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Preface

World have seen many calamities in the past but 
those all were natural phenomena. A calamity 
again struck the world in the end of year 2019. If 

media reports are to be believed this calamity aka Covid-19 
pandemic was man-made however the source of the 
pandemic is yet to be identified. Many of the commoners 
in current generation in India never even heard the word 
pandemic before the beginning of covid-19. The scale and 
magnitude of this pandemic was never thought by anyone. 
Media reports said that world is struck by pandemic in every 
hundred years however very few is living to tell the tale of last 
pandemic happened in year 1918.What current generation 
is facing could have not been imagined by anyone. The 
way a human think and act it is changed in the pandemic 
situation. Companies have to adapt in new situation to work 
and sell their products/services. Pandemic have affected the 
life of everyone. This book tried to explore this pandemic 
phenomenon.

First paper by Dr. Thimmaiah Bayavanda Chinnappa 
studied the best customer relationship management practices 
in tourism industry. Tourism industry is source of income 
for many people thus the paper tried to explore the best 
suited customer relationship practices to enhance revenue 
through tourism.

Second paper by Dr. Pradeepta Benerjee and Mr. 
Somnath Mukhuti studied the impact of covid-19 on 
Bank Nifty. Stock market is one of the indicators of any 
country’s GDP growth. Country like India where service 
sector contributes more than 50% to GDP banking needs to 
be strong thus studying Bank Nifty volatility analysis will 



show the direction Indian banking sector is heading.

Third paper by Dr. Sushma singh has tried to look into 
the impact of herd behaviour on financial risk tolerance 
after covid-19.Whenever individual investors make any 
investment; they want return on in it. Impact of human 
psychology through hearsay of other members in the herd 
can be seen on financial decision making. In this paper 
a research was conducted in five Different cities of Uttar 
Pradesh, India to look into the herd behaviour and financial 
risk tolerance by using GL-RTS scale.

Fourth paper by Dr. Nazia Sultan talked about business 
resilience during the covid-19.  It is said that when faced 
with the extreme condition human tend to show the strength 
even unknown to him. During the covid-19, when lockdown 
was imposed businesses were shut. Businesses were needed 
to think outside the box, they come up with the financial, 
operational, organizational and financial resilience to keep-
up their business running.  This paper tried to look into the 
business resilience shown during covid-19 by the businesses. 
The practices and strategies adopted by the businesses were 
discussed in this paper.

Fifth paper by Divya MS talked about work life balance 
in new normal. After the covid-19 situation everybody was 
forced to change his ways of Living. Companies wanted 
their employees to work from home, teachers were teaching 
students through online mode. During the lockdown period 
everybody was looked into their own houses. Daily life of 
everyone was affected. This paper talked about the work 
life balance in this new normal scenario where partial or 
full restrictions are imposed by government or by self for 
safeguard of everybody. 

Sixth paper by Dr. Periasamy P and Dr. Dinesh found 
about the data driven marketing strategic trends in 2020.  
A model called EPCMASQ of authors emphasized on how 
customer data helps in formulating marketing strategy to 
the sellers. Through this model authors discussed about 



customer’s ethical information, personalized marketing 
automation, better customer experience, multi-channel 
experience, artificial intelligence, Search Engine Optimisation 
and qualitative data. With this marketing concept any 
marketer can push his product to the customers easily and 
efficiently. 

Seventh paper by Dr. M. Sharmila Devi and Mrs. J. 
Manjula Devi talked about the impact of covid-19 on FMCG 
sector. Fast moving consumer goods (FMCG) is one of the 
largest sectors contributing to be Indian GDP. Use of FMCG 
goods were also impacted due to many factors such as labour 
moving to their native places, Logistic issues. This paper 
shares about the impact of covid-19 pandemic on FMCG 
sector in India.

