photocatalyst were very effective in degrading selected azo dye
completely in a short interval of time (90 min). The degrad-
ability of acid yellow 23 under sunlight with H2O2/photocatalyst
conditions were also optimized. Surprisingly 98% decoluri-
zation was achieved.
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Research Highlights 

 

 A series of benzylamino coumarins was obtained in good to excellent yields.  

 The reaction was carried out in water under microwave irradiation at 100 °C.  

 First time reported synthesis of benzylamino coumarins using sulfated titania. 

 Avoidance of organic solvents.  

 Higher catalytic activity of sulfated titania is due to its increased Bronsted acidity. 
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ABSTRACT 

A new and environmentally benign protocol was developed for the synthesis of a series 

of benzylamino coumarin derivatives via the multicomponent reactions of                                  

4-hydroxycoumarin, aromatic aldehyde and cyclic secondary amine in water using 

sulfated titania (TiO2-SO4
2

) as a heterogeneous solid acid catalyst under microwave 

irradiation at 100 °C. The proposed method is advantageous due to its simple reaction 

procedure, high yield, easy work-up, short reaction time, and reusability of sulfated 

titania (TiO2-SO4
2

) and its high adaptability for the synthesis of benzylamino coumarin 

derivatives in good to excellent yields. The catalyst can be easily recovered and reused 

with almost the same catalytic activity. The structure of the benzylamino coumarin 

derivatives was confirmed by melting points, elemental analysis, IR, 
1
H, and 

13
C NMR 

and 2D NMR spectral data. Higher catalytic activity of sulfated titania (TiO2-SO4
2-

) is 

due to its increased Bronsted acidity. 

 

Keywords: Mannich reaction; Sulfated titania; Microwave irradiation; Reusable catalyst; 

Green synthesis 
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Specification Table 

Subject area Organic Chemistry 

Compounds  Benzylamino coumarin derivatives 

Data category Spectral data 

Data acquisition format IR, NMR spectroscopy, CHN analyzer, and 

mass spectroscopy  

Data type Analyzed data 

Procedure The benzylamino coumarin derivatives 

were synthesized using sulfated titania 

(TiO2-SO4
2-

) as a heterogeneous solid acid 

catalyst via multicomponent reactions in 

water under microwave irradiation at 100 

°C.  

Data accessibility Within this article 

 

1. Rationale 

 

 Multicomponent reactions (MCRs) involve two or more reactants that incorporate 

to give highly efficient products. MCRs are significant for atom-economy, time, cost-

minimal and eco-friendly waste free synthesis of complex moieties of bioactive 

heterocycles [1]. It has gained much attention due to its diverse pharmaceutical 

applications in drug discovery [2,3]. 

Coumarins are oxygen containing heterocycles, which occur in several natural 

products [4] (Fig. 1). This framework is widespread in naturally occurring 

pyranocoumarin hybrid heterocycles including ethuliacoumarins A and B, 

isoethuliacoumarins A-C, calonone, isocalonone, pterophyllin, (+)-isoferprenin, (+)-

calanoide A and soulattroide [5–7]. 4-Hydroxycoumarins go through facile 

functionalization at 3-position through C-C bond formation [8-11]. In pharmaceuticals 

[12], the sub-structure 4-hydroxycoumarin is significant that includes warfarin, 

phenprocoumon and acenocoumarol which act as anticoagulant for several years [13]. 

Novobiocin, a highly functionalized moiety containing 4-hydroxycoumarin skeleton 
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which is an antibiotic act as Hsp90 inhibitor [14]. Additionally, coumarins show a variety 

of biologically interesting behaviours such as anti-cancer [15], anti-bacterial [16], 

antifungal, HIV protease inhibition [17], anthelminthic, phytoalexin, hypnotic, 

insecticidal and antimalarial [18], therewithal behave as an intermediate in the 

manufacturing of herbicides [19] and dyes [20].   

Green chemistry aspect is to complete removal or substitution of harmful solvents 

by eco-friendly reaction medium in chemical transformations. Water, a non-toxic, non-

flammable, and dirt-cheap solvent that is known as the benefaction of nature in the 

reaction medium and in addition, it has benefit of being an inexhaustible and almost free 

resource [21,22]. It is widely agreed that, despite certain limitations [23], water is 

virtually the perfect green solvent [24]. Additionally, the use of water as a reaction 

medium is also enhanced by the rate and selectivity of a wide variety of organic 

transformations. Moreover, certain forms of reactions in water-insoluble organic 

compounds (on-water processes) are more rapid in water with respect of heterogeneous 

phase than in organic solvents in homogenous phase [25,26]. 

The usage of environment-friendly water in transformations along with the 

microwave radiation is another important aspect in green chemistry. Many applications 

have arisen in the last few years of microwaves irradiation in organic synthesis [27], with 

the advantage of extraordinary enhancement of reaction rate, as a result of thermal 

implications associated with the production of hot spots (localised microscopic high 

temperatures) and also non-thermal effects on reactive molecules when interacted by 

highly polarized microwave radiation [28]. The non-thermal effects of a microwave are 

gradually viewed, as the reaction advances to a transition state raises the polarity of a 

system, as a result of its stabilization increases than ground state by dipole-dipole 

electrostatic interactions with an electric field of microwaves, which cause in reduction of 

the activation energy [29]. Corollary, the microwave-mediated reactions shows specific 

effects such as improved yields and selectivity (chemo-, regio-, and often product-

selectivity) with decreased impurities.  

Heterogeneous catalysts influence the industrial background mainly due to the 

recyclable, reusable and recoverable advantages [30]. These catalysts were utilized to 

examine several organic transformations which lead to better stereo and regio selectivity 
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[31,32]. TiO2 is a non-toxic, reusable and eco-friendly solid acid catalyst. TiO2 possess a 

distinctive type of surface including redox and acid-base sites. Additionally, high thermal 

stability and its amphoteric nature make titania, a favourable catalytic material. Based on 

the preparation methods, the acid-base and textural properties of titania is determined. By 

using H2SO4, sulfate are loaded which makes the catalyst more acidic compared to bare 

TiO2. Spectrophotometric studies were used to dictate surface acidity on the bases of 

irreversible adsorption of an organic base pyridine [33,34]. The quantity of pyridine 

adsorbed by 1g of TiO2-SO4
2-

 and TiO2 were 2200 and 1600 µg. This discloses that TiO2-

SO4
2-

 has more acidic sites when compare to bare TiO2 [30]. This TiO2-SO4
2-

 has been 

used for several organic transformations [30, 35-38]. 

Herein we report significant catalytic activity of sulfated titania (TiO2/SO4
2-

) for 

the one-pot three-component condensation of 4-hydroxycoumarin with an aromatic 

aldehyde and a cyclic secondary amine in water under microwave irradiation at 100 °C. 

 

2. Procedure 

 

2.1. General methods 

 

All the chemicals isopropanol (99.5% spectrochem), titanium isopropoxide 

(Himedia 98.0%), and H2SO4 (Fischer 98%) were of AnalaR grade and used as such.  

Solutions were prepared with double distilled water. For surface sulfonation 1M H2SO4 was 

used. All melting points were recorded by open capillary method. KBr pellets were used 

to make pellets and to record IR spectra using a Thermo Nicolet (Avatar 370) FT-IR 

Spectrometer. Melting points were measured in open capillary tubes and are uncorrected. 

The 
1
H, 

13
C and 2D NMR spectra were recorded on a Bruker (Avance) 300 MHz NMR 

instrument using TMS as internal standard and CDCl3 as solvent. Standard Bruker 

software was used throughout. Chemical shifts are given in parts per million (δ-scale) and 

the coupling constants are given in Hertz. Abbreviations like singlet-s, broad singlet-br s, 

doublet-d, triplet-t, and multiplet-m are used to indicate the peak multiplicities. Silica gel-

G plates (Merck) were used for TLC analysis with a mixture of petroleum ether (60–80 

o
C) and ethyl acetate as eluent. Elemental analyses were performed on a Perkin Elmer 

2400 Series II Elemental CHNS analyzer. Microwave reaction was carried out using a 

                  

Page 2905 of 3066Page 2905 of 3066



6 

 

 

Biotage Initiator Microwave Synthesizer instrument (model no.: 11922). Mass spectra 

were measured on an HP100LC (Agilent Technologies, USA). 

 

2.2. Preparation of sulfated titania (TiO2-SO4
2−

) 

 

By sol-gel method
 

TiO2-SO4
2− 

was prepared as reported earlier [38]. 

Tetraisopropyl ortho-titanate (12.5 mL) was dissolved in 2-propanol (100 mL) and 3.2 

mL of 1 M H2SO4 was added drop wise to this solution under vigorous stirring. A 

colloidal suspension was obtained and that when stirred for 4 h yielded a gel which was 

filtered, washed and dried in an air oven at 100 C for 12 h. No precipitate was obtained 

when BaCl2 was added into the filtrate ensuring that all the sulfate ions were completely 

loaded on the gel. In a muffle furnace the sample was calcinated at 400 C for 1 h. This 

catalyst contained 5 wt.% of SO4
2

. The bare TiO2 was prepared with water instead of 

H2SO4.  

 

2.3. General procedure for synthesis benzylamino coumarin derivatives (4) 

 

2.3.1. Conventional method 

 

A mixture of 4-hydroxycoumarin (1 mmol), aromatic aldehyde (1 mmol) and 

cyclic secondary amine (1 mmol) in the presence of sulfated titania (50 mg) was refluxed 

on water (10 ml) with stirring at 100 °C for 2-3 h (Table 2). After completion of the 

reaction as indicated by TLC, the reaction mixture was poured into crushed ice. The 

crude product was purified by a short column chromatography on silica gel employing 

ethyl acetate-pet.ether (1:4 v/v) as eluent to obtain pure benzylamino coumarins 4a-p. 

 

2.3.2. Under microwave irradiation 

 

A mixture of 4-hydroxycoumarin (1 mmol), aromatic aldehyde (1 mmol) and 

cyclic secondary amine (1 mmol) in the presence of sulfated titania (50 mg) in water                 

(3 ml) was taken in a 10 ml quartz vial, sealed and placed in a Biotage microwave oven. 

The vial was subjected to microwave irradiation, programmed at 100 °C, 40W, 1 bar 
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pressure and very high absorption level for the time given in Table 2. After a period of               

4-8 min required for completion of the reaction, the reaction mixture was poured into 

crushed ice, the resulting solid filtered off and washed with water to afford pure 

benzylamino coumarins 4a-p. 

 

2.3.2.1. 4-Hydroxy-3-((4-methoxyphenyl)(piperidin-1-yl)methyl)-2H-chromen-2-one (4a).  

Isolated as white solid.  Yield: 93%. Mp: 142-144 ºC. IR (KBr, cm
-1

): 3360 (OH), 3049, 

2877 (C-H), 1633 (C=O), 1558 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 1.25-1.42 

(m, 1H), 1.65-1.88 (m, 5H), 2.28-2.35 (m, 1H), 2.69-2.75 (m, 1H), 2.95 (d, 1H,  J = 12.6 

Hz), 3.19-3.23 (m, 1H), 3.75 (OCH3) (s, 3H), 5.09 (s, 1H), 6.83 (d, 2H, J = 8.7 Hz), 7.16-

7.26 (m, 3H), 7.42-7.53 (m, 2H), 7.99 (d, 1H, J = 6.9 Hz). 
13

C NMR (75 MHz, CDCl3): δ 

(ppm): 20.89, 22.14, 22.56, 36.44, 45.25, 103.52, 115.52, 120,30, 123.51, 125.33, 126.47, 

128.93, 131.24, 134.86, 137.03, 152.67, 168.12, 171.24. ESIMS: m/z 366.17 [M+H]
+
. 

Anal. Calcd for C22H23NO4:  C, 72.31; H, 6.34; N, 3.83%. Found C, 72.38; H, 6.40; N, 

3.89%. 

 

2.3.2.2. 4-Hydroxy-3-(piperidin-1-yl(o-tolyl)methyl)-2H-chromen-2-one (4b). Isolated as 

white solid. Yield: 90%. Mp: 192-194 ºC. IR (KBr, cm
-1

): 3338 (OH), 3052, 2992  (C-H), 

1677 (C=O), 1560 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 1.39-1.44                   

(m, 1H), 1.69-1.90 (m, 5H), 2.23-2.32 (m, 1H), 2.60 (CH3) (s, 3H), 2.69-2.78 (m, 1H), 

3.02 (d, 1H, J = 12.3 Hz), 3.87 (d, 1H, J = 12.3 Hz), 5.48 (s, 1H), 7.14-7.23  (m, 5H), 

7.42-7.48 (m, 1H), 7.80-7.83 (m, 1H), 7.98-8.01 (m, 1H). 
13

C NMR (75 MHz, CDCl3):                      

δ (ppm): 20.32, 22.66, 24.57, 49.29, 54.32, 95.44, 116.52, 122.92, 124.07, 127.34, 

128.35, 128.89, 130,89, 131.13, 135.00, 153.98, 173.85. ESIMS: m/z 350.17 [M+H]
+
. 

Anal. Calcd for C22H23NO3: C, 75.62; H, 6.63; N, 4.01%. Found C, 75.66; H, 6.58; N, 

3.95%. 

 

2.3.2.3. 4-Hydroxy-3-(piperidin-1-yl(p-tolyl)methyl)-2H-chromen-2-one (4c). Isolated as 

white solid. Yield: 89%. Mp: 188-190 ºC. IR (KBr, cm
-1

): 3337 (OH), 3055, 2990  (C-H), 

1670 (C=O), 1555 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 1.59-1.60 (m, 2H), 1.78 

(br s, 4H), 2.27 (CH3) (s, 3H), 3.20-3.23 (m, 4H), 6.12 (s, 1H), 7.02 (d, 2H,                         
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J = 7.8 Hz), 7.15 (d, 2H, J = 7.5 Hz), 7.45-7.49 (m, 2H), 8.08-8.09 (m, 2H). 
13

C NMR                       

(75 MHz, CDCl3): δ (ppm): 40.22, 44.48, 103.43, 115.09, 119.82, 122.56, 124.23, 

126.18, 128.14, 130.34, 133.79, 137.60, 152.30, 166.55, 169.19. ESIMS: m/z 350.17 

[M+H]
+
. Anal. Calcd for C22H23NO3: C, 75.62; H, 6.63; N, 4.01%.  Found C, 75.70, H, 

6.60, N, 3.94%. 

 

2.3.2.4. 4-Hydroxy-3-((4-isopropylphenyl)(piperidin-1-yl)methyl)-2H-chromen-2-one 

(4d). Isolated as white solid. Yield: 91%. Mp: 168-170 ºC. IR (KBr, cm
-1

): 3320 (OH), 

3063, 2885 (C-H), 1672 (C=O), 1535 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 1.18 

(d, 6H, J = 6.3 Hz), 1.58 ( br s, 2H), 1.77 (br s, 4H), 2.82-2.86 (m, 1H), 3.20 (br s, 4H), 

6.15 (s, 1H), 7.08 (d, 2H, J = 6.6 Hz), 7.17-7.25 (m, 2H), 7.45-7.47 (m, 2H), 8.09 (d, 2H,  

J = 6.9 Hz). 
13

C NMR (75 MHz, CDCl3):  δ (ppm): 22.17, 22.60, 23.91, 33.42, 42.24, 

103.54, 115.54, 123.49, 125.35, 126.20, 126.52, 131.20, 137.45, 145.79, 152.72, 168.20, 

171.35. ESIMS: m/z 378.20 [M+H]
+
. Anal. Calcd for C24H27NO3: C, 76.36; H, 7.21; N, 

3.71. Found C, 76.46; H, 7.16; N, 3.78%. 

 

2.3.2.5. 4-Hydroxy-3-((3-nitrophenyl)(piperidin-1-yl)methyl)-2H-chromen-2-one (4e). 

Isolated as white solid. Yield: 93%. Mp:192-194 ºC. IR (KBr, cm
-1

): 3349 (OH), 3136, 

2999 (C-H), 1672 (C=O), 1549 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 1.68-1.70 

(m, 2H), 1.85-1.87 (m, 4H), 3.27-3.30 (m, 4H), 6.24 (s, 1H), 7.23-7.24 (m, 2H), 7.47-

7.52 (m, 2H), 7.61 (d, 2H, J = 7.8 Hz), 7.97-8.06 (m, 2H). 
13

C NMR (75 MHz, 

CDCl3+DMSO): δ (ppm): 26.91, 27.22, 41.39, 49.70, 107.79, 120.47, 124.79, 125.21, 

126.64, 127.98, 129.49, 133.52, 135.95, 138.31, 149.01, 153.06, 157.58, 171.36, 174.51. 

ESIMS: m/z 381.14 [M+H]
+
.  Anal. Calcd for C21H20N2O5: C, 66.31; H, 5.30; N, 7.36%. 

Found C, 66.41; H, 5.26; N, 7.40%. 

 

2.3.2.6. 3-((4-Chlorophenyl)(piperidin-1-yl)methyl)-4-hydroxy-2H-chromen-2-one  (4f). 

Isolated as white solid. Yield: 97%. Mp: 188-190 ºC. IR (KBr, cm
-1

): 3353 (OH), 3045, 

2895 (C-H), 1673 (C=O), 1556 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 1.23 (m, 

1H), 1.41-1.82 (m, 5H), 2.30 (t, 1H, J = 11.10 Hz), 2.69 (t, 1H, J = 11.30 Hz), 2.86-2.96 

(m, 1H),  3.77 (d, 1H, J = 10.5 Hz), 5.08 (s, 1H), 7.18-7.25 (m, 4H), 7.41-7.46 (m, 1H), 
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7.52-7.55 (m, 2H), 7.96 (d, 1H, J = 7.5 Hz).
 13

C NMR (75 MHz, CDCl3):  δ (ppm): 22.52, 

24.34, 50.57, 53.83, 70.50, 94.73, 116.57, 120.67, 123.11, 124.17, 129.35, 130.45, 

131.47, 134.62, 135.14, 154.04, 164.09, 173.73. ESIMS: m/z 370.11 [M+H]
+
. Anal. 

Calcd for C21H20ClNO3: C, 68.20; H, 5.45; N, 3.79%. Found C, 68.16; H, 5.52; N, 

3.70%. 

 

2.3.2.7. 4-Hydroxy-3-(morpholino(o-tolyl)methyl)-2H-chromen-2-one (4g). Isolated as 

white solid. Yield: 94%. Mp: 200-202 ºC. IR (KBr, cm
-1

): 3332 (OH), 3060, 2885  (C-H), 

1680 (C=O), 1566 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 2.31-2.39 (m, 1H), 2.61 

(CH3) (s, 3H), 2.75-2.82 (m, 2H), 3.35-3.39 (m, 1H), 3.60-3.68 (m, 1H), 3.73-4.00 (m, 

3H), 5.27 (s, 1H), 7.14-7.23 (m, 2H), 7.26-7.30 (m, 3H), 7.48-7.57 (m, 2H), 7.93-7.95 

(m, 1H). 
13

C NMR (75 MHz, CDCl3): δ (ppm): 20.39, 49.02, 53.66, 65.78, 65.96, 66.35, 

99.77, 116.51, 117.86, 123.47, 127.03, 127.81, 128.64, 130.98, 131.74, 135.12, 137.54, 

153.50, 163.15, 168.10. ESIMS: m/z 352.15 [M+H]
+
. Anal. Calcd for C21H21NO4: C, 

71.78; H, 6.02; N, 3.99%. Found C, 71.86; H; 6.06; N, 3.94%. 

 

2.3.2.8. 4-Hydroxy-3-(morpholino(3-nitrophenyl)methyl)-2H-chromen-2-one (4h).  

Isolated as pale yellow solid. Yield: 88%. Mp: 188-190 ºC. IR (KBr, cm
-1

): 3320 (OH), 

3076, 2944 (C-H), 1672 (C=O), 1545 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 3.17 

(br s, 4H), 3.79 (br s, 4H), 6.20 (s, 1H), 7.07 (d, 2H, J = 7.8 Hz), 7.20-7.34 (m, 3H), 7.48 

(d, 1H, J = 6.9 Hz), 7.80-7.82 (m, 2H).
 13

C NMR (75 MHz, CDCl3+DMSO): δ (ppm): 

43.15, 62.98, 102.34, 115.00, 119.40, 119.72, 121.21, 122.52, 124.06, 128.06, 130.49, 

132.85, 143.62, 147.68, 152.17, 165.92, 169.11. ESIMS: m/z 383.12 [M+H]
+
. Anal. 

Calcd for C20H18N2O6: C, 62.82; H, 4.74; N, 7.33. Found C, 62.90; H, 4.82; N, 7.41% 

 

2.3.2.9. 3-((4-Chlorophenyl)(morpholino)methyl)-4-hydroxy-2H-chromen-2-one (4i). 

Isolated as white solid. Yield: 97%. Mp: 194-196 ºC. IR (KBr, cm
-1

): 3325 (OH), 3073, 

2945 (C-H), 1640 (C=O), 1534 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 3.28 (t, 4H, 

J = 4.8 Hz), 3.91 (t, 4H, J = 4.8 Hz), 6.08 (s, 1H), 7.17 (s, 2H), 7.27-7.32 (m, 2H),                   

7.43-7.60 (m, 2H), 8.07 (d, 2H, J = 7.2 Hz). 
13

C NMR (75 MHz, CDCl3): δ (ppm): 45.21, 

67.77, 93.85, 115.73, 121.45, 122.20, 122.27, 122.72, 123.97, 129.30, 130.67, 133.65, 
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135.29, 153.58, 163.41, 173.24. ESIMS: m/z 372.09 [M+H]
+
. Anal. Calcd for 

C20H18ClNO4: C, 64.61; H, 4.88; N, 3.77%. Found C, 64.70; H, 4.80; N, 3,68%. 

 

2.3.2.10. 3-((4-Bromophenyl)(morpholino)methyl)-4-hydroxy-2H-chromen-2-one (4j). 

Isolated as white solid. Yield: 92%.. Mp: 148-150 ºC. IR (KBr, cm
-1

): 3334 (OH), 3018, 

2930 (C-H), 1681 (C=O), 1515 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 3.12 (t, 4H, 

J = 4.8 Hz), 3.78 (t, 4H,  J = 4.5 Hz), 6.25 (s, 1H), 7.07 (d, 2H, J = 8.1 Hz), 7.20-7.26 (m, 

2H), 7.37 (d, 2H, J = 8.1 Hz), 7.51-7.56 (m, 2H), 7.84 (d, 2H J = 7.8 Hz). 
13

C NMR (75 

MHz, DMSO): δ (ppm): 43.37, 63.73, 103.48, 115.90, 118.22, 120.23, 123.35, 124.55, 

129.42, 130.94, 131.43, 142.34, 152.93, 164.93, 168.22. ESIMS: m/z 416.04 [M+H]
+
. 

Anal. Calcd for C20H18BrNO4: C, 57.71; H, 4.36; N, 3.36%.  Found C, 57.82; H, 4.28; N, 

3.44%. 

 

2.3.2.11. 4-Hydroxy-3-((4-isopropylphenyl)(morpholino)methyl)-2H-chromen-2-one (4k). 

Isolated as pale yellow solid. Yield: 87%. Mp: 185-187 ºC. IR (KBr, cm
-1

): 3310 (OH), 

3068, 2942 (C-H), 1694 (C=O), 1520 (C-N). 
1
H NMR (300 MHz, CDCl3):                          

δ (ppm): 1.13 (d, 6H, J = 6.9 H z), 2.75-2.80 (m, 1H) 3.19 (t , 4H, J = 4.5 Hz), 3.78                     

(t, 4H, J =  4.5 Hz), 6.06 (s, 1H), 7.01 (d, 2H, J = 8.1 Hz), 7.10 (d, 2H, J = 8.1 Hz),  7.16-

7.21 (m, 1H), 7.39-7.45 (m, 1H), 8.02 (d, 2H, J = 7.8 Hz). 
13

C NMR (75 MHz, 

CDCl3+DMSO): δ (ppm): 23.60, 32.98, 35.92, 43.60, 63.42, 103.48, 115.22, 119.94, 

122.79, 124.51, 125.64, 126.24, 130.56, 137.73, 145.10, 152.42, 166.95, 169.66. ESIMS: 

m/z 380.18 [M+H]
+
.  Anal. Calcd for C23H25NO4:  C, 72.80; H, 6.64; N, 3.69%. Found C, 

72.90; H, 6.70; N, 3.59%. 

 

2.3.2.12. 4-Hydroxy-3-(pyrrolidin-1-yl(o-tolyl)methyl)-2H-chromen-2-one (4l). Isolated 

as pale yellow solid. Yield: 92%. Mp: 191-193 ºC. IR (KBr, cm
-1

): 3332 (OH), 3050, 

2994 (C-H), 1692 (C=O), 1528 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 2.16-2.35 

(m, 4H), 2.73-2.79 (m, 1H), 2.84 (CH3) (s, 3H), 3.25-3.38 (m, 1H), 3.39-3.40 (m, 1H), 

3.84-3.90 (m, 1H), 5.74 (s, 1H), 7.36-7.40 (m, 3H), 7.42-7.46 (m, 2H), 7.64 (t, 1H,                     

J = 7.7 Hz), 8.18 (d, 2H, J = 7.5 Hz). 
13

C NMR (75 MHz, CDCl3): δ (ppm): 19.26, 22.41, 

22.81, 64.73, 94.75, 115.40, 120.22, 121.88, 123.03, 126.12, 126.66, 127.68, 129.76, 
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130.11, 135.38, 135.76, 152.94, 163.28, 173.07. ESIMS: m/z 336.15 [M+H]
+
. Anal. 

Calcd for C21H21NO3: C, 75.20; H, 6.31; N, 4.18%. Found C, 75.30; H, 6.39; N, 4.24%. 

 

2.3.2.13. 4-Hydroxy-3-((3-nitrophenyl)(pyrrolidin-1-yl)methyl)-2H-chromen-2-one (4m). 

Isolated as yellow solid. Yield: 88%. Mp: 182-184 ºC. IR (KBr, cm
-1

): 3339 (OH), 3025, 

2992 (C-H), 1677 (C=O), 1535 (C-N). 
1
H NMR (300 MHz, CDCl3): δ (ppm): 2.14 (br s, 

4H), 3.26 (br s, 4H), 5.49 (s, 1H), 7.17-7.25 (m, 2H), 7.43-7.49 (m, 1H), 7.50-7.56                      

(m, 1H), 7.99 (d, 1H, J = 6.6 Hz), 8.14 (d, 1H, J = 7.8 Hz), 8.18 (d, 1H, J = 7.2 Hz), 8.63 

(s, 1H). 
13

C NMR (75 MHz, CDCl3): δ (ppm): 22.74, 52.68, 66.91, 93.14, 115.29, 120.85, 

121.70, 121.84, 122.24, 123.72, 128.90, 130.23, 133.32, 139.30, 147.24, 153.13, 163.17, 

173.13. ESIMS: m/z 367.12 [M+H]
+
. Anal. Calcd for C20H18N2O5: C, 65.57; H, 4.95; N, 

7.65%. Found C, 65.48; H, 4.90; N, 7.60%. 

 

2.3.2.14. 3-((4-Chlorophenyl)(pyrrolidin-1-yl)methyl)-4-hydroxy-2H-chromen-2-one 

(4n). Isolated as white solid. Yield: 93%. Mp: 176-178 ºC. IR (KBr, cm
-1

): 3349 (OH), 

3036, 2946 (C-H), 1676 (C=O), 1550 (C-N). 
1
H NMR (300 MHz, CDCl3):                         

δ (ppm): 2.00-2.05 (m, 4H), 3.35-3.37 (m, 4H), 6.25 (s, 1H), 6.88 (t, 2H, J = 8.7 Hz), 

7.19-7.24 (m, 2H), 7.44-7.48 (m, 2H), 7.99 (d, 2H J = 8.1 Hz). 
13

C NMR (75 MHz, 

CDCl3+DMSO): δ (ppm): 28.86, 45.59, 50.33, 108.39, 119.08, 119.36, 120.28, 124.93, 

127.83, 129.55, 132.89, 132.99, 135.67, 157.49, 171.71, 174.59. ESIMS: m/z 356.10 

[M+H]
+
. Anal. Calcd for C20H18ClNO3: C, 67.51; H, 5.10; N, 3.94%. Found  C, 67.60; H, 

5.14; N, 4.03%. 

 

2.3.2.15. 4-Hydroxy-3-((4-isopropylphenyl)(pyrrolidin-1-yl)methyl)-2H-chromen-2-one 

(4o). Isolated as white solid. Yield: 94%. Mp: 161-163 ºC. IR (KBr, cm
-1

): 3346 (OH), 

3030, 2935 (C-H), 1669 (C=O), 1553 (C-N). 
1
H NMR (300 MHz, CDCl3):                        

δ (ppm): 1.18 (d, 6H, J = 6.6 Hz), 1.92 (br s, 4H), 2.80-2.85 (m, 1H), 3.34 (br s, 4H), 6.15 

(s, 1H), 7.06 (d, 2H, J = 7.8 Hz), 7.20-7.25 (m, 2H), 7.44-7.48 (m, 2H), 7.72-7.74                     

(m, 1H), 8.07 (d, 1H, J = 7.2 Hz). 
13

C NMR (75 MHz, CDCl3): δ (ppm): 23.99, 24.20, 

33.45, 36.38, 45.89, 103.62, 115.52, 120.27, 123.58, 125.23, 125.70, 126.28, 126.47, 

129.65, 131.28, 137.50, 145.83, 152.67, 168.05, 170.85. ESIMS: m/z 364.18 [M+H]
+
. 
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Anal. Calcd for C23H25NO3: C, 76.01; H, 6.93; N, 3.85%. Found C, 76.09; H, 6.97; N, 

3.77 %. 

 

2.3.2.16. 3-((2,4-dichlorophenyl)(pyrrolidin-1-yl)methyl)-4-hydroxy-2H-chromen-2-one  

(4p). Isolated as pale yellow solid. Yield: 89%. Mp: 149-151 ºC. IR (KBr, cm
-1

): 3338 

(OH), 3015, 2938 (C-H), 1664 (C=O), 1534 (C-N). 
1
H NMR (300 MHz, CDCl3):                 

δ (ppm): 2.00 (br s, 1H), 2.12-2.14 (m, 3H), 2.84 (br s, 1H), 2.98-3.03 (m, 1H), 3.18-3.21                       

(m, 1H), 3.67 (br s, 1H), 5.98 (s, 1H), 7.15-7.24 (m, 4H), 7.42-7.52 (m, 2H), 7.87-7.97                       

(m, 1H), 7.97-7.99 (m, 1H). 
13

C NMR (75 MHz, CDCl3): δ (ppm): 22.92, 65.03, 93.96, 

115.74, 120.46, 122.34, 123.66, 127.65, 130.44, 130.77, 131.91, 132.70, 137.31, 153.45, 

163.21, 173.64. ESIMS: m/z 390.06 [M+H]
+
. Anal. Calcd for C20H17Cl2NO3: C, 61.55; 

H, 4.39; N, 3.59%. Found C, 61.65; H, 4.46; N, 3.63%. 

 

3. Data, value and validation 

 

Initially, we started our investigation using 4-hydroxycoumarin 1 (1 mmol),                    

2-methylbezaldehyde 2g (1 mmol), and morpholine 3 (1 mmol) were employed as 

reactants for the model reaction to the synthesize the bezylamino coumarin derivative 4g 

(Scheme 1) in the presence of sulfated titania (TiO2/SO4
2-

) (50 mg) as a solid acid 

catalyst under conventional thermal conditions (Table 1). When the reaction was carried 

out in the absence of catalyst, the yield was 10% (Table 1, entry 10), in presence of bare 

TiO2 (without sulfate) the yield was 48% (Table 1, entry 14) and when the reaction 

carried out in solvent-free condition in the presence of sulfated titania (TiO2/SO4
2-

) 

catalyst (Table 1, entry 9) it is 12%. Thus, the sulfated titania catalyst plays an essential 

role for the synthesis of bezylamino coumarin derivative 4g. Subsequent various polar 

protic and aprotic solvents such as water, ethanol, methanol, tetrahydrofuran (THF), 

chloroform, N,N-dimethylforamide (DMF), acetonitrile, and dioxane were evaluated 

(Table1, entries 1-8). The reaction was monitored by TLC. In TLC it was observed that 

traces of reactants were present along with the product. So, the purification of the product 

4g was effected by column chromatography. As indicated in Table 1, the reaction 
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performed in water at 100 ºC for 2 h (Table 1 entry 8) was found much better than other 

solvents under reflux condition. 

Further the amount of the catalyst sulfated titania was optimized by carrying out 

the reaction with different quantities (25 to 100 mg) of catalyst in water at 100 ºC. The 

results shown in Table 1 indicate that increase in the catalyst load from 0 to 50 mg 

increase the yield of 4g from 10 to 82%. However, further increase of the amount of the 

sulfated titania to 75 and 100 mg has almost no effect on the yield (82%). Therefore            

50 mg of sulfated titania (TiO2-SO4
2-

) catalyst was assumed the reaction proceeded 

smoothly and offered the desired bezylamino coumarin derivative 4g in good yield (Table 

1, entry 8). This may be attributed to the increase in the number of TiO2-SO4
2-

 particles. 

With these finding, we have selected for the preparation of bezylamino coumarin 

derivative 4g in an attractive manner. 

This reaction was further investigated under microwave irradiation with a view to 

exploring whether (i) the transformation proceeds more efficiently and (ii) the use of 

microwaves leads to a diminution in impurity enabling a simplified purification of the 

product avoiding organic solvents. Initially, the model reaction of an equimolar mixture 

of 4-hydroxycoumarin 1, 2-methylbezaldehyde 2g and morpholine 3 (Table 2, Scheme 1) 

in the presence of sulfated titania (TiO2/SO4
2-

) (50 mg) as a solid acid catalyst in water 

using under focused microwaves at 100 °C was performed. After completion of the 

reaction (TLC) which took 5 min., the pure product 4g could be obtained by simple 

filtration and washing with water in 94% yield in short contrast to chromatographic 

purification required in the case of thermal reactions. This discloses that the reaction 

under microwaves results in clean product, besides proceeding efficiently affording better 

yields of 4a-p (87-97%) than the thermal reaction (Table 1). Hence all subsequent 

reactions of 4-hydroxycoumarin with different aromatic aldehyde and cyclic secondary 

amine were performed in the presence of sulfated titania (TiO2/SO4
2-

) (50 mg) as a solid 

acid catalyst in water under microwave irradiation at 100 °C, which proceeded rapidly, 

requiring only 5-8 min for completion compared to thermal reactions at 100 °C which 

took nearly 2-3 hours (Table 2).  

To best of our knowledge only six reports on the synthesis of bezylamino 

coumarin derivatives have been published via functionalization of coumarin by using, 
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Triton X-100 [39], InCl3 in toluene under nitrogen atmosphere [40], nano-crystalline ZnO 

in water [41], nano-crystalline TiO2 in ethanol [42], CuO nanoparticles in water [43] and 

Fe3O4@ZrO2/SO4
2-

 in acetonitrile [44]. These methods suffer from some drawbacks such 

as use of expensive non-recoverable surfactant, inadequate yields, triton X-100 and 

indium chloride, which are significantly hazardous (as per their MSDS), long reaction 

times, use of organic solvents for performing reaction/crystallization/extraction/ 

chromatographic purification of the product and use of nitrogen atmosphere, contrary to 

the present sulfated titania expedient microwave-mediated protocol, which completely 

avoids the use of organic solvents. 

The structure of all the synthesized bezylamino coumarin derivatives 4a-p were 

fully characterized by melting point, elemental analysis, IR, 
1
H, 

13
C and 2D NMR 

spectral data. The IR spectrum (Fig. S1 and vide Supplementary material) of compound 

4g showed four intense absorption bands at 3360, 2877, 1633 and 1558 cm
-1

, 

characteristic for OH group of 4-hydroxycoumarin, aromatic C-H and C=O group of                 

4-hydroxycoumarin ring, and C-N functionalities, respectively. In the proton NMR 

spectrum (Fig. S2 and vide Supplementary material) of 4-hydroxy-3-(morpholino(o-

tolyl)methyl)-2H-chromen-2-one, 4g exhibited a singlet at δ 5.27 for methine proton                    

(C-H) of benzylamino group. The methylene protons of morpholine ring appear as 

multiplets in the region at δ 2.31-2.39, 2.75-2.82, 3.35-3.39, 3.60-3.68, and 3.73-4.00. 

The aromatic ring attached methyl protons appear as singlet at δ 2.61. The eight aromatic 

protons appeared as multiplets in the region δ 7.14-7.95.  

In the 
13

C NMR spectrum (Fig. S3 and vide Supplementary material) of 4g, peaks 

at δ 168.10, 99.77, and 163.15 are corresponding to C-2, C-3, and C-4 carbons of                              

4-hydroxycoumarin ring, respectively. The aromatic ring carbons appeared in the region 

of δ 116.51-153.50. The morpholine ring carbons at C-2′, C-6′, C-3′ and C-5′ appeared at 

δ 66.35, 65.78, 53.66 and 49.03, respectively. The methine carbon (C-H) of benzylamino 

group appeared at δ 65.96. The methyl carbon in aromatic ring resonates at δ 20.39. The 

structure was additionally confirmed by 2D NMR spectral studies.   

The HSQC correlation of 4g (Fig. S4 and vide Supplementary material) helped to 

assign the carbon signal at δ 65.96 is correlated with the singlet at δ 5.27. The singlet at δ 

5.27 is assignable to the methine proton (C-H) of benzylamino group. The long range of 
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HMBC correlation (Fig. S5 and vide Supplementary material) showed the correlation of 

characteristic methine proton (C-H) of benzylamino group at δ 5.27 (s, 1H) with                        

4-hydroxycoumarin ring C=O carbon (C-2) at δ 168.10, ipso carbons (C-3 & C-4) at δ 

99.77 and 163.15 and methylene carbon (C-3′) of morpholine ring at δ 53.66 (Fig. 2). The 

presence of the three ipso carbons C-2, C-3, and C-4 carbons at δ 168.10, 99.77, and 

163.15 were confirmed by the absence of its signals in the DEPT-135 spectrum (Fig. S6 

and vide Supplementary material) in compound 4g. The resonance due to morpholine 

ring methylene carbons C-2′, C-6′, C-3′ and C-5′ were observed at δ 66.35, 65.78, 53.66 

and 49.03 respectively as negative peaks in the DEPT-135 spectrum. The methine and 

methyl carbons are at δ 65.96 and 20.39 as positive peaks in the DEPT-135 spectrum. 

Based on the above spectral evidence and elemental analysis data supported the structure 

as 4-hydroxy-3-(morpholino(o-tolyl)methyl)-2H-chromen-2-one, 4g. The structure of 

other bezylamino coumarin derivatives 4a-p was also elucidated based on similar 

analysis.  

The Bronsted acidities reported for bare TiO2 and 5 wt.% TiO2-SO4
2 

by
 

TPD 

(Temperature Programmed Desorption) method using 2,6-dimethylpyridine as probe, are 

0.77 and 5.17 respectively [45]. Bronsted acidity of TiO2-SO4
2

 is about 7 times than bare 

TiO2. Since the TiO2-SO4
2

 has been reported to have more Bronsted (proton) acidic sites, 

acid catalyzed mechanism is proposed for this reaction (Scheme 2).  It was also reported 

[46] that the sulfated titania (TiO2-SO4
2-

) possesses as many Lewis acid sites as Bronsted 

acid sites. The superacidity can be attributed to the Bronsted acidic hydroxyl groups 

attached to Ti atom, being generated by interaction with water and also already existing. 

The acidity is enhanced by the generation of Lewis acid sites due to -I effect exerted by 

attached SO4
2- 

ions to Ti atoms. These factors promote the overall reaction by activating 

the aldehydes. In general, Mannich reactions occur in presence of acid catalysts, which 

could enhance the electrophilicity of aldehyde and facilitate the removal of water from 

the initially formed aminol generating the iminium ion. However, in the present case, the 

reaction proceeds both under thermal and microwave irradiation conditions in the 

sulfated titania (TiO2-SO4
2

) as a solid acid catalyst. This mechanism involves the 

protonation of aldehyde by acidic TiO2-SO4
2

 and enhances the electrophilicity of 

aldehyde and to give intermediate A. Nucleophilic attack of secondary amine to electron 

                  

Page 2915 of 3066Page 2915 of 3066



16 

 

 

deficient carbonyl carbon of the aldehyde intermediate A which gives intermediate B 

followed by proton transfer from nitrogen to oxygen to give an intermediate C. This on 

further dehydration produces iminium cation D. Nucleophilic addition of                                        

4-hydroxycoumarin molecule to intermediate D to give intermediate E. The intermediate E 

deprotonation take place readily to give intermediate F and tautomerization of F, leads to the 

desired product 4a-p. Solid acid catalyst sulfated titania (TiO2-SO4
2

) promotes protonation, 

dehydration, and deprotonation. 

To investigate the reusability of the catalyst was performed in order to satisfy the 

green chemistry criteria. The reaction between 4-hydroxycoumarin 1,                                          

2-methylbezaldehyde 2g and morpholine 3 was chosen as the model reaction. The 

reactants were mixed in 1:1:1 molar ratio with sulfated titania (TiO2/SO4
2-

) (50 mg) as a 

solid acid catalyst in water (3 ml) using under focused microwaves at 100 °C for 5 min. 

When the reaction was reaction was complete, ethyl acetate was added to the solidified 

mixture and the insoluble catalyst was separated by filtration and dried at 100 °C for 1 h. 

The recycled catalyst could be used 5 times without any treatment and no appreciable 

loss in its catalytic activity was observed up to the fifth runs (95%) (Table 3). 

 

4. Conclusion 

 

In conclusion, we have developed a simple, highly efficient and green protocol for 

the synthesis of benzylamino coumarin derivatives via the multicomponent reactions of 

4-hydroxycoumarin, aromatic aldehyde and cyclic secondary amine in water using 

sulfated titania (TiO2-SO4
2

) as a heterogeneous solid acid catalyst under microwave 

irradiation at 100 °C. The advantages of this protocol are simple reaction procedure, high 

yield, easy work-up, short reaction time, and reusability of sulfated titania (TiO2-SO4
2

) 

and its high adaptability for the synthesis of benzylamino coumarin derivatives in good to 

excellent yields. To the best of our knowledge, this is the first report on the synthesis of 

benzylamino coumarin derivatives in this catalytic way. The catalyst can be recovered by 

filtration and reused. This process is more economical and eco-friendly and we believe this 

novel methodology will have wide application in organic synthesis. 
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Fig. 1. Some naturally occurring coumarin alkaloids and drugs. 
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Scheme 1. Synthesis of benzylamino coumarin derivatives 4a-p catalyzed by sulfated 

titania (TiO2-SO4
2

) under microwave irradiation at 100 °C. 
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Table 1. Screening of catalyst, catalyst amount and solvent effect on synthesize the 

bezylamino coumarin derivatives 4g under conventional method. 

Entry 

Catalyst  

Solvent 

Catalyst 

amount 

(mg) 

Reaction 

Time (h.) 

Temp. 

(
o
 C) 

Yield of 

4g (%)
a 

1 TiO2-SO4
2− 

 Acetonitrile 50 4 85 73 

2 TiO2-SO4
2− 

 Methanol 50 5 65 77 

3 TiO2-SO4
2− 

 Ethanol 50 4 80 78 

4 TiO2-SO4
2− 

 THF 50 5 70 67 

5 TiO2-SO4
2− 

 Chloroform 50 7 62 50 

6 TiO2-SO4
2− 

 DMF 50 3 140 70 

7 TiO2-SO4
2− 

 Dioxane 50 3 105 63 

8 TiO2-SO4
2− 

 Water 50 2 100 82 

9 TiO2-SO4
2− 

 Solvent-free 50 3 100 12 

10 -
 
 Water - 2 100 10 

11 TiO2-SO4
2− 

 Water 25 2 100 70 

12 TiO2-SO4
2− 

 Water 75 2 100 82 

13 TiO2-SO4
2− 

 Water 100 2 100 82 

14 TiO2 Water 50 2 100 48 

aIsolated yield after purification by column chromatography 
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Table 2. Synthesis bezylamino coumarin derivatives 4a-p via Mannich type reaction by 

using various aromatic aldehydes, cyclic secondary amine and 4-hydroxycoumarin 

catalyzed by sulfated titania (TiO2/SO4
2-

) in water at 100 °C under thermal and 

microwave irradiation conditions. 

Entry Comp. Amines Ar Reaction time Yield (%) 

Thermal  

100 °C 

(h)
a 

MW  

100 °C 

(min)
b
 

Thermal
a 

MW
b, Lit 

1 4a Piperidine 4-MeOC6H4 2 5 72 93
42 

2 4b Piperidine 2-MeC6H4 3 5 73 90 

3 4c Piperidine 4-MeC6H4 3 4 69 89
42

 

4 4d Piperidine 4-Pr
i
C6H4 3 5 64 91 

5 4e Piperidine 3-O2NC6H4 3 5 63 93 
42 

6 4f Piperidine 4-ClC6H4 2 5 77 97
40 

7 4g Morpholine 2-MeC6H4 2 5 60 94 

8 4h Morpholine 3-O2NC6H4 3 4 71 88
42 

9 4i Morpholine 4-ClC6H4 2 5 75 97 

10 4j Morpholine 4-BrC6H4 2 5 63 92 

11 4k Morpholine 4-Pr
i
C6H4 3 8 71 87 

12 4l Pyrrolidine 2-MeC6H4 2 5 65 92 

13 4m Pyrrolidine 3-O2NC6H4 3 5 67 88
42 

14 4n Pyrrolidine 4-ClC6H4 2 4 70 93
41 

15 4o Pyrrolidine 4-Pr
i
C6H4 3 4 66 94 

16 4p Pyrrolidine 2,4-ClC6H3 3 5 64 89
40 

a Conventional thermal method; Catalyst amount (50 mg) 

bReaction under focused microwaves; Catalyst amount (50 mg) 
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Table 3. Reusability of catalyst (TiO2-SO4
2

) in the synthesis of bezylamino coumarin 4g. 

Run 1 2 3 4 5 

Yield (%)
a
 96.0 96.0 95.0 95.0 95.0 

 aIsolated yield 
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 A series of highly functionalized piperidines was obtained in good to excellent yields.  

 First time reported synthesis of piperidines using sulfated titania as a solid acid catalyst. 

 This sulfated titania gives a good to excellent yield with lesser reaction time.  

 Higher catalytic activity of sulfated titania is due to its increased Bronsted acidity. 
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ABSTRACT 

An efficient and one-pot procedures have been developed for the synthesis of highly 

functionalized piperidine derivatives via pseudo five-component reactions in the presence of 

sulfated titania (TiO2-SO4
2-

) as a heterogeneous solid acid catalyst was reported for the first 

time. The pseudo five-component reactions of aromatic aldehydes, aromatic amines, and                    

β-keto esters catalysed by sulfated titania (TiO2-SO4
2-

) in methanol at 70ºC provides highly 

functionalized piperidine derivatives in good to excellent yields. The structure as well as the 

relative stereochemistry of these functionalized piperidines was confirmed by melting points, 

IR, 
1
H, and 

13
C NMR spectral data and single crystal X-Ray analysis. This sulfated titania 

(TiO2-SO4
2-

) gives an good to excellent yield with short reaction time and is inexpensive, 
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easily recyclable catalytic material for this reaction. Higher catalytic activity of sulfated 

titania (TiO2-SO4
2-

) is due to its increased Bronsted acidity. 

Keywords: Highly functionalized piperidines; Sulfated titania; Multi-component reaction; 

Reusable catalyst; NMR; SXRD 
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Specification Table 

Subject area Organic Chemistry 

Compounds  Highly functionalized piperidine 

derivatives 

Data category Spectral data 

Data acquisition format IR, NMR spectroscopy, CHN analyzer, and 

single crystal X-Ray analysis 

Data type Analyzed data 

Procedure The highly functionalized piperidine 

derivatives were synthesized using sulfated 

titania (TiO2-SO4
2-

) as a heterogeneous 

solid acid catalyst via pseudo five-

component reactions in methanol at 70ºC. 

Data accessibility Within this article 

 

 

1. Rational 

Multicomponent reactions (MCRs) are involved for the construction of highly 

functionalized organic motifs and pharmacologically significant heterocycles in a single step 

and eco-friendly pathway [1]. Interestingly, it has attracted researchers due to its high degree 

of atom economy, simplified experimental and workup procedures, lower pollution, power 

consumption and high yield of desired products [2-4].  

 Piperidine skeleton is a structural trait of drug candidates and several alkaloids and 

huge amount of piperidine compounds were mentioned in clinical and preclinical trials [5]. 

The piperidine scaffolds posses diverse pharmacological activities including antibacterial [6], 

                  

Page 2935 of 3066Page 2935 of 3066



anti-hypertensive [7], anti-inflammatory agents [8], anticonvulsant, norepinephrine reuptake 

inhibitors (CTDP 31, 446) [9], antidepressant drug [10], farnesyltransferase inhibitors [11], 

antipsychotic agent (MDL-100907) [12], diabetes [13], and cancer metastasis [14]. The 

highly efficient piperidines were synthesized using wide range of catalysts such as sodium 

ethoxide [15], FeCl3.6H2O [16], cerium trichloride [17], Bi(OTf)3 [18], TrCl [19], EDDF 

[20], p-TsOH.H2O [21], SbI3 [22], Al(H2PO4)3 [23], IrCl4 [24], Sta-SO3H [25], [Dsbim]Cl 

[26], L-proline nitrate [27], PSSA [28], alum [29], [K
+
PEG]Br3

- 
[30], (±)-CSA [31], SLS 

[32], Co(NO3)2.6H2O [33], Cr(NO3)3.9H2O [34], lactic acid [35], Zn(HSO4)2 [36], thiourea 

dioxide [37], SBA-15/E-SMTU-Cu
II 

[38], NAG [39], TCT [40], TMSI [41], I2 [42], ascorbic 

acid [43], [Hpyro][HSO4] [44], TiCl2.2H2O [45], p-sulfonic acid calix[n]arenes [46], 

Bi(NO3)3.5H2O [47], [Hmim]HSO4, [TMG]ClO4, [TMG]TFA [48], AcOH [49], Cl3CCO2H 

[50], B(C6F5)3 [51], Ce(OTf)4 [52], SSA [53], tartaric acid [54], BiBr3 [55], TBAB/I2 [56], 

Fe2O3-BIM tribromide [57], I2/KI/AER-400Cl [58], H2NSO3H [59] and CAN [60]. Syntheses 

of piperidines using these methodologies have numerous obstacles like long duration of 

reaction, toxic catalyst, low yields, worse reaction conditions, difficulty in preparation or 

expensive catalysts.  

 The design of molecular products and procedure that minimize or eliminate the use 

and creation of hazardous materials has lead to the design of catalysts and catalytic system to 

attain the twin goals of environmental conservation and cost-effectively [61]. Heterogeneous 

catalysts influence the industrial background mainly due to the reusability and recovery 

benefits [62]. These catalysts were utilized to examine several organic transformations which 

lead to better stereo and regio selectivity [63,64].  

TiO2 is a non-toxic, reusable and eco-friendly solid acid catalyst. TiO2 possess a 

distinctive type of surface including redox and acid-base sites. Additionally, high thermal 

stability and its amphoteric nature make titania, a favourable catalytic material. Based on the 

preparation methods, the acid-base and textural properties of titania is determined. By using 

H2SO4, sulfate are loaded which makes the catalyst more acidic compared to bare TiO2. 

Spectrophotometric studies were used to dictate surface acidity on the bases of irreversible 

adsorption of an organic base pyridine [65,66]. The quantity of pyridine adsorbed by 1g of 

TiO2-SO4
2-

 and TiO2 were 2200 and 1600 µg. This discloses that TiO2-SO4
2-

 has more acidic 

sites when compare to bare TiO2 [62]. This TiO2-SO4
2-

 has been used for several organic 

transformations [62, 67-70]. 
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 Herein, we have reported an easily separable, reusable, environmental friendly and 

highly effective catalytic unit TiO2-SO4
2-

 for the synthesis of piperidine derivatives with 

excellent yields. 

 

 

 

 

 

 

 

 

 

2. Procedure  

2.1. General methods 

All the chemicals isopropanol (99.5% spectrochem), titanium isopropoxide (Himedia 

98.0%), and H2SO4 (Fischer 98%) were of AnalaR grade and used as such.  Solutions were 

prepared with double distilled water. For surface sulfonation 1 M H2SO4 was used. All melting 

points were recorded by open capillary method. KBr pellets were used to make pellets and to 

recorfd IR spectra using a Thermo Nicolet (Avatar 370) FT-IR Spectrometer. TMS was used 

as a reference and CDCl3 as solvent to record 
1
H (400 MHz), and 

13
C (100 MHz) spectra in a 

Bruker Avance III Spectrometer. Abbreviations like singlet- s, broad singlet-br s, doublet-d, 

doublet of doublet-dd, triplet-t, quartet-q and multiplet-m are used to indicate the peak 

multiplicities. Using a Perkin Elmer 2400 Series II Elemental CHNS analyzer elemental 

analyses were performed. To record the single crystal X-ray diffraction of the crystals Bruker 

SMART-APEX CCD diffractometer equipped with Mo kα (0.71073 Å) radiation was used. 

  

2.2. Single-crystal X-ray diffraction studies 

 

  A fine sealed tube at 25°C along with a graphite monochromator was used. Multi ψ-

scans were carried out for the absorption correction and the data was reduced using 

CrysAlis
pro

 software. The structure was solved by using SHELXL-97 software [71] and 

refined by full-matrix least squares against F
2
. By adopting the slow evaporation solution 

through method using ethanol as the solvent at room temperature the single crystal of 4b was 

obtained.  The crystal structure of 4b is deposited at Cambridge Crystallographic Data Centre 

(CCDC 1061214).  
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2.3. Preparation of sulfated titania (TiO2-SO4
2−

) 

 

By sol-gel method
 
TiO2-SO4

2− 
was prepared as reported earlier [62]. Tetraisopropyl 

ortho-titanate (12.5 mL) was dissolved in 2-propanol (100 mL) and 3.2 mL of 1 M H2SO4 

was added drop wise to this solution under vigorous stirring. A colloidal suspension was 

obtained and that when stirred for 4 h yielded a gel which was filtered, washed and dried in 

an air oven at 100C for 12 h. No precipitate was obtained when BaCl2 was added into the 

filtrate ensuring that all the sulfate ions were completely loaded on the gel. In a muffle 

furnace the sample was calcinated at 400C for 1 h. This catalyst contained 5 wt.% of SO4
2

. 

The same procedure was followed to obtain catalysts with 1, 2, 3, 4 and 7 wt.% of SO4
2

. The 

bare TiO2 was prepared with water instead of H2SO4.  

 

2.4. General procedure for the synthesis of highly functionalized piperidine derivatives (4a-o) 

 

The β-keto esters 3 (1 mmol), and aromatic amines 2 (2 mmol) are dissolved in 

methanol (15 ml) and stirred at room temperature in the presence of sulfated titania (TiO2-

SO4
2−

 ) solid superacid (50 mg) for 30 min. The aromatic aldehyde 1 (2 mmol), was added 

into this mixture and refluxed at 70C for 20-60 min. The resulted solid was filtered and 

washed with methanol. The obtained solid and dissolved in ethyl acetate and filtered to 

remove the TiO2-SO4
2−

. The filtrate was evaporated and dried to yield the pure product. 

 

2.4.1. Ethyl 1,2,6-triphenyl-4-(phenylamino)-1,2,5,6-tetrahydropyridine-3-carboxylate (4a).  

Reaction time 30 min, colourless solid, mp 173-175ºC, yield 90%. IR: νmax (KBr, cm
-1

) 1587 

(C═C), 1653 (C═O), 3246 (NH). 
1
H NMR (400 MHz, CDCl3)  δ: 1.46 (COOCH2CH3)        

(t, 3H,   J = 7.2 Hz),  2.76 (H-5a) (dd, 1H,  J = 2.6 & 15.0 Hz),  2.87 (H-5e) (dd, 1H, J = 5.8 

& 15.0 Hz), 4.29-4.37 (OCH2) (m, 1H), 4.42-4.49 (OCH2) (m, 1H), 5.14 (H-6) (d, 1H,                

J = 3.6 Hz), 6.28 (dd, 2H,  J = 2.0 & 7.6 Hz, -Ar-H), 6.46 (H-2) (br s, 1H), 6.52 (d, 2H,                    

J = 8.4 Hz, -Ar-H), 6.59 (t, 1H,  J = 7.2 Hz, -Ar-H), 7.04-7.09 (m, 5H, -Ar-H), 7.16 (dd, 2H,  

J = 1.8 & 7.4 Hz, -Ar-H), 7.21 (d, 1H,  J = 7.2 Hz, -Ar-H), 7.24-7.29 (m, 5H, -Ar-H), 7.34  

(d, 2H,  J = 7.6 Hz, -Ar-H), 10.25 (s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) δ: 14.80 

(COOCH2CH3), 33.64 (C-5), 55.16 (C-2), 58.24 (C-6), 59.68 (OCH2), 98.30 (C-3), 112.99, 

116.17, 125.66, 125.79, 126.27, 126.42, 126.65, 127.12, 128.23, 128.61, 128.83, 128.89, 
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137.95, 142.79, 144.09, 147.02, 156.05 (C-4), 168.24 (C═O). Anal. Calcd. for C32H30N2O2: 

C, 80.98; H, 6.37; N, 5.90%. Found:  C, 80.88; H, 6.42; N, 6.04%.  

 

2.4.2 Methyl 2,6-bis(4-chlorophenyl)-1-phenyl-4-(phenylamino)-1,2,5,6-tetrahydropyridine-

3-carboxylate (4b). Reaction time 30 min, colourless solid, mp 188-190ºC, yield 92%. IR: 

νmax (KBr, cm
-1

) 1591 (C═C), 1656 (C═O), 3240 (NH). 
1
H NMR (400 MHz, CDCl3)  δ:  2.74 

(H-5a) (dd, 1H, J = 2.8 & 15.2 Hz),  2.82 (H-5e) (dd, 1H, J = 5.6 & 15.2 Hz), 3.92 

(COOCH3) (s, 3H), 5.09 (H-6) (d, 1H, J = 2.8 Hz), 6.35 (H-2) (br s, 1H), 6.40 (d, 2H,  J = 8.0  

Hz, -Ar-H), 6.45 (d, 2H, J = 8.4 Hz, -Ar-H), 6.63 (t, 1H,  J = 7.2 Hz, -Ar-H), 7.04 (d, 2H,                   

J =7.2 Hz, -Ar-H), 7.06-7.11 (m, 1H, -Ar-H), 7.13-7.16 (m, 3H, -Ar-H), 7.22-7.24 (m, 7H,                  

-Ar-H), 10.24 (s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) δ:  33.69 (C-5), 51.16 (COOCH3), 

54.77 (C-2), 57.37 (C-6), 97.57 (C-3), 112.96, 116.78, 125.76, 126.05, 127.78, 128.05, 

128.42, 128.79, 129.03, 129.06, 132.18, 132.90, 137.63, 140.94, 142.38, 146.48, 156.01                

(C-4), 168.30 (C═O). Anal. Calcd. for C31H26Cl2N2O2: C, 70.32; H, 4.95; N, 5.29%. Found:  

C, 70.20; H, 4.85; N, 5.42%.  

 

2.4.3. Methyl 2,6-bis(4-methylphenyl)-1-phenyl-4-(phenylamino)-1,2,5,6-tetrahydropyridine-

3-carboxylate (4c). Reaction time 20 min, colourless solid, mp 211-213ºC, yield 91%. IR: 

νmax (KBr, cm
-1

) 1589 (C═C), 1656 (C═O), 3250 (NH). 
1
H NMR (400 MHz, CDCl3) δ: 2.31 

(CH3) (s, 3H), 2.33 (CH3) (s, 3H), (2.75 (H-5a) (dd, 1H, J = 2.4 & 14.8 Hz), 2.86 (H-5e)               

(d, 1H, J = 5.6 & 14.8 Hz), 3.92 (COOCH3) (s, 3H), 5.10 (H-6) (d, 1H,  J = 3.6 Hz), 6.39         

(H-2) (br s, 1H), 6.30 (dd, 2H,  J = 1.6 & 7.6  Hz, -Ar-H), 6.52 (d, 2H, J = 8.4 Hz, -Ar-H), 

6.58 (t, 1H, J = 7.4 Hz, -Ar-H), 7.02-7.10 (m, 11H, -Ar-H), 7.19 (d, 2H, J = 8.0 Hz, -Ar-H),  

10.24 (s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) δ: 21.00 (CH3), 21.08 (CH3),  33.65 (C-5), 

50.96 (COOCH3), 54.94 (C-2), 57.92 (C-6), 98.13 (C-3), 112.91, 115.99, 125.61, 125.81, 

126.32, 126.55, 128.79, 128.83, 128.92, 129.25, 135.76, 136.60, 137.96, 139.69, 140.96, 

147.07, 156.26 (C-4), 168.59 (C═O). Anal. Calcd. for C33H32N2O2: C, 81.12; H, 6.60; N, 

5.73%. Found:  C, 81.01; H, 6.50; N, 5.87%.  

 

2.4.4. Methyl 2,6-bis(4-bromolphenyl)-1-phenyl-4-(phenylamino)-1,2,5,6-tetrahydropyridine-

3-carboxylate (4d). Reaction time 40 min, colourless solid, mp 245-247ºC, yield 89%. IR: 

νmax (KBr, cm
-1

) 1589 (C═C), 1658 (C═O), 3215 (NH). 
1
H NMR (400 MHz, CDCl3) δ: 2.73 

(H-5a) (dd, 1H, J = 2.8 & 15.2 Hz), 2.81 (H-5e) (dd, 1H, J = 5.6 & 15.2 Hz), 3.92 

(COOCH3) (s, 3H), 5.07 (H-6) (d, 1H, J = 2.8 Hz),  6.34 (H-2) (br s, 1H), 6.40 (dd, 2H,                         
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J = 1.0 & 7.8  Hz, -Ar-H), 6.45 (d, 2H,  J = 8.0 Hz, -Ar-H), 6.64 (t, 1H,  J = 7.2 Hz, -Ar-H), 

6.99 (d, 2H, J = 8.4 Hz, -Ar-H ), 7.05-7.09 (m, 2H, -Ar-H), 7.13-7.15 (m, 1H, -Ar-H), 7.16-

7.19 (m, 4H, -Ar-H), 7.38 (d, 2H, J = 8.4 Hz, -Ar-H ), 7.39 (d, 2H, J = 8.8 Hz, -Ar-H ), 10.23 

(s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) δ:  33.64 (C-5), 51.16 (COOCH3), 54.81 (C-2), 

57.42 (C-6), 97.49 (C-3), 112.95, 116.81, 120.27, 120.95, 125.78, 126.07, 128.14, 128.44, 

129.03, 129.06, 131.36, 131.73, 137.60, 141.46, 142.91, 146.43, 155.99 (C-4), 168.27 

(C═O). Anal. Calcd. for C31H26Br2N2O2: C, 60.21; H, 4.24; N, 4.53%. Found: C, 60.30; H, 

4.32; N, 4.69%.  

 

2.4.5. Methyl 2,6-bis(4-methylphenyl)-1-(4-bromophenyl)-4-(4-bromophenylamino)-1,2,5,6-

tetrahydropyridine-3-carboxylate (4e). Reaction time 20 min, colourless solid, mp 228-

230ºC, yield 91%. IR: νmax (KBr, cm
-1

) 1600 (C═C), 1651 (C═O), 3246 (NH). 
1
H NMR (400 

MHz, CDCl3)  δ:  2.32 (CH3) (s, 3H), 2.34 (CH3) (s, 3H), 2.69 (H-5a) (dd, 1H,  J = 2.4 

&15.2 Hz), 2.84 (H-5e) (dd, 1H, J = 5.6 & 15.2 Hz), 3.92 (COOCH3) (s, 3H), 5.05 (H-6)    

(d, 1H,  J = 4.0 Hz),  6.13 (d, 2H,  J = 8.4  Hz, -Ar-H), 6.31 (H-2) (br s, 1H), 6.38 (d, 2H,                             

J = 9.2 Hz, -Ar-H), 7.01 (d, 2H,  J = 8.0 Hz, -Ar-H), 7.07-7.10 (m, 5H, -Ar-H), 7.11-7.15              

(m, 3H, -Ar-H), 7.20 (d, 2H,  J = 8.8  Hz, -Ar-H),  10.18 (s, 1H, NH). 
13

C-NMR (100 MHz, 

CDCl3) δ: 20.99 (CH3), 21.09 (CH3), 33.46 (C-5), 51.15 (COOCH3), 55.07 (C-2), 57.99                     

(C-6), 98.74 (C-3), 108.29, 114.56, 119.07, 126.22, 126.39, 127.28, 129.07, 129.45, 131.53, 

131.95, 136.15, 137.00, 137.07, 139.06, 140.08, 145.98, 155.40 (C-4), 168.47 (C═O). Anal. 

Calcd. for C33H30Br2N2O2: C, 61.32; H, 4.68; N, 4.33%. Found:  C, 61.60; H, 4.75; N, 4.45%.  

 

2.4.6. Methyl 2,6-diphenyl-1-(4-methylphenyl)-4-(4-methylphenylamino)-1,2,5,6-

tetrahydropyridine-3-carboxylate (4f). Reaction time 20 min, colourless solid, mp 215-

217ºC, yield 90%. IR: νmax (KBr, cm
-1

) 1602 (C═C), 1654 (C═O), 3257 (NH). 
1
H NMR (400 

MHz, CDCl3) δ: 2.15 (CH3) (s, 3H), 2.25 (CH3) (s, 3H), 2.72 (H-5a) (dd, 1H, J = 2.4 & 15.2 

Hz),  2.82 (H-5e) (dd, 1H,  J = 5.6 & 15.2 Hz), 3.91 (COOCH3) (s, 3H), 5.10 (H-6) (d, 1H,   

J = 3.2 Hz),  6.15 (d, 2H,  J = 8.0  Hz, -Ar-H), 6.40 (H-2) (br s, 1H), 6.42 (d, 2H, J = 8.8 Hz, 

-Ar-H), 6.87 (t, 4H,  J = 8.6 Hz, -Ar-H), 7.15-7.17 (m, 2H, -Ar-H), 7.19-7.23 (m, 2H, -Ar-H), 

7.25-7.32 (m, 6H,  -Ar-H),  10.16 (s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) δ:  20.10 (CH3), 

20.86 (CH3), 33.55 (C-5), 50.91 (COOCH3), 55.23 (C-2), 58.20 (C-6), 97.48 (C-3), 112.89, 

125.06, 125.98, 126.20, 126.44, 126.67, 127.04, 128.19, 128.59, 129.42, 135.19, 135.63, 

143.03, 144.29, 144.84, 156.61 (C-4), 168.61 (C═O). Anal. Calcd. for C33H32N2O2: C, 81.12; 

H, 6.60; N, 5.73%. Found:  C, 81.01; H, 6.50; N, 5.87%.  
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2.4.7. Methyl 2,6-bis(4-methoxylphenyl)-1-(4-bromophenyl)-4-(4-bromophenylamino)-

1,2,5,6-tetrahydropyridine-3-carboxylate (4g). Reaction time 50 min, colourless solid, mp 

228-230ºC, yield 92%. IR: νmax (KBr, cm
-1

) 1602 (C═C), 1658 (C═O), 3226 (NH). 
1
H NMR 

(400 MHz, CDCl3) δ: 2.69 (H-5a) (dd, 1H,  J = 2.4 & 15.2 Hz),  2.83 (H-5e) (dd, 1H,                       

J = 5.6 & 14.8 Hz), 3.78 (OCH3) (s, 3H), 3.79 (OCH3) (s, 3H), 3.92 (COOCH3) (s, 3H), 5.03 

(H-6) (d, 1H, J = 3.2 Hz),  6.19 (d, 2H, J = 8.4  Hz, -Ar-H), 6.27 (H-2) (br s, 1H), 6.38        

(d, 2H, J = 9.2 Hz, -Ar-H), 6.81 (dd, 4H, J = 3.6 & 8.8 Hz, -Ar-H), 7.04 (d, 2H,  J = 8.4 Hz,            

-Ar-H), 7.12 (d, 2H, J = 9.2 Hz, -Ar-H), 7.15 (d, 2H, J = 8.4 Hz, -Ar-H), 7.23 (d, 2H,                         

J = 8.4 Hz, -Ar-H), 10.20 (s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) δ: 33.58 (C-5), 51.16 

(COOCH3), 54.73 (C-2), 55.25 (OCH3), 55.34 (OCH3), 57.59 (C-6), 98.78 (C-3), 108.37, 

113.73, 114.18, 114.64, 119.12, 127.24, 127.37, 127.56, 131.55, 132.03, 133.95, 134.97, 

137.00, 145.95, 155.51 (C-4), 158.29, 158.96, 168.47 (C═O). Anal. Calcd. for 

C33H30Br2N2O4: C, 58.42; H, 4.46; N, 4.13%. Found:  C, 58.51; H, 4.49; N, 4.10%.  

 

2.4.8. Methyl 2,6-diphenyl-1-(4-chlorophenyl)-4-(4-chlorophenylamino)-1,2,5,6-

tetrahydropyridine-3-carboxylate (4h). Reaction time 30 min, colourless solid, mp 242-

244ºC, yield 92%. IR: νmax (KBr, cm
-1

) 1597 (C═C), 1653 (C═O), 3257 (NH). 
1
H NMR (400 

MHz, CDCl3) δ: 2.69 (H-5a) (dd, 1H, J = 2.2 & 15.0 Hz), 2.85 (H-5e) (dd, 1H, J = 6.0 & 15.2 

Hz), 3.94 (COOCH3) (s, 3H), 5.10 (H-6) (d, 1H, J = 4.0 Hz), 6.17 (d, 2H, J = 8.4  Hz,               

-Ar-H), 6.37 (H-2) ( br s, 1H), 6.42 (d, 2H, J = 9.2 Hz, -Ar-H), 6.99 (d, 2H,  J = 9.2 Hz, -Ar-

H), 7.05 (d, 2H,  J = 8.4 Hz, -Ar-H), 7.14 (dd, 2H, J = 1.8 & 7.8 Hz, -Ar-H), 7.20-7.24        

(m, 1H, -Ar-H), 7.27-7.31 (m, 7H, -Ar-H), 10.18 (s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) 

δ: 33.48 (C-5), 51.18 (COOCH3), 55.31 (C-2), 58.31 (C-6), 98.48 (C-3), 114.03, 121.28, 

126.30, 126.50, 126.59, 127.09, 127.47, 128.38, 128.72, 128.82, 129.03, 131.49, 136.37, 

142.25, 143.17, 145.48, 155.58 (C-4), 168.46 (C═O). Anal. Calcd. for C31H26Cl2N2O2:              

C, 70.32; H, 4.95; N, 5.29%. Found:  C, 70.20; H, 4.85; N, 5.42%. 

 

2.4.9. Methyl 2,6-bis(4-methlylphenyl)-1-(4-chlorophenyl)-4-(4-chlorophenylamino)-1,2,5,6-

tetrahydropyridine-3-carboxylate (4i). Reaction time 30 min, colourless solid, mp 180-

182ºC, yield 94%. IR: νmax (KBr, cm
-1

) 1598 (C═C), 1649 (C═O), 3248 (NH). 
1
H NMR (400 

MHz, CDCl3) δ: 2.32 (CH3) (s, 3H), 2.34  (CH3) (s, 3H), 2.68 (H-5a) (dd, 1H, J = 2.2 & 15.0 

Hz), 2.84 (H-5e) (dd, 1H, J = 5.6 & 15.2 Hz), 3.92 (COOCH3) (s, 3H), 5.06 (H-6)               

(d, 1H,   J = 4.0 Hz), 6.19 (dd, 2H, J = 2.0 & 6.8  Hz, -Ar-H), 6.31 (H-2) ( br s, 1H), 6.42 (dd, 
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2H, J = 2.2 & 7.0 Hz, -Ar-H), 6.98 (dd, 2H,  J = 2.2 & 7.0 Hz, -Ar-H), 6.99-7.01 (m, 1H,        

-Ar-H), 7.03 (d, 2H, J = 6.8 Hz, -Ar-H), 7.06-7.10 (m, 5H, -Ar-H), 7.14  (d, 2H, , J = 8.0 Hz, 

-Ar-H), 10.18 (s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) δ: 20.99 (CH3), 21.08 (CH3), 33.49                  

(C-5), 51.12 (COOCH3), 55.11 (C-2), 58.03 (C-6), 98.63 (C-3), 114.00, 121.09, 126.24, 

126.41, 127.02, 128.66, 128.97, 129.05, 129.43, 131.31, 136.12, 136.48, 137.04, 139.18, 

140.18, 145.58, 155.55 (C-4), 168.48 (C═O). Anal. Calcd. for C33H30Cl2N2O2: C, 71.09; H, 

5.42; N, 5.02%. Found:  C, 71.14; H, 5.48; N, 5.13%. 

 

2.4.10. Methyl 2,6-bis(4-methoxylphenyl)-1-(4-chlorophenyl)-4-(4-chlorophenylamino)-

1,2,5,6-tetrahydropyridine-3-carboxylate (4j). Reaction time 40 min, colourless solid, mp 

193-195ºC, yield 93%. IR: νmax (KBr, cm
-1

) 1600 (C═C), 1658 (C═O), 3232 (NH). 
1
H NMR 

(400 MHz, CDCl3) δ: 2.68 (H-5a) (dd, 1H, J = 2.4 & 15.2 Hz), 2.83 (H-5e) (dd, 1H,                           

J = 5.6 & 15.2 Hz), 3.78 (OCH3) (s, 3H), 3.79 (OCH3) (s, 3H), 3.92 (COOCH3) (s, 3H), 5.03 

(H-6) (d, 1H,  J = 3.6 Hz),  6.25 (dd, 2H,  J = 1.8 & 6.6  Hz, -Ar-H), 6.28 (H-2) (br s, 1H), 

6.43 (dd, 2H,  J = 2.2 & 7.0 Hz, -Ar-H), 6.81 (dd, 2H,  J = 2.2 & 4.4 Hz, -Ar-H), 6.82 (dd, 

2H,  J = 2.4 & 4.0 Hz, -Ar-H), 6.99 (dd, 2H,  J = 2.2 & 7.6 Hz, -Ar-H), 7.04 (dd, 2H, J = 2.0 

& 6.8 Hz, -Ar-H), 7.08 (dd, 2H,  J = 2.0 & 6.8 Hz, -Ar-H), 7.16 (d, 2H, J = 8.4 Hz, -Ar-H), 

10.20 (s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) δ: 33.61 (C-5),  51.14 (COOCH3), 54.78          

(C-2), 55.25 (OCH3), 55.34 (OCH3), 57.62 (C-6), 98.67 (C-3), 113.71, 114.09, 114.16, 

121.17, 126.99, 127.38, 127.58, 128.67, 129.05, 131.36, 134.07, 135.08, 136.49, 145.55, 

158.27, 158.95, 155.66 (C-4), 168.49 (C═O). Anal. Calcd. for C33H30N2O4Cl2: C, 67.23; H, 

5.13; N, 4.75%. Found:  C, 67.26; H, 5.10; N, 4.79%.  