Eighth paper by Mr. Manoj Kumar Dewtwal tried 
to explore the e-Learning dimensions during pandemic 
situation.  Teacher-student learning is impacted due to 
pandemic is looked upon in the paper. Every stakeholder in 
teaching-learning process is forced to learn through online 
mode and it impact is explored with this paper.

Ninth paper by Dr Ashima Garg, Mr. Amit Kumar &  
Dr. Veeralakshmi B. found out the organisational role stress 
among University teacher in Haryana state with respect to 
nature of job. The paper explored about the stress in university 
teaching staff in Haryana state.  Over 500 respondents were 
used as sample size in this study to determine how much 
organisational stress is faced by University teachers in 
Haryana state.

Tenth paper by Dr. D S Parihar tried to look into the 
impact of covid-19 on tourism industry in Himalayan state 
Uttarakhand India. During any pandemic such as covid-19 
tourism industry is bound to be impacted through this paper 
author looked into the impact, challenges and opportunities 
in tourism industry due to covid-19 pandemic in Himalayan 
state Uttarakhand, India. Uttarakhand is internationally 
known for beautiful glaciers, flower Valley, snow-capped 



mountains, and diversity in animals, vegetation as well as 
society and great cultures. Due to covid-19 the tourism was 
badly impacted. This paper tried to explain the impact of lock 
down due to covid-19 on tourism industry in Uttarakhand.

Eleventh paper by Mr. Ravindra Verma and Mr. Mohan 
Kumar investigates into the work from home culture in 
pandemic era. This paper tried to explore the change of work 
culture in person’s life due to pandemic situation. Employees 
were forced to work from home. How this have affected 
the behaviour of employees and how the work routine is 
changed has been tried to explored in this paper.

Twelth paper by Dr. Pulidindi Venugopal, Dr. S. Anjani 
Devi and S. Aswinipriya talked about the problem faced by 
GAP inc.GAP is clothing brand old and reputed company 
established in 1969 employing more than one lakh people in 
different countries under different brand names. This paper 
focused upon the problem faced by GAP INC. The solution 
and marketing strategies to overcome these problems 
bynGAP INC. are discussed in the paper.

Thirteenth paper by Mrs. Rajimol K P and Dr. Rajesh 
B, provides the overview of e- commerce industry in India 
and its evolution in India. Challenges faced by e-commerce 
and future prospects for e-commerce are also discussed in 
the paper.

Fourteenth paper by Dr. Sanjay Keshaorao Katait, talked 
about the impact of corona virus lockdown impact on health 
of women workers in construction industry in Maharashtra. 
In order to meet the growing infrastructure demand and 
developing economies women workers are bound to work 
in construction industry. When lockdown was imposed due 
to covid-19 these women workers were left stranded due to 
non-availability of work. Construction industry where health 
problems and unsatisfactory work conditions are common 
the women workers felt trapped. This paper talks about 
the situation of women workers in construction industry in 
Maharashtra during covid-19 lockdown.



Fifteenth paper by Mr. Ajay Yadav and Ms. Pooja 
Yadav looked into the digital marketing practices followed 
by the company.  During the unprecedented times of 
covid-19 businesses needed to make sure that they reach 
to their customer. Authors in this paper tried to look into 
the digital marketing practices followed by the companies 
by discussing how online media is a way to connect to 
the world? People can discuss their thoughts opinions by 
eliminating the barriers of any boundaries. With the help of 
internet any marketer can promote his product and services 
through digital medium.

Sixteenth paper by Dr. Thimmaiah Bayavanda 
Chinnappa and Dr. Basheer Garba talks about the HR 
initiatives in banks. Banking system is backbone of any 
country’s economic growth thus it needs to be robust and 
strong enough to serve its economic needs. With the changing 
scenario due to globalisation modern banking cannot have 
the same approach, what it used to have in 80’s or 90’s.Now 
a days due to competition banks are eager to serve customer 
at their doorstep thus their employees need to change their 
attitude. This paper talks about the HR initiatives in bank. 
The pragmatic approaches banks needs to follow in their HR 
policies is discussed in this paper.