 

2.4.11. Ethyl 2,6-diphenyl-1-(4-chlorophenyl)-4-(4-chlorophenylamino)-1,2,5,6-

tetrahydropyridine-3-carboxylate (4k). Reaction time 40 min, colourless solid, mp 198-

200ºC, yield 90%. IR: νmax (KBr, cm
-1

) 1595 (C═C), 1647 (C═O), 3242 (NH). 
1
H NMR (400 

MHz, CDCl3)  δ: 1.47 (COOCH2CH3) (t, 3H,  J = 7.2 Hz),  2.69 (H-5a) (dd, 1H,  J = 2.4 & 

15.2 Hz),  2.85 (H-5e) (dd, 1H, J = 5.6 & 15.2 Hz), 4.29-4.37 (OCH2) (m, 1H), 4.43-4.51 

(OCH2) (m, 1H), 5.10 (H-6) (d, 1H, J = 4.0 Hz), 6.17 (dd, 2H, J = 2.0 & 6.8 Hz, -Ar-H), 6.38  

(H-2) (br s, 1H), 6.43 (dd, 2H, J = 2.2 & 7.0 Hz, -Ar-H), 6.99 (dd, 2H, J = 2.2 & 7.0 Hz, -Ar-

H), 7.05 (dd, 2H, J = 2.2 & 6.6 Hz, -Ar-H), 7.14 (dd, 2H, J = 1.8 & 7.4 Hz, -Ar-H), 7.28-7.34 

(m, 8H, -Ar-H), 10.23 (s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) δ: 14.77 (COOCH2CH3), 

33.49 (C-5), 55.31 (C-2), 58.33 (C-6), 59.91 (OCH2), 98.77 (C-3), 114.06, 121.28, 126.31, 

126.51, 126.55, 127.01, 127.46, 128.37, 128.73, 128.81, 129.01, 131.37, 136.45, 142.27, 
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143.30, 145.53 155.38 (C-4), 168.14 (C═O). Anal. Calcd. for C32H28Cl2N2O2: C, 70.72; H, 

5.19; N, 5.15%. Found:  C, 70.80; H, 5.26; N, 5.25%.  

 

2.4.12. Methyl 2,6-bis(4-fluorophenyl)-1-(4-chlorophenyl)-4-(4-chlorophenylamino)-1,2,5,6-

tetrahydropyridine-3-carboxylate (4l). Reaction time 30 min, colourless solid, mp 175-

177ºC, yield 96%. IR: νmax (KBr, cm
-1

) 1597 (C═C), 1654 (C═O), 3255 (NH). 
1
H NMR (400 

MHz, CDCl3)  δ:  2.68 (H-5a) (dd, 1H,  J = 2.4 & 15.2 Hz),  2.81 (H-5e) (dd, 1H,  J = 5.6 & 

15.2 Hz), 3.93 (COOCH3) (s, 3H), 5.07 (H-6) (d, 1H, J = 4.0 Hz),  6.29 (H-2) (br s, 1H), 6.30 

(d, 2H,  J =  8.4  Hz, -Ar-H), 6.38 (d, 2H, J = 9.2 Hz, -Ar-H), 6.94-7.01 (m, 6H, -Ar-H), 7.06-

7.09 (m, 2H, -Ar-H), 7.11 (d, 2H, J = 8.8 Hz, -Ar-H), 7.19-7.23 (m, 2H, -Ar-H), 10.21 (s, 1H, 

NH). 
13

C-NMR (100 MHz, CDCl3) δ: 33.67 (C-5), 51.29 (COOCH3), 54.83 (C-2), 57.41     

(C-6), 98.31 (C-3), 114.12, 115.20 (d, JCF = 21.2 Hz), 115.69 (d, JCF = 21.3 Hz), 121.76, 

126.90, 127.85 (d, JCF = 8.0 Hz), 128.04 (d, JCF = 7.9 Hz), 128.85, 129.18, 131.69, 136.23, 

137.54, 137.57, 138.64, 145.13, 155.40 (C-4), 161.65 (d, JCF = 243.7 Hz),  162.10 (d, JCF = 

244.7 Hz), 168.27 (C═O). Anal. Calcd. for C31H24Cl2F2N2O2: C, 65.85; H, 4.28; N, 4.95%. 

Found:  C, 65.95; H, 4.37; N, 5.05%.  

 

2.4.13. Ethyl 2,6-bis(3-chlorophenyl)-1-(4-chlorophenyl)-4-(4-chlorophenylamino)-1,2,5,6-

tetrahydropyridine-3-carboxylate (4m). Reaction time 50 min, colourless solid, mp 188-

190ºC, yield 92%. IR: νmax (KBr, cm
-1

) 1597 (C═C), 1647 (C═O), 3224 (NH). 
1
H NMR (400 

MHz, CDCl3) δ: 1.47 (COOCH2CH3) (t, 3H, J = 7.0 Hz),  2.69 (H-5a) (dd, 1H, J = 2.4 & 

15.2 Hz), 2.83 (H-5e) (dd, 1H,  J = 5.6 & 15.2 Hz), 4.30-4.38 (OCH2) (m, 1H), 4.45-4.53 

(OCH2) (m, 1H), 5.07 (H-6) (d, 1H,  J = 3.6 Hz), 6.30 (H-2) (br s, 1H), 6.29 (d, 2H, J = 8.8 

Hz, -Ar-H), 6.30 (H-2) (br s, 1H), 6.38 (d, 2H,  J = 9.2 Hz, -Ar-H), 6.98 (d, 1H,  J = 7.6 Hz,                

-Ar-H), 7.02 (d, 2H, J = 8.8 Hz, -Ar-H), 7.07 (br s, 1H, -Ar-H), 7.12-7.14 (m, 3H, -Ar-H), 

7.20 (d, 2H, J = 5.6 Hz, -Ar-H), 7.23-7.26 (m, 2H, -Ar-H), 7.32 (br s, 1H, -Ar-H), 10.24                   

(s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) δ: 14.78 (COOCH2CH3), 33.43 (C-5), 55.19                       

(C-2), 57.60 (C-6), 60.12 (OCH2), 97.99 (C-3), 114.15, 122.03, 124.52, 124.58, 126.45, 

126.73, 126.95, 127.16, 127.76, 128.94, 129.20, 129.63, 130.11, 131.87, 134.51, 134.76, 

136.16, 144.17, 144.93, 145.57, 155.13 (C-4), 167.80 (C═O). Anal. Calcd. for 

C32H26Cl4N2O2: C, 62.76; H, 4.28; N, 4.57%. Found:  C, 62.85; H, 4.37; N, 4.68%.  

 

2.4.14. Ethyl 2,6-bis(3-bromophenyl)-1-phenyl)-4-phenylamino)-1,2,5,6-tetrahydropyridine-

3-carboxylate (4n). Reaction time 60 min, colourless solid, mp 165-167ºC, yield 91%. IR: 
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νmax (KBr, cm
-1

) 1591 (C═C), 1649 (C═O), 3228 (NH). 
1
H NMR (400 MHz, CDCl3) δ: 1.47 

(COOCH2CH3) (t, 3H, J = 7.0 Hz),  2.74 (H-5a) (dd, 1H,  J = 2.2 & 15.4 Hz), 2.83 (H-5e) 

(dd, 1H,  J = 5.2 & 15.2 Hz), 4.28-4.36 (OCH2) (m, 1H), 4.45-4.53 (OCH2) (m, 1H), 5.09 

(H-6) (d, 1H,  J = 2.8 Hz), 6.36 (H-2) (br s, 1H), 6.37 (s, 2H, -Ar-H), 6.47 (d, 2H,  J = 8.4 Hz, 

-Ar-H), 6.65 (t, 1H, J = 7.2 Hz, -Ar-H), 7.04-7.20 (m, 9H, -Ar-H), 7.24 (d, 1H,  J = 1.6 Hz,                 

-Ar-H), 7.34 (d, 1H, J = 8.0 Hz, -Ar-H), 7.39 (d, 1H, J = 7.6 Hz, -Ar-H), 7.54 (s, 1H, -Ar-H), 

10.34 (s, 1H, NH). 
13

C-NMR (100 MHz, CDCl3) δ: 14.83 (COOCH2CH3), 33.54 (C-5), 55.01 

(C-2), 57.46 (C-6), 59.85 (OCH2), 97.37 (C-3), 113.06, 116.88, 122.68, 125.04, 125.19, 

126.08, 126.19, 129.02, 129.06, 129.39, 129.59, 129.74, 130.23, 130.37, 137.59, 145.00, 

146.36, 146.59, 155.79 (C-4), 167.85 (C═O). Anal. Calcd. for C31H26Br2N2O2: C, 60.21; H, 

4.24; N, 4.53%. Found: C, 60.35; H, 4.38; N, 4.72%. 

 

2.4.15. Ethyl 2,6-bis(4-methylphenyl)-1-phenyl)-4-phenylamino)-1,2,5,6-tetrahydropyridine-

3-carboxylate (4o). Reaction time 40 min, colourless solid, mp 228-230ºC, yield 92%. IR: 

νmax (KBr, cm
-1

) 1589 (C═C), 1649 (C═O), 3230 (NH). 
1
H NMR (400 MHz, CDCl3) δ: 1.45 

(COOCH2CH3) (t, 3H, J = 7.2 Hz),  2.31 (CH3) (s, 3H) 2.32 (CH3)  (s, 3H),  2.76 (H-5a) (dd, 

1H,  J = 2.4 & 15.2 Hz), 2.86 (H-5e) (dd, 1H,  J = 5.8 & 15.0 Hz), 4.27-4.35 (OCH2)                     

(m, 1H), 4.40-4.48 (OCH2) (m, 1H), 5.10 (H-6) (d, 1H,  J = 3.6 Hz), 6.30 (dd, 2H,  J = 1.6 & 

7.6 Hz -Ar-H), 6.40 (H-2) (br s, 1H), 6.53 (d, 2H,  J = 8.4 Hz, -Ar-H), 6.58 (t, 1H, J = 7.2 Hz, 

-Ar-H), 7.03-7.08 (m, 11H, -Ar-H), 7.21-7.23 (m, 11H, -Ar-H), 10.29 (s, 1H, NH). 
13

C-NMR 

(100 MHz, CDCl3) δ: 14.78 (COOCH2CH3), 33.66 (C-5), 54.92 (C-2), 57.94 (C-6), 59.59 

(OCH2), 98.44 (C-3), 112.93, 115.97, 125.49, 125.71, 126.33, 126.55, 128.76, 128.83, 

128.89, 129.24, 135.71, 136.56, 138.04, 139.72, 141.09, 147.11, 156.03 (C-4), 168.25 

(C═O). Anal. Calcd. for C34H34N2O2: C, 81.24; H, 6.82; N, 5.57%. Found: C, 81.30; H, 6.90; 

N, 5.67%. 

 

3. Data, value and validation 

 

To begin with, 2 mmol of benzaldehyde 1a, 2 mmol of aniline 2 and 1 mmol of ethyl 

acetoacetate 3 were dissolved in methanol and used as model substrates for optimization 

studies. The product 4a was not produced when the reaction was performed without any 

catalyst at reflux conditions for 30 min (Table 1, entry 12, Scheme 1). But when the reaction 

was conducted in the presence of bare TiO2 (without sulfate) and sulfated titania (TiO2-SO4
2-

) 

with various concentrations of sulfate under the identical conditions for 30 min., it yielded the 
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desired highly functionalized piperidine derivatives. The yield was 48% in the presence of 

bare TiO2 and 90% in presence of sulfated titania (Table 1, entries 11 & 5). To optimize the 

concentrations of sulfated titania several reactions were carried out with 1, 2, 3, 4, 5, and 7 

wt.% of sulfated titania and the results are summarized in the Table 1.  Best result (90% yield 

in 30 min) was obtained with 5 wt.% of sulfated titania (TiO2-SO4
2-

) in methanol under reflux 

condition.   

Since the results are encouraging the reactions were further carried out with various 

polar protic and aprotic solvents such as ethanol, methanol, 2-propanol, acetonitrile and 

tetrahydrofuran (THF) as reaction medium and the results were furnished in Table 1. It was 

inferred from Table 1 (entry 5) that, methanol would be the more desirable solvent for this 

five-component reaction. Further the quantity of the catalyst sulfated titania was optimized by 

carrying out the reaction with different quantities (0.025 to 0.1 g) of catalyst in methanol 

under reflux condition. With 0.05 g of sulfated titania (TiO2-SO4
2-

) the reaction proceeded 

smoothly and offered the desired ethyl 1,2,6-triphenyl-4-(phenylamino)-1,2,5,6-

tetrahydropyridine-3-carboxylate 4a in excellent yield (Table 2, entry 2).  This may be 

attributed to the increase in the number of nazo-size TiO2-SO4
2-

 particles. With these finding, 

we have selected for the preparation of highly functionalized piperidine derivatives 4 in an 

attractive manner.  

With the above optimized conditions, the scope of the reaction was extended to a 

diverse aryl aldehyde bearing different functional groups (Scheme 1). Benzaldehyde (3a) 

underwent the reaction efficiently to form the desired product 4a in 90% yield (Table 3, entry 

1). Under this reactions various aromatic aldehydes possessing electron-withdrawing (Table 

3, entries 2, 4, 12-14) and electron-donating substituents (Table 3, entries 3, 5, 7, 9, 10 and 

15) in different  positions reacted smoothly to afford the piperidine derivatives 4b-o in good 

to excellent yields (89-96%, Table 3, entries 2-15).  

The same excellent results were obtained when the reaction was scaled up using 

benzaldehyde 1a, aniline 2 and ethyl acetoacetate 3 as substrates (Scheme 2) and thereby 

clearly demonstrates the preparative purpose of this newly developed method. The 

compounds 4a-o were confirmed by their melting points, IR, 
1
H and 

13
C NMR spectral and 

single crystal X-Ray analysis.  All the results indicated that the reactions are exclusively anti-

diastereoselective. The anti-configuration of the product was confirmed by comparing the 

above results with the physical and spectroscopic data of the known compounds available in 

the literature [29,33, 40-43].  
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As an representative example compound 4b was taken to explain the spectral 

characteristics. The absorption bands at 1656 and 1591 cm
-1

 in the IR spectrum (Fig. S4 and 

vide Supplementary material) confirmed the presence of C=O and C=C groups respectively 

and are in conjugation. The band at 3240 cm
-1 

is
 
due to NH group of piperidine ring. In the 

1
H 

NMR spectrum (Fig. S5 and vide Supplementary material) the singlet at δ 3.92 is attributed to 

the methoxy (-OCH3) protons. The methylene protons (H-5a and H-5e) of the piperidine ring 

appeared as a pair of doublet of doublets at δ 2.74 (J = 2.8 & 15.2 Hz) and δ 2.82 (J = 5.6 & 

15.2 Hz). One of the benzylic methine proton (H-6) of the piperidine ring showed a doublet at 

δ 5.09 (J = 2.8 Hz) and another methine proton (H-2) showed a broad singlet at δ 6.35, 

respectively. The multiplets appeared in the range at δ 6.40-7.24 are due to aromatic protons. 

The NH proton was observed as a singlet at δ 10.24 clearly indicating that it was connected to 

the vicinal carbonyl group (C=O) via a intramolecular hydrogen bond formation. In the 
13

C 

NMR spectrum (Fig. S6 and vide Supplementary material), the carbonyl carbon (C=O) 

appeared at δ 168.30 and the aromatic carbons appeared between δ 112.96-146.48. The 

methylene (C-5) and methine (C-2 & C-6) carbons resonated at δ 33.69 and δ 54.77 and 

57.37. The piperidine ring carbons C-3 and C-4 were observed at δ 97.57 and 156.01 

respectively.  

We also investigated the recycling of the sulfated titania with the present reaction 

conditions. The catalyst was removed by simple filtration after the completion of the reaction 

was washed with ethyl acetate and dried under reduced pressure and reused. The recovered 

catalysts were used five times (88%) without any compromise in their activities (Table 4). 

The surface acidity of TiO2 and sulfated titania (TiO2-SO4
2

) determined by pyridine 

adsorption method [65] are found to be 1600 and 2200 µg respectively in accordance with the 

literature. When the yield of the product in 30 min is compared between TiO2 (48%) and   TiO2-

SO4
2

 (90%) the efficiency of the latter has increased in many folds. This increase in the yield is 

explained by the increase in Bronsted acidic sites. The reported Bronsted acidities for bare 

TiO2 and 5 wt.% TiO2-SO4
2 

by
 
TPD using 2,6-dimethylpyridine as probe, are 0.77 and 5.17 

respectively [72]. Bronsted acidity of bare TiO2 is about seven times lesser than the TiO2-

SO4
2

. Hence it reveals that TiO2-SO4
2

 with increased the Bronsted acidity catalyses the 

reaction efficiently when compared to bare TiO2. Based on this a mechanism has been 

proposed as in Scheme 3. Initially in the presence of TiO2-SO4
2 

the β-keto esters 3 and aldehydes 

1 react separately with anilines 2 to give enamine I and imine II, respectively. Then by an 

intermolecular Mannich-type reaction between enamine I and imine II the intermediate III is 
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formed. III Reacts with the aldehydes 1 to generate intermediate IV which undergo 

tautomerization to form V. The intermediate V immediately undergoes intramolecular Mannich-

type reaction to form intermediate VI which on tautomerization in the last step generates the 

desired piperidines 4 due to conjugation with the ester group. 

 

3.1. X-Ray crystallography analysis of 4b 

 

The corroborative evidence of the molecular structure of the compound 4b has been 

obtained from single crystal X-ray diffraction method and the ORTEP drawings are shown in 

Fig. 1. The details concerning the data collection, structure refinement, selected bond 

distances and bond angles of the compounds are summarized in Table 5 and Table 6. 

The compound 4b
 
crystallized in triclinic symmetry with P-1 space group. The bond 

distances and bond angles in the compound 4b agree well with the values observed for other 

reported piperidine derivatives [56]. In compound 4b, O(1) oxygen atom is engaged in 

intramolecular hydrogen bonding with the hydrogen atom of the amino group O(1)…H(2A)-

N(2) (Fig. 2, Table 7). 

 

4. Conclusion 

An efficient, high diastereoselective, and one-pot method for the synthesis of highly 

functionalized piperidine derivatives from pseudo five-component reactions of aromatic 

aldehydes, aromatic amines and β-keto esters using TiO2-SO4
2-

 as the catalyst has been 

described. The key advantages of this protocol are good yields, short reaction time, mild 

reaction condition, inexpensive catalyst, reused catalyst for several times and purification of 

products by non-chromatographic methods. The application of TiO2-SO4
2-

 for the preparation 

of highly functionalized piperidine derivatives was reported for the first time. In the all of the 

reactions that were investigated, only a single product was obtained. The relative 

stereochemistry of the 2,6-diphenyl groups was confirmed as trans by the comparison of 
1
H-

NMR with authentic samples and single crystal X-Ray analysis. 

 

Acknowledgements 

The authors are thankful to Sophisticated Test & Instrumentation Centre (STIC), 

Cochin University of Science and Technology Cochin-682 022, Kerala, India for recording 

all the NMR spectra.  

                  

Page 2947 of 3066Page 2947 of 3066



Supplementary material 

The IR, 
1
H NMR and 

13
C NMR spectra of compounds 4a-o are displayed in 

Supplementary material in Figs. S1-S45. 
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Scheme and Figures captions 

 

Scheme 1. Synthesis of highly functionalized piperidine derivatives 4 from various 

substituted aldehydes, aromatic amines and β-keto esters using 5 wt.% TiO2-SO4
2−

 as a 

catalyst at 70ºC. 

Scheme 2. Synthesis of 4a on gram scale. 

Scheme 3. Proposed mechanism for the synthesis of highly functionalized piperidine 

derivatives 4. 

Fig. 1. ORTEP diagram of 4b. 

Fig. 2. ORTEP diagram of 4b with intramolecular hydrogen bonding. 
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Fig. 1 
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Fig. 2 
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Table 1 

Effect of catalyst, wt.% of sulfate concentration and solvent on the synthesis of compound 4a. 

Entry Catalyst Wt. % of 

sulfate 

concentration 

Solvent Time 

(min) 
Yield (%) 

1 TiO2-SO4
2-  1 MeOH 30 75 

2 TiO2-SO4
2-  2 MeOH 30 77 

3 TiO2-SO4
2-  3 MeOH 30 79 

4 TiO2-SO4
2-  4 MeOH 30 83 

5 TiO2-SO4
2-  5 MeOH 30 90 

6 TiO2-SO4
2- 7 MeOH 30 87 

7 TiO2-SO4
2-  5 CH3CN 60 70 

8 TiO2-SO4
2-  5 THF 120 60 

9 TiO2-SO4
2-  5 EtOH 30 78 

10 TiO2-SO4
2-  5 (CH3)3CHOH 120 58 

11 TiO2 - MeOH 30 48 

12 - - MeOH 30 No 

reaction 
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Table 2 

Effect of catalyst loading on the synthesis of compound 4a. 

Entry Catalyst Amount of 

catalyst 

loading (g) 

Wt.% of sulfate 

concentration 
Solvent Time 

(min) 
Yield (%) 

1 TiO2-SO4
2-  0.025 5 MeOH 30 75 

2 TiO2-SO4
2-  0.05 5 MeOH 30 90 

3 TiO2-SO4
2-  0.075 5 MeOH 30 89 

4 TiO2-SO4
2-  0.1 5 MeOH 30 85 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  

Page 2963 of 3066Page 2963 of 3066



Table 3 

Sulfated titania (5 wt.% of TiO2-SO4
2− ) catalysed pseudo five-component synthesis of highly 

functionalized piperidine derivatives 4a-o.  

Entry R R1 R2 Product Time 

(min) 
Yield (%) 

1 C6H5- C6H5- -CH2CH3 4a 30 90 

2 4-Cl-C6H4- C6H5- -CH3 4b 30 92 

3 4-CH3-C6H4- C6H5- -CH3 4c 20 91 

4 4-Br-C6H4- C6H5- -CH3 4d 40 89 

5 4-CH3-C6H4- 4-Br-C6H4- -CH3 4e 20 91 

6 C6H5- 4-CH3-C6H4- -CH3 4f 20 90 

7 4-OCH3-C6H4- 4-Br-C6H4- -CH3 4g 50 92 

8 C6H5- 4-Cl-C6H4- -CH3 4h 30 92 

9 4-CH3-C6H4- 4-Cl-C6H4- -CH3 4i 30 94 

10 4-OCH3-C6H4- 4-Cl-C6H4- -CH3 4j 40 93 

11 C6H5- 4-Cl-C6H4- -CH2CH3 4k 40 90 

12 4-F-C6H4- 4-Cl-C6H4- -CH3 4l 30 96 

13 3-Cl-C6H4- 4-Cl-C6H4- -CH2CH3 4m 50 92 

14 3-Br-C6H4- C6H5- -CH2CH3 4n 60 91 

15 4-CH3-C6H4- C6H5- -CH2CH3 4o 40 92 
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Table 4 

Reusability of TiO2-SO4
2 in the synthesis of piperidine 4a. 

Run 1 2 3 4 5 

Yield (%)a 90.0 90.0 89.0 89.0 88.0 

  a Isolated yield 
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Table 5 

Crystallographic data of the compound 4b. 

CCDC number 1061214 

Empirical formula C31H26N2O2Cl2 

Formula weight 529.44 

Temperature 296(2) K 

Wavelength 0.71073 Å 

Crystal system Triclinic 

Space group P-1 

Unit cell dimensions  

 a 10.1311(11) Å 

 b 10.6273(12)Å 

 c 13.7391(15) Å 

 103.005(5) 

 105.798(5) 

 98.509 (5) 

Volume 1351.9(3) Å3 

Z 2 

Density 1.301 Mg/m3 

Absorption coefficient, 0.271 mm-1 

F(000) 552 

Crystal size 0.28  0.22  0.16 mm3 

 range for data collection 1.604 to 24.997 

Limiting indices -12 h 11, -12 k 12, -16 l 16 

Independent reflections 4756 

R(int)=0.0174) 
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Absorption correction multi-scan 

Refinement method Full-matrix least-squares on F2 

Data/Restarints/Parameters 4756/0/335 

Goodness-of-fit on F2 1.025 

Final R indices [I>2(I)] R1 = 0.0432, wR2= 0.1089 

R indices (all data) R1 = 0.0497,  

wR2 = 0.1160 

 

 

Table 6 

 Selected bond lengths (Å) and bond angles (°) of the compound 4b. 

Bond lengths 

 

Bond angles 

C1-Cl1  1.738(2) C2-C1-Cl1 119.3(2) 

C7-N1 1.467(2) C6-C1-Cl1 119.6(2) 

C8-N1 1.391(2) H14-C14-N1 107.8(2)) 

C14-N1 1.452(2) C15-C14-N1 114.1(1) 

C18-Cl2 1.746(2) C21-C14-N1 109.8(1) 

C22-N2 1.355(2) C17-C18-Cl2 119.1(2) 

N2-C23 1.417(3) C19-C18-Cl2 119.9(2) 

C30-O1 1.226(2) C21-C22-N2 120.0(2) 

C30-O2 1.341(3) C29-C22-N2 124.2(2) 

C31-O2 1.446(3) C24-C23-N2 119.7(2) 

N2-H2A 0.860(2) C28-C23-N2 121.0(2) 

  C29-C30-O1 125.3(2) 
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  C29-C30-O2 113.4(2) 

  O1-C30-O2 121.3(2) 

  C7- N1-C8 121.5(1) 

  C7-N1-C14 118.0(1) 

  C8-N1-C14 120.4(1) 

  C22-N2-C23 126.7(2) 

  C22-N2-H2A 116.7(2) 

  C23-N2-H2A 116.7(2) 

  C30-O2-C31 116.4(2) 

 

 

 

Table 7 

Hydrogen bonds for compound 4b [Å and °]. 

D–H⋯A  d(D–H) d(H⋯A) d(D⋯A) <(DHA) 

N(2)-H(2A)…O(1) 0.860 2.036 2.688 

 

34.31 

 

Symmetry operation: (x, y, z); : (-x, -y, -z);  
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Si/PVA-PEG polymer nanocomposites wereprepared by solvent casting method. XRD 

studies revealed the encapsulation of silicon in polymer matrix. Further crystalline 

behaviour of silicon in the polymer nanocomposites has been investigated. The size and 

morphological structure have been analysed with SEM. SEM showed the formation of 

homogeneous between PVA and PEG. FTIR confirmed the presence of silicon and various 

vibrational bonding natures. Band gap and refractive index of composites have been 

calculated from optical studies. Z-Scan analysis has been carried out at 532 nm which 

reveals optical non linearity of Si/PVA-PEG.  
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1. Introduction 
 

Nonlinear optical materials exhibit the wide range of applications such as optical limiting 

optical switching, phase conjugation, optical storage and all optical computing. In whichSilicon-

based composites have increased huge consideration because of their wide range appropriateness 

such as solar energy cells, lithium-ion battery[1], luminescent display devices[2], micro and 

integrated semiconductors[3], agriculture etc.Further silicon nanoclusters [4] were reported for 

unveiling excellent optical nonlinearity caused by size quantization. Woefully silicon possesses the 

poor mechanical strength and poor electrical conductivity[5]. To overcome this problem with 

silicon, it is made composite with polymers, So that superior performance could be attained in 

view optical nonlinearity.  

Many scientists have reported that polymer nanocomposites ofPVA and PEGhave 

attracted more attention due to their optical properties and theability to produce hydroxyl group 

which leads to optical nonlinearity[6-10]. In this article the synthesis, characteristics and third 

order NLO properties of silicon/PVA-PEG nanocomposites are presented. In addition, the third 

order NLO property has been studied with z-scan analysis at 532 nm. 

 
 
2. Experimental 
 

Initially polymer colloids were prepared from PVA and PEG. 2 grams of PVA was added 

in 20 ml doubled distilled water and stirred for 8 hours at 70
o
C. Followed by 0.4 ml of PEG was 

added with homogeneous mixture and the solution were maintained at sustained stirring for 1 

hour. Further the purchased silicon nanoparticle with average size of 20 nm has been added to the 

homogeneous mixture. Ultrasonication was carried out on the polymer nanocomposites for 40 

mins to disperse the silicon nanoparticles in polymer and to increase the tensile strength of 
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Si/PVA-PEG nanocomposites[11-12]. The film of polymer nanocomposites was prepared by 

pouring the sonicated colloids into petri-dish and kept at room temperature for one week. Later the 

thick film of Si/PVA-PEG nanocomposites was peeled out for further characterization.  

 
3. Results and discussion 
 

3.1. XRD analysis 
XRD analysis of the powder sample and film has been taken using BRUCKER ECO D8 

ADVANCE diffractometer with CuKα1 radiation of 1.54059 Å .The XRD analysis of pure Si 

nanoparticles and Si/PVA-PEG polymer nanocomposites is shown in Fig(1). The peaks 

corresponding to the pure Si was observed at 28.28, 47.30, 55.15, 68.98 and 76.49 which is well 

agreed with standard profile (JCPDS No. 27-1402) possessing resemblance with the crystal planes 

of (1 1 1), (2 2 0), (3 1 1), (4 0 0) and (3 3 1) having cubic crystalline structure. The same peaks 

have also been noticed in Si/PVA-PEG nanocomposites with less intensity implying that the 

crystalline nature of Si is not affected in Si/PVA-PEG nanocomposies. The observation of less 

intensity in Si peaks at Si/PVA-PEG nanocomposites reveals the entire encapsulation of Si by 

polymer matrix [13]. The characteristic peak observed at 19.42 and 20.52 corresponding to the 

PVA [14] and Peak at 23.40 corresponding to the PEG [15]. 

 

 
 

Fig.1.XRD pattern of (a) Pure Si (b) Si/PVA-PEG. 

 

 

3.2. Vibrational Studies 

FTIR spectrum of the Si/PEG-PVA polymer nanocomposites has been carried out with 

Spectrum TWO PERKIN ELMER apparatus ranging from 4000 cm
-1

 to 400 cm
-1

. An FTIR peak 

of Si/PVA-PEG nanocompsites is shown in the Fig (2) to examine the reaction between Si and 

PVA-PEG polymer matrix. In FTIR spectra, the peaks at 3400 cm
-1

 and 1645 cm
-1

 were 

concomitant with -OH stretching and -OH bending vibrations respectively. The peaks at 1405 cm
-1

 

and 1348 cm
-1

 were attributed to the -CH2 stretching and C-C- stretching vibrations respectively. 

[16] Besides peaks around 1098 cm
-1

, 895 cm
-1

 and 468 cm
-1

 were caused, respectively,  by Si-O-

Si asymmetrical stretching, Si-O-Si symmetrical stretching and bending vibrations. The stretching 

vibration corresponds to the C-C-O bonds of PEG was observed at 842 cm
-1

 [17-20]. The peak 

which were observed at 1249 indicating the presence of Si-C vibration [21]. 
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Fig.2.FTIR spectrum of Si/PVA-PEG. 

 

 

3.3. Optical Studies 
Optical studies of the prepared were recorded with Lambda PERKIN ELMER ranging 

from 190 nm to 1100 nm. Fig (3) shows the transmittance, absorbance and Tauc plot of Si/PVA-

PEG nanocomposites observed with the help of UV-Vis spectroscopy. From Fig. 4a it is observed 

that the title compound possesses the maximum transparency in the visible and infra-red region. 

The Tauc plot was drawn between (αhϑ)
1/2

 versus photon energy (ħϑ) and the corresponding 

optical band gap are shown in Figure 3.c. The optical band gap value of title compound has been 

noted as 2.97 eV and the value is a bit higher than the reported value of silicon nanoparticles 

which varied between 1.23 eV to 1.3 eV[22]. Due to the poor concentration of silicon in 

nanocomposites and amorphous nature of polymer caused increase in optical band gap of the 

Si/PVA-PEG nanocomposites. In addition, carrier interaction in valence band and conduction band 

was decreased due to the high concentration of PVA-PEG compared to silicon in composites 

which causes increase in optical band gap. 

 

      
a)                                                                  b) 

 
Fig.3. (a) Optical transmission and (b) absorption spectrum of Si/PVA-PEG. 

 

 
 

Fig.4. Plot between hυvs. (αhυ)
2.
. 
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3.4. SEM Analysis 

SEM analysis was studied with the help of EVO-18 CAREL ZEISS instrument. The Fig 

(4) showed the morphological studies of Si/PVA-PEG nanocomposites by FE-SEM. As shown in 

the Fig (5a, b), functionalized polymer nanocomposites had irregular and huge size particles with 

average particle size 98 nm. From this figure (4) it was observed that Si nanoparticles are fully 

surrounded by PVA and PEG. In addition, there is no separation of phase identified between PVA 

and PEG indicating the formation of homogeneous polymer phase. At the interface, Si 

nanoparticle aggregates homogeneously, and the PVA-PEG and Silicon integrate well due to the 

infiltration of the polymer at 70°C. 

 

      
 

Fig.5. SEM picture of Si/PVA-PEG. 

 

 

3.5. Third Harmonic Generation 

Z-scan data has been taken with semiconductor continuous wave laser of wavelength and 

power output of 532 nm and 100mW respectively and the convex lens of focal length f = 103 mm. 

Incident beam with the intensity of I0 = 3.47 kW/cm
2
 made to fall on the sample and photo 

detector was used to analyse the transmitted beam. The light powers, transmitted over the 

example, were estimated as a component of sample position in the z-axis concerning the central 

plane either through a closed aperture or open aperture so as to determine the nonlinear refraction 

and absorption coefficients. 

Third-order nonlinear refractive index (n2), absorption coefficient (β), real and imaginary 

of third order optical susceptibility (χ
3
) of the Si/PVA-PEG nanocomposites has been determined. 

Z-scan transmittance curve of title sample in closed aperture and open aperture has been shown in 

Fig. 6.The nonlinear absorption coefficient β was computed from the mathematical relationship

02 2 effT I L   where, ΔT indicates the normalized transmittance value of the sample at 

position Z.The aperture linear transmittance was enumerated using the following formula

 2 21 exp 2 a aS r w   where ra and ωa represent radius of the aperture and radius of the laser 

spot.The third order nonlinear refractive index (n2) was calculated from 2 0 0effn KL I  here, 

∆∅o is the on-axis phase shift, k=2π/λ, Leff is effective thickness and I0 is the intensity of the 

incident beam at Z = 0Effective thickness of the sample was calculated from 1 L

effL e   

here α is the linear absorption coefficient and it was calculated using the following expression

 2.303log 1 T t  . ΔTP−V is a peak valley normalized transmittance and it is a measurable 

quantity for the sample from the closed aperture Z-scan data. Positive value of ΔTP−V indicates two 

photon absorption takes place in the sample. The variation of this term as a function of on-phase-

shift |Δф0| and is given as
0.25

00406(1 )P VT S   
.
 The nonlinear refractive index value 

has been calculated by using the relation 2 0 02 .effn L I   The obtained positive value of n2 = 

5.56×10
-10

 (cm
2
/W) represents the spatial soliton wave propagates with the uniform transverse 
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dimension because of an ideal harmony among diffraction and the self focusing which establishes 

the prepared nanocomposites suitable for optical switching devices. Real, Imaginary and absolute 

value of third order susceptibility values have been calculated by the substitution of n2 and β and it 

is given as 2.5×10
-08

esu. 
4 2 2

(3) 20 0 210
Re ( ) ( / )

C n n
esu cm W









 

2 2 2
(3) 0 010

Im ( ) ( / )
4

C n
esu cm W

 







 

   
0.5

2 2
(3) (3) (3)Re( Im(    

    
 

Calculated values are tabulated in Table.1 Optical nonlinearity of the prepared 

nanocomposites originates due to the synergistic effect of charge transfer between PVA-PEG and 

silicon. The 
(3) of the prepared the composite is comparable with porous silicon[4,23] and non 

linear response reveals the suitability of the Si/PVA-PEG composites for photonic 

applications[24]. 
 

 

      
a)                                                                  b) 

 

Fig.6. (a) Open aperture and (b) closed aperture Z-scan data of Si/PVA-PEG. 

 

 

Table1. Z-scan measurement calculated values. 

 

Parameters Value 

Laser beam wavelength 532 nm 

Lens focal length 25 cm 

Beam radius of the aperture 23 μm 

Sample thickness 0.21 mm 

Effective thickness (L eff) 2.09x10
-4

 

Linear Absorption co-efficient (α) 10 

Non linear Absorption coefficient (β) cm/W 3.81×10
-05

(cm/W) 

Non linear refractive index (n2) cm
2
/W 5.56×10

-10
 

Real part of the third - order susceptibility Re (χ
(3)

) 

esu 1.8492 ×10
-8

 

Imaginary part of the third-order susceptibility Im 

(χ
(3)

) esu 1.6853 ×10
-8

 

Third order optical nonlinear susceptibility ((χ
(3)

) 

esu 2.5×10
-8
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4. Conclusions 
 

The polymer composite of Si/PEG-PVA was successfully prepared by solvent casting 

method and thick film was obtained for characterization. The presence of cubic crystalline 

structure of silicon in polymer matrix was identified from XRD analysis. SEM analysis revealed 

agglomeration of particles with average size was found to be 98 nm. FTIR revealed the formation 

of hydroxyl bond with silicon which leads to the existence of optical nonlinearity in composite 

material. The optical study was carried out which reported large band gap value 2.97 eVdue to the 

reduction of carrier interaction between valence band and conduction band in silicon. Finally large 

value of third order non linear susceptibility was estimated which makes the title compound apt for 

photonic applications such optical switching and optical limiting devices. 
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INTRODUCTION

Epilepsy is a syndrome of different cerebral disorders of
central nervous system (CNS) and characterized by paroxysmal
cerebral dysrhythmia, manifested as brief episodes (seizures) of
loss or disturbance of consciousness, frequently followed by con-
vulsions [1,2]. About 1 % of the world populations have epilepsy,
with almost 90 % of these people being in developing countries
[3,4]. In recent years, several antiepileptic drugs (AEDs) like
carbamazepine, phenytoin, benzodiazepine, topiramate and
lamotrigine have been used as therapeutics agents against
epilepsy [5]. Sisodiya et al. [6] reported that epilepsy is resistant
to drug treatment in about one third of cases, but the mech-
anisms underlying this drug resistance are not understood.

There is a continuing demand for new anticonvulsant agents,
as several of the currently available antiepileptic drugs have been
associated with severe side effects, such as renal impairment, hyper-
kalaemia, drug cough and skin rashes. Patients with long term
treatment could not tolerate these adverse side effects [7-10]. In
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some cases, cardiovascular and respiratory depression occurs due
to denzodiazepine therapy [11]. Though the valid reasons for the
abnormal behaviour of seizures, at any particular time, are still a
mystery, there seems to be an in adequacy in the supply of oxygen
content to both the seizures and lungs. Patients affected by such
problems, tends to lose the nervous balance due to respiratory
depression. Seizures at the time of abnormal vibrations, too lack
in oxygen content and hence the abnormal vibrations prolongs
for a longer period of time [12-14].

Fluorinated compounds are the focus of much interest in
modern pharmaceutical chemistry. Incorporation of fluoro or
fluoroalkyl substituents plays a significant role in development
of drugs, including anticonvulsant active molecules [15,16]. They
offer promising and amazing chemical diversity, there by inspiring
the development of structurally diverse new molecules to play a
vital role in drug discovery [17-19]. The properties of fluorine
such as its small size, combined with the high electronegativity
may modulate electronic, lipophilic and steric parameters crucial
for biological activity [20,21]. Additionally, an excellent oxygen
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carrying capacity, decrease of toxicity and side effects has been
reported in many cases of fluorine containing derivatives [22,23].

The literature survey have prompted us to design and synthe-
sized a new fluorinated ionic salt (S)-(+)-2, 3-dihydro-1H-pyrrolo
[2,1-c][1,4]benzodiazepine-5,11-(10H,11aH)dione containing
fluoro or trifluoromethyl substituents, in order to examine the
influence of fluoro substituents on anticonvulsant activity. The
new compound was evaluated for their in vitro cytotoxicity prop-
erties and correlated with known classical drugs such as carbama-
zepine, topiramate and benzodiazepine. Furthermore, new
compound was investigated for anticonvulsant screening through
the correlation of structure-activity relationships.

EXPERIMENTAL

Benzodiazepine (BDZ), carbamazepine (CBZ), topiramate
(TPM) and 4-trifluoromethyl)benzoic acid used were generic
99 % pure and procured from Sigma-Aldrich (Steinheim, USA).
Dimethylformamide (DMF) was purchased from Merck Scien-
tific Inc. (Darmstadt, Germany) and DMF was used as an effec-
tive solvent. All the chemicals and solvents were used without
further purification.

The IR spectrum of synthesized compound was recorded
on Shimadzu 8400-S FT-IR spectrophotometer using KBr and
absorptions are reported in cm-1. The 1H NMR spectra were
recorded on 300 MHz (Bruker) spectrometer in appropriate
solvents using tetramethylsilane (TMS) as an internal standard
or the solvent signals as secondary standards and the chemical
shifts are reported in δ values (ppm). 13C NMR spectra were
recorded on 75 MHz spectrometers. High resolution mass spectra
were obtained by using ESI-QTOF mass spectrometry. To monitor
the reactions, purity of the reactants and products was confirmed
by analytical thin-layer chromatography (TLC) performed on
silica gel GF254 pre-coated plates. After elution, plate was visua-
lized under UV illumination at 254 nm for UV active materials.
Melting points were measured in open capillaries on Nessler
digital Auto melting point apparatus and are uncorrected.

General procedure for synthesis of ionic salt of (S)-(+)-
2,3-dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,11
(10H, 11aH)-dione with 4-(trifluoromethyl)benzoic acid (3):
(S)-(+)-2,3-Dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,
11(10H,11aH)-dione (1) (0.4 g , 2 mmol) was dissolved in DMF
at 60-80 ºC for 30 min. 4-(Trifluoromethyl)benzoic acid (2)
(2.4 mmol) was added gradually to the above solution and stirred
for 6 h. The completeness of reaction was confirmed by TLC.
The mixture was cooled at ambient temperature and separated
in aqueous phase medium. Solid precipitate thus formed was

filtered, washed with water and dried to give an ionic salt of
(S)-(+)-2,3-dihydro-1H-pyrrolo[2,1-c][1,4] benzodiazepine-5,
11(10H,11aH)-dione with 4-(trifluoromethyl)benzoic acid (3)
in 85 % yield as pure white salt (Scheme-I). m.p.: 150-153 ºC; IR
(KBr, νmax, cm-1): 3326, 3073, 2929, 2852, 2553, 2359, 1698,
1648, 1588, 1428, 1322, 1288, 1241, 1062, 941, 857, 761, 645,
539. 1H NMR (300 MHz, DMSO-d6): δ 10.65 (s, 1H), 8.10 (d, J =
31.1 Hz, 2H), 7.80 (d, J = 7.4 Hz, 2H), 7.63 (dd, J = 43.2, 7.4
Hz, 1H), 7.54 (t, J = 8.12 Hz, 1H), 7.23 (d, J = 8.30 Hz, 1H),
7.17 (d, J = 7.93 Hz, 1H), 4.13 (t, J = 6.0 Hz, 1H), 3.59 (dd, J =
4.34 Hz, J = 7.93 Hz, 1H), 3.46-3.57 (m, 2H), 1.82-1.94 (m,
2H), 1.22 (m, 1H); 13C NMR (75 MHz, CDCl3 + DMSO-d6): δ
166.26, 156.85, 153.26, 133.78, 132.71, 129.35, 126.90, 124.80,
124.47, 124.42, 124.37, 124.16, 121.20, 48.88, 47.50, 33.13,
30.83, 29.88, 25.23. HR-MS (ESI): calcd. m/z for positive ions:
217.2438 (C12H12NO2NH+), found: 217.1428; calcd. m/z for
negative ions: 189.1114 (C8H4OF3O−), found: 189.0159.

in vitro 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide assay: Cytotoxicity activity of carbamazepine,
topiramate and benzodiazepine and newly synthesized compound
3 were studied by means of a colorimetric microculture assay
(MTT) [24,25]. Cell viability assay was performed on breast adeno-
carcinoma cell line, MCF-7 on a 96-well microtitre plate (Corning,
USA) at a cell density of 104 cells per well. Viability was measured
by the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) by mitochondrial succinate dehydro-
genase enzyme to insoluble coloured formazan crystals. The cells
were cultured in Dulbecco′s modified Eagle′s medium (DMEM,
Sigma, USA) supplemented with 10 % FBS and incubated in
37 ºC under 5 % of CO2. After 24 h, a culture medium was
changed and the cells were exposed to serial dilutions of anti-
epileptic drugs such as carbamazepine, topiramate and benzodi-
azepine and compound 3. DMSO was used as the vehicle for
drug treatment with appropriate controls. The desired concen-
trations of compounds/complexes were added to the wells with
respective vehicle control. Cell viability was assessed after 48 h
by means of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay using XPERT MTT assay kit (Himedia,
India). The cells were then incubated for 3 h with MTT solution
(5 mg/mL). Then, the supernatant from each well was carefully
removed and the formazan crystals formed as a product were
then dissolved in 100 µL of DMSO and the absorbance at 540
nm wavelength was recorded in Robonic ELISA Plate Reader.
IC50 (concentration of drug necessary to induce 50 % inhibition)
was determined by comparing the absorbance value of treated
cells with that in the control cells by probit analysis.
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Scheme-I: Synthesis of ionic salt of (S)-(+)-2,3-dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,11(10H,11aH)-dione with 4-(trifluoromethyl)
benzoic acid (3)
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RESULTS AND DISCUSSION

Synthetic approach for the synthesis of ionic salt of (S)-
(+)-2,3-dihydro-1H-pyrrolo[2,1-c][1,4]benzodiazepine-5,11-
(10H,11aH)dione with 4-(trifluoromethyl)benzoic acid (3) is
presented in Scheme-I. The newly synthesized compound 3
was fully characterized by FT-IR, 1H NMR, 13C NMR, HRMS
with electron spray ionization (ESI) analysis.

IR spectra exhibited N-H stretching vibrations at 3326
cm-1 and the three amide carbonyl C=O functional group stret-
ching was observed at 1698, 1648 and 1588 cm-1. A peak C-N
stretch was seen at 1288 cm-1 and C-O at 1062 cm-1. NMR
spectra revealed a peak by singlet of secondary amide proton
at 10.65 ppm. The aromatic protons showed peaks at 7.0-8.5
ppm as multiplet. Compound 3 was also characterized from
13C NMR spectrum by the appearance of amide carbonyl carbons
at δ 166.26, 156.85 and 153.26 ppm. In HRMS (ESI) with
positive and negative ionization, MS spectrum peak appeared
at m/z 217.1428 and 189.0159 as molecular ions C12H12NO2NH+

(cation) and C8H4OF3O− (anion), respectively, confirmed that
compound 3 as ionic salt of (S)-(+)-2,3-dihydro-1H-pyrrolo-
[2,1-c][1,4]benzodiazepine-5,11-(10H,11aH)dione with 4-(tri-
fluoromethyl)benzoic acid.

Pharmacology: The toxicity evaluation of standard anti-
epileptic drugs carbamazepine, topiramate, benzodiazepine
and compound 3 was assessed by 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay [26] against
MCF-7 (breast adenocarcinoma) cell line. The inhibitory activities
(IC50) are summarized in Table-1. As seen, compound 3 exhibited
lower values with IC50 of 199 µM at a concentration lower than
comparable with benzodiazepine, carbamazepine and topir-
amate, whose IC50 values were 722, 325 and 315 µM, respectively
and considered as less toxic.

TABLE-1 
MTT ASSAY INHIBITION ACTIVITIES (IC50) IN µM 

Compound Breast adenocarcinoma cell line (MCF-7) 
Carbamazepine (CBZ) 325 
Topiramate (TPM) 315 
Benzodiazepine (BDZ) 722 
New compound (3) 199 

 
Fig. 1 represents the dose response curves of carbamaze-

pine, topiramate, benzodiazepine and compound 3 in breast
adenocarcinoma cell line of MCF-7 cells. The toxicity of carba-
mazepine coincides with compound 3 up to 25 µg/mL. The
toxicity of compound 3 was very low when compared with benzo-
diazepine, carbamazepine and topiramate at a concentration
of 50 µg/mL (Fig. 1).

SAR analysis: Incorporation of high order fluorinated
functional groups (CF3) into compound 3, induces a high electro-
negativity and hence increases the lipophilicity of compound
and decrease metabolism, there by enhance the absorption of
molecule. Generally, lipophilic drugs could pass through blood
brain barrier (BBB) and reach to its receptors in the central
nervous system (CNS) with relative ease [27]. Currently, clini-
cally used anticonvulsant agents possess cyclic amide or acyclic
amide or hetero atom present in the ring. Several investigations
indicate that the presence of at least one aryl group, one or
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Fig. 1. Cytotoxicity effect of CBZ, TPM, BDZ and compound 3 on MCF-
7 cell lines

two electron donor atoms and/or an NH group in a special
spatial arrangement is necessary for anticonvulsant activity.

With regard to ionic salt of (S)-(+)-2,3-dihydro-1H-pyrrolo-
[2,1-c][1,4]benzodiazepine-5,11-(10H,11aH)dione with 4-(tri-
fluoromethyl)benzoic acid (Fig. 2), it possesses two -NH funct-
ional groups, which are capable of improving anticonvulsant
activities represented in zone 1 and zone 2. 4-Trifluoromethyl
benzamide ring can be substituted with a variety of functional
groups but fluorinated functional groups (zone 3) tend to give
grater potency compared to other heteroatoms (like S, N, O)
possessed by conventional anti-epileptic drugs.

N
H

N

O

O
H

 
H

CF3

OOC

Cation
Anion

Highly e- zone

K+ af finity zone

4-Trifluoromethyl benzamide
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Fig. 2. Structure-activity-relationship of (S)-(+)-2,3-dihydro-1H-pyrrolo-
[2,1-c][1,4]benzodiazepine-5,11(10H,11aH)-dione with 4-(triflu-
oromethyl) benzoic acid with zones 1, 2 and 3

Fluorine has been commonly employed as a bioisosteric
replacement for hydrogen atom due to its chemical inertness,
ability to modulate pharmacokinetic parameters like pKa and
lipophilicity; and increased metabolic stability relative to
hydrogen [28]. Higher order fluorinated and bulky functional
groups like trifluoromethyl (CF3) and pentafluorothio (SF5)
groups have also been used.

Furthermore, compound 3 was investigated for anticonvul-
sant screening through the correlation of structure-activity
relationships of clinically used conventional antiepileptic drugs
drugs compares with number of carbon, hydrogen, oxygen,
nitrogen and fluorine atoms present in the molecule (Table-2).
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None of the conventional AEDs possess fluorine in their struc-
ture except retigabine and fluorofelbamate (Table-2). Fluoro-
felbamate seems to be highly toxic and produce severe side
effects [29,30]. Retigabine possess only one fluorine atom with
which it is capable of inhibiting the K+ channel of blood brain
barrier (BBB), which no other drugs are capable of retigabine
with just one fluorine atom in its structure is responsible for
first-in-class K+ channel inhibitor for the treatment epilepsy
[31,32]. Compound 3 that possesses three fluorine atoms is
necessarily expected to inhibit K+ channel with relative ease.
Further, oxygen carrying capacity of the new drug should
necessarily be much higher than that of retigabine. We presume
that the presence of three fluorine atoms in our compound too
is capable of inhibiting the K+ channel.

The structure-activity relationship studies revealed that
the introduction of fluoro- or trifluoromethyl substituents into
the compound enhanced the anticonvulsant efficacy with less
toxic and side effects. The lowest IC50 value (199 µM) was
obtained with compound 3, which appeared as the low toxicity
against breast adenocarcinoma cell line of MCF-7 cells. The
influence of fluoro- or trifluoromethyl substituents into the
compound plays a key role in enhancing the efficacy of anti-
convulsant activity [33]. It could be connected with unique
properties of the fluorine such as high electronegativity, which
together with significant steric effects of fluorine and trifluoro-
methyl groups may modulate electronic and steric parameters
crucial for biological activity. Furthermore, fluorination always
increases lipophilicity, which is fundamental physico-chemical
property of compounds that plays a pivotal role in the transport
of a molecule through cellular membranes and influences the
localization of compound in the therapeutic site of action. As
a result, combination of above factors yielded in compounds
with increased anticonvulsant activity with decreases the toxic
or side effects.

A thorough analysis of fluorinated benzene derivatives
might reveal an electronic or steric requirement in the active
site binding region of (S)-(+)-2,3-dihydro-1H-pyrrolo-[2,1-c]-
[1,4]benzodiazepine-5,11-(10H,11aH)dione with 4-(tri-fluoro-
methyl)benzoic acid. Given the location of the active site, (S)-
(+)-2,3-dihydro-1H-pyrrolo-[2,1-c][1,4]benzodiazepine-5,11-
(10H,11aH)dione with 4-(tri-fluoromethyl)benzoic acid likely
does not alter the voltage sensing properties of channel instead
stabilizing the open conformation of ion channel through the
selective domains.

TABLE-2 
COMPARES THE NUMBER OF C, H, O, N AND F ATOM PRESENT IN CONVENTIONAL AEDs  

WITH THAT OF THE NEW DRUG. THEIR ACTIVITY IS ALSO BEING COMPARED 

Atoms number 
Compound 

C H O N F 
Activity 

Carbamazepine (C15H12N2O) 15 12 1 2 x Na+ channel inhibition 
Topiramte (C12H21NO8S) 12 21 8 1 x Na+ channel inhibition 
Lamotrigine (C9H7Cl2N5) 9 7 x 5 x Decreases glutamate releases 
Benzodiazepine (C12H12N2O2) 12 12 2 2 x Cl– channel inhibition 
Fluorofelbamate (C11H13FN2O4) 11 13 4 2 1 NMDA receptor antagonist and increase 

GABA availability 
Retigabine (C16H18FN3O2) 16 18 2 3 1 K+ Channel inhibition 
Retigabine with 4-(trifluoro methyl)benzoic acid (C24H22F4N3O4) 24 22 4 3 4 Anticipate K+ channel inhibition 
New compound (3) (C20H17F3N2O4) 20 17 4 2 3 Anticipate K+ channel inhibition 
Indole with 4-(tri fluoro methyl)benzoic acid (C16H11NO2F3) 16 11 2 1 3 Anti-epileptic activity will not be there 

 

Analysis with other cyclic secondary amines (ionic salt):
To make the new compound potentially valid and effective,
Generic comparison has been made with two other compounds
that possess cyclic secondary amines. One, we have synthesised
an ionic salt of indole and 4-(trifluoromethyl)benzoic acid
(TFMBA, Fig. 3). FTIR and 1H NMR confirmed the formation
of (secondary amine) ionic salt. Of course, some minor traces
of impurities were reflected in the NMR.

N
H

CF3

OOC

Highly e- zone

K+ af finity zone

Zone 2

Zone 1

4-Trifluoromethyl benzamide
Fig. 3. Structure-activity-relationship of indole with 4-(trifluoromethyl)-

benzoic acid with zones 1 and 2

As a second choice, we have assumed (not synthesized)
ionic salt of retigabine + TFMBA. It could easily be conceived
that a chance of formation of ionic salt (Fig. 4) was very high.
Indole with 4-(trifluoromethyl)benzoic acid (Fig. 3) possesses
-NH functional groups and fluorinated functional groups
(represented in zone 1 and 2). In case of ionic salt of indole +
TFMBA, NMR and FTIR studies confirmed the formation of
a stable salt. The candidate molecule indole does not possess
any antiepileptic activity, which is not conducive for the basics
of this study. It may be a small molecule, may have a comfort-
able travel through transvascular route (TVR) and less toxic,
but still will never support much needed antiepileptic activity.
Zone 1 & Zone 2 may be active similar to the new drug. But
non-antiepileptic activity of the candidate molecule indole over
shadows all these advantages.

An assumed structure of retigabine with 4-(trifluoromethyl)-
benzoic acid (Fig. 4) also possesses two -NH functional groups
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Fig. 4 Assumed structure-activity-relationship of retigabine with 4-(trifluo-
romethyl)benzoic acid with zones 1, 2 and 3

and fluorinated functional groups (represented in zone 1, 2
and 3). It leads to improved anticonvulsant activity and K+

channel inhibition. But, structure is highly complex possessing
24 carbons & 22 hydrogen atom (hydrogen bonding) which is
relatively huge in number (Table-2). Hence, toxicity of drug
could steeply increase with the concentration. Further, drug
may not be stable in structure, as per neuroanatomy studies,
molecules with complex structure and high toxicity cannot
easily diffusion through BBB and as well their travel through
TVR will not be comfortable. This indeed is a considerable
disadvantage over compound 3.

Fluorinated ionic salt (compound 3) which is the attached
4-(trifluoromethyl)benzoic acid and loosely bound indicating
the non-complex structure, easy diffusion across BBB and
comfortable travel through TVR itself gives potent cytotoxicity
(Table-1).

Conclusion

In this present study, a new fluorinated ionic salt (S)-(+)-
2,3-dihydro-1H-pyrrolo-[2,1-c][1,4]benzodiazepine-5,11-
(10H,11aH)dione with 4-(tri-fluoromethyl)benzoic acid (3) was
synthesized and evaluated for their in vitro cytotoxicity evalu-
ation by MTT assay against breast adenocarcinoma cell line
of MCF-7 cells. Compound 3 (IC50:199 µM) emerged as minimal
toxicity comparable to clinical drugs carbamazepine, topira-
mate and benzodiazepine. Compound 3 was also investigated
for anticonvulsant screening through the correlation of structure-
activity relationships of clinically used drugs, which indicated
that compounds with fluoro- or trifluoromethyl moiety showed
enhance anticonvulsant activities with less toxicity effects.
Hence, it may be concluded that synthesized fluorinated ionic
salt (3) holds a promise for the development as potential anti-
convulsant agents after further optimization.
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Abstract: This article presents the journey of a woman and a nation towards the search of Self 

Esteem in Manju Kapur’s Novels, Manju Kapur is one of the most renowned women writers of 

the contemporary era in India. She  is not only portrays the vulnerable condition of women in the 

Indian society but also delineates how they are being kept ignorant about education and 

emancipation. In her novels she gives vent to the gender discrimination still overtly prevalent in 

the field of education. A study of few feminist theorists has also been included to expose how 

patriarchy creates havoc in the lives of women by denying proper education. With the British 

invasion, Indian men became aware of women education but the enthusiasm died out half way. 

So even after 65 years of Indian Independence, the condition of women has barely changed. 

Hence, Manju Kapur‘s novels expresses circumscribe the condition of women education since 

Independence till the present era. Manju Kapur has writtern many novels like, Difficult 

Daughters (1998), A Married Woman (2003), Home (2006), The Immigrant (2008) and Custody 

(2011) and so on. All the novels are tried to pin point how discrimination still prevails in the 

Indian society when it comes to education. The Portrayal of women in Indian English fiction is 

the silent victim of tradition and traditional values of family and society. In all her novels, Kapur 

deals with the problem and suffering of women to attain their identity. Her novel beautifully 

pictured the longing struggles of women to attain their identity. She usually sketches her thoughts 

and ideas, which she later transforms into the form of writing through her female protagonist. 

She deeply influenced by feminist thinking. She believes in the concept of describing men and 

women relationship in feminine perspective is inevitable. Her novels give much importance to 

the female protagonist rather than male. She addresses the main issues of middle-class women in 

all her novel. 

Keywords:  Crisis, Independence, Partition, Colonization, Disintegration 
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I. INTRODUCTON 

Manju Kapur is an Indian novelist and her debut novel Difficult Daughters won the 

Commonwealth Writer's prize in the year 1999. It is a story where a daughter relived her mother’s 

agonizing past. When the story begins, the daughter (Protagonist’s daughter) and narrator of the 

story, Ida tried to repossess her mom’s past life. While narrating the story, she had highlighted the 

crisis of Marginalization. She had portrayed the nation’s struggle for independence. She also 

concentrated on the lives of Indian women who suffered a lot in the process of maintaining their self-

esteem and uniqueness. The restrictions imposed on Virmati (protagonist) in the name of religion, 

then falling in love and marrying an already married Professor, requisition with mother – in – law, co 

– wife and stepchildren, etc., were the obstacles Virmati had to face in her life. But being an 

educated woman, Virmati found an easy way to escape. She opted to study and her growth 

corresponded to the pristine independence of educated Indian Women, but on the other side she was 

quite disturbed about the growing consciousness of the ties that bind.  

Manju Kapur, in her novels, has tried to divulge the various ways in which patriarchy 

relegates woman to the periphery. In all her writings she has portrayed the numerous schemes 

developed by the patriarchs to curb female freedom and independence. The discriminating patterns 

of education proffered before the ―sons and the ―daughters baffle us. Education for a daughter is 

seen as an alternate option of marriage. A daughter is educated not to go out and take up a job. On 

the contrary, her education is a trap to hunt down a good husband and become a perfect wife and 

daughter-in-law representing ―Indian womanhood. Thus, marriage is the ultimate institution where 

all women should enter after the successful completion of education.  

In Difficult Daughters (1998) Virmati is found boasting before Ganga about the family trend 

of educating the girls: ―My mother, my masi, all studied. It is the rivaz in our family,‘ said Virmati 

proudly. (Difficult Daughters 36) The limitation of such education is divulged when Virmati herself 

tries to go for higher studies. Her mother Kasturi regrets sending her to school which she feels has 

robbed Virmati of her reasons altogether. During Kasturi‘s time (in pre-Independence India), going 

to school had been a privilege, not to be abused by going against one‘s parents. This same fear was 

felt by Kasturi‘s mother too when she found Kasturi praying before the picture of Christ, something 

the nice Bengali teacher of the mission school said she herself did. In a family, the patriarch has 

given the authority to the mother to tug the rope of independence whenever the daughter is found 

transgressing the laws of the threshold.  

Thus, Kasturi was protected from the missionary influences of the British by being sent to a 

school meant to part education following the conventions of the Samaj. Kasturi‘s uncle told her that 

soon she would soar like the kites, but his uncle didn‘t think it necessary to inform that no matter 

what she would be bound to the earth and any sign of transgression from her part would result her 

downfall. Kasturi was allured with other things of life and told that once she gained a proper 

education‖ she would be on her way to becoming one of the finest flower of Hindu womanhood. 

Kasturi became the first girl in her family to postpone the arrival of the wedding guests by a tentative 

assault on learning. Her father, uncle and teacher made sure that this step into modernity was prudent 

and innocuous. Kasturi‘s head remained modestly bent over her work. No questions, no assertions. 

She learned to read, write and balance household accounts and sew. 
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 Above all, the school ground the rituals of Arya Samaj havan, sandhya and meditations so 

deeply within her that for the rest of her life she had to start and end the day with them. After five 

years of this rigorous and disciplined education, it was considered that Kasturi had acquired all that it 

was ever going to be useful for her to know. She appeared for her first and last outside exam, 

preformed creditably, and graduated at the age of twelve, to stay at home until she married. Kasturi‘s 

education testifies Millett‘s remarks in Sexual Politics:  

The education of women was not thought of as a course of study beyond the threshold level of 

learning, a genteel polish its major achievement. And in most cases it was deliberately cynical in its 

emphasis upon ―virtue‖ – a sugared word which meant obedience, servility, and a sexual inhibition 

perilously near to frigidity. (74) 

In her debut novel Difficult Daughters portrays the different lives of three generations of 

women. Having some education, the mother was married to an educated Hindu groom. Since she was 

pregnant most of the times, she has to completely rely on her eldest daughter Virmati, who became 

very responsible and took care of things in her mother’s absence. But in fact, she herself was craving 

for mother’s love. To her disappointment, she didn’t draw any such love or attention from her 

mother, as her mother was worn out due to constant pregnancy. Despite all these inconveniences, the 

daughter Virmati continued to study. She was also inspired by her cousin who preferred to study 

rather than marrying a guy. Virmati also started to postpone her marriage and continued her studies. 

Things went on well until a married U.K – educated professor became the tenant of her neighbor. 

With that her life encountered a topsy - turvy and she was torn between her love for that professor 

and her own familial responsibilities. The third woman depicted here was the granddaughter Ida, 

who was the narrator of this fiction. Though we couldn’t get much information about her life, it was 

clearly understood that she was not much happy about her life, her marriage and especially her 

mother. This was explicitly shown when they questioned about the fundamental values of the 

society. 

From her young age, Virmati was very much frustrated about the constant child bearing 

experience of her mother. Obviously, she disliked such a life and wanted to live a life of her own. 

She yearned to live a sophisticated life, enjoying the pleasantries of art, literature and music. 

Meanwhile she got a romantic neighbor too. The fantasy made her to fall in love with him and 

despite all the protests she married him and eventually brought disgrace to her orthodoxical Arya 

Samaj family. This led to a retard of the women’s education in the whole Amritsar. 

Manju Kapur has wonderfully marked out the saga of the partition of the nation which served 

as a symbolic illustration of an individual’s disintegrated life. The search for identity is the main 

theme of the novel. Kapur has cleverly handled this theme intertwined with nation and the 

protagonist. Both the nation and the woman fraught their aspired independence with a heavy price of 

fragmentation of the individual in the whole process. Earlier the novel focuses on the story of 

Virmati, a young woman who revolts against the forces of patriarchy and suffer for her disobedience. 

Later the author provides some independence history by projecting the country’s revolt against 

colonialism and cultural ends. Virmati's confrontation to the arranged marriage and her independent 

choice to be the Professor's second wife can be interpreted as her denial to the colonization. Of 

course her effort does not count the national politics; it pertains only to her individual and personal 

conflict. But irrespective of this, the impact of the national movement at the historical level cannot be 
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sidelined. R.K. Dhawan, a critic of repute rightly focuses the historical trauma snapped and enlarged 

by the camera of the creative eyes:  

A number of novels were written on the theme of partition, the destruction it brought and the plight 

of the refugees. They faithfully record the reign of violence that characterized the period and provide 

a sad, telling commentary on the breakdown of human values. A strain of despair and 

disillusionment is predominant in these novels. (11) 

Manju Kapur is purely a story of a freedom struggle. The author has not only dealt the 

struggle of India but also of Virmati. As the nation wrestles for liberty from the British Raj, Virmati 

also tussles to live a life of her own. Initially, she was also like the other Indian traditional girls, 

expecting to live a sophisticated, married life. But on the contrary, all these lost their importance.  In 

this constant dilemma, she has lost herself. She is torn into two halves. She struggled to get a happy 

and fulfilled life with an importance to herself. In fact, she yearned to get a self-identity. She could 

achieve all these by losing so many valuable things in her life. She has to sacrifice her own family; 

she has to put up with Ganga, the first wife of the Professor; she had to face the ill treatments of the 

professor’s mother. Like how India attained its freedom at the cost of losing half of its subjects in the 

flames of communal abhorrence. As a result, the victory finally got is a sort of hollow victory in the 

hands of the nation as well as in the hands of the protagonist.  

Earlier it seemed like Kapur is going to present us with diverse points of view of the 

traditional society. But then it turned to be little romantic and then sounded like a story of Indians 

living their traditional lives and combating with the independence movement. Kapur has done a 

wonderful job at setting the scene and developing characters. She has well projected that if one lives 

in a traditional society and decide to transgress its rules, one must be aware of the consequences. One 

must really consider whether the transgression is worth it through the character Virmati, who never 

seemed to properly analyze her situation and ended up making choices which were unsafe than 

beneficial. In her struggle to find her legitimate place in society after succumbing to a forbidden 

affair is heartbreakingly accurate. Thus, in the journey of searching for the self-esteem both the 

nation and the protagonist had lost their heritage. 

Manju Kapur explores a totally different aspect of educating a girl in her next novel, A 

Married Woman (2003). Like any other woman of her age Sita, Astha‘s mother, believed in the old, 

traditional ways. She regularly prayed to God to marry off Astha to a good husband. But Astha‘s 

father believed in the new. He felt that his daughter‘s future lay in her own hands, and these hands 

were to be strengthened by the number of books that passed through them. He always kept himself 

updated about Astha‘s studies. He didn‘t want his daughter to be dissatisfied and wasted like him. He 

always encouraged her about her potentials, her flair for painting and her way with the words; he 

insisted that with a bit of practice in Mathematics, her weak point, she could sit for the competitive 

exams. With a good job comes independence (A Married Woman 4) her father feels. But this 

manipulative way of his is another way of finding a good match for his daughter. He consoled his 

wife in private that if Astha did well in her exams, she could perhaps sit for the IAS and find a good 

husband‖ there. Thus, the final destination fixed for their daughter is marriage, only their perspective 

differed. This patriarch, being a bureaucrat himself, shrewdly camouflages his real intentions, while 

encouraging his daughter to study hard. He too never thinks beyond the boundary of marriage. 

 In Home (2006) another angle is portrayed about the education of the daughters. Sona and 

Rupa are two sisters. They belonged to a middle-class family based in Meerut. When a marriage 
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proposal came for Sona, from the Banwari Lal Cloth Shop in Karol Bagh, her parents became 

apprehensive of the rich alliance. They dreaded marrying off their daughter to a business family. But 

Sona‘s attitude awes her parents as well as the readers. Will Sona, from an educated family, be happy 

with shopkeepers? The boy is only high-school pass, but Sona now says she does not want to study 

any more; she wants to remain on the same level as her husband. (Home 8) 

 The final destination of a daughter – whether educated or not – lies in marriage. This concept 

has been so much imbibed in the daughter right from her birth that she easily gives up her education 

the moment she gets a marriage proposal. Letting education to mar the marriage is a strict, Even 

before her parents could say anything, Sona herself steps out of the educational system. When it 

came to Rupa, she finished her BA undisturbed. No marriage proposal had forced her to give up her 

education. After her completion of education her father arranged her marriage to the son of a retired 

colleague, based in Karol Bagh. The location of the groom in Sona‘s neighbourhood was one of the 

reasons the alliance was deemed suitable.  

Thus in case of marriage much introspection is done so as to make it ―suitable enough. This 

suitability varied from family to family. When Sushila was married to Pyare Lal, she was in the first 

year of college. But marriage provided enough reason to discontinue her education (Home 12). Her 

family members did not feel the need to ask her opinion either marriage or continuation of education. 

She didn‘t resist the arrangements either. Sushila married and played the role of a wife and daughter-

in-law perfectly by delivering two sons in the consecutive years of her marriage. Thus she passed her 

trials successfully as an emblem of womanhood. 

In Custody Ishita‘s pending job applications were brushed aside to reply to the good offer in 

the marriage front. Ishita‘s aspirations with her BA and B.Ed degrees were at stake with the lucrative 

offers of a husband looming large and overshadowing her in totality. Even her parents felt that 

marriage is more important than any other job. For them, educational degrees and job prospects are 

an alternative when marriage failed to work which seemed to be a quiet auspicious thought to be 

nurtured. Ishita too followed the footsteps of any ordinary Indian woman. Shagun‘s was not 

extraordinary either. Mrs Sabharwal, Shagun‘s mother had raised her only daughter single-handedly 

after the decease of her husband. Shagun‘s out-of-the-box career option of becoming a model was 

met with a cold reproach from her mother. She was strongly opposed to a career that would allow all 

kinds of lechery near her lovely daughter. Thus once out of the college Shagun was married off to 

Raman. With all her degrees shut, the claims of husband, family and friends made a career hard to 

justify, especially since money was not an issue. 

 

In all her novels Manju Kapur highlights on how women in the Indian society are bereft of 

proper education in the name of tradition. Lack of education makes them dependable and vulnerable 

to both the inner world of the zenana and the outer world. Through her novels Kapur raises the 

seminal issues of women in a very befitting manner and delineates the grim and pathetic reality of 

Indian women. She advocates the plausible reality that education brings dignity, honour and power. 

Hence progress and development of a society depends on the emancipation and empowerment of 

both the sexes. 

 

 

 

Page 2986 of 3066Page 2986 of 3066



 
 

7
3
2
2

 

Archives Available @ www.solidstatetechnology.us 

REFERENCES 

 

[1]. Kapur, Manju. Difficult Daughters. New Delhi: Penguin India, 1998; London: Faber   and 

Faber, 1998  

[2]. Dimri, Jaiwanti. “From Marriage to Murder: A Comparative Study of Wife and Jasmine.” 

Indian Women Novelists, Vol.3, ed. R.K. Dhawan, New Delhi: Prestige, 1996. 

[3]. Bala, Suman, Subhas Chandra. "Manju Kapur‘s Difficult Daughters: An Absorbing Tale of 

Fact and Fiction, 50 Years of Indian Writing. Edited by P.K. Dhawan. New Delhi: IAES, 1999, 

Print.  

[4]. Kakar, Sudhir, Feminine Identity in India‖, Women in Indian Society: A Reader, Ed. Rehana 

Ghadially, New Delhi: Sage Publications, 1988, p. 44-68. 

[5]. Mathur, Malti. ―Crossing the threshold: Woman in Shashi Deshpande‘s Small Remedies 

and Manju Kapur‘s Difficult Daughters. Critical response to Feminism. Ed. Binod Mishra. New 

Delhi: Sarup and Sons, 2006. Print.  

[6]. Gurpyar, Jandiyal. “Evolving Feminist Tradition: The Novels of Shashi DeshPande and 

ManjuKapur.” Atlantic Literary Review, New Delhi. 1997, p. 76-82. 

[7]. Rollason, Christopher. “Women on the Margins, Reflections on Manju Kapur’s Difficult 

Daughters, R.K. Dhawan (ed.), 50 years of Indian Writing, IAES, New Delhi, 1999, p. 14. 

[8]. Sharma, B.D., Sharma S.K. “The Contribution of the Women to the Development of the 

Indian English Novel.” Contemporary Indian English Novel. ed. New Delhi: Anamika, 2001. The 

Atlantic Review Literary, 5.1.2, Jan-March-April-June 2004, 174-84.  