Seventeenth paper by Mr. Ajay Yadav and Ms. 
Ramandeep Kaur talked about social media marketing.  
Social media has become integral part of one’s life. Now-a-
days social media is not only used for connecting with people 
online but also for sale and purchase of goods and services. 
Marketers are reaching to the customer through social media 
platforms. This paper explored the social media marketing 
on the basis of survey conducted on 400 respondents. 
Customer is influenced by social media in making purchase 
decision is discussed in the paper.

Eighteenth paper by Dr. R. Uma Devi and Dr. S. R. 
K.talks how covid-19 have disrupted business however 
human will to conquer those obstacles still pushes human to 
work harder. As discussed in paper entrepreneur also faced 



difficulty in the time of covid-19. The adverse impact was 
observed in businesses. worldwide and most of the newly 
formed businesses and start-ups were compelled to dismiss 
theire mployees, leading to issues such as widespread 
unemployment, lack of productivity, and the downturn of 
economies however despite difficulties entrepreneurship 
is facing the obstacles and emerge victorious. As per 
paper even in the time Covid-19 many new start-ups were 
started and human will to remain strong was observed 
in the entrepreneurs. Entrepreneurs turned disaster into 
opportunity and earned reward by doing same.

Nineteenth paper by Nistha Adhikari is an article 
on Corporate Social Responsibility practices in Indian 
industry:COVID-19impact and way forward.The purpose of 
the study is toexplore various definition and descriptions of 
CorporateSocial Responsibility; elaborating upon the scope of 
corporatesocial responsibility (CSR) by studying deployment 
of CSRpractices over the last few years specifically the CSR 
initiativeof corporate during the pandemic situation in India.

Twentieth paper by Shruti Balhara talks about the work 
life balance among the women during the covid-19 situation. 
In Indian scenario where women are supposed to manage 
home along with their job, this paper explored the working 
women work life balance situations during pandemic 
lockdown. How working women were managing their work 
from home scenario and their families while working from 
home, since they are the key figure in their families is looked 
upon in this paper. Findings of this paper suggested that 
organisation must come with some new work life balance 
approaches, policies and practices with special reference to 
women employee to manage their job and home.
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Work Life Balance in the New Normal
Divya M S*

Abstract
Life after the pandemic Covid 19, will not be the same as we have 
seen or experienced. The epidemic has caused significant social 
and economic disruption, including the largest global recession 
since the 1930s Great Depression. It has resulted in massive 
supply shortages caused by the intensified panic purchasing, 
agricultural disruption, food shortages. Many educational 
institutions and public areas have been partially or completely 
closed. The industry and educational sectors experienced major 
and significant changes. The unanticipated shift to work  from 
home during Covid-19  is taking a toll on employee’s  mental 
health with many unable  to find breathing space, even  in the 
comfort of their own homes. Most employees have experienced 
stress in their professional lives, personal finances, and family 
lives because of this predicament.

Keywords: Covid-19, Pandemic, Depression, Mental Health

Introduction

The pandemic Covid-19 has altered our entire way of life 
and work. Our life will not be the same as it was before the 
pandemic had struck on us. We have all become used to the 
new lifestyle, including small children and elderly parents. 
Changes prevailed in all fields and sectors, affecting every 