[9]. Suman Bala and Subhash Chandra.,  Manuju Kapur‘s Difficult Daughters: An Absorbing 

Tale of Fact and Fiction in 50 years of Indian Indian Writing p. 107 

Page 2987 of 3066Page 2987 of 3066



JOURNAL OF CRITICAL 

REVIEWS 
VOL 7, ISSUE 13, 2020 ISSN- 2394-5125 

 

  

 

 

4377 

 

THE POSITIVE AND NEGATIVE IMPACTS OF 

INCOMPLETE FAMILY IN JOHN IRVING’S “THE 

WORLD ACCORDING TO GARP” 

 

M.Madhu Bharathi
1
,
 
D.Naganandhini

2
, J.Dineshkumar

3 

 

1
Assistant Professor of English, Department of Science and Humanities, M.Kumarasamy College of 

Engineering, Karur. 
2
Assistant Professor of English, Department of Science and Humanities, M.Kumarasamy College of 

Engineering, Karur. 
3
Assistant Professor, PG and Research Department of English, Vivekanandha College of Arts and Sciences for 

Women (Autonomous), Tiruchengode, Namakkal. 

 

Email: madhu000666@gmail.com
1
, Nandhinidharmalingam95@gmail.com

2
, nizardinesh@gmail.com

3
 

 

Received: 14 March 2020 Revised and Accepted: 8 July 2020 

 

ABSTRACT: This paper deals with the positive and negative impacts of Incomplete Family in American writer 

John Irving’s novel “The World According to Garp”. The characters in his novels often grow up without either 

one or both the parents and they are facing certain impacts because of that. In “The World According to Garp”, 

the hero is raised without his father and is struggling a lot in his life. In the changing culture of America, Single 

Parent Family has become a common thing. There arises a major behavioral difference between children from 

Nuclear family to children from Single parent family. Irving dealt with such social issues and has given a lot of 

works in this theme. This paper entirely focuses on the effects of Garp, being raised by his single mother in 

“The World According to Garp”.  

 

KEYWORDS: Impacts, Nuclear family, Single parent family, Behavioral changes, Social issues  

 

I. INTRODUCTION 

 

American culture is one of the most varied cultures in the world. From food, religion and language to how one 

behaves, it is entirely different from other cultures. Most of the populations in United States are immigrants 

from different countries. There is always a new immigrant in the country. So, American culture is considered to 

be a mix of American, European and Asian cultures. Yet, American culture is considered as the most prevailing 

cultures in the world. It is high time most of the writers have started to write about the issues of common men as 

their main theme. Among them is the talented writer named John Irving who is known for his writings on 

ordinary families. His works being read everywhere around the world, many of his works are considered as 

classics of the American literature.  He is not only a great novelist but also a wonderful Short Story writer, an 

essayist and an excellent screenwriter. A Complete family is a family set up consisting of both the parents and 

their children (one or more).  It is the most primary social unit of the world.  Nuclear family or complete family 

usually focuses on a married duo. The family can have any number of kids.  There are differences in opinion 

among people that some say only birth children that are full siblings, but others accept step-parents and any mix 

of children who are dependant including step-children and adopted children. John Irving has been publishing his 

works in the period in which the structure, values and functions of a family is undergoing several important 

changes mainly because of massive social changes. The family setting has been totally changed as there were an 

enormous amount of divorce rates which leads to the increase in single parent households and some other 

substitute forms of family like remarried parents, adoptive parents, step parents and step siblings. And, the 

current study focuses on the consequences of single parent family in John Irving’s The World According to 

Garp.  

 

II. LITERATURE REVIEW 

 

Irving on his another work “The Hotel New Hampshire” talks about the absurdity of scare tactics in the line: “A 

group of New York divorcees has successfully evoked the fear of victimization among the people of New 

Hampshire” (342). Umberto Eco talks about the authors who renounce psychology because they want their 

characters to the level of a purposeful structural scheme. Eco sees many of these types of writers in 
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contemporary period where the writer shifts from psychological method to formalistic ones. As Robert Scholes 

predicted, Eco also feels that the main objective of this new form of fiction will hit in different aspect.  He 

compares The World According to Garp and Robert Coover’s The Universal Baseball Association, as both 

provides no character point of reference.  Both of these works are connected neither by its plot nor by its 

deliberate disclosure of flat characters but by its structural association of game and formal procedure and 

eventual makeover of one character into another.(Eco) The Positive and Negative impacts of Incomplete 

Family: The fourth novel of John Irving, The World According to Garp, has its hero named Garp who was born 

to a women’s activist chief Jenny Fields, who then later grows up to be an author. The novel was published in 

1978 and it had been the smash hit for countless years. Steve Tesich wrote the screenplay for the movie version 

of the novel which was released in 1982 starred Robin Williams. The Word According to Garp analyzes a wide 

scope of issues, including family dealings, sexual orientation jobs, women’s liberation, and demise while 

concentrating specifically on the connection among sex and brutality just as fiction and reality. The novel was a 

finalist for the National Book Award for Fiction in 1979, and its initial soft cover version won the Award the 

next year.  The novel is for the most part viewed as a family adventure because of its impressive length, dealing 

of three ages inside a solitary family, and accentuation on family and conjugal connections. A conventional 

family arrangement without a father may not be considered as an essential loss compared to an absent mother, 

even though it has many consequences. The reason behind this may be because the mother spends most of her 

time with the children giving them emotional security. The father gives safe and sound relationship to the 

children which make them free from over reliance on the mother. The connection between the child and the 

mother may misshape without a father especially when they are boys. The hero of the novel Garp grows up 

without the father and he has to face several problematic situations because of that even though he doesn’t think 

that as a difficulty. In this novel, the family is incomplete without a father and is considered as a single parent 

family because it is being run with only mother. According to M. J. Campion, mothers like Jennie Fields raise 

the child totally different from other families that have single mothers. “These types of single mothers, because 

of their loneliness, never accept the man who gave birth to their child as a partner” (Sobotkova 171).  The novel 

doesn’t have the regular family circumstances and it resembles the strange setting of John Irving which is seen 

in the novel when Garp’s mother decided to have him for a man in emergency clinic who previously lost his 

life. She did so because she wanted Garp to be raised without a man. Jenny Fields never attempted to give Garp, 

a father. A child being raised without the father gets direct influence over the human behavior and personality 

development in childhood and adolescence. It was because of the lack of care from a father; Garp was being 

looked as a weird kid and was grown up to be an odd youngster. He was more like his mother, quiet and 

consistent, who never attempted to know anything about his father. J. M. Campion on dealing with family 

circumstances in Psychological literature cases that such parents make another method of parenthood, which 

delivers an increasingly transparent family. A mother, who is really concerned about her children, will always 

take care of them and is very supportive in all aspects of life including organizing a good set of connections of 

people for them. They will always help and support them in everything. Some other arguments tends to support 

this kind of motherhood as the children don’t have to experience any shocks like the divorce of their parents, 

sudden widowhood or lose of a parent. Therefore, it won’t be in a deprived situation for the children. Jenny 

Fields is impeccably ready to furnish her youngster with a domain like this. Concerning the models of a 

gentleman conduct, when there isn’t the form of the dad present, there are a lot of them: Garp and his mom live 

in a school, with male instructors and male employees around, a professional decision Jenny has formerly made 

for the most part hence, when she interfered with all contacts with her family and in this manner precluded Garp 

the chance from securing contact with his granddad. Garp is affected generally by ladies all through his life and 

two men, one of them is educator Tinch, his abstract mentor, the other one is his wrestling trainer Ernie Holm, 

who is his father in law in future, an individual who takes after the most part of a dad, in spite of the fact that it 

isn’t actually explicated in the narrative. When Ernie Holm kicks the bucket, Garp assumes control over his 

activity and keeps on working with grapplers, which is a conventional activity for a child after his dad’s demise: 

to proceed with his effort and to go by on what he has been instructed.Notwithstanding the customary and 

typically legitimate presuppositions, the absent dad doesn’t need to fundamentally imply any impediment: it is 

just one blow in human life, the one that can hypothesize about, what the individual’s life would look like if the 

individual had a dad.  If one attempts to think Garp with a father, the significance of a family life would have 

directly influenced his adulthood, his way of thinking, his behavior and personality and the way he handles the 

life. Garp is an individual without any issues in human correspondence or communal associations. He goes to 

class; he is in touch with different understudies and furthermore with Helen and Cushie Percy, the young lady 

with whom Garp encounters his first sexual experiences. Unlike the sons of single mothers, Garp was never 

dependant on his mother. He grows up with no friends and he led a solitary life like his mother. Soon after in his 

adult life, he befriends Roberta Muldoon and also liked to meet Helen’s friends, the Fletchers. But, he never had 

many friends in his life. He enjoyed being in home just with his family. Both Jenny and Garp led independent 

lives. Garp grows up to be a sensitive, cold and unfriendly person. But, one cannot say that it was because of his 

father’s absence. His mom, Jenny obviously tried to give him enough love as it is considered as the basic 
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quality of a mother. After his marriage with Helen, he cherished the people around him especially his kids. It 

was Garp who persuaded Helen to have kids at that age by promising that he will take care of them. The non 

existence of a father in Garp’s life hasn’t affected him in a negative way only. In words according to the 

proponent of attachment theory, “The initial relationships created by children with their caregivers will have a 

remarkable change that will continue all over their life. When a child is closely attached to its mother, the 

survival ratio of the child drastically increases. These types of mothers provide a sense of security by always 

being available for their children. The child then establishes a secured feeling with their mother and thinks that 

they are dependable and that helps them explore the world” (Van Wagner).  Garp got this sense of security from 

his mother which helped him establish his future connections with the world and that he learned to live a happy 

and satisfying life.  

 

III. CONCLUSION 

 

The repeated absence of nuclear family in John Irving’s novel has resulted in both positive and negative aspects. 

Family being the main part of a human’s life helps in the development of character and personality of an 

individual. A person’s identity is most likely decided by their family members. Families teach the children how 

to behave in a society, how to lead a social life and how to interact with others. Families give emotional, 

financial and informational security to the children. The family atmosphere gives everyone harmonious 

relations and a sense of security. Socialization being the main influence in human environment, the womb-to-

tomb method of social life affects the temperament and the skill to live happily in a society. This type of 

influences that comes directly from the family deeply affects the person’s behaviour, personality, attitude, 

morals and values when there is an absence of a family member. The children learn everything from their 

parents through imitating and observing what they do. Therefore, when a parent is being missing in a family, 

they have to learn everything from someone who is not their family and there arises a huge gap for the children 

to fulfil their potential needs. Being raised with elders, the children will get enough sense of security and 

confidence to face the world. But, when there is an absence of a family member, it directly affects the way the 

chid behaves with others and affects their overall depiction on themselves. The children at that age couldn’t 

even realize why such things happened and they blame themselves for whatever happened. They have to lead 

their life with deep confusion. Moreover, when a parent moves out of the family, there occurs the absence of 

important male or female roles in their life. When the child misses their parent of same sex, they will never get 

to know how to behave with the people in their adult age. In case the child is missing opposite sex parent, they 

will be unaware of how to approach people of opposite sex. These kinds of situations will lead to create certain 

problems in their future relationships. The continuous absence of family members in John Irving’s works has 

confronted several results. He uniquely created every character, away from reiteration. The only similar 

attribute that his characters got is the absence of one or both the parents. Garp is also one such character who 

was brought up without his father. Because Garp knows that his father is dead and because of his mother 

Jenny’s solid character, he led a life that hasn’t impacted much of this father’s absence.  
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Abstract- In this article, Laplace transform and new perturbation methods are adopted to study the problem 

of the chemical kinetics problem analytically.  This technique is used to solve the chemical kinetics problem. 

This problem is formed by a system of nonlinear ordinary differential equations. In this perturbation method 

the solution is obtained in the approximate form with easily computed components. The results of the 

maximal error remainder values show that the present method is very effective and reliable.  

Keywords: Mathematical modelling; Laplace transform; New perturbation method; Chemical Kinetics.  

 

1. Introduction 

In every phenomenon in real life, there are many parameters and variables related to each other under the 

law imperious on that phenomenon. When the relations between the param- eters and variables are presented 

in mathematical language we usually derive a mathematical model of the problem, which may be an 

equation, a differential equation, an integral equa- tion, a system of integral equations, etc. Consider a model 

of a chemical process (Butcher, 2003) consisting of three species, which are denoted by A, B and C. The 

three reactions are:  

BA             (1) 

CACB            (2) 

CBB             (3) 

Let u, v and w denote the concentrations of A, B and C, respectively. We assume these are scaled so that the 

total of the three concentrations is 1, and that each of three constituent reactions will add to the 

concentration of any of the species exactly at the expense of corresponding amounts of the reactants. The 
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reaction rate of Eq. (1) will be denoted by  . This means that the rate at which u decreases, and at which v 

increases, because of this reaction, will be equal to u . In the second reaction Eq. (2), C acts as a catalyst in 

the production of A from B and the reaction rate will be written as  , meaning that the increase of u, and 

the decrease of w, in this reaction will have a rate equal to wv . Finally, the production of C from B will 

have a rate constant equal to c, meaning that the rate at which this reaction takes place will be 2v .  

2. Mathematical formulation  

we find the system of differential equations for the variation with time of the three concentrations to be: 

wvu
dt

du
            (4) 

2vwvu
dt

dv
           (5) 

2v
dt

dw
            (6) 

Subject to the initial conditions: 

321 )0(,)0(,)0( cwcvcu          (7) 

If, the three reaction rates are moderately small numbers, arenot greatly different in magnitude, then this is a 

straightforward problem. 

Many different methods have recently introduced to solve nonlinear problems, such as, variational 

iteration method(Abassy et al., 2007; Biazar and Ghazvini, 2007; Goha et al.,2010; He, 2000; Sweilam and 

Khader, 2007; Sweilam andKhader, 2010), Adomian decomposition method (Sen, 1988;Wazwaz, 1998; 

Yang et al., 2009) and homotopy perturbation method (He, 1999; Liao, 2005; Nayfeh, 1973; Sweilam et 

al.,2008; Sweilam and Khader,2009). The Adomian decomposition method provides solutions as a series by 

employing the so called Adomian’s polynomials which are related to the derivatives of the nonlinearities; 

therefore, these nonlinearities must be analytical functions of the dependent variables and this has often been 

ignored in the literature, for the existence and uniqueness of solutions to, for example, initial-value problems 

in ordinary differential equations is ensured under much milder conditions (Kelley and Petterson, 2004; 

Ramos,2008a,b). However, the decomposition method may be formulated in a manner that does not require 

that the non linearities be differentiable with respect to the dependent variables and their derivatives (Ramos, 

2009). Other techniques also requirethat the nonlinearities be analytical functions of the dependent variable 

and provide either convergent series or asymptotic expansions to the solution including perturbation 

methods (Nayfeh, 1973), the homotopy perturbation technique and the homotopy analysis procedure (Liao, 

2005). 

By way of contrast, iterative techniques are used for solvinga large class of linear or nonlinear 

differential equations without the tangible restriction of sensitivity to the degree ofthe nonlinear term and 

also they reduce the size of calculations besides, their interactions are direct and straight forward. These 

techniques include the well-known Picard fixed-point iterative procedure (Agarwal et al., 2001; Khader and 

Al-Bar, 2011; Kreyszig, 1989).Some highlights of new developments of PIM include work by Ramos, who 

solved the nonlinear second-order differential equations (Ramos, 2008a), nonlinear ordinary differential 

equations (Ramos, 2008a), and the nonlinear 
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advection–reaction–diffusion equations (Ramos, 2009). 

Hussanan et al. 2014, Studied an influence of Newtonian heating on Casson fluid past an oscillatory 

vertical plate by Laplace transform. Kumar et al.2013, investigated a new approximate method, namely 

homotopy perturbation transform method (HPTM) which is a combination of homotopy perturbation method 

(HPM) and Laplace transform method (LTM) to provide an analytical approximate solution to time-

fractional Cauchy-reaction diffusion equation. In this study, analytical approximation to the of the chemical 

kinetics problem ausing combination of new perturbation method and Laplace transform is presented. 

3. Solving the system of chemical kinetics new perturbation method and Laplace transform  

Let us rewrite the Eqs. (4), (5) and (6) as: 

wvuu  '           (8) 

2' vwvuv             (9) 

2' vw                       (10) 

To illustrate new perturbation, we limit ourselves to consider the following system of nonlinear ordinary 

differential equations (NODEs) in the type of the solving Laplace transform method as follows: 

Taking Laplace variables eqns. (8-10) and using new perturbation of initial substitute as follows:  

0)()'( 32  ccuLuL                     (11) 

0)()()'( 2

31  vLvLccvL                    (12) 

0)()'( 2

2  cwL                      (13) 

We obtain the solution the eqns. (11) and (13), 

)(
)( 321





 





ss

cc

s

c
su                    (14) 
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                    (16) 

Finally, we take inverse Laplace transform for solutions (14) and (16) we get 

)exp(1()exp()( 32

1 t
cc

tctu 



                   (17) 

)exp(1()exp()( 3

3

2

21
32 tc

c

cc
tcctv 




 


                (18)  

3

2

2)( ccttw                       (19) 

4. Results and Discussion 

In this study, this technique is used to solve the chemical kinetics problem. The governing equation 

which is a pair first order ordinary differential equations were solved analytically by using the new 

perturbation method (HPM) and Laplace transform. The behavior of the approximate solutions 

)(and)(),( twtvtu using the new perturbation method (HPM) and Laplace transform with those values 

obtainedby the analytical method are given in Figs. 1–3. In allof these figures, we used the fixed values of 

Page 2993 of 3066Page 2993 of 3066



 

6
9

2
 

Archives Available @ www.solidstatetechnology.us 

the constants ,and,  and the following initial conditions(7), .and, 321 ccc In figures (1-3), it is observed 

that there will not be any changes in the graph as t increases; hence the value t is restricted. In these figures 

represented the consideration of )(and)(),( twtvtu  concentrations.. It is noticed that while the values of the 

parameters are increasing the values of the concentration is decreasing. 

 

 

Fig.1. The solution of )(tu  using analytical solution for fixed values for 04.0,03.0  

1.0,5.0,2.0 321  ccc  

 

Fig.2. The solution of )(tv  using analytical solution for fixed values for 4.0,03.0  

1.0,5.0,2.0,01.0 321  ccc  
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Fig.3. The solution of )(tw  using analytical solution for fixed values for 04.0,03.0  

1.0,5.0,2.0,05.0 321  ccc  

5. Conclusion 

In current paper, the new perturbation method and Laplace transform has been successfully applied to solve 

a system of ordinary differential equations which represent of one of a mathematical models of a chemical 

kinetics problems. The new perturbation method and Laplace transform provides the solutions in the form of 

approximately with easily computed components. It is economical in terms of computer power/memory and 

does not involve tedious calculations without any restricted assumption and it is seeming that the new 

perturbation method and Laplace transform appears to be very accurate to employ with reliable results. It 

has been achieved that from figures and table that the maximal error remainders decreased when the number 

of iterations are increased. 
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Abstract- This article, presents the approximate solutions of Chemical Reaction-Diffusion Brusselator 

system and Coupled Schrodinger-Korteweg-de Vries equation by a reliable algorithm of New Iterative 

Method. New Iterative Method is an improvement with regard to its accuracy and rapid convergence. 

Numerical results show that the proposed method is reliable and efficient. The accuracy of the method 

increases with increase in the number of iterations. 

 

Keywords: New Iterative Method, Chemical Reaction-Diffusion Brusselator system, Coupled Schrodinger-

KdV equations.   

1. Introduction 

The Brusselator model arises in the modelling of certain chemical reaction-diffusion processes. The 

Brusselator reaction-diffusion model plays a substantial role in the study of cooperative processes of 

chemical kinetics. This system occurs in a large number of physical problems. It arises in the creation of 

ozone by atomic oxygen through a triple collision, in enzymatic reactions, and in plasma and laser physics 

[1]. A pair of variables is involved in dealing with these chemical reactions with input and output chemicals, 

whose concentrations are likely to be controlled during the reaction process and are substantial under quite 

genuine conditions. The coupled Schrodinger-KdV equations are extensively used to model nonlinear 

dynamics of one-dimensional Langmuir and ion acoustic waves in the system of coordinates moving at the 

speed of ion acoustic. The two dimensional chemical-diffusion reaction brusalator system takes the 

following form  

  

2 2
2

2 2

2 2
2

2 2

( , , )
( 1) ,

( , , )
,

u x y t u u
u v A u B

t x y

v x y t v v
u v Au

t x y





   
      

   

   
     

   

                                            (a) 

subject to the initial conditions 
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( , ,0) ( , ),

( , ,0) ( , ),

u x y h x y

v x y g x y




  

where ( , , ) and ( , , )u x y t v x y t  are unknown functions representing the dimensionless concentrations of two 

reactants, 𝑥, 𝑦, and 𝑡 denote the spatial and temporal independent variables, respectively. 𝐴 and 𝐵 are 

constant concentrations of the two reactants, 𝜇 represents the diffusion coefficient, and ℎ and 𝑘 are known 

functions. It is evident that for small values of diffusion coefficient 𝜇, the steady state solution of Brusselator 

system converges to the equilibrium point (𝐵, 𝐴/𝐵) if 1−𝐴+ 𝐵2 > 0. During the last few years, the 

researchers have shown keen interest in the existence of solution of the Brusselator reaction model when                                     

1 − 𝐴 + 𝐵2 ≥ 0 [5–7]. The Coupled Schrodinger Korteweg-de Vries (KdV) equation is given by  

        

2

2

2

2

3

3

( , ) ( , )
( , ) ( , ),

( , ) ( , )
( , ) ( , ),

( , ) ( , ) ( , ) ( , ) ( , )
6 2 ( , ) 2 ( , ) .

u x t v x t
v x t w x t

t x

v x t u x t
u x t w x t

t x

w x t w x t w x t w x t v x t
w u x t v x t

t x x x x

 
 

 

 
  

 

    
    

    

                      (b) 

These problems remained the center of research and study for many years and have been investigated by 

many researchers. Many authors have investigated the approximate solution of these equations by various 

techniques [2-9].  

In this research article, we have extended New Iterative Method (NIM) for finding the approximate solution 

of above mentioned problems. The method was proposed by Daftardar- Gejji and Jafari and is one of the 

most reliable and effective techniques to solve linear and nonlinear functional equations [10-13]. This 

method produces a series of analytical solution to such nonlinear equations which converges to the exact 

solution.  

2. Analysis of NIM for Coupled System of PDE’s 

Consider the system of partial differential equations in the form of 

,0 1 2 1,( , ,..., ) 1,2,3,....., ,i i iu f u u u i n                        (1) 

where 
if  are known function and 

i  are nonlinear operators. Let 
1 2( , ,..., )nu u u u  be the solution of system 

(1) where 
iu having the series form, 

,

0

1,2,3,..., .i i j

j

u u i n




                               (2)  

We decompose the nonlinear operator iN as 

                         
, ,

0 0

( ) ,...i i i j n j

j j

u u u 
 

 

 
  

 
                                                (3) 

                   =
1 1

1,0 2,0 ,0 , , , ,

0 0 0 0 0

( , ,..., ) ,... ,... .
k k

i n i i j n j i i j n j

k j j j j

u u u u u u u  
    

    

   
   

   
                        (4) 

By virtue of  above equations,  Equation  (1) takes the following form      

 
1 1

, 1,0 2,0 ,0 , 2, , ,

0 1 0 0 0 0

( , ,..., ) ,..., ,... .
k k k k

i j i i n i i j j i i j n j

j k j k j j

u f u u u u u u u  
   

     

   
     

   
             (5) 

For 1, 2,3,... ,i n we define recurrence relation as  

             
1 1

, 1 , 2, , ,

0 0 0 0

,..., ,... , 1,2,3...,
m m m m

i m i i j j i i j n j

j j j j

u u u u u m 
 



   

 
   
 
                                (6) 
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then  

                          
,

0

.i i j

j

u u




                                                (7) 

The k-th order approximate to 
iu is given by 

                     
1

,

0

.
k

i i j

j

u u




                                                                         (8) 

The k-th iteration (k=2,3,4,…..) is given by the following relations 

          
1 1 2 2

1, 1 1, , 1 1, ,

0 0 0 0

,..., ,..., ,
k k k k

k i n i i n i

i i i i

u u u u u 
   

   

   
    

   
                                                      (9) 

        
1 1 1 1 2 2

, , 1, , 1, 1 , 1, , ,

0 0 0 0 0 0 0 0

,... , ,... ,... , ,... ,
k k k k k k k k

j k j i i i i i i i i i i j i j i n i

i i i i i i i i

u u u u u u u u u 
     

  

       

   
    

   
              (10) 

         ….. 
1 1 1 2

, 1, 1, , 1, 1, ,

0 0 0 0 0 0

,... , ,... , .
k k k k k k

n k n i n i n i n i n i n i

i i i i i i

u u u u u u u 
   

 

     

   
    

   
                                             (11) 

Thus  

             
1, , ,

0 0 1

( ) ,... .i i j n j i j

j j j

u u u u 
  

  

 
  

 
                                                                 (12) 

Hence we have 

           
,

0

i j

j

u u




                                                         (13) 

3. Numerical Examples 

3.1: Chemical Reaction-Diffusion Brusselator System: 

Consider Eq. (a) with ( ( )1
1, , 0, ( , )

4

x yA B h x y e      , and ( )( , ) x yg x y e  ), we have  

2 2
2

2 2

2 2
2

2 2

( , , ) 1
2 ,

4

( , , ) 1
,

4

u x y t u u
u v u

t x y

v x y t v v
u u v

t x y

   
    

   

   
    

   

                                          (14) 

with initial conditions 
( ), ( )( , ,0) ( , ,0) .x y x yu x y e v x y e     

The exact solutions are 

( ) ( )
2 2( , , ) , ( , , ) .
t t

x y x y

u x y t e v x y t e
    

   

 

The equivalent integral forms of the Eq. (14) can be written as 

             

2 2
2

2 2

0 0 0

2 2
2

2 2

0 0 0

1
( ) 2 ,

4

1
( ) .

4

t t t

t t t

u u
u u v dt udt dt

x y

v v
v udt u v dt dt

x y

  
    

  

  
    

  

  

  

                                         (15)   

Using NIM formulation discussed in section 2, we have the following approximations: 
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( )

0

( )

0

( )

1

( )

1

2 3 4
( ) ( ) ( ) 2

2

2
( ) ( ) (

2

( , , ) ,

( , , ) ,

1
( , , ) ,

2

1
( , , ) ,

2

1 3 1 2
( , , ) 2 8 2 ,

2 4 2 8 2 4

1 1 1
( , , ) 2

2 2 2 4

x y

x y

x y

x y

x y x y x y

x y x y

u x y t e

v x y t e

u x y t e t

v x y t e t

t t t
u x y t e t e t e t t

t
v x y t e t e t e

 



 



     

  





 



   
          

   

 
      

 

2
) ( )

3 4
2

1
2

2 8

2
8 2 ,

2 4

x y x yt
t e

t t
t t

   
  

 

 
   

 

       (16)      

 

2 3 4
( ) ( ) 2 ( )

3

5
2 3 4 3( )

5
4 2( ) 2 3( )

5 7
4 6 8

1 1 2 1
( , , ) 2 8 2

2 2 4 3 4 96

3 1
96 24 4 2

5 192

3 1
2 4 (24 6 )

5 884736

101376 35328
18432 10752 2496

5 7

x y x y x y

x y

x y x y

t t t
u x y t e t e t t e

t
t t t e

t
t e t t t e

t t
t t t

     

 

  

   
          

   

 
     

 

    

   


9 10 13

11 12 2( )

2 3 4 5

6

.
2768 1264 2713

72 18
3 5 13

88736 221184 36864 36864 13824

1152

x yt t t
t t e

t t t t t

t



 
 
 
  
  
  
  
      
  
       
         

                 (17) 

 

2 3 4
( ) ( ) 2 ( )

3

5
2 3 4 3( )

5
4 2( ) 2 3( )

5 7
4 6 8

1 1 2 1
( , , ) 2 8 2

2 2 4 3 4 96

3 1
96 24 4 2

5 192

3 1
2 4 (24 6 )

5 884736

101376 35328
18432 10752 2496

5 7

x y x y x y

x y

x y x y

t t t
v x y t e t e t t e

t
t t t e

t
t e t t t e

t t
t t t

     

 

  

   
          

   

 
     

 

    

   


9 10 13

11 12 2( )

2 3 4 5

7 9 10 11
6 8

.
2768 1264 2713

72 18
3 5 13

88736 221184 36864 36864 13824

7872 64 72 108
1152 480

7 3 5 11

x yt t t
t t e

t t t t t

t t t t
t t



 
 
 
  
  
  
  
  
      
  
  
       
   
         
   

             (18) 

Similarly we can find the remaining terms with the help of Mathematica 7.0. 

Finally we have 

                     

0 1 2 3

0 1 2 3

( , , ) ( , , ) ( , , ) ( , , ) ( , , ),

( , , ) ( , , ) ( , , ) ( , , ) ( , , ).

u x y t u x y t u x y t u x y t u x y t

v x y t v x y t v x y t v x y t v x y t

   


                         (19) 
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3.2: Coupled Schrodinger-KdV equation 

Consider Schrodinger-KdV equation of the following form 
2

2

2

2

3

3

( , ) ( , )
( , ) ( , ),

( , ) ( , )
( , ) ( , ),

( , ) ( , ) ( , ) ( , ) ( , )
6 2 ( , ) 2 ( , ) ,

u x t v x t
v x t w x t

t x

v x t u x t
u x t w x t

t x

w x t w x t w x t w x t v x t
w u x t v x t

t x x x x

 
 

 

 
  

 

    
    

    

                  (20) 

with initial conditions 

( ,0) Cos( ),

( ,0) Sin( ),

3
( ,0) .

4

u x x

v x x

w x







                                  (21) 

The exact solutions of Eq. (20) is given by 

( , ) Cos ,
4

( , ) Sin ,
4

3
( , ) .

4

t
u x t x

t
v x t x

w x t

 
  

 

 
  

 



                                 (22)  

The equivalent integral forms of the Eq. (14) can be written as 
2 2

2 2

0 0 0

2

2

0 0

3

3

0 0 0 0

( , ) ( , )
( , ) ( , ) ( , ) ,

( , )
( , ) ( , ) ( , ) ,

( , ) ( , ) ( , ) ( , )
( , ) 6 2 ( , ) 2 ( , ) .

t t t

t t

t t t t

v x t v x t
u x t dt v x t w x t dt

x x

u x t
v x t dt u x t w x t dt

x

w x t w x t w x t v x t
w x t w dt dt u x t dt v x t dt

x x x x

 
  

 


  



   
    

   

  

 

   

(23) 

Using NIM formulation discussed in section 2, we get the following approximations:              

 

0 0 0

1 1 1

2 2 3

2

2 2

2

3
( , ) cos( ), ( , ) Sin( ), ( , ) ,

4

1 1
( , ) Sin( ), ( , ) Cos( ), ( , ) 2 Cos( )Sin( ),

4 4

1 1 1
( , ) Cos( ) Sin( )Sin(2 ) Cos( )Sin(2 ),

32 2 12

1 1 1
( , ) Sin( ) Cos( )Sin( )

32 2 12

u x t x v x t x w x t

u x t t x v x t t x w x t t x x

u x t t x t x x t x x

v x t t x t x x

  

   

   

    3 Sin( )Sin(2 ).t x x

   (24)      

Similarly we can find the remaining terms with the help of Mathematica 7.0. 

Finally we can get the following expression as 

             

0 1 2

0 1 2

0 1 2

( , ) ( , ) ( , ) ( , ),

( , ) ( , ) ( , ) ( , ),

( , ) ( , ) ( , ) ( , ),

u x t u x t u x t u x t

v x t v x t v x t v x t

w x t w x t w x t w x t

  


  
                         (25) 

Results and Discussion 
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We implemented NIM for finding the approximate solutions of Chemical Reaction-Diffusion Brusselator 

system and Coupled Schrodinger-KdV equations. The results obtained by NIM for Chemical Reaction-

Diffusion Brusselator system. Table 1 and 2 shows the comparison of absolute errors of NIM and OHAM 

for ( , , )u x y t  and ( , , )v x y t  part of Chemical Reaction-Diffusion Brusselator system.  From the numerical 

values and graphs it is clear that NIM is very powerful tool for solution of coupled system of partial 

differential equations. The accuracy of the NIM can further be increased by taking higher order 

approximations. 

Table 1 

3rd order approximate solution ( , , )u x y t  obtained by NIM in comparison with exact 

Solution at 0.25t   

/x t  y  NIM Exact Absolute 

Error NIM 

0.5 0.25 0.535261 0.535248 1.338×10-5 

0.5 0.5 0.416862 0.416847 1.464×10-5 

0.5 0.75 0.324652 0.324639 1.339×10-5 

 

 

Table 2 

3rd order approximate solution ( , , )v x y t  obtained by NIM in comparison with exact 

Solution at 0.2, 0.01x t   

/x t  y  NIM Exact Absolute 

Error NIM 

0.2 / 

0.01 

0.25 1.57617 1.57617 1.041×10-10 

0.2 / 

0.01 

0.5 2.02385 2.02385 7.683×10-11 

0.2 / 

0.01 

0.75 2.59867 2.59867 4.105×10-11 

 

6. Conclusions 

New Iterative Method converges rapidly to the exact solution at lower order of approximations for 

Chemical Reaction-Diffusion Brusselator system and Coupled Schrodinger-Korteweg-de Vries equation. As 

a result, it will be more appealing for researchers to apply this method for solving systems of nonlinear 

partial differential equations in different fields of science especially in fluid dynamics and physics.  
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ABSTRACT 

 In this Paper, a replacementconstruct of triangular fuzzy varietyis taken into account to revise fuzzy 

topological space. The subspace of fuzzy topological space and connectedness within theclose of a triangular fuzzy 

spaceare established and additionallyestablishedthe continual image of a connected triangular fuzzy topological 

space x~ to a fuzzy topological space is connected. 

Key Words: Fuzzy Topology, Connectedness in topology, Fuzzy set, topological space, etc. 

 

I. INTRODUCTION 

 

The Fuzzy set idea was 1st introduced by Zadeh[5] in 1965, currently the idea fuzzy pure mathematics in pure and 

mathematics has been widely known. the basic fuzzy idea have applied in literature that includesthe applying of fuzzy sets 

to pattern recognition, judgment issues, perform approximation, system theory, logical system, fuzzy algorithms, fuzzy 

automata, fuzzy grammars, fuzzy language, fuzzy mathematics, fuzzy topology, etc. during this paper, our interests square 

measurewithin theideas of triangular fuzzy topological space reviewed.  

A Fuzzy Topological space is well outlined in continuity and compactness in [1]. The planned the idea of 

topological space of triangular fuzzy topology is established the connectedness of a fuzzy Topological space reviewed. 

II.  PREMINARIES 

 The fuzzy system of numerationthat typicallyutilized in applications is that the triangular (shaped) and additionally 

the tetragon(shaped) fuzzy numbers [8], [12], [14-18]. 

2.1 Fuzzy set: [1] 

A fuzzy set L must the three axioms, 

i. L
~

is a ordinary set. 

ii. L
~

is closed interval , for all ]1,0[  

iii. L
~

, L
~0   must be bounded. 

 

2.2 Triangular Fuzzy Number: [12]  

A fuzzy varietydelineated with three points as :  321 ,,
~

lllL   

This illustration is taken as membership functions and holds the subsequent conditions 

(i) 1l to 2l is increasing 

(ii) 2l to 3l is decreasing  

Page 3004 of 3066Page 3004 of 3066



 
International Journal of All Research Education and Scientific Methods (IJARESM), ISSN: 2455-6211  

Volume 8, Issue 12, December-2020, Impact Factor: 7.429, Available online at: www.ijaresm.com 

  

 
 
 IJARESM Publication, India >>>> www.ijaresm.com Page 382 

(iii) 

 































3

32

13

3

21

12

1

1

,0

,0

)(

lxfor

lxlfor
ll

xl

lxlfor
ll

lx

lxfor

xL  

2.3.  Positive triangular fuzzy number:[12] 

 It is defined as  321 ,,
~

lllL  , where all 0il for 3,2,1i  

2.4.   Negative triangular fuzzy number: [12] 

It is defined as  321 ,,
~

lllL  , where all 0il for 3,2,1i  

Note:  A negative multiplication of positive triangular fuzzy number is negative triangular fuzzy number.  

 

2.5.  Equal Triangular fuzzy number: [12] 

 Let L
~

and M
~

be two triangular fuzzy numbers are identically equal, then ML
~~

  only if 11 ml  , 22 ml  and 

33 ml   

III. TRIANGULAR FUZZY TOPOLOGY 

3.1 Definition: 

A family of triangular fuzzy topologyT
~

of a triangular fuzzy subset in x~  

Here  ,.......
~

,
~

,
~

,
~

,
~~

DCBAX   

a) TX
~~

,
~

  

b) If TMLthenTML
~~~

,
~~

,
~

  

    321321 ,,,,
~~

mmmlllML   

  332211 ,, mlmlml   

c) If ,
~~
TAi   for each Ii , then 

i

i TA
~

  

The on top of axioms hold T
~

is named triangular fuzzy topology and  TX
~

,
~

pair is named a fuzzy Topological space 

(TFTS in brief). 
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3.2  Definition: 

Let f  be a function from X
~

toY
~

 ,    321321

~
yyyxxxf   

Consider B
~

as a fuzzy set in y~ with  x
B
~ as membership function 

 

Then B
~

„s inverse image can be written as  Bf
~1

,which is a fuzzy set in x~ , and its membership function is givenas a 

result of       Xxallforxfx
BBf

~
~~1    

On the other hand, let A
~

 be a fuzzy set in x~  with membership operator  x
A
~  

The image of A
~

 written as  Af
~

 may be a fuzzy set in y~  whose membership function is given by 

    
  











 

Otherwise

emptynotisyfx
y

A
yfx

Af

0

)(,sup 1
~

~
1


   

Where    yxfxyf  )(1

,
 for all Yy

~
  

3.3 Definition: 

A function    VYUXf
~

,
~~

,
~

:  is continuous if and on condition thatthe inverse of eachV
~

- open fuzzy set is 

U
~

-open 

 Let the triangular fuzzyspace is  UX
~

,
~

.  

 Consider A
~

 be anormal subset of X
~

. 

Then the relative triangular fuzzy topology of A
~

 isoutlinedwithin the following manner 

The subset A
~

 of x~ (in the normal sense) features a characteristic operate say
A
~ such that 

  










Axif

Axif
A ,0

,1
~  

  Let   TBABT
A

~~
/

~~
~   

Then 
A

T~ is named a triangular fuzzy topological space topology on A
~

 

For choose T
~~

 , with membership function  .
Then as       xxx

A 
 ~~~ ,min  , we have 

A
T~

~
  

To show that
A

TA ~
~
 , select x~ characteristic function for x.  
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Then,       xxx
AAx ~~~ ,min    

Again, if AB
~

and AC
~

then AAA TCB
~~~

  for   ACBCB AA 
~~

 and for A

i

A TB
~~

 , then 

       
i i

ii

i

A ABABB
~~~~~

  

Hence, AT
~

 defines as triangular fuzzy topological space for A
~

. 

3.4 Definition: 

If X
~

is triangular fuzzy topology onT
~

, then X
~

is claimed to be disconnected if    321321 ,,,,
~

vvvuuuX  . 

Here ),,(
~

321 uuuU  and ),,(
~

321 vvvV   are non-empty open fuzzy sets in X
~

 such that

     321321 ,,,,
~~

vvvuuuVU
 

3.5 Definition: 

If X
~

is triangular fuzzy topology onT
~

, then X
~

is claimed to be connected if X
~

can't be represent because the 

union of two non empty, disjoint open fuzzy sets on x. 

Remark: 

If    321321 ,,,,
~

vvvuuuX  where      321321 ,,,,
~~

vvvuuuVU , 

Here ),,(
~

321 uuuU  and ),,(
~

321 vvvV   are non-empty open fuzzy sets in X
~

 

Then triangular fuzzy topology enhances to every other; and thereforeeach is open and closed. 

      
   xorx

XxxxxFor

VU

VU

~~

~~~
~

,,min









 

Suppose for a given x ,          1,,min ~~~~  xthenxxx
VUVU
  

3.6. Theorem: 

The    321321: yyyxxxf  Continuous image of a connected triangular fuzzy space X
~

to a triangular fuzzy 

topological space is connected. 

Proof: 

Let    321321: yyyxxxf   be a Continuous map of X
~

toY
~

. 

Where  Tx
~

,~  and   xfTy ~
~

,~
are triangular fuzzy topology, X

~
 is connected. 

Suppose that )
~

(Xf  is disconnected, then there exists a non empty set open triangular fuzzy set G
~

and  xfTH
~~



specified   ),,(),,(
~~~

321321 hhhgggHGXf 
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This implies that G
~

and H
~

 are obtained from non empty open sets say yG
~

 and yH
~

in y~ specified

 xfGG y 
~~

,  xfHH y 
~~

 

We shall show that  Gf
~1

 and  Hf
~1

provides a disconnection for X
~

. 