*Assistant Professor, Basic Science and Humanities Department, SCMS School of 
Engineering and Technology, Ernakulam, Kerala
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corner of the globe. The epidemic has caused widespread 
social and economic disruption, including the worst global 
recession since the Great Depression of the 1930s. Increased 
panic buying, agricultural disruption, and food scarcity 
have resulted in massive supply shortages. Misinformation 
has been widely spread on social media alleviating political 
tensions all around the nation. Concerns about racial, 
geographic, and financial discrimination, unhealthiness, 
and the balance between public health imperatives and 
individual rights have increased because of the pandemic. 
Along the many draw backs caused by this, there are many 
take aways also.  The world has imposed curfew/lockdown 
measures to limit human mobility as the symptoms of 
the corona virus got worsened day by day. The restriction 
of quarantine halted all commercial activity that has a 
significant impact on the various important environmental 
parameters that are directly or indirectly related to human 
health. As all forms of social, economic, industrial, and urban 
activities had an abrupt cease, nature reaps the benefits, 
demonstrating improvements in air quality, cleaner rivers, 
less noise pollution, and undisturbed and calm wildlife. As 
we have seen during these two years the pollutant emissions 
were comparatively very less that what it was before. Our 
environment had reaped the major benefits out of this threat. 
Nature is what we should rely on as our future is dependent 
on it. 

The industry and educational sectors experienced 
major and significant changes. Many of the educational 
institutions have opted on a new term called as work from 
home, which was only familiar to IT companies till now. 
Schools and colleges have always followed on a conventional 
mode of teaching starting from the ancient Gurukul system 
onwards. Now both the students, teachers and also parents 
are struggling with the innovative mode of teaching and 
E-learning. The employees in industrial sector is also facing 
a major unbalanced shift in their career.  Balance between 
work and life became crucial and many failed to cope up 
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with maintaining a healthy balance between personal and 
professional life. Because your office is now at your house, 
remote working or working from home has become a part 
of our everyday routine life, which is no longer limited to 
the office but also includes our families. Employees find 
it difficult to maintain a pleasant working environment at 
home as they are struggling between official duties and 
homely chores. 

Employee well-being is critical, as good physical and 
mental health can only lead to happiness and job satisfaction. 
A healthy environment can only determine and motivate 
employees to be their best. It has become quite a normal 
phenomenon to think that working from home can  make 
most of us feel  like we are working all the time. It is not a 
good indication as extended working hours will impact the 
productivity of individuals, as employees will not be able to 
focus on tasks to be completed on a given deadline. If they are 
stressed up, then there will not be any consistent productive 
performance. Employees who are disorganised will be 
unable to fulfil their responsibilities, either professional or 
personal. Such behaviour does not go a long way and they will 
feel suffocated being surrounded by workload all the time. 
Working parents will always be stresses up as they need to 
focus on both the family and their work. When children and 
aged parents are at home, full time attention need to be given 
to them. This diversion of time and focus can badly affect 
anyone’s health. Work life balance is an important aspect in 
maintain a rhythm between personal and professional life. If 
that rhythm goes wrong, then its will be extremely difficult to 
rectify it.  Nearly every day, an increasing number of cases of 
frustration, stress, disinterest, hypertension, and depression 
are being reported. There is an urgent need to focus on such 
rising cases, and effective interventions must be identified 
to put a halt to this threating issues. Employees can focus 
on tasks and feel more accomplished at the end of the day if 
they have and follow a proper schedule. We need to recharge 
ourselves for the second half of the day by relaxing and using 
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simple but effective techniques. We cannot escape from our 
responsibilities but can handle it effectively. These simple 
techniques can reduce the intensity of stress and makes you 
feel better and refreshed for the next day.   

Literature Review

Work-life balance is a concept that describes how 
employees perceive their professional and personal lives in 
a balanced and amicable way by not affecting each other. 
An investigation into the effects of both the work stress and 
parental expectations, on job satisfaction, marital satisfaction, 
and overall life satisfaction among accounting professionals 
proves always to be on an increased rate. Both the working 
parents were messed up by childcare arrangements and shift-
based jobs, that was the prevalent concept before. Women 
becomes the prime victims even at workplace or with kids 
at home, as its their entire responsibility to run and balance 
with the two poles (Bedeian et al.,1988). Studies shows that 
stress will be immense on a single parent than others. Women 
especially had to endure more struggle than their male 
counterpart (Duxbury et al., 1994). A relevant study among 
U.K academics has observed there is more job satisfaction 
among high ranked female faculties than on IT sectors, their 
Job position and Job nature makes it more relax able to them 
(Oshagbemi, 2000). However, this study does not define a 
demarcation between job satisfaction and life satisfaction. 
Attention has been more focused on classifying types of HR 
strategy especially on existing models of corporate strategy. 
Miles and Snow (1984) cites a relevant example on earlier 
work on strategy and structure. They pronounce that each 
of their strategic types of human resource management will 
need to adopt a different set of human resource management 
policies and they are clearly precise with some variations. The 
notion is that those institutions, corporates or managements 
that have a definite demarcation and strategy between 
their business strategy, structure and human resource 
management policy and practice will always and definitely 
have superior performance. To sum up, those employers 
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Resilient response of mechanical-cement stabilized 