(i.e.).    HfGfX
~~~ 11    

By definition                ,,max,max ~~~~ 11 xfxfxx
HGHfGf

   

 )~~~
(sin1 XfHGce   

 x
A
~  

Our assumption is contradiction to X
~

being connected 

Hence )
~

(Xf is connected. 

CONCLUSION 

 The current Work, the construct of triangular fuzzy numberis taken into accountto review fuzzy topological 

spaceand therefore theconstruct of subspace triangular fuzzy topological space and connectedness within thestate of affairs 

of a triangular fuzzy topological space is outlinedand therefore the Continuous image of a connected triangular fuzzy 

topological space X
~

 to a triangular fuzzy topological space is connected evidenced. 
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Abstract 

In this research paper, the properties of Spherical Dombi Fuzzy Graph (SDFG) are discussed through examples. 

Moreover, we present a technique for selection of materials for a given technical unit based on Spherical Dombi Fuzzy 

Graph concept. The Spherical Dombi Fuzzy graph is developed considering material aspects and their priority for the 

application. We observed that the material selection model based on SDFG gives more space than fuzzy set, intuitionistic 

fuzzy set and picture fuzzy set concepts. 
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Keywords: Fuzzy set, Spherical fuzzy sets, Dombi fuzzy graph. 

1. Introduction 

Graph theory [2] is a representation of objects and their relations. Graph model have found to be 

effective for modeling and figure out different kinds of systems and problems in numerous fields of 

science and technology. Material selection aspects graph models is the material selection aspects and 

their interrelationship. This graph consists of a set of vertices X and a set of edges E where vertices (X) 

represents material selection aspects and edges (E) represents the relative importance among the aspects.  

As Spherical fuzzy set (SFS) [9, 10, 12, 13, 15, 17] is a tool having more impressive, Strengthening 

and competence to deal with vague and unambiguity details in various environments than fuzzy graphs [3, 

4, 6, 8, 14]. Our main intent in this research article was concluding the familiar graphs to novel spherical 

fuzzy environment. The concept of dombi operator was introduced by J. Dombi and other developments 

were made based on this dombi operator in [1, 5, 11, 16, 18]. The paper is deal the usage of a T-operator, 

mainly the Dombi operator.  

As Dombi operators have excellent flexibility and still not applied for Spherical fuzzy graphs. We 

have interested from these operators, this article introduces the notion of SDFGs as a generalization of 

Dombi fuzzy graphs. Further, some substantial characteristics like strangeness, completeness, and vertex 

and edge regularity are inspected as they are extensively applied in designing reliable computer networks 

and matrix representations. 
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Abstract  

Debasement of Gallic acid from aqueous solution by photoelectrocatalytic oxidation utilizing 

RuO2/IrO2/TaO2 covered titanium anodes by (Zinc Oxide) ZnOnanocatalyst was examined. The 

impacts of different working parameters were examined including starting pH, applied current 

thickness, grouping of gallic acid, types and convergence of supporting electrolyte, stirrer speed 

and treatment time. The outcomes indicated that the gallic acid evacuation increments with the 

expansion in current thickness and NaCl fixation, while it was found to diminish with the 

expansion in starting gallic acid focus. The total debasement was accomplished inside 90 min of 

electrolysis time under the conditions 16 mA/cm2 of current thickness, pH of 5.0 and 0.075M of 

NaCl leading electrolyte fixation. The electrical vitality devoured 12.75 kWh/m3 at 16 mA/cm2 

of applied flow thickness under ideal condition. From the above proof, it could be presumed that 

photoelectrocatalytic oxidation is a promising treatment for the expulsion of gallic acid from 

aqueous solution. 

 

Keywords:Photoelectrocatalytic oxidation; Degradation; Gallic acid; RuO2/IrO2/TaO2 coated 

Titanium anodes; ZnOnano particle. 

 

INTRODUCTION 

Gallic acid (3, 4, 5-trihydroxy benzoic acid) is one of the most delegate normal phenolic cell 

reinforcement extractable from plants, particularly green tea and natural roots. It is generally 

utilized in nourishment, medications, and beauty care products to anticipate rancidity initiated by 

lipid peroxidation and waste [1]. Gallic acid is a significant poison present in various 

nourishments handling wastewaters, for example, those from wine refineries, cherry alcohol or 

olive oil production lines, bubbling plug process just as in other mechanical engineered effluents, 
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just as in different wastewaters from nourishment fabricating enterprises [2-4]. Gallic acid has a 

slight harmfulness at low focuses, and consequently its gathering in the earth ought to be dodged, 

particularly in waters where it exhibits an exceptionally low biodegradability [5]. Given the 

bactericide nature and the inhibitor character of this compound, even at low fixation, the 

conventional organic processing can't be applied and hence new advancements must be mulled 

over to maintain a strategic distance from its collection in the earth [6, 10]. 

Complete mineralisation of gallic acid can be gotten by photocatalysis [7], and by Advanced 

Oxidation Processes (AOPs) that comprise on the mix of ozone, hydrogen peroxide and UV 

radiation to create profoundly oxidant hydroxyl radicals [2],[3] detailed that ozonation of gallic 

acid is quick and creates during the initial 10–15 min of response. During the underlying time 

frame up to 30–50 min, results, for example, ketomalonic acid, oxalic acid and hydrogen 

peroxide are shaped however they are expelled in a second time of treatment and all out 

mineralisation is accomplished. 

Joining electrochemical and photo-catalysis advancements inside single compartment of the 

trial arrangement utilized in this examination work. As of late, the photocatalytic degradation of 

different sorts of natural and inorganic toxins utilizing semiconductors as photocatalysts has been 

broadly contemplated. Among these semiconductors, TiO2 has been broadly explored as the most 

encouraging photocatalyst because of its high photocatalytic movement, non-poisonous quality, 

high photochemical security, and minimal effort [8]. Of the different semiconductors, ZnO has 

only been utilized in natural applications. PECO utilizing a semiconductor, for example, ZnO is 

lit up by light beams with wavelength beneath 380nm, the photons energize valence band 

electrons over the bond jabber into conduction band, abandoning openings in the valence band. 

The gap in ZnO will respond with water particles or hydroxide particles (OH¯) and afterward 

produce hydroxyl radicals (OHº) [9]. The present work was intended to explore the debasement 

efficiencies of watery gallic corrosive arrangement by RuO2/IrO2/TaO2 covered titanium anodes 

utilizing ZnO nano particles[11] as impetus under different working conditions in a unified 

photoelectrochemical reactor. 
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EXPERIMENTAL SETUP 

Synthesis of ZnO nano particles 

To  prepare  of  ZnO nanoparticles  in  a  typical  experiment, 0.5 M  aqueous  solution  of  

zinc  acetate (CH3COO)2Zn.2H2O and 1 M aqueous solution of sodium hydroxide (NaOH) were 

prepared in Millipore water. Then, the beaker containing NaOH solution was heated at the 

temperature of about 55ºC. The (CH3COO)2 Zn solution was added drop wise (slowly for 25 

min)  to the above heated solution under high-speed stirring. The beaker was sealed at this 

condition for above 2 hours. The precipitated ZnO nanoparticle was cleaned with Millipore water 

and ethanol. Then a white degradation powder was calcined at 90°C and then grinded for 

uniformities of the powder. The dry synthetic powders were weighted and the percentage yields 

were calculated from the expected total amount of ZnO based on the solution concentration and 

volume and the amount that was actually crystallize 

Characterization of ZnO nano particles 

Compound confirmation of the as synthesized powder was studied by powder XRD method. 

The XRD patterns of the powdered samples of the ZnO nanoparticles were analysed using an 

X’Pert-Pro, PAN analytical (with λ=1.5405 Ǻ Cu-Kα radiation) operating at room temperature. 

Microstructural morphology of the sample was investigated using SEM study. A SEM of oxford 

model Leo 1550 was used for the morphlogical and average particle size study. Linear optical 

characteristics of the as synthesized samples were studied by UV visible spectrophotometer 

studies. The UV-visible absorption spectrum was recorded using Lambda 35, Perkin-Elmer 

double beam UV-visible  absorption spectrometer. 

Preparation of synthetic gallic acid solution 

In the present study, gallic acid solution of 1000mgL-1 was prepared by dissolving 

gallic acid (Merck, India), with double distilled water, which is stored in dark brown bottle to 

prevent photodegradation by sunlight. The working solution of required concentration was 

obtained by diluting the stock solution and added appropriate amount of supporting electrolyte. 

The pH of the aqueous solutions was adjusted by dilute H2SO4 or NaOH solutions. The 

RuO2/IrO2/TaO2 coated titanium rods with a coating thickness of 6mm were obtained from M/s 

Titanium and Tantalum Products, Chennai, India. Electric power was supplied by a regulated DC 
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power supply was obtained from M/s. Mighty Electronics Equipments Corporation Pvt. Ltd., 

Coimbatore, India. UV lamp with a quartz jacketed 15W immersion low pressure mercury arc 

lamp was obtained from Philips, model TUV, Chennai, India). 

Photoelectrochemical reactor  

The experiments were performed in a 650 mL of photoelectrochemical reactor equipped 

with UV lamp connected with a quartz jacketed 15W immersion low pressure mercury arc lamp 

as irradiation at 254 nm source and electrode assembly within a single compartment cylindrical 

glass cell. The reactor is connected to a cooling water circulation bath for controlling 

temperature at 27±2°C. In the top of the reactor there is a provision for holding the UV lamp, 

electrodes, gas outlet and thermometer. An internal light source surrounded by a quartz jacket 

and the light source is UV lamp. Titanium coated with RuO2/IrO2/TaO2 was used as an electrode 

dimension of each with breadth 3.8 cm and length 12.5 cm and it’s thickness of 0.8 cm was used 

as electrodes for photoelectrocatalytic oxidation.  

The gaps between the plates were maintained at 6 mm to minimize the ohmic losses. An active 

total anodic surface area of electrode was 102 cm2. The solution was stirred at 200 rpm using 

magnetic stirrer. Electric power was supplied by a regulated DC power supply and a set of four 

electrodes (two for anode and two for cathode) are alternatively looped internally.  

Experimental Methods 

For each experiment, 500 mL of the gallic acid solution was transferred into the 

photoelectrocatalytic reactor and then 25 mg/L of ZnO nanoparticle was mixed with the working 

solution. The electrodes were connected to the respective anode and cathode leads of the DC 

power supply and energized for a required duration at a fixed current. All the experiments were 

performed at room temperature.  

During the experiments, the solution was placed on a magnetic stirrer for continuous mixing 

at various rpm in order to ensure the mass transfer efficiency. At different time intervals during 

the reaction, samples were collected and determined for percentage of gallic acid removal. The 

concentration of gallic acid and its removal during photoelectrocatalytic oxidation were recorded 

using UV-Vis spectrophotometer (UV-1700 Pharma Spec, Shimazdzu, Japan). 
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RESULTS AND DISCUSSIONS 

Structural Characterization of ZnO Nanoparticles 

X-ray diffraction is a well known technique for the structural identification and 

determination of the crytallite size (Fig 2). The narrower and higher intense peaks are obtained in 

the diffraction pattern samples formed at high evaporation rate.  
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Fig. 2. The XRD patterens for ZnO nanoparticle  

 

The crystallite/particle size has been calculated using the Debye-Scherrer equation for all 

diffraction peaks. The particle size of the sample is found ranging between 50 and 65nm. The 

intensity peaks of XRD pattren coordinated with JCPDS file number 790206 and its confirmed 

that the crystalline  sample is of ZnO which is hexagonal in structure which lattice parameters 

a=3.238Ǻ and c=5.177Ǻ. The  particle morphologies of the prepared ZnO nanoparticles were 

observed by SEM and it is shown in Fig 3. The SEM image of ZnO nanoparticles at different  

magnifications  at difrerent temperature.  

The SEM image shows random distribution of the ZnO nanoparticles having non-spherical 

shape and average diameter of 10µm at 900 C temperatures and 5µm at 3300C temperature. 
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Fig. 3 SEM image of ZnO nano particles. 

The FTIR spectrum of ZnO is shown Fig 4. The spectra of the sample, palletised with KBr, 

were recorded over 400 to 4000 cm-1. The transmittance spectrum of ZnO nanoparticles shows 

main absorbtion bands centred at  521 to 3407 cm-1 and several features are located at 2276, 

1640, 1557, 1411 and 860 cm-1. The absorbtion bands centred at 1411 to 424 cm-1 can be 

associated with ZnO bond vibration, comparing with standard FTIR of ZnO powder. 
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Fig 4.  FTIR spetrum of ZnO nanoparticles 

 

It should be noted the pellet of ZnO has a strong peak at 3777 cm-1 is observed which is very 

sensitive to stretching vibrations of OH bond. The other application bands at 2278, 1640, 1557, 

1411 and 860 cm-1 can be  related to N-H, N-O bond.  
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Impedance measurements were done using impedance spectroscopy. In this study we 

obtained the impedance values for various frequencies. From this study (Fig. 5), the value of 

impedance decreases as the frequency increased. 

 

Fig 5. Variation of impedance with frequency  

 So the conductivity increases when the frequency is increased. The dispersion of dielectric 

constant with frequency was examined.  

Electric energy consumption 

Electrical energy consumption and current efficiency are very important economical 

parameters in PECO process. Electrical energy consumption was calculated using the Eq. (3): 

 

              UIt 

Energy consumption (kWh/m3) = ——————                         (3)         

                                                       Treated volume (L)  

Where, U is the cell voltage in volt (V), I the current in ampere (A) and t is the time of 

treatment process per hour. 
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Fig. 11 Energy consumption on different current density 

 

The minimum energy consumption was 5.84 kWh/ m3 for at 4mA/cm2 current density for 90 

min treatment time is shown in Fig. 11. The energy consumption in the high current density was 

increased because of polarization. Apparently, minimum energy consumption is 4.16 kWh/ m3. 

The energy consumption was 12.75 kWh/m3 at 16 mA/cm2 of applied current density under the 

optimum conditions, whereas 14.75 kWh/m3 at 20 mA/cm2. In the economical point of view 16 

mA/ cm2 is taken as optimum current density in this process. 

 

CONCLUSION 

Photoelectrocatalytic oxidation of gallic acid was examined within the sight of 

RuO2/IrO2/TaO2 covered titanium anodes utilizing ZnO nanoparticle. The debasement 

proficiency increments with applied current thickness until 16 mA/cm2 because of the expansion 

of the mass vehicle brought about by oxidation agents' advancement response, yet diminishes for 

higher qualities because of the improvement of the response. The outcomes demonstrated that 

the total mineralization of gallic acid with 100 mg/L was accomplished inside 90 min of 

electrolysis time under the conditions, for example, beginning pH of 5.0, current force of 16 

mA/cm2, supporting electrolyte convergence of 0.075 M of NaCl and mixing velocity of 250 

rpm. The electrical vitality expended 12.75 kWh/m3 at 16 mA/cm2 of applied flow thickness 

under ideal condition. 
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Abstract   

ZnCo2O4 nanoparticle was synthesized via hydrothermal method at various reaction 

temperatures like 100,110,120 and 140 ˚C for 16 h. The prepared (ZnCo2O4) samples were 

investigated for their structural and morphological analysis by using XRD, Raman and FTIR studies. 

The exact stoichiometric ratio (1:2:4) of cubic crystal structured ZnCo2O4 material obtained at 120 

˚C has been confirmed by X-ray diffraction. At lowering the reaction temperature, the stoichiometric 

ratio of the material is changed to ZnxCo3-xO4 (where X=0.99) and it is confirmed by the peak shift 

in the XRD pattern. The Electrochemical performances of the materials were tested using three 

electrode system. The maximum specific capacitance was 123 F g-1 at a scan rate of 5 mV s-1 and 

109 F g-1 at a current density of 1.5 A g-1 for the material prepared by the reaction temperature of 

120 ˚C for 16 h. From these results we suggested that the synthesizing of ZnCo2O4 nanoparticle at 

reaction temperature of 120 ˚C for 16 h through the hydrothermal method is suitable material for 

supercapacitor application. 

Keywords: Supercapacitor, Spinal structure, Hydrothermal method,etc,. 

I. INTRODUCTION 
 

In the past a few years, the fields of energy storage have drawn great interest in scientists and 

engineers due to the wide range of practical applications in the society and increasing demand of 

renewable energy storage. Amongst others high performance batteries and supercapacitors were 

developed to meet the need of efficient energy storage devices [2]. The most part of attention has 

been given to electrochemical supercapacitors as one of the optimistic energy-storage devices because 

they bridge the gap between the traditional capacitors and batteries, and also they have unique 

properties like high-power density, higher energy density , long cycling life and stability, high charge 

transport capability, high reactive surface area, excellent mechanical properties, and good operational 

safety. Due to these properties Supercapacitor plays an important role in many applications like solar 

panels , consumer electronics, memory back-up systems, industrial power, energy management, 

public transportation, military devices, TV satellite receivers, alarm clocks, radios, process 

controllers, home appliances and video recorders [3&5]. 

The electrode materials of SC is the main role of the energy storage performance because 

which determine the energy storage mechanism and other important performance parameters [4].To 

overcome the drawbacks of toxicity and excessive cost of transition metal oxides(such as RuO2, IrO2 

,NiO, Co3O4, Fe3O4, Mn3O4, etc.), the ternary metal oxides M2+Co2
3+O4

2- (where M=Zn, Fe, Mg, Ni, 

Mn and Cu) have become a new class of electrode materials for supercapacitor application because 

of their excellent electrochemical performance and electrocatalytic activity[6].Recently, a spinel 

structured Zinc cobaltite (ZnCo2O4) ternary transition-metal oxide material has been proven to be 

useful for various applications like supercapacitor, lithium-ion batteries gas sensor, photovoltaics 

catalysts , etc. due to their high theoretical capacities and the ability to support numerous redox 
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reactions [1,7].In the Zinc cobaltite (ZnCo2O4) cubic spinel structure Zn2+ and Co3+cations occupy 

both tetrahedral and octahedral sites with oxygen anions. Most of the spinel cobaltite and ferrite are 

having the space group of Fd-3m with FCC structure. In this present work, we prepared ZnCo2O4 

nanoparticle samples through the hydrothermal method at four different temperature and reported the 

effect of reaction temperature in structural changes and their supercapacitance performance. 

 

II. EXPERIMENTAL PROCEDURE 
 

ZnCo2O4 nanoparticle were synthesized through a simple hydrothermal method, by using the 

precursor of  0.1 M of Zn(NO3)2.6H2O, 0.2 M of Co(NO3)2.6H2O, 0.6 M of oxalic acid (used as a 

surface surfactant) and 0.5 M of urea ( used as a reducing agent ) was dissolved in the 40 mL of DD 

water. The complete solution was kept under the magnetic stirring for 3 h then transferred into the 

Teflon autoclave and maintained the temperature at 100 ℃ for 16 h. Precipitates were collected, 

washed with double distilled water and ethanol for several times and dried at 60 ̊C for overnight. 

ZnCo2O4 sample was appeared after calcinated at 350 ℃ for 2 h and it was named as ZCO-100. The 

same procedure was followed for preparing the other three samples, the only difference is the Teflon 

autoclave maintained at 110,120 and 140 ℃ for 16 h. The final products were named as ZCO-110, 

ZCO-120 and ZCO -140. 

III. RESULT AND DISCUSSION  
 

3.1 Structural and morphological studies 

  Structural studies of the prepared materials were characterized using Rigaku Ultima III 

powder X-ray diffractometer with Cu Kα1 radiation (XRD).The XRD pattern of the samples 

synthesized at four different temperatures (Figure 1.a) shows that all the diffraction peaks at 2θ of 

31.09, 36.70, 44.35, 55.56, 58.88 and 64.74 and their corresponding are miller indices(hkl)  are (220), 

(311), (400), (422), (511) and (440) respectively and  these results are matched with JCPDS number 

23-1390 ,which confirms the formation of cubic ZnCo2O4 spinel-structure crystal structure with space 

group Fd3m. And also we observed, at lowering the reaction temperature, the stoichiometric ratio of 

the material is changed to ZnxCo3-xO4 (where X=0.99) and it is confirmed by the peak shift within the 

XRD pattern which is shown in Fig 1.b. Crystalline size of every sample was calculated by using the 

De-Bye Scherrer equation for the main hkl plane of (311) and the values  are 13, 10 ,14, and 12 nm 

for ZCO-100, ZCO-110, ZCO-120 and ZCO-140 respectively.  

 

Figure 1: (a) XRD pattern of ZnCo2O4 at different reaction temperature. (b) Peak shift 
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The structural details and the formation of cubic spinel structure of ZnCo2O4 are also 

confirmed from the Raman spectra as shown in Figure2 (a). In the Raman spectrum, we observed five 

prominent vibrational bands which are produced by the ZnCo2O4 spinel crystal structure such as A1g 

(≈660 cm-1), Eg (≈470 cm-1), 3F2g (≈180, 515, 605 cm-1). Where, F2g (≈ 180 cm-1) corresponding to 

the tetrahedral and A1g (≈660 cm-1) corresponding to the octahedral formation of the prepared 

ZnCo2O4 material.  

The FTIR spectrum gives the information about the functional group and the various chemical 

bond presents in the sample. The resultant IR transmission spectrum of ZnCo2O4 material synthesized 

at different temperatures are shown in Figure2 (b). The peaks at 563 and 663 cm-1 are attributed to 

the Co-O octahedral coordination and Zn-O tetrahedral coordination. This observation further 

supports the spinal crystal structure nature of prepared ZnCo2O4
. 

 

 

 

 

 

 

 

 

Figure 2: (a) Raman spectrum of ZnCo2O4 sample at different reaction temperature. 

            (b) FTIR spectrum of ZnCo2O4 sample at different reaction temperature. 

The surface morphology of the prepared ZnFe2O4 nanoparticles sample (ZCO-120) was characterized 

using TESCAN VEGA-3 LMU scanning electron microscopy (SEM) analysis at different 

magnification are shown in the Figure 3 a & b. The SEM image shows the grains agglomerated 

together to form the nanorod like structure. Figure 3 c shows the elements presents in the prepared 

ZnFe2O4 nanoparticles sample. 

 

 

Figure 3: SEM images and corresponding EDS spectrum of the sample ZCO-120 

 

3.2 Electrochemical studies 

Supercapacitor behavior of the ZnCo2O4 nanomaterial was analyzed using SP-150 Bio-Logic 

electrochemical workstation. All electrochemical tests of the prepared materials were tested using the 

2μm 
5μm 
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three-electrode cell. The electrochemical properties of the prepared ZnCo2O4 electrodes were studied 

based on cyclic voltammetry (CV), galvanostatic charge–discharge (GCD), and electrochemical 

impedance spectroscopy (EIS) studies.  

3.2.1 Fabrication of working electrode  

Electrochemical studies of the material were carried out using three electrode system. Working 

electrode was fabricated using the mixture of 80% active material, 10 % PVDF, 10 % carbon black 

and few drops of ethanol. The slurry of the mixture was coated in the Ni foil substrate and this was 

used as a working electrode. In the three-electrode system, Ag/AgCl was served as a reference 

electrode and the platinum wire was employed as a counter electrode. we used 2 M KOH solution as 

an electrolyte. 

3.2.2 Cyclic voltammetry test 

The cyclic voltammetric curve of prepared ZnCo2O4 nanomaterials  are shown in figure 3 (a-

d) which are observed at the potential range of 0-0.45V with different scan rates (5, 10, 20, 50, and 

100 F/g)  and the current passing through the working electrode was measured as a function of 

voltage. As can be seen, the CV curves are consisted of a pair of strong redox peaks and the shapes 

of CV curves deviate from the ideal rectangle that shows prepared electrode have a faradic 

pseudocapacitive nature. At the lower scan rate electrolyte ions having enough time to intercalate and 

deintercalated with the electrode materials. So, the high specific capacitance can be achieved at the 

lower scan rate of 5mVs-1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 : CV studies of ZnCo2O4 prepared using different reaction temperature 

 

 The specific capacitance formula is calculated using the formula as 

Cs = 
ʃ I(v)dv

2νΔmΔv
 F/g 

Where ν is scan rate, Δm is mass of the active material, Δv is the potential window, ʃ I(v)dv is the 

overall charge and Cs is the specific capacitance value. The calculated specific capacitance values are 

78,76,123 and 113 Fg-1 for ZCO-100, ZCO-110, ZCO-120 and ZCO-140 respectively. 

 

(a) ZCO-100  

(C) ZCO-120 
(d) ZCO-140  

(a) ZCO-110  
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3.2.3 Galvanostatic charge discharge test  

We can use the Charge discharge test to calculate the specific capacitance, cycle life, energy, 

power density etc. so this is one of the most important measurements in electrochemical studies. The 

charge discharge curve of prepared ZnCo2O4 nanomaterials  are shown in figure 5 (a-d) which are 

studied at various current densities (1.5, 2, 2.5 and 3 A g−1) within the potential range of 0 to 0.45V.All 

GCD plots are indicating the good pseudocapacitive nature of ZnCo2O4 electrode why because the 

curves are deviated from a straight and flat line and appeared like a non-linear plot. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Charge discharge studies of ZnCo2O4 prepared using different reaction temperature 

The specific capacitance of ZnCo2O4 electrodes was obtained from discharge curves according to the 

formula of 

Cs =
𝐼 Δ𝑡

m Δ𝑣
 F/g 

 Specific capacitance values are 87,69,110 and 99 F/g for ZCO-100, ZCO-110, ZCO-120 and ZCO-

140 respectively at the current density of 1.5 A/g. The comparison of four graphs obtained in GCD 

test, we found out the charging and discharging time taken by a working electrode of ZnCo2O4 

nanomaterial prepared at 120˚ C has high compared to others. 

3.2.4 Electrochemical impedance spectroscopy (EIS) 

The EIS curve of the ZnCo2O4 electrode material gives the information about the charge 

transfer mechanism. The Nyquist plot drawn for imaginary part of impedance against the real part, 

which consists of semicircle (indicating the charge transfer resistance - RCT) and the straight line 

(indicating the Warburg impedance of the material) in the higher, lower frequency regions. The EIS 

curve of prepared ZnCo2O4 nanomaterials were tested within the frequency range of 0.01-100 KHz 

which are shown in figure 5 (a-d). We calculate the charge transfer resistance of ZnCo2O4 electrodes 

(a) ZCO-100 (b) ZCO-110 

(C) ZCO-120 

(d) ZCO-140 
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from the Nyquist plot those values are 0.5 Ω ,0.3 Ω, 0.7 Ω and 0.6 Ω for ZCO-100, ZCO-110, ZCO-

120 and ZCO-140 respectively. 

 

Figure 5: EIS  studies of ZnCo2O4 prepared using different reaction temperature 

 

IV. CONCLUSION 

ZnCo2O4 nanomaterials were successfully synthesized through the Hydrothermal method at 

four different temperature. The exact stoichiometric ratio (1:2:4) of cubic crystal structured ZnCo2O4 

material obtained at 120 ˚C which was confirmed by the XRD pattern. From Raman and FTIR studies 

we confirm the formation of spinel crystal structure, functional group and the various chemical bond 

presents in the sample. At the 120 ˚C temperature the prepared ZnCo2O4 nanomaterial is having a 

good storage capacitance which was confirmed from the Electrochemical studies. 
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Abstract: The spinel zinc ferrite (ZnFe2O4) nanocrystalline material was synthesized by using high energy ball milling 

method. The samples were investigated for their structural and magnetic characterizations of XRD, SEM, XPS and VSM. 

X-ray diffraction study confirmed the spinel ferrite cubic crystal structure formation of ZnFe2O4 with space group fd-3m. 

The surface morphology of the sample was studied with Scanning Electron Microscope. The valence state and the 

chemical composition of the ZnFe2O4 prepared sample were determined by using X-ray photoelectron spectroscopy 

(XPS). The XPS result proved the existence of Fe in double oxidation state of +2 and +3 at the tetrahedral and octahedral 

sites respectively. Room temperature MH curve shows the ferrimagnetic nature of the sample arising from the various 

oxidation state of Fe ions. Low temperature VSM studies gives the information about the transition from ferri to anti-

ferro magnetic behavior and it shows the spin glass transition of ZnFe2O4 prepared sample at temperature around 290 K. 

INTRODUCTION 

Spinel type ferrites are generally represented by the formula of M
2+

Fe2
3+

O4
2-

 (M
2+

 = Ba, Ca, Cu, Mn, Mg, Zn, Ni, 

Co, Cd, etc.) where M
2+

 and Fe
3+

cations occupy both tetrahedral and octahedral sites with oxygen anions. Most of 

the spinel ferrite are having the space group of Fd-3m with FCC structure. Among all the spinel ferrite compounds, 

Zinc ferrite (ZnFe2O4) is having the good magnetic, electrical and optical properties, excellent chemical stability, 

mechanical hardness, low coercivity, and moderate saturation magnetization. Due to this it has wide applications 

like magnetic refrigeration, drug delivery, high-density information storage, magnetic fluids, gas sensors, catalysts 

etc.,[1]. According to the many reported papers zinc ferrite has the normal spinel structure with Zn
2+

 ions occupying 

tetrahedral site and Fe
3+

 ions being occupied in octahedral site. The bulk compound of zinc ferrite is 

antiferromagnetic material having Neel temperature around 10 K and it shows the paramagnetic nature at the room 

temperature. Depends on the distribution of cations in the sublattices, particle size and the preparation technique, 

spinel ferrites can exhibit different types of magnetic properties like ferrimagnet, antiferromagnet and paramagnet. 

In this paper, we investigate the ZnFe2O4 by X-ray diffraction to analyse the structural properties. Scanning 

Electron Microscopy was performed to reveal the morphological features of the material. The valence state of the 

elements was detected using XPS. Vibrating Sample Magnetometer (VSM) was employed to study the magnetic 

behaviour of the material. 

EXPERIMENTAL PROCEDURE 

ZnFe2O4 nanoparticles were prepared by using the precursor of ZnO and Fe2O3 through the high energy ball 

milling route. The sample was milled at 300 rpm for 5 h in high energy ball milling system after that collected 

sample was grained for 1h, and calcined at 750˚C. The final product of ZnFe2O4 nanoparticles was looking brownish 

in nature.  
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RESULTS AND DISCUSSION 

Structural and Morphological analyses 

X-ray powder diffraction analysis was performed using CuKα1 radiation ( = 1.5405 Å). The XRD patterns 

(figure 1a) gives the crystallinity and phase information of ZnFe2O4 prepared by high energy ball milling route. The 

observed all peak positions are matched very well with the cubic spinel type structure and the space group of Fd-3m. 

The average particle size (D = 20 nm) was calculated for the most intense peak (311) employing the Scherrer 

formula. 

 
 

(a) (b) 

FIGURE 1: a) XRD pattern showing the pure phase of ZnFe2O4 b) Rietveld refinement of the XRD pattern of                                                   

ZnFe2O4 with the goodness of Fit =1.2 and R=3.3 

The Rietveld refinement pattern of ZnFe2O4 using MAUD software is given in the Fig 1b. The lattice parameters 

determined are a = b= c= 8.4451(2) with the goodness of fit =1.2 and the reliability factor R=3.3The surface 

morphology of the ZnFe2O4 nanoparticles sample was studied with Scanning Electron Microscope (SEM) at 

different magnification are shown in the Fig 2 a & b. The SEM image shows the grains agglomerated together to 

form the larger grain structure. The surface morphology of the sample is depending on the sintering temperature 

because if we increase the temperature which allows the transformation of the structure towards thermodynamically 

favourable variant.  

 

 FIGURE 2: SEM images of ZnFe2O4 

X-ray photoelectron spectroscopy (XPS) measurement 

The X-ray photoelectron spectroscopy (XPS) was used to identify the valence state and the chemical 

composition of the ZnFe2O4 prepared sample. The survey spectrum of the as-synthesized ZnFe2O4 was shown in fig. 

3a which conforms the presence of elements in the ZnFe2O4 (Zn, Fe, and O). 
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(a) (b) 

                       FIGURE. 3 a. XPS spectra of ZnFe2O4: the survey spectra of the b. XPS spectra for Zn 2p 

In fig.3b, the peak (Zn 2p3/2) at 1021.1 eV ascribed the formation of zinc ferrite with zinc atom occupying the 

tetrahedral structure. The XPS spectrum of the O 1s was shown in fig. 3c which indicates that the O 1s peak is 

asymmetric, so we resolved it into two distinguishable peaks about 529.5 eV and 531.73 eV. 

 

 
 

(c) (d) 

FIGURE. 3 c). XPS spectra for O 1s. d). XPS spectra for Fe 2p 

In fig. 3d, two peaks for the Fe 2p are observed at 711.2 eV and 724.9 eV, which can be assigned to Fe 2p3/2 and 

Fe 2p1/2, respectively, where the peak at 711.2 eV agrees well with the typical Fe
2+

 2p3/2 peak of FeO and the other 

peak at 724.9 eV agrees with Fe
3+

 2p3/2 peaks of Fe2O3. Therefore, the oxidation states of Fe in the ZnFe2O4 exist as 

mixed phase. Therefore Fe
2+

 occupies B sites and the Fe
3+

occupies A and B sites, respectively [3].  

Magnetic studies 

The magnetic property of prepared ZnFe2O4 was investigated by room temperature (at 300K) VSM with applied 

field ranging to 15000 Oe.  The hysteresis loop of ZnFe2O4 shown in Fig 4a. The values of Mr = 0.3763 emu/g and 

Hc = -670 Oe are calculated from the hysteresis loop this shows that there is a rearrangement of ions occurred which 

may induce changes in interatomic interaction causes the decreased magnetic moment. In bulk form, zinc ferrite has 

a normal spinel structure in which all Zn
2+

 ions are in A site and Fe
3+

 ions are distributed in B sites. Due to the 

cation inversion, which originates from thermal and mechanical treatment, the structure of ZnFe2O4 transfers from a 

normal spinel structure to a mixed spinel structure that is, some of the Fe
3+

 ions occupy the tetrahedral A-sites and 

switch on the A–B super-exchange interaction. This clearly shows ferrimagnetic coupling due to the A–O–B super-

exchange interaction [1,4]. 
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(a) (b) 

FIGURE 4a Hysteresis loop of ZnFe2O4;  b) FC and ZFC magnetization of the ZnFe2O4 ferrite at H=1000 Oe. 

The temperature dependent ZFC and FC magnetization curve is shown in fig. 4b, MZFC(T) and MFC(T), measured 

at external magnetic field of 1000 Oe for ZnFe2O4 specimen. The large difference between FC and ZFC curves at 

low temperatures suggests the presence of an inhomogeneous mixture of ferrimagnetic and antiferromagnetic 

ordering in the sample. 

Low field zero-field cooling and field cooling magnetization vs temperature measurements are often used to study 

spin-glass or spin-glass-like phases appeared in the ZnFe2O4 specimen [2,5]. A sharp cusp was observed in the 

sample from the ZFC and FC curve. In low-temperature ZFC and FC curve the temperature around 290 K 

corresponds to the spin freezing temperature Tf. So,the sharp cusp and Tf indicates that there was a transition from 

ferrimagnetic to antiferromagnetic behavior occurred in the sample. 

CONCLUSION 

ZnFe2O4, a spinel structured compound was synthesized using high energy ball milling assisted solid state 

method. The milled sample was sintered at 750˚C to obtain single phase of the compound. XRD results confirmed 

the formation of single phase which was theoretically confirmed from the Rietveld analysis of the pattern. SEM 

image showed the micro sized morphology of the sample with agglomeration caused due to heating. The survey 

spectrum done using XPS confirms the presence of all the three elements, Zn, Fe and O with the valence state 

corresponding to each ion. The XPS result proved the existence of Fe in double oxidation state of +2 and +3 at the 

tetrahedral and octahedral sites respectively. The magnetic nature of the material was investigated from VSM 

studies. Room temperature MH curve shows the ferrimagnetic nature of the sample arising from the varied oxidation 

state of Fe ions. Low temperature VSM studies show the transition of ferri to anti-ferro behaviour showing spin 

glass transition at temperature around 290 K.  
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Abstract. Pure and Fluorine doped 1.8 μm thicknesses tin oxide thin film has been prepared from SnCl2 precursor by 

Spray pyrolysis technique.  The structural, optical and electrical studies were carried out for the prepared thin film by 

XRD, UV-Vis NIR and Four Probe methods. The sheet resistance of the thin film was found to a minimum of 1.0 Ω for 

15 wt. % of NH4F but increased thereafter. In the Present Study The minimum sheet resistance observed is the lowest 

among the reported values for SnO2:F films. The Optical transmittance was found to74 % at 750 nm which is increases 

with the increase in fluorine concentration.  

INTRODUCTION 

An important application of thin film technology from the point of view of global energy crunch is solar cell, 

which converts the energy of the solar radiation into useful electrical energy. The main requirement for thin film 

solar cells is the window material, which allows the visible region of solar spectrum to pass through but reflect the 

IR radiation. This can be achieved by the development of transparent and conducting oxide (TCO) coatings such as 

tin oxide (SnO2), cadmium oxide (CdO), zinc oxide (ZnO), cadmium stannate (Cd2SnO4), cadmium indate 

(CdIn2O4), and indium oxide (In2O3). Studies on these highly conducting semiconductors have attracted the interest 

of many researchers because of their wide applications in both industry and research [1-7]. Certain spectrally 

selective coatings have wide applications in solar thermal energy conversion, solar photovoltaic conversion, solar 

heating, window insulation, and thermal insulation in lamps [8]. Among the available TCOs, SnO2 seems to be more 

appropriate because they are quite stable toward atmospheric conditions, chemically inert, mechanically hard and 

can resist high temperature. The spray pyrolysis technique is well suited for the preparation of pure and doped tin 

oxide thin films [9]. This technique has the advantage of simple and inexpensive experimental arrangement, ease of 

adding doping material, reproducibility, high growth rate, and mass production capability for uniform large area 

coatings, which are desirable for industrial and solar cell applications [10]. In the present work, highly transparent 

and conducting fluorine doped tin oxide thin films have been prepared from SnCl2 precursor and their structural, 

electrical and optical properties have been investigated 

EXPERIMENTAL DETAILS  

High purity stannous chloride (SnCl2·5 H2O – Merck make) was used as the source for tin. The fluorine doping 

was achieved using ammonium fluoride (NH4F – Thomas Baker make). The doping concentration was varied from 0 

to 17.5 wt. %. Microscopic glass slides (36 X 24 X 1.5 mm
3
) were used as substrates. The substrates were cleaned 

using distilled water and various organic solvents. The substrate temperature was fixed at 400 
o
C.  Films of ~1.8 µm 

thick were grown. SnCl2 · 5H2O (11g) was dissolved in 6 ml of concentrated hydrochloric (HCl) acid by heating at 

90 
o
C for 10 minutes. The resultant transparent solution was then diluted with methanol formed the starting solution. 

For fluorine doping, NH4F dissolved in doubly distilled water was added to the starting solution. The amount of 
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NH4F was varied to achieve different [F]/[Sn] wt. ratio. The deposition time was 140 minutes for all the depositions. 

The carrier gas flow rate was maintained at 6 lit./min at a pressure of 6.50 X 10
4 

Nm
-2

. The normalized distance 

between the spray nozzle and the substrate is 35 cm. The spray time was maintained  < 1 s and the spray interval at 

~30 s. For each concentration, several sets of films were prepared and their structural, electrical and optical quality 

were found to be highly reproducible. The XRD patterns recorded on the samples, using Philiphs X’ Pert PRO X-ray 

diffraction system, confirmed that the films are polycrystalline in nature with tetragonal crystal structure. The 

transmission and reflection spectra of films were recorded using the Schimadzu (1601) UV-VIS-NIR double beam 

spectrophotometer in the wavelength ranging from 300 to 1100 nm. 

 RESULTS AND DISCUSSION 

3.1. Structural properties 

The XRD patterns obtained for SnO2 and F doped SnO2 thin films deposited at 400 are shown in Fig.1.  The 

XRD studies clearly reveal that all the as-deposited films are polycrystalline in nature.  It is perceptible from the 

figure that the undoped films grow along the preferred orientation of (211) whereas all the doped films grow along 

(200).   Further the intensity of the (200) plane increased with increasing fluorine doping concentration initially but 

then decreased for further increase in F doping.  The high intensity of (200) reflection is observed for the films 

doped with 15 wt.% of NH4F.  This increase in intensity leads to better crystallinity of the films. 
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Fig.1. Powder X- ray diffraction data of a) pure SnO2, b) 12. 5 wt.% F doped SnO2,c) 15 wt.% F doped SnO2 and d) 17.5 wt. % F 

doped SnO2 
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3.2. Electrical properties 

The sheet resistance can be calculated using the four-probe method. Sheet resistance (Rsh) is an useful parameter 

in comparing thin films, particularly those of the same material deposited under different conditions. The variation 

of sheet resistance as a function of fluorine doping is plotted in Fig. 2. It is found that the sheet resistance of the pure 

tin oxide thin films decreases with increasing fluorine concentration initially and reaches a minimum value of 1.0 

Ω (at 15 wt. %) but then increases for further doping. The minimum value of sheet resistance achieved in the 

present study is lower than those reported earlier for films prepared from SnCl2 precursor.  
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Fig. 2.Variation of sheet resistance as a function of fluorine concentration of SnO2:F films prepared at 400˚C 
 

When fluorine is incorporated in tin oxide films, each F
-
 anion substitutes an O

2-
 anion in the lattice and the 

substituted O
2-

 anion introduces more free electrons. This results in an increase in free electrons and decreases the 

value of Rsh. This can be attributed as the reason for decreasing Rsh with increasing fluorine doping. The increase in 

the value of Rsh beyond a certain doping concentration of fluorine probably represents a solubility limit of fluorine in 

the tin oxide lattice. The excess F atoms do not occupy the proper lattice positions to contribute to the free carrier 

concentration while, at the same time, enhance the disorder of the structure leading to an increase in sheet resistance. 

This was observed for our films beyond 15 wt. % of NH4F. 

3.3. Optical properties 

The transmittance spectrum recorded for the films in the wavelength range of 300-1100 nm are shown in Figs. 3. 

The transmittance (%) of the film increases with increasing fluorine concentration. The transmittance of the pure tin 

oxide film is only 45 % (Fig.5) whereas it increases to 74 % (at 800 nm) on doping 17.5 wt. % of NH4F. This 

transmittance value of fluorine doped tin oxide films are in good agreement with the earlier reports [11].  Thangaraju 

[1] reported a maximum transmittance of 70% at 800nm for films of thickness ~ 1µm.  We observed a significantly 

better value of ~74% at 750nm even for films of thickness ~1.8 µm. The improvement in the optical transparency 

and lower resistance value may be attributed to the shorter spray duration and spray interval employed in the present 

study. 
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Fig.3. Transmittance spectra of SnO2:F thin films as a 

function of wavelength for different fluorine doping  

concentration (wt.%). 

Fig.4. Transmittance as a function of fluorine concentration of 

SnO2:F films for different wavelengths. 

The colour of the undoped tin oxide thin film is white which turns colourless on doping 15 wt. % of NH4F. 

When the doping concentration is increased to 17.5 wt. %, a light trace of black colour is seen in the colourless 

films, but the transmittance of the films was not affected significantly. The transmittance values of the films have 

been plotted as a function of [F]/[Sn] wt. ratio for 4 discrete wavelengths (600, 700, 800 and 900 nm) as shown in 

Fig. 4. From the figure it is clear that the transmittance of all the films increases with the fluorine content at all the 

chosen wavelengths. The transmittance at 900 nm also increases initially but later falls to a minimum at 15 wt. % 

beyond with the transmittance increases steadily.  

3.4 Morphological study 

Atomic force microscopy was used to map the surface morphology.   Roughness of the prepared films calculated 

by AFM profile is indicated in Table1: It reveals roughness of the film decreases with increase in Fluorine 

Concentration. Figure 5  shows the topographic images obtained in AFM. The variation of grains and grain 

boundaries (GB) are due to differences in crystallographic orientation, contaminants, and film quality. A smoother 

film reduces the light trapping at the surface. Because of this fluorine is the suitable dopant also the prepared films 

are good TCOs in Solar cells [11]. 

a b

c
d

 

Fig 5. AFM profile(surface morphology) of a) pure SnO2 b) 12.5 wt.% NH4F doped SnO2 c) 15 wt.% NH4F doped SnO2 d) 17.5 

wt.% NH4F doped  SnO2 thin  film sprayed at 400 0C 
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Table 1:  Roughness of the SnO2 and SnO2:F films for various concentration of Fluorine 

Sl. No. Concentration of NH4F (wt%) Roughness of the film (nm) 

1. ----- 98.47 

2. 12.5 80.36 

3. 15 76.06 

4. 17.5 38.82 

4. CONCLUSION 

In an attempt to prepare low-cost transparent and conducting oxides, spray pyrolysis technique has been 

employed to prepare pure and fluorine doped tin oxide thin films from SnCl2 precursor. The sheet resistance that is 

achieved for fluorine doped tin oxide films (1.0 /Ω) is lower than the reported values for these films prepared from 

SnCl2 precursor. The optical transmittance is found to increase with increase in the fluorine concentration to a 

maximum of 74 % at 750 nm (17.5 wt. % of NH4F). The high transmittance together with high conductivity makes 

these films suitable for window materials in thin film solar cells. 
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Abstract. Copper oxide nanomaterials are of fervour by virtue of their potential uses in numerous innovative fields. In 

the present work, cupric oxide nanoparticles were set up by receiving synthetic just as green strategies. The incorporated 

particles are portrayed by XRD, HRTEM, EDAX, UV-obvious spectroscopic examination. Further the incorporated CuO 

NPs were assessed the in vitro toxicity quality investigations utilizing microbial and green combined CuO NPs have low 

toxicity contrasted and synthetically incorporated CuO NPs. 

Key words. Cupric oxide, Phase structure, Optoelectronic studies, XRD, EDAX, Toxicity. 

INTRODUCTION 

The metal-based nanoparticles, for example, gold, silver, zinc and copper expanded with diminishing 

nanoparticle measure [1]. Other physicochemical properties, for example, essential sythesis, shape, charge, surface 

region, crystallinity, solvency and surface subordinates additionally impact the poisonous capability of the 

compounds [2–6], by adjusting cell take-up and translocation of the particles in the body [7].Hence, metal-based 

nanoparticles ought not to be viewed as a homogeneous populace with basic lethal traits, since they work 

autonomously to intervene various natural responses. 

Designed CuO NPs is a standout amongst the most normally utilized metal oxides in the general public. It is 

generally utilized in materials for accomplishing biocidal action [8]. They are utilized as added substances in inks, 

plastics, greases and metallic coatings just as in various skin items [9, 10].It has additionally applications in gas 

sensors, impetuses, microelectronic materials and beautifiers [11, 12]. Besides, it is widely utilized in different 

applications, for example, catalysis, sun oriented vitality change (solar energy), and gassensor and field discharge 

[13], in vitro assessment is significant for understanding the components of natural impacts instigated by 

nanoparticles [14]. 

The synthesis of metal nanoparticles through green route is an eco-friendly approach and cost effective method 

without the use of tough chemicals [15]. In the present study, we have synthesised CuO NPs by using 

Gymnemasylvestre leaves extract and NaOH as a reducing agent and water as a solvent.Moreover, synthesised 

particles are characterized by XRD, FTIR, HRTEM coupled with SAED, EDAX analysis, UV-visible spectroscopy, 

PL emission studies, XPS studies, EPR spectroscopy and zeta potential analysis. It has been planned to evaluate the 

in vitro toxicity of green and chemically synthesised CuO NPs using microbial and cancer cell line (MCF-7) 

models.To the best of our knowledge, this is the first report for the comparative cytotoxicity studies of green (G. 

sylvestre plant extract reduced)and chemically synthesised CuO NPs in bacterial and breast cancer cells(MCF-7). 

International Conference on Physics and Chemistry of Materials in Novel Engineering Applications
AIP Conf. Proc. 2270, 110024-1–110024-6; https://doi.org/10.1063/5.0025047

Published by AIP Publishing. 978-0-7354-3998-6/$30.00

110024-1
Page 3038 of 3066Page 3038 of 3066



EXPERIMENTAL METHODS 

Synthesis of CuO NPs by using G. sylvestreleaves extracts 

15 g of finely chopped cut G. Sylvestreleaves were weighed. Then, 150 ml of double distilled water was added 

and boiled at 60 
o
C for 15 min. The obtainedextract was filtered using Whatman No. 1 filter paper and the filtrate 

was collected in 250 ml Erlenmeyer flask. Thereafter, 0.1 M copper nitrate hexahydrate (Cu(NO3)2.6H2O)solution 

was added into 150 ml ofG. sylvestreleaves extract and it was stirred constantly at 80 
o
C for 6 h. A black colour 

precipitate was obtained. Further, the precipitate was dried at 120 
o
C for 6 h. The obtained CuO nanopowders were 

calcined at 700 
o
C for 5 h.  

Synthesis of CuO NPs by co-precipitation method 

In this typical chemical synthesis of CuO NPs, the following high purity chemicalssuch as, Cu(NO3)2.6H2Oand 

sodium hydroxide (NaOH) were used as the precursors without further purification. Required amount of 

Cu(NO3)2.6H2O(0.1M) was completely dissolved in deionized water, aqueous NaOH (0.8M) solution wasadded 

drop wise to this solution and stirred constantly at 80 
o
C for 6 h.Ablack colour precipitate wasformed slowly, which 

was washedseveral times with double distilled water and ethanol. The precipitate was dried at 120C. The CuO NPs 

thus obtained were annealed at 600C in air for 5 h. Finally, CuO NPs was collected and used for further studies. 

RESULTS AND DISCUSSION 

X-ray diffraction studies 

X-ray diffraction patterns of green and chemically synthesised CuO NPs at 600C are shown in Fig. 1. Peaks 

obtained in the XRD pattern show good crystalline monoclinic phase of CuO NPs which is confirmed by the JCPDS 

data (card no: 48-1548) with the C2/C space group. Impurity related peaks like Cu(OH)2, Cu2O or Cu are not found 

in the XRD pattern.It is confirmed that there was no plant extract impurities present in the sample.No negligible 

shift is obtained in the peaks for the green synthesised CuO NPs when compared to the chemically synthesised CuO 

sample (Fig. 2). 

 

FIGURE 1. X-ray powder diffraction patterns of green and chemically synthesised CuO NPs 
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FIGURE 2. An enlarged version of the XRD pattern of CuO NPs between 35.4˚ to 38.7˚ 

TABLE 1. X-ray diffraction parameter values of the green and chemically synthesised CuO NPs 

Sample 

Lattice Parameter values (Å) Volume V 

(Å)3 

Average 

Crystalline size 

D (nm) 

Micro-strain 

ε a b c 

CuO green 4.9543 3.4255 5.1270 80.8177 32 0.01314 

CuOchem 4.6274 3.4248 5.1089 79.9098 23 0.01577 

 

 

FIGURE 3. The William-Hall plot analysis of green and chemically synthesised CuONPs[solid line show the theoretical fit] 

Functional group analysis 

FTIR spectroscopy (Fig. 4.) has been used to validate the results of the XRD line profile analysis and to further 

check the purity of the prepared green and chemically synthesised CuO nanoparticles. As shown in the Fig. 4, the 

peaks observed at 3422 cm
-1

 and 1610 cm
-1

 are identified as stretching and bending vibrations of O-H group 
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respectively.The peak observed at 2814 cm
-1

 and 1365 cm
-1

 are assigned as C-H stretching vibration and 

physisorbed H2O molecules on the surface of nanostructured CuO NPs [16].  The absorption peaks in the range of 

400-850 cm
-1

 are assigned to Cu-O and Cu-O-Cu lattice vibration. In the present study, the peaks at 769, 613and 497 

cm
-1 

correspond to the characteristic stretching vibration of Cu-O bond in the monoclinic CuO [17]. 

 

FIGURE 4. FTIR spectra of the green and chemically synthesized CuO NPs 

Morphological studies 

 
 

FIGURE 5. (a) & (b). HRTEM image chemical and green synthesised CuO NPs, 

(c) & (d) SAED pattern of chemical and green synthesised CuO NPs 

Fig. 5 (a &b). shows HRTEM images of the chemical and green synthesised CuO NPs, annealed at temperature 

600 C and the corresponding electron diffraction patterns. The particle size is approximately found to be 20-30 nm 

in both green and chemically synthesised CuO NPs. From the Fig.5 (a & b), it is clearly evident that spherical 

shaped particles of CuO NPs have been received through two different synthesis methods. The high crystallinity of 

the powder leads to its corresponding well pronounced Debye-Scherrer diffraction rings in the SAED pattern. 

The near-band-edge (NBE) emissions K1, K2 and K3 are located at UV region (305, 307, 312, 336and 345 

nm)for green and chemically synthesised CuO NPs. These NBE emissions are attributed due to the recombination of 

electron-hole pairs in free-excitations.  The orange (K4) and red (K5) emission peaks are located around 602 nm, 

612nm and 626 nm and 632 nm respectively. It is related to the interstitial in CuO and recombination of electrons 

and holes at oxygen vacancies [18]. 
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Table 2. Comparison of the PL emission values of the green and chemically synthesised CuO NPs 

Peak code CuO green (nm) CuO chem (nm) Assignment 

K1 305.31 307.39 Near band edge emission 

K2 312.58 321.84 Near band edge emission 

K3 336.38 345.64 Near band edge emission 

K4 602.40 612.70 Orange emission 

K5 626.20 632.34 Red emission 

BIOLOGICAL ACTIVITY 

Microbial toxicity 

The zone of inhibition of CuO nanoparticles at different concentrations (1, 3, 5 mg/ml) against gram-negative 

bacteria (Escherichia coli) and gram-positive bacteria (Staphylococcus aureus). They clearly indicate that the copper 

oxide nanoparticles inhibit the growth of both gram-negative and positive bacteria and the zone of inhibition 

increases with the increase in concentration of nanoparticles which are presented in Table 3. 

The antibacterial activities for three different concentrations of green and chemically synthesised CuO NPs 

samples (1 mg/ml, 3mg/ml and 5 mg/ml)have been reported against (gram positive) S. aureus and (gram negative) 

E. coli bacterial pathogens. (a, b, c & d). show the size of the zone of inhibition and antibacterial action of both CuO 

NPs loaded with test samples, that chemically synthesised CuO nanoparticles have shown effective antibacterial 

activities against all the pathogens. The variation in the sensitivity or resistance to both gram-positive and gram-

negative bacteriapopulations could be due to the differences in the cell structure, physiology, metabolism or degree 

of contact of organisms with nanoparticles. 

Table 3. Zone of inhibition value of green and chemically synthesised CuO NPs treated with micro organism 

Sample 

Code 

Zone of inhibition (mm) 

Micro organism Control  (10µg/ml) 1 mg/ml 3 mg/ml 5 mg /ml 

CuO Green 
S.aureus 14 - - - 

E.coli 14 - - 9 

CuO Chem 
S.aureus 18 - 14 16 

E.coli 16 8 11 14 

 

The antibacterial efficiency of CuO NPs generally depend on the presence of more (Reactive Oxygen Species) 

ROS, which is mainly attributed to the smaller particles size and less agglomerated particles, diffusion ability of the 

reactant molecules [19], increasing the lattice constant [20], the release of Cu
2+

, morphology etc., Moreover, 

electrostatic attraction between negatively charged bacterial cells and positively charged nanoparticles is crucial for 

the activity of nanoparticles as bactericidal materials.  

The increased band gap energy has a major role in the ROS mediated toxicity. It is also suggested that due to the 

large amount of oxygen atoms adsorbed onto CuO surface, generate more ROS in the suspension resulting in intense 

oxidative stress towards the bacteria, and hence enhancing the antibacterial response. In this study, it is suggested 

that the chemically synthesised CuO NPs have higher bacterial toxicity than the green synthesised CuO NPs. 

CONCLUSION 

We have succeeded in synthesizing CuO NPs by green and chemical methods. G. sylvestre plant extract has been 

used as a potential reducing agent for the synthesis of CuO NPs which was confirmed by XRD studies. The 

monoclinic structure was identified for green and chemically synthesised CuO NPs through XRD analysis and the 

micro strain parameters were calculated. The presence of all functional groups was observed from FTIR analysis and 

this study confirmed the Cu-O stretching frequency at 769 and 497 cm
-1

. Spherical like morphologies and grains are 

appearing for all CuO NPs observed from the HRTEM. Compositional analysis (EDAX) confirmed the presence of 

Cu and O in both synthesised CuO NPs. From the XPS data, the indexed peaks corresponding to C (1s), O (1s), Cu 
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(2p) and the respective binding energy of the elements were estimated for the green and chemically synthesised CuO 

NPs. The antibacterial investigations performed against a lot of bacterial strains demonstrated that the artificially 

blended CuO NPs have more antibacterial action than the green integrated CuO NPs. With reference to cell death, a 

minimum concentration of 65 μg/ml for chemically synthesised CuO NPs was well enough to induce 50% cell 

mortality as compared to green synthesised CuO NPs (75 μg/ml). 
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Abstract. The blue-green approaches of silver nanoparticles blend by cyanobacteria strains, generally known as blue 

green growth that known a shoddy eco-accommodating apparatus for nanometer arrangement.The extracellular 

amalgamation of AgNPs was at first recognized by visual examination for shading changing of refined. Carafes 

arrangements frame straightforward to dark colored at that point dark and also nanoparticles was portrayal by UV-Vis 

and FT-IR. While Fourier Transform Infra-Red (FT-IR) affirmed the nearness of a protein shell which is in charge of the 

nanoparticles biosynthesis. Checking Electron Microscopy (SEM) thinks about demonstrated that arrangement of 

agglomerated silver nanoparticles because of the topping operator in the scope of 100-200nm.The FT-IR range 

information affirmed the nearness of particular useful gatherings, for example, proteins that have the fundamental part as 

topping and balancing out specialist in the biosynthesis of AgNPs. The nanoparticles indicated phenomenal antimicrobial 

action against different bacterial and parasitic. In addition Escherichia coli, Streptococcus pyogenes, Staphylococcus 

aureus and Aspergillus conicus, Aspergillus terrus, Penicillium.  

Keywords: Terrestrial cyanobacteria, silver nanoparticles, Oscillatoria annae,FT-IR, SEM . 

INTRODUCTION 

Nanostructure materials have remarkable physical and concoction qualities and are pertinent in different fields, 

for example, biomedical sciences, optics, attractive, mechanics, catalysis and vitality sciences. Distinctive parts of 

this novel innovation include the creation, portrayal, control of nanoscale structures [1,2].Nanoparticles are picking 

up a notoriety for being multifaceted materials leaving novel or propelled attributes contrasted with bigger particles 

[3,4]. Nanobiotechnology is a multidisciplinary field of science like biotechnology, nanotechnology, physical 

science, science and materials science. Nanoparticles are metal particles with estimate 1-100nm and display 

distinctive shapes like circular, triangular and pole and so on, Research on the amalgamation of nanoparticles 

contrasted and the mass material. Bionanotechnology has risen up as coordination amongst biotechnology and 

nanotechnology for creating biosynthetic and eco-accommodating innovation for combination of nanomaterial's 

[5,6]. Microorganisms extending from microscopic organisms to parasites have been utilized as a part of late years 

to create non-dangerous and natural cordial strategies to orchestrate nanoparticles, and additionally nanoparticles 

incorporated by microorganisms, have a tendency to be settled by peptides, for example, phytochelatins, in this way 

forestalling conglomeration [7]. These organic operators as green growth, plants, and microorganisms have 

developed as a proficient contender for the union of nanoparticles [8].  

The systems for the bioreduction of silver by microbes include lessening and different proteins in which sulfur 

and carboxylate bunch from cell divider [9,10]. In this examination, to satisfy the absence of cyanobacterial 

nanoparticles combination and its uses, the arrangement of silver nanoparticles was explored utilizing slivernitrate 

within the sight of the earthly cyanobacterium, Osillatoria annae NTDM01.  
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MATERIALS AND METHODS 

Disengagement of cyanobacteria 

Microalgal water tests were gathered from pandhuvakkottai oorani lake water and were disengaged and 

decontaminated by microbiological techniques for serial dilution.Based on tiny morphological appearance 

cyanobacterial secludes were recognized as Aphanothece sp, Oscillatoria sp, Oscillatoria annae, Oscillatoria 

anguina, Synechococcus, Oscillatoria anguiforns. They cyanobacterium Oscillatoria annae was observed to be 

powerful microorganisms for nanosilver generation [11-13].  

Mass development of cyanobacteria 

The earthly cyanobacteria tests were gathered and separated from Pandhuvakkottai.The culture was developed in 

a BG11 medium at pH 7 [12] and made the axenic utilizing diverse mix of anti-infection agents. The way of life was 

exchanged and developed for – around 4 a month and a half to achieve a stationary 'development' stage. It was then 

centrifuged and washed a few times with refined water, deionized water to expel the follow metals from the surface 

of the cyanobacteria.  

Planning of cyanobacteria remove 

Segregation cyanobacteria materials Oscillatoria annae was gathered from the watery concentrate of a specimen 

arranged utilizing the crisply gathered cyanobacteria (50g), by washing in running faucet water. At that point the 

concentrate is sifted through No1 what man channel paper and utilized for additionally explores. 50g of washed 

cyanobacteria alongside 95 ml of twofold refined water was taken in four 250ml conicalflask included with a 5ml of 

concentrate in four conicalflaks.The one conicalflask without silver another three cone shaped distinctive fixation 

measure of silvernitrate include an alternate focus in a 0.2,0.4,&0.6. The nanoparticles were portrayed by UV-VIS 

Spectroscopy, Fourier change infrared (FT-IR) spectroscopy and checking electron magnifying instrument (SEM) 

examination.  

Change of arrangement shading and optical microscopy 

Biosynthesis of AgNPs was trailed by a difference in shade of arrangement that inoculum with oscillatoria 

annae. The dim of the earthy shading was time– subordinate. In this way, researchers have distinguished numerous 

types of microscopic organisms, contagious, yeast form, green growth and plant can combine metal nanoparticles 

[14,15]. The utilization of microorganisms in the combination of nanoparticles is a moderately new and energizing 

territory of nanotechnology. That operation was distinguished through the expansion of metal salts to the 

development BG11 media or the concentrate following by checking cells or the medium for the nearness of 

nanoparticles. Therefore, that arrangement could undoubtedly be checked by visual perception of the arrangement. 

       

Control  0.2 concentration                    Control 0.4 concentration               Control 0.6 concentration 

FIGURE 1 Visual perception of AgNPs shades 
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Synthesis of Silver Nanoparticles 

We utilized three separate analyses in the biosynthesis of AgNPs, the first, by utilizing silver nitrate salt (AgNPs) 

to influence three centralizations of arrangements with (20ml) to twofold refined water (1,3,and 5Mn), at that point 

we include (2ml) of Oscillatoria annae. The way of life at (14 days old).The second, by making two fixations (25 

ml) of AgNPs arrangements (1 and 9Mm) and include (3ml) of Oscillatoria annae culture inoculums. The third, by 

including Oscillatoria annae. As new weight cells surmised (0.5 gm) got from rotator of 10 ml fluid culture and after 

that adding 10ml of deionized water to make with AgNPs salt to make that arrangement [16]. Log stage culture of 

microalgae was gathered by centrifugation at 5000 rpm for 10 min. (Cypres Diagnostics, 3201 Langdorp, Belgium, 

CL008 axis) at 20˚C and was washed three times with sterile refined water. All arrangements of trials were hatched 

at 25±2˚C either under cool white glaring light or oblivious conditions for (24,48 and 72h), and additionally it 

shaking conveniently twice per day. As a control, new BG11 medium with cyanobacterium – without AgNPs-as 

positive control, and silver nitrate arrangements without cyanobacterium-as negative control, in the later 

investigations (UV-Vis and FT-IR)[18].  

ANTIMICROBIAL SCREENING OF SILVER NANOPARTICLES 

Biosynthesis of silver nanoparticles was examined for antibacterial screening against microscopic organisms and 

fungai (clinical separate) utilizing agar well dispersion strategies [19,20]. The test life forms utilized were microbes 

Escherichia coli, Staphylococcus aureus and Streptococcus pyogenes the test living beings utilized were parasite 

Penicilium, Aspergillus terreus and Aspergillus conicus .The microorganisms test living beings were develop in 

Muller Hinton medium for 18 hrs. Yards of pathogenic microscopic organisms and growth were set up on Muller 

Hinton medium utilizing swabs. Agar well was made on Muller Hinton Broth utilizing sterile steel plug borer and 

each well was stacked with 200µl silver nanoparticle arrangement. The plates containing microscopic organisms and 

growth in incubated at 37˚C. 

   

           Escherichia coli                          Streptococcus pyogenes          Staphylococcus aureus 

FIGURE 2.  Antibacterial ZOI  

 

TABLE 1. Zone of inhibition AgNO3 Production by Oscillatoria annea 

 

Name of the organism 
Concentration 

0.2 

Concentration 

0.4 

Concentration 

0.6 
Control 

Escherichia coli 8.5mm 10.5mm 12mm - 

Streptococcus pyogenes 9mm 10mm 15mm - 

Staphylococcus aureus 7mm 8mm 10mm - 
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Aspergillus terreus               Aspergillus conicus             Penicillium   sp 

FIGURE 3. ZOI of AgNO3 Production  

TABLE.2 Zone of inhibition AgNO3 Production by Oscillatoria annea 

Name of the 

Organism 

Concentration 

0.2 

Concentration 

0.4 

Concentration 

0.6 
Control 

Aspergillus terreus 7mm 8mm 10mm - 

Aspergillus conicus 7mm 7mm 8mm - 

Penicillium sp 7mm 8mm 10mm - 

RESULTS AND DISCUSSION 

Morphological characters 

The cyanobacteria strain was recognized under the light magnifying instrument. In light of infinitesimal 

morphological appearance cyanobacteria seclusion was Aphanothece sp, Oscilltoria sp, Oscillatoria annae, 

Oscillatoria anguina, Synechococcus, Osillatoria anguina, Oscillatoria anguiforns. They cyanobacterium Oscillatoria 

annae was observed to be successful microorganisms for nanosilver generation. Silver nanoparticles integrated, at 

first saw by shading change from dull rosy dim dark colored and to the excitation of surface Plasmon vibration with 

the silver nanoparticles. The collected microalgae cell brooded with deionized water (positive control) held its 

unique shading however the silvernitrate treated cells turned from splendid green to dull dark colored inside 24 hrs. 

Because of the store of silver nanoparticles. Algal cells were in place and pretty much of an indistinguishable shape 

from unexposed cells. If there should arise an occurrence of silvernitrate arrangement alone (negative control), no 

adjustment in shading was watched even following 7 day [21].The aftereffects of our examination concurred with 

that review. The response blend was investigated utilizing UV-Vis spectrophotometer.  

UV-Visible Spectroscopy 

Picture surface Plasmon assimilation groups at extend 300 to500 nm were seen inside various centralizations of 

AgNPs arrangements 1-5 ml When Oscillatoria annae. Lessening of silver particle by culture filtrates of a 

filamentous cyanobacterium Oscillatoria annae and greatest absorbance at 420 nm in UV-Vis spectroscopy [24]. The 

cyanobacteria Lepto lyngbyaval derianum was observed to be a viable bio reagent for nanosilver creation after 

72hrs. Dim presentation in 420 nm AgNPs arrangements [22]. The outcome in that best focus from AgNPs answer 

for nanoparticles creation was (3mM) on the grounds that that generation occur under light and dim condition at 24 

hrs and constant underway to72 hrs under light contingent upon the examples that demonstrated a top in the range in 

the vicinity of 300 nm and 500 nm in the assimilation spectra, were recognized as nanoparticles creation test [15, 16, 

23]. 
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UV-Vis Spectrum
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FIGURE 4 UV-Visble spectroscopy of AgNO3 of Oscillatoria annae 

FT-IR Spectroscopy 

FT-IR estimations were completed to distinguish the conceivable biomolecule or the lessening of Ag+ particles 

and topping of bio diminished silver nanoparticles by cyanobacterium Oscillatoria annae. That showed retention 

tops situated from 3775.28 cm
-1

 to 3693.44 cm
-1 

and demonstrated the particular practical gatherings. For the 

specimens 1613.34 cm
-1

 AgNPs and Oscillatoria annae .Without AgNPs under light and dull conditions were 

recorded. 
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FIGURE 5. FTIR spectrum of proteins as capping agents for AgNO3 and Oscillatoria annae 

SEM Analysis 

SEM perception on results of the earthly cyanobacterium, Oscillatoria annae in AgNPs explore is introduced. At 

room temperature, the expansion of AgNPs to the cyanobacteria caused the precipitation of silver nanoparticles at 

cell surfaces. The size and state of the nanoparticles that assumes a huge part in their capacity is recognized by SEM 

examination. 
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 FIGURE 6. SEM image show Silver nanoparticles, synthesized by Oscillatoria annae 

CONCLUSION  

Green synthesis of AgNPs was synthesized and characterized. The synthesized AgNPs are characterized by 

using SEM, UV-Vis., FTIR studies. Studies confirmes the presence of Ag NPs. Synthesised particles are tested 

against the different human pathogenic microorganisms. Shows better activity. 
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Abstract. Growing population and industrialization increases the pollution. Due to pollution the tainting of 

water increases. Because of these, the water obtained from natural sources are unable to use directly. To 

overcome the contamination certain techniques like precipitation, coagulation, ion exchange, cementation, 

electrodialysis, electrowinning, electrocoagulation, and reverse osmosis are used to purify the water to meet 

out the daily activities. These techniques have its merits and demerits. In adsorption technique, using  plant 

based material  as adsorbent  is cost effective, biodegradable and eco-friendly Caesalpinia bonducella 

regularly known as fever nut. Caesalpinia bonducella belongs to family Caesalpiniaceae and is commonly 

known as kalarci ver in tamil. Caesalpinia bonducella seeds are effectively accessible with minimum cost. In 

this work we have used this seed as a biosorbent for the treatment of water. The water from sulur lake, 

Coimbatore is collected for the analysis of physico-chemical characterisitics. Water collected from the sulur 

lake is allowed to pass three filter beds. The first two filter bed consists of natural materials, the third filter 

bed consist of caesalpinia bounducella as biosorbent. The obtained result shows that the water obtained from 

the third filter bed has highest efficiency due to biosorbent when compared to the other two. 

Keywords: Biosorbent, Caesalpinia Bounducella, Water analysis, Biodegradable, Filter bed, SEM 

INTRODUCTION 

Water is the most significant natural resource on earth and a significant benefit for human development. Relying 

on safe drinking water and water supply has been one of the key goals of humanitarianism and has been a significant 

worldwide challenge in the 21st century. Our current waters face major challenges, both large and new. In the 

developing countries, it is necessary to provide basic treatment for water supply, where water sources and drainages 

are not available. In both developed and industrial countries, human bustle plays a foremost role in expanding water 

shortage by defiling normal sources of water. The inexorably stringent water quality parameters, compounded by 

rising contaminant with pollutants have introduced a recent study in water treatment systems, widely distributed in 

developing countries. 

Global population increases water demand. In addition, global climate change emphasizes on uneven dispersion 

of crisp water. The pressure on natural water resources is increasing supplies makes utilizing whimsical sources of 

water (e.g., storm water, sullied crisp water, brackish water, wastewater and seawater). In particular, water use areas, 

waterways and wastewater systems are constantly on the verge of ensuring water quality parameters to human and 

environmental needs. [1]  

Because of the absence of successful water treatment frameworks in this provincial or undeveloped nations, the 

fastest route is to utilize straightforward and reasonable utilize different technology. Recently, Biosorption is a 

sprouting and perfect strategy which includes sorption of dissolved substances by a biomaterial. Biosorption has 
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gotten an extraordinary stresses because of the minimum expense of the materials utilized in ecological applications 

and in the water treatment process. A few kinds of biosorbents, for example, Bacteria[2], Algae[3], Wine processing 

waste sludge[4], Phoenix tree leaf powder[5], Moringa oleifera bark[6], Wheat bran[7], Mushroom biomass 

(Agaricus bisporus)[8], Seed powder of Strychnos potatorum L[9], Microfungus [10,11] and Caesalpinia bonducella 

seed powder[12] have been utilized to expel metal particles from wastewater. 

Ecobiosorbent: Caesalpinia Bonducella 

 Caesalpinia bonducella is an Indian herb revealed in Ayurveda, the old Hindi prescription arrangement of India. 

Caesalpinia bonducella has a place with the Family: Caesalpiniaceae discovered everywhere throughout the world 

exceptionally, in India, Sri Lanka and Andaman and Nicobar Islands, In India particularly present in tropical areas 

[13-15]. "Bonducella" the name of the species is gotten from the Arabic word "Bonduce" signifying 'a little ball" 

which demonstrated the globular shape of the seed [15]. Caesalpinia bonducella acts as biosorbent for the expulsion 

of heavy metals. Because of its simple preparation and high biosorption limit, Caesalpinia bonducella seed powder 

is utilized as a potential biosorbent. [16] 

In the present study, Water is collected from the Lake Sulur, Coimbatore, in the city of Tamil Nadu, South India. 

The water is allowed to pass through three different natural filter beds. The first two beds consist of sand, gravel, 

limestone etc. The third natural filter bed consists of natural biosorbent Caesalpinia bonducella. The water coming 

out from each natural filter bed is scrutinized. 

MATERIAL AND METHODS 

Study Area 

 Coimbatore is the second biggest city in Tamil Nadu, otherwise called Manchester of South India, and one of 

the industrial cities of Tamil Nadu (South India). It is on the edge of the Noyyal River, which surrounds the Western 

Ghats.In the Coimbatore district and its surroundings there are 28 waterlands that provide a variety of commercial 

and aquaculture services and one or two fishing vessels. Sulur is located in the eastern end of  new coimbatore and 

22 km (14.0 miles) from coimbatore. Lake sulur was once used for agricultural purposes. The lake was really 

circular. The lake is now part of the Tamil Nadu Government fisheries sector and is used for culturing such as Catla 

catla, Labeo rohita and Cirrhinus mrigala. Therefore, it was very interested in learning about the freshwater sources 

from the Coimbatore area, so it has been selected. 

Investigation of physico-chemical characters 

The water tests were taken in the clean, wide-mouth, screw capped glass bottle vertically between 1 to 4 meters 

profundity inside few meter of separation between tests from surface and base utilizing Van Dorn Sampler during 

early morning hours (5-6 AM) and moved to the research centre under super cold condition and exposed to 

investigations of physico-substance parameters around the same time of assortment. pH, turbidity, hardness, 

Chloride, alkalinity, dissolved oxygen (DO), total dissolved solids (TDS), Total suspended solids (TSS), and TS 

were estimated before and after treatment of Caesalpinia bonducella. 

Preparation of Biosorbent Material 

Caesalpinia Bonducella seeds were collected from local market in Coimbatore, India. Prior to use, the seeds were 

sterilized several times with sun-dried and deionized water to expel surface polluting impurities and oven-dried at 

323 K for 2 days. The dried seeds were transformed into pure powder using a mixer. Twenty-five grams of powder 

were washed with distilled water twice until it was washed with dirt and debris near the bottom of the glass. At last, 

it was dried in a hot oven at 323 K for 24 hours and put away in air proof holder to maintain a strategic distance 

from dampness. The product acquired is utilized as a bioadsorbent. 

020009-2
Page 3054 of 3066Page 3054 of 3066



 

Fig. 1 Caesalpinia Bonducella biosorbent preparation 

Preparation of Natural Filter Bed I (NFB I) 

Traditional methods of sand filter [17] were made using sand, stone, gravel and others. Depending on the density 

of these components, a filter bed was created [18] [19]. The water was poured into the filter bed. Filtered water was 

collected. The process was slow. The water collected in the laboratory was tested to investigate its physical and 

chemical properties. Filtered water was analyzed for alkalinity, pH, chloride, hardness, turbidity and more.  

 

 

 

         Fig-2: Natural Filter Bed I                           Fig-3: Natural Filter Bed II                       Fig-4: Natural Filter Bed III 

Preparation of Natural Filter Bed II (NFB II) 

The secondary filter bed was arranged without limestone [20], with natural coagulant also alter the arrangement 

of the filter bed layer. The obtained result (shown in Fig 3) was better than first bed. Filtered water was collected. 

While filtering the process was very slow. The collected water is experimented in laboratory to check the physical 

and chemical characteristic. 

Preparation of Natural Filter Bed III (NFB III) 

The third filter bed with the natural absorbents Caesalpinia Bounducella was prepared. The obtained result 

(shown in Fig 4) was better than second bed. Filtered water was collected. While filtering process was extremely 

slow. The collected water is experimented in laboratory to check the physical and chemical characteristic. 

RESULTS AND DISCUSSION 

The results show the values of nine parameters for lake water treatment by natural filter bed systems. It is clear 

that the use of natural filter bed -III is best for the treatment of most of the parameters when compared to the other 

two. There is a remarkable reduction in pH, Dissolved oxygen, Hardness and Alkalinity by natural filter bed -III 

treatment and the treated water has become fit enough to be let out directly into a receiving water body as the 

concentrations are below allowable limits. Thus the filter bed treatment method can be used independently. Figure 7 
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& 8 shows the SEM micrographs of caesalpinia bonducella which has permeable structure that can absorb the 

coagulants and impurities 

 

                          
      Fig-5: Water Sample Before and After Treatment                             Fig-6: Testing of pH Sample 

                        
                           Fig-7: SEM image of NFB-III                      Fig-8: SEM image of NFB-III (Magnified View)                                  

Evaluation of raw water and filtered water properties 

The properties of raw water and filtered water are tested and results are compared with the help of diagram 

. 

             
          Fig.9 Comparison of pH                   Fig. 10 Comparison of Turbidity       Fig. 11 Comparison of Hardness 

 

              
     Fig. 12 Comparison of Chlorides           Fig.13 Comparison of DO                    Fig.14 Comparison of Alkalinity 
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      Fig. 15 Comparison of TDS                    Fig. 16 Comparison of TSS                Fig. 17 Comparison of TS 

CONCLUSION 

From the analysis, it is clear that the filter water obtained by all the beds was just about same. Caesalpinia 

Bounducella, natural product distribution helps reach the acceptable limits of pH, turbidity, hardness, chloride, 

oxygen, alkalinity, TDS, TSS and TS. At the same time NFB-I & NFB-II type bed resulted in low pH & other 

properties. Caesalpinia bounducella, has the highest efficiency than the rest. These natural adsorbents have intense 

prospect, because of their abundant source, low price, eco-friendly, multi-functionality and their biodegradable 

nature in water purification 
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a b s t r a c t

Optimized molecular geometry, occupied maximum molecular orbital energy, mulliken atomic charges,
unoccupied lowest molecular orbital energy, molecular electrostatic potential, dipole moment, first-order
hyperpolarizability and polarizability of 3-bromo-2-methoxy benzonitrile is projected using 6–311++G(d,
p) basis set of density functional theory (DFT) calculations. The spectrum of Fourier Transform Infrared
(FTIR) as well as FT-Raman were explored and validated with the observed results. Hyperpolarizability
of first order determined with the quantum chemical calculations illustrate the preferred compound as
effective agent in the nonlinear optics for future applications. DFT was researching thermodynamic prop-
erties like enthalpy, entropy and Gibb’s free energy.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Advances in Materials Research.

1. Introduction

Aromatic nitriles have wide application in producing pesticides,
dyes and pharmaceuticals. These are also used as a mediator in
synthesizing a variety of compounds which are pharmacologically
active that can be employed as neuroleptics, muscle relaxants,
sedatives, etc. [1,2]. Benzonitrile is an aromatic organic compound.
Derivatives of benzonitrile find application in industries and med-
ical fields [3],. Benzonitrile derivatives are used for preserving food
products. In dye industry they are used for making aniline blue, a
dye. In medical field many benzonitrile derivatives in salt form
are used as urinary antiseptic and gaseous form are used to disin-
fect bronchial tube [4],. Since the derivatives of benzonitrile have
wide applications, many studies have been reported on such com-
pounds. Anisole (methoxybenzene) a form of benzonitrile allow it
for dipolar and dispersion interactions, but its capability for
involvement in strong interactions, like hydrogen bonds, is
restricted to be the strength of proton acceptor [5,6].

A. Prakasam et al. has studied the geometries, polarizability,
hyperpolarizability and electronic structure of 4-methoxy-

benzonitrile using density functional theory [7],. M. Murugan et
al. performed experimental and theoretical study on the molecular
structure and vibrational spectra of 2-fluoro-6-
methoxybenzonitrile [8],. The molecular energy stabilization cal-
culation, vibrational spectraSl analysis, electron transition and
energy eigenvalues are elucidated for 2 – bromo – 4 - methylben-
zonitrile by Muhammad Shahid et al. [9],.

In 3-bromo-2-methoxy benzonitrile (3B2MOBN) cyano and
methoxy group which are in general mentioned as an electron pro-
viding successor groups that is present in the aromatic ring system.
Preferred link of cyano group that is present in the benzonitrile as
well as the aromatic ring is creating the nitrogen atom a migration
[10,11]. Hyperpolarizability of first order and the HOMO-LUMO
energy are the most important tools to predict the NLO activity
of a compound. Quantum chemical calculations provides the entire
information about the structural, vibrational, electronic, optical,
thermodynamic and other related properties of a molecule [12],.
Hence the current examination study the molecular characteristics
of 3-bromo-2-methoxy benzonitrile and to elucidate useful infor-
mation about the molecule.

https://doi.org/10.1016/j.matpr.2020.11.502
2214-7853/� 2020 Elsevier Ltd. All rights reserved.
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Fig. 1. 3-bromo-2-methoxy benzonitrile optimized structure.

Table 1
Optimized parameters of 3B2MOBN.

Parameter B3LYP Parameter B3LYP Parameter B3LYP

Bond Length(Å) 6-311G++(d,p) Bond Angle(�) 6-311G++(d,p) Dihedral angle(�) 6-311G++(d,p)
C1-O2 1.43 O2-C1-H12 109.47 H12-C1-O2-C3 59.99
C1-H12 1.07 O2-C1-H13 109.47 H13-C1-O2-C3 179.99
C1-H13 1.07 O2-C1-H14 109.47 H14-C1-O2-C3 60.00
C1-H14 1.07 H12-C1-H13 109.47 O2-C1-H12-Br5 �78.32
O2-C3 1.43 H12-C1-H14 109.47 H13-C1-H12-Br5 161.67
C3-C4 1.54 H13-C1-H14 109.47 H14-C1-H12-Br5 41.67
C3-C9 1.35 C1-O2-C3 109.47 C1-O2-C3-C4 �29.99
C4-Br5 1.91 O2-C3-C4 120.00 C1-O2-C3-C9 150.00
C4-C6 1.35 O2-C3-C9 119.99 O2-C3-C4-Br5 0.00
Br5-H12 1.66 C4-C3-C9 120.00 O2-C3-C4-C6 �179.99
C6-C7 1.54 C3-C4-Br5 120.00 C9-C3-C4-Br5 �180.00
C6-H15 1.07 C3-C4-C6 120.00 C9-C3-C4-C6 0.00
C7-C8 1.35 Br5-C4-C6 120.00 O2-C3-C9-C8 179.99
C7-H16 1.07 C4-Br5-H12 85.28 O2-C3-C9-C10 0.00
C8-C9 1.54 C4-C6-C7 120.00 C4-C3-C9-C8 0.00
C8-H17 1.07 C4-C6-H15 120.00 C4-C3-C9-C10 179.99
C9-C10 1.54 C7-C6-H15 120.00 C3-C4-Br5-H12 5.85
C10-N11 1.14 C6-C7-C8 120.00 C6-C4-Br5-H12 �174.14

C6-C7-H16 120.00 C3-C4-C6-C7 0.00
C8-C7-H16 120.00 C3-C4-C6-H15 180.00
C7-C8-C9 120.00 Br5-C4-C6-C7 179.99
C7-C8-H17 120.00 Br5-C4-C6-H15 0.00
C9-C8-H17 120.00 C4-Br5-H12-C1 39.79
C3-C9-C8 120.00 C4-C6-C7-C8 0.00
C3-C9-C10 120.00 C4-C6-C7-H16 180.00
C8-C9-C10 120.00 H15-C6-C7-C8 179.99
C1-H12-Br5 141.56 H15-C6-C7-H16 0.00

C6-C7-C8-C9 0.00
C6-C7-C8-H17 180.00
H16-C7-C8-C9 �180.00
H16-C7-C8-H17 0.00
C7-C8-C9-C3 0.00
C7-C8-C9-C10 179.99
H17-C8-C9-C3 �180.00
H17-C8-C9-C10 0.00
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2. Materials and methods

2.1. Experimental details

The compound 3-bromo-2-methoxy benzonitrile was procured
from Sigma-Aldrich chemical company, USA with a higher purity
that is greater than 99%. It is used intrinsically without any addi-
tional refinement. The FT-Raman spectrum was registered with
EZRaman USA, Enwaveoptronics with IFS 66 V spectrometer by
using 1064 nm, Nd: YAG laser which was excited in the region in
the wavelength of about 50–3500 cm�1. The FTIR (Fourier trans-
form infrared spectrum) were calculated using the Infrared Spec-
trophotometer 8400S Bruker, AlphaT, Germany with the KBr
pellet technique at a region varying from 4000 to 400 cm�1, speed
of scanning having 30 cm�1/min at room temperature.

2.2. Computational data

All the predictions was made with the Gaussian 09 package
with aid of density functional theory (DFT) and 6–311++G(d,p)
B3LYP as basis set and viewed using GAUSS VIEW program.
HOMO and LUMO energy was computed by time dependent
DFT. Hyperpolarizability and polarizability are calculated for
studying NLO activity of the molecule. Electrostatic Potential
map was plottes by MOLKEL software. Different modes of
vibration were found out through TED and predicted by
VEDA.4.0. Software [13,14]. Dipole moment, Mulliken atomic
charges and various parameters of thermodynamic like
enthalpy, entropy and free energy (Gibb’s) were also studied
and calculated.

Table 2
Vibrational Modes of 3B2MOBN.

Mode Label Experimental
(cm�1) FT-IR

Experimental
(cm�1) FT-Raman

B3LYP/6–311
++G(d,p)

IR Intensity
(Km/mol)

Raman
Intensity

Raman
Activity

Vibrational assignments with TED (%)

1 A 80.2529 3.7853 7768.71644 0.9545 sCAOACAC(51) + sCACACABr(18)
2 A 100.1713 6.4213 2070.246176 0.3986 bCACAC(17) + bCACAN(24) + bC-C-Br(30)
3 A 130 139.4758 4.8725 9149.114206 3.4546 sCACACAC(39) + sCAOACAC(12)

+ sCACACABr(10) + sCACACAN(22)
4 A 144.7151 0.0176 219.103541 0.0892 sCACACAC(24) + sCAOACAC(36)

+ sCACACABr(23) + sCACACAN(15)
A 170 179.755 0.9645 1578.886704 1.002 bC-C-Br(57) + bCACAO(14)

6 A 218 200.5327 2.4378 1902.578598 1.5119 cC„N(49) + sHACAOAC(11)
7 A 235.3748 3.8111 395.715586 0.4377 mBr-C(20) + bC-C-Br(32) + bCAOAC(25)
8 A 330 314.5307 0.3629 2779.120074 5.6195 bC-C-Br(10) + bCAOAC(45) + mBr-C(15)

+ bCACAO(14) + bCACAN(21)
9 A 368.4828 0.9524 1194.403785 3.3685 sCACACAO(12) + sCACACABr(18)

+ sHACAOAC(34) + sCACACAN(11)
10 A 428.1153 5.1252 671.594843 2.6028 c CACAC(14) + sCACACAN(27)
11 A 473.793 8.0177 510.140357 2.455 c CACAC(34)
12 A 536 516.913 6.0972 347.177899 2.0148 sCACACAC(19) + sHACACAO(14)

+ sHACACAC(14)
13 A 599 603.6706 4.2318 908.295141 7.3812 sCACACAC(13)
14 A 612 622 638.3648 4.0415 413.218391 3.7951 bCACAO(18) + bCACAN(12) + bCACAC(28)
15 A 654.6516 3.1692 456.290913 4.4293 ΒACACAC(16) + mBr-C(16) + bCACAN(27)
16 A 687.9588 2.2188 853.034888 9.2386 c CCC(42) + s CN(32)
17 A 823 845.0231 13.1808 196.659595 3.3736 c CH(32)
18 A 870.5344 42.1376 187.10658 3.4337 c CAH(13) + s CAN(17)
19 A 891.3057 35.688 140.281289 2.7163 dCACACAH(70)
20 A 906.2157 17.3581 314.918886 6.3331 dCACACAH(68) + sHACACAO(53)
21 A 1067 1052.4405 0.2181 5.442575 0.1546 mO-C(10) + bCACAC(17)
22 A 1090 1104.8244 1.954 11.111883 0.3537 mO-C(13) + bHACAC(17)
23 A 1125 1120.4756 94.8508 301.590117 9.9233 bHACAC(24) + mC-C(17)
24 A 1166 1177.8361 40.9353 540.157882 20.004 b CAH(77)
25 A 1186.3558 30.392 403.498797 15.2016 dCAHAOAH(41)
26 A 1241 1244.8652 12.0586 253.567352 10.7191 b CAH(21)
27 A 1280 1278.2269 2.1578 60.786978 2.7387 bHACAC(17) + mO-C(18) + mC-C(30)
28 A 1300 1295.069 3.5006 16.241963 0.7553 mC-C(16) + bHACAC(22) + mO-C(20)
29 A 1311.6946 4.5358 187.953307 9.0149 mC-C(12) + mO-C(26)
30 A 1340 1356.6677 1.6771 144.594319 7.5287 mC-C(70) + bHACAC(15)
31 A 1414 1397.1673 96.368 549.393363 30.7445 bHACAH(15) + dCAHAOAH(64) + bHACAO

(15) + bHACAC(28)
32 A 1542 1577.2151 105.5533 15.903111 1.2038 bHACAH(15) + dCAHAOAH(14)
33 A 1604.4929 10.9904 40.054358 3.1665 mC-C(14) + bHACAC(21)
34 A 1617.1348 10.6423 97.955535 7.8998 mC-C(13)
35 A 1626 1620.8665 20.6004 92.378138 7.4938 mC-C(14)
36 A 1646 1634 1635.9748 66.2781 54.49877 4.5267 mN-C(27) + mC-C(25)
37 A 1741 1746.5108 1.7449 198.094664 19.466 mN-C(25) + mC-C(16)
38 A 1770 1772.7713 25.3525 424.243139 43.3372 mN-C(45) + mC-C(14)
39 A 2583.1432 54.449 1084.431271 313.5607 t CAH(11) + tN-C(89)
40 A 3187.1271 37.6206 164.619363 91.2706 t CAH(68)
41 A 3258.58 26.4383 42.863309 25.5562 mC-H(31)
42 A 3303.7041 23.9656 145.921494 91.0533 mC-H(89)
43 A 3345.5167 2.0505 72.349942 47.0783 mC-H(88)
44 A 3361.6099 0.7783 92.605837 61.2352 mC-H(39)
45 A 3564 3370.1372 4.2185 265.02755 176.7447 mC-H(54)
t-stretching; b-in plane bending; c-out-of-plane bending; t-twisting; d-scissoring; s-torsion;q-rocking;
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3. Results and discussion

3.1. Optimized structure

Fig. 1 shows the enhanced geometric assembly of 3-bromo-2-
methoxy benzonitrile. Optimized dihedral angle, bond length and
bond angle are considered by means of basic set of B3LYP 6–311
++G (d,p). These constraints can be used to elucidate other limita-
tions of compound. The length of the bond that is present for all
CAH bonding is 1.07 Å, C-Br bonding is 1.91 Å, CAN bonding
1.1466 Å and CAC bonding 1.3552 Å and 1.54 Å respectively. The
distortion in CAC length elucidates that substitutions in rings
affects the hybridization and lengths of the CAC bonding. Opti-
mized parameters are detailed in the Table 1.

4. Vibrational modes of 3B2MOBN

The examined molecule has 17 atoms and it possesses 45 nor-
mal modes of vibration. The vibrational frequencies calculated
and observed are shown in Table 2.

Vibrations (CAH): The stretching vibrations of (CAH) present in
the aromatic compounds normally have give the idea in the range
3100–3000 cm�1 [11],. No experimental frequency was observed
in the specific range. But the calculated value has the range above
3100 cm�1. substituted benzenes, then there is three in-plane
vibrations (CAH) seem to be appeared ranges from 1300 to
1000 cm�1, the three bending vibrations (out-of-plane) that will
give the idea within the range that appears to be between 1000
and 750 cm�1 [15],. The peaks of FTIR at 1125, 1166, 1241 cm�1

and at 1090, 1280, 1300 cm�1 and peaks of FT-Raman attribute

to the CAH bending vibrations in-plane which are in accordance
with the calculated values 1120, 1177, 1244 ,1278 and
1295 cm�1 . No peaks are obtained for (CAH) bending vibrations
in out- of -plane experimentally but calculated values 845, 870,
891 and 906 cm�1 are allocated to the out- of -plane CAH bending
vibrations.

Vibrations(CAC): The (CAC) stretching ring vibrations appears
in the range 1650–1400 cm�1 [16]. The obtained peaks at
1414 cm�1, 1626, 1646 cm�1 and at 1634 cm-1in the FTIR and the
FT-Raman Spectrum are for CAC vibrations. The corresponding cal-
culated values from experimental values are 1577 cm�1,
1604 cm�1, 1617 cm�1, 1620 cm-1and 1635 cm�1.

Vibrations ðC � NÞ: The vibrations of ðC � NÞ appears around
2200 cm�1 [14]. No specified peaks are obtained experimentally.
But calculated value 2583 cm�1 is allocated to the ðC � NÞ
vibrations.

C-Br vibrations: There are three in-plane bending and two
stretching vibrations for the C-Br vibrational mode. The frequency
ranges from 1129 to 480 cm�1 is assigned for the interaction of
the carbon atom including heavy atoms like Cl, Br, I [17,18].
The peak at 1067 cm�1, 1125 cm�1 and 1090 cm�1, 622 cm�1 in
the FTIR and FT-Raman Spectrum corresponds to C-Br vibrations.
Bending vibration that will occur within the range 531 cm�1 [19].
The measured frequency at 516 cm�1 corresponds to C-Br bend-
ing vibrations.

CACACAC vibrations which are torsional: Ring torsions that
assigned in the region where the vibrations below 800 cm�1 [20].
The calculated peaks at the region at 80, 100, 139, 473, 516,
603 cm�1 are attributed to torsional vibrations by CACACAC
mixed with CACACAO, CACACAH and CACACAN torsions.

Fig. 2. Experimental and theoretical FT-IR spectrum of 3B2MOBN.
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CAO vibrations: Stretching mode of CAO noted at 1348 cm�1

[21,22].The peak at 1300 cm�1 in Raman spectrum is allocated to
stretching of CAO and the corresponding DFT values are
1295 cm�1 and 1311 cm�1 respectively. Figs. 2 and 3 shows theo-
retical and experimental FT- Raman and FT-IR spectrum of
3B2MOBN respectively.

4.1. Mulliken atomic charges

The bonding capacity of molecules depend on its number of
unpaired electrons in the atoms as they hence the atomic charges
that has been obtained from the Mulliken analysis [23]. The Mul-
liken atomic Charge calculations, This is significant in the applica-
tion of the molecular systems’ quantum chemistry calculations so
because atomic charges influence dipole time, digital structure,
polarisation and all other molecular system characteristics
[24,25]. Mulliken charges which are obtained using 6–311++G (d,
p) B3LYP is quoted in Table 3. All hydrogen atoms exhibit positive
charges, the nitrogen and bromine atom exhibit negative charge .
This suggests the creation of interaction that is intermolecular in
solid forms [26].

4.2. (MEP) molecular electrostatic potential

Molecular electrostatic potential (MEP) is a visual tool illustrat-
ing to find the reactivity of the molecule which is explained
through its colors [27,28]. Electrostatic potential plot is a tool that

predicts and analyses the intra and intermolecular interactions
[29]. It visualises the relative polarity present in the molecule that
is been used. The various possible values are signified by diverse
colours. Negative potential region (higher one) is represented by
red colour; the most positive potential region is signified by blue
colour and the zero potential regions are signified by green colour.
The order of increase in potential is red - orange - yellow - green -
blue [30]. Potential map is shown in Fig. 4.

Fig. 3. Experimental and theoretical Raman spectrum of 3B2MOBN.

Table 3
Mulliken charge distribution of 3B2MOBN.

Sl. No Atoms B3LYP

I C �0.27337
II O �0.20915
III C �1.76626
IV C 1.270198
V Br �0.13695
VI C �0.64779
VII C 0.159392
VIII C �0.97487
IX C 2.859079
X C �1.03303
XI N �0.21121
XII H 0.162056
XIII H 0.144057
XIV H 0.149036
XV H 0.183256
XVI H 0.161174
XVII H 0.164374
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4.3. Non-linear optical activity

The NLO behavior gives rise to the main role for peculiar prop-
erties for instance optical modulation, frequency shifting, optical
switching as well as optical logic for the growth of communication
technologies, signal processing and optical interconnections [31].
Molecules which display asymmetric polarisation caused by elec-

tron donors and acceptors which is present in the pi-electron-
conjugated systems [32]. Therefore the compound being
researched is an important source for possible applications of
NLOs. Calculated nonlinear activity parameters are given in
Table 4.

5. Conclusion

Detailed investigations on the vibrational, physical and elec-
tronic property that the compound under study has been per-
formed by DFT using suitable basis set. The optimized structure
and geometrical parameters for conformational studies of the com-
pound was determined theoretically using the same basis set. FTIR
and FT Raman spectra of the compound recorded showed good
agreement with the theoretical results. The analysis of the Mul-
liken population was done to study the electronic charge distribu-
tion of the molecules. The charge analysis performed predicted the
donor and acceptor atoms of the compounds. The charge distribu-
tion of both the molecule was visually presented by MEP diagram.
MEP result shows that electrostatic potential that is negative is
mainly localized over the nitrogen atom and positive electrostatic
potential over hydrogen atom. The calculated first order hyperpo-
larizability confirmed the NLO property of the compound. When
compared with urea, the dipole moment of the title compound is
1.17 times and first order hyperpolarizability 11.5 times greater
than urea. Hence the compound under study is an efficient mate-
rial for future NLO applications.

CRediT authorship contribution statement

N.Y. Sugirtha Suni: Conceptualization, Methodology, Writing -
original draft. L. Guru Prasad: Conceptualization, Methodology,

Fig. 4. Potential map of 3B2MOBN.

Table 4
Non-linear activity parameters of 3B2MOBN.

Parameters used Basis Set (B3YLP)

lx 1.4738073
ly 0.0312466
lz �0.6605647
m 1.6153
axx 123.4053439
axy �15.48638
ayy 97.1255272
axz 0.05155
ayz 34.7202532
azz 113.0567524
a0 258.2164 � 10�33esu
a= 2230.8094 � 10�33esu

57.6690613
bxxx 41.069234
bxxy 22.1138277
bxyy 4.1310356
byyy 31.0745438
bxxz �17. 3,405,405
bxyz 23.6353756
byyz 35.3445539
bxzz 25.9285926
bzzz 10.0471203
b0 1296.09994 � 10�33esu

N.Y. Sugirtha Suni, L. Guru Prasad, C. Brintha Malar et al. Materials Today: Proceedings xxx (xxxx) xxx

6
Page 3064 of 3066Page 3064 of 3066



Data curation. C. Brintha Malar: Visualization. Arockiasamy Ajay
Praveenkumar: Software, Validation. R. Ganapathi Raman:
Supervision.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

References

[1] A. Ajaypraveenkumar, R.R. Ganapathi, Spectroscopic analysis, electronic,
optical and thermodynamical properties of 2-Amino-5-fluorobenzonitrile by
Ab initio methods, D Pharm. Chem. 9 (15) (2017) 56–67.

[2] A.A.P. Kumar, R.G. Raman, Theoretical spectroscopic and second harmonic
generations studies of 5–Fluoro-2-Methyl benzonitrile, Oriental J. Chem. 33 (5)
(2017) 2412–2420.

[3] A. Ajaypraveenkumar, R. Ganapathi Raman, Vibrational frequencies, NBO
analysis, NLO properties, UV-visible and homo-lumo analysis of 2-Chloro-3-
methoxybenzonitrile with experimental (FT-IR and FT-Raman) techniques and
quantum mechanical calculations, J. Chem. Pharm. Sci. 1 (2017) 27–41.

[4] Hermann Imgartinger, Peter Walter Fettel, Thomas Escher, Philip Tinnefeld,
Simon Nord, Markus Saucer, Substituent effects on Redox properties and
photoinduced electron transfer in Isoxazolo Fullerenes, Eur. J. Org. Chem. 2000
(3) (2000) 455–465.

[5] Mahindra Kumar Trivedi, Alice Branton, Dahryn Trivedi, Gopal Nayak, Ragini
Singh, Snehasis Jana, Sci. J. Chem. 3 (6) (2015) 84–90.

[6] A. Ajaypraveenkumar, R. Ganapathi Raman, Experimental and theoretical
spectroscopic investigations of 2-Bromo-4-methylbenzonitrile, J. Chem.
Pharm. Sci. 10 (3) (2017) 1309–1316.

[7] A. Prakasam, D. Sakthi, P.M. Anbarasan, DFT studies on the electronic
structures of 4-methoxybenzonitrile dye for dye sensitized solar cell, J.
Chem. Phys. Lett. 12 (2013) 8–22.

[8] M. Murugan, V. Balachandran, M. Karnan, Vibrational spectra and electrostatic
potential surface of 2-fluoro-6- methoxybenzonitrile based on quantum
chemical calculations, J. Chem. Pharm. Res. 4 (7) (2012) 3400–3413.

[9] Muhammad Shahid, Munawar Ali Munawar, Sohail Nadeem, Waqar Nasir and
Muhammad Salim,” 2-Bromo-4-methylbenzonitrile”, Acta Crystall. Sec. E
Struct. Rep., 65, 3166, (2009).

[10] G. Rauhut, P. Pulay, Transferable scaling factors for density functional derived
vibrational force fields, J. Phys. Chem. 99 (1995) 3093–3100.

[11] H. Saleem, S. Subashchandrabose, N. Ramesh Babu, M. Syed Ali Padusha,
Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 15 (00168–7) (2015) 1386–
1425.

[12] M.J. Frisch, et al., GAUSSIAN 09, Revision A. 9, Gaussian, INC, Pittsburgh,
(2009).

[13] David Pegu, Ngangbam Bedamani Singh, Quantum chemical calculations of
molecular structure, electronic, thermodynamic and non-linear optical
properties of 2-amino-3-nitro-6-methylpyridine, Int. J. Adv. Res. 1 (9) (2013)
531–538.

[14] Arockiasamy Ajaypraveenkumar, Shajikumar, R. Ganapathi Raman,
Experimental and theoretical spectroscopic investigations of 4-Bromo-3-
methylbenzonitrile, J. Chem. Pharm. Sci., 10(4), 68-74 (2017).

[15] Kumar J. Sharmi, T.S. Renuga Devi, G.R. Ram Kumaar, A. Bright, Ab initio and
density functional theory calculations of molecular structure and vibrational
spectra of 4-(2-Hydroxyethyl) piperazine-1-ethanesulfonic acid, Spectro Acta
Part A: Mol. Biomol. Spectrosc. 152 (2015) 509–522.

[16] N. Sundaraganasan, G. Elango, S. Sebastian, P. Subramani, Molecular structure,
vibrational spectroscopic studies and analysis of 2-fluro-5-methylbenzonitrile,
Indian J. Pure Appl. Phys. 47 (2009) 481–490.

[17] S. Gunasekaran, S. Seshadri, S. Muthu, Indian J. Pure Appl. Phys. 44 (2006) 360–
366.

[18] Shajikumar, Arockiasamy Ajaypraveenkumar, R. Ganapathi Raman, Molecular
optimized structure, NLO applications like frequency doubling and SHG, fock
matrix of NBO analysis, HOMO and LUMO frontier orbital energies analysis,
different thermo chemistry properties of 4-Fluoro-3-methylbenzonitrile based
on quantum chemical calculations, J. Chem. Pharm. Sci., 9(4), 2063-2072
(2016).

[19] E.F. Mooney, FT-Raman and FT-IR spectra, vibrational assignments and density
functional studies of 5-bromo-2nitropyridine, Spectrochim. Acta 20 (1964)
1021–1032.

[20] N. Sundaraganesan, S. Ilakiamani, H. Saleem, Piotr. M. Wojciechowski, Danuta
Michalska, FT-Raman and FT-IR spectra, vibrational assignments and density
functional studies of 5-bromo-2-nitropyridine, Spectro Acta 61 (13-14) (2005)
2995–3001.

[21] V.K. Rastogi, Surabhi Singhal, M.A. Palafox, G. Ramana Rao, Vibrational spectra,
normal coordinate analysis and thermodynamics of 2, 5-difluorobenzonitrile,
Ind. J. Phys. 84 (2) (2010) 151–165.

[22] MerdanDemirel NihatKarakus, The trans-cis and the azide – tetrazol ring-
chain isomerisation of 2 –azido- 1,3 azoles Quantum chemical study, J. Mol.
Struct. 1093 (2015) 65–76.

[23] M. Suhasini, E. Sailatha, S. Gunasekaran, G.R. Ramkumaar, Vibrational and
electronic investigations, thermodynamic parameters, HOMO and LUMO
analysis on Lornoxicam by density functional theory, J Mol. Struct. 1100
(2015) 116–128.

[24] Shajikumar, Arockiasamy Ajaypraveenkumar, R. Ganapathi Raman, Theoretical
investigations and second harmonic generations studies of 2-Amino-5-
Nitrobenzophenone, J. Chem. Pharm. Sci., 10(4), 75-83, (2017).

[25] Arockiasamy Ajaypraveenkumar, R. Ganapathi Raman, S. Sebastian,
Geometrical structure, vibrational spectra, NLO, NBO, electronic transitions
and thermo dynamical analysis of 5-Fluoro-2-methylbenzonitrile by DFT
computational method, Rec. Trends Mater. Sci. Appl. 189 (2017) 629–654.

[26] N.Y. Sugirtha Suni, R. Ganapathi Raman, L. Guru Prasad, Theoretical
investigations on the structural, vibrational and optical properties of 3-
Bromo-4-Methyl Benzonitrile, Int. J. Recent Technol. Eng. (IJRTE) 8 (2019)
1085–1094.

[27] Isa Sidir, Yadigar Gulseven Sidir, Mustafa Kumalar, Erol Tasal, Ab initio
Hartree-Fock and density functional theory investigations on the
conformational stability, molecular structure and vibrational spectra of 7-
acetoxy-6-(2, 3-dibromopropyl)-4, 8-dimethyl conmarin molecule, J. Mol.
Struct. 964 (2010) 134–151.

[28] Nuha A. Wazzan, Ohoud S. Al-Qurashi, Hassan M. Faidallah, DFT/and TD-DFT/
PCM calculations of molecular structure, spectroscopic characterization, NLO
and NBO analyses of 4-(4-chlorophenyl) and 4-[4-(dimethylamino) phenyl]-2-
oxo-1, 2, 5, 6-tetrahydrobenzo [h] quinoline-3-carbonitrile dyes, J. Mol. Liq.,
223, 29–47 (2016).

[29] A. Ajay Praveen kumar, R. Ganapathi Raman, Spectroscopic and second
harmonic generations studies of 5-Bromo-2-Methoxybenzonitrile by DFT,
Orient. J. Chem. 33 (6) (2017) 3077–3085.

[30] Basak Kosar, C. Albayrak, ‘‘Spectroscopic investigations and quantum chemical
compound study of (E) -4-methoxy-2-[p-tolylimino) methyl] phenol,”
Spectrochim. Acta, 78A, 160-167 (2011).
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