laterite gravel 
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Abstract. Rapid economic growth is leading to ubiquitous expansion in highway 

projects around the world. Utilization of natural aggregate resources for the con-

struction of flexible pavement has led to uncontrollable quarrying in the state of 

Kerala, India. The recent landslides in Kerala is the aftermath of extensive quar-

rying activities. Utilization of treated native soil in the subbase and base layers 

of flexible pavement can widely avert the danger associated with ecological im-

balance due to quarrying. In this study, engineering properties of mechanical-

cement stabilized laterite gravel were investigated for their effective utilization 

as a subbase course material in flexible pavements. The effects of cement content 

and the curing age on the resilient modulus and permanent strain of laterite 

gravel-stone chips-cement (LSC) mixes were investigated. A mix of 70% laterite 

gravel + 30% stone ships stabilized with 7% cement was obtained as the optimum 

mix. The optimum LSC mix with a 28-day curing period exhibited 55% higher 

resilient modulus and 78% lower permanent strain than the conventional granular 

subbase (GSB). On the basis of finite element analyses of flexible pavement, it 

was found that the pavement with optimum LSC mix in subbase exhibited a de-

sign life ratio of 1.29 and 1.13 with respect to that of pavement with conventional 

granular subbase corresponding to rutting and fatigue failure criteria. 

Keywords: Laterite soil, cement, unconfined compressive strength, resilient 

modulus, California bearing ratio. 

1 Introduction 

The depletion of natural aggregate resources triggered new technologies for the imple-

mentation of marginal materials in road construction. Use of native soil in the base and 

subbase layers of flexible pavement is an innovative technology to minimize the ex-

ploitation of the natural aggregate resources, especially in an environmentally fragile 

state like Kerala. Several researchers have done various studies on both the mechanical 

and chemical stabilization of laterite soil. 

 Joel and Agbede found that partial replacement with 45% sand significantly im-

proved the gradation of the laterite soil [1]. The 55% laterite and 45% sand mix when 

stabilized with 6% cement resulted to a stiff cemented mix of UCS value > 3 MPa. The 

compaction characteristics of laterite were significantly improved by the addition of 

cement [2]. In another study, 8% crushed steel slag were added to laterite for increasing 

the maximum dry density [3]. Laterite stabilized with 8% crushed steel slag gave a CBR 
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Dean Vučinić · Vidya Chandran · 
Alam Md. Mahbub · C. B. Sobhan 
Editors 

Applications of Computation 
in Mechanical Engineering 
Select Proceedings of 3rd International 
Conference on Computing in Mechanical 
Engineering (ICCME 2021)



Editors 
Dean Vučinić 
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Modeling and Simulation in Materials and Manufacturing 

Simulation Analysis of Composite Materials for Divergence 
Elimination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Kalaivanan, Ganesh Karthic, Vyas Jatinkumar Manubhai, N. P. Pavai, 
V. Aravinth, S. Poornachandran, and Naveen Velmurugan 

Effect of Fiber Drawing on Tensile Strength of UHMWPE Single 
Fibers: Simulation via Von Mises Stress Criterion . . . . . . . . . . . . . . . . . . . . 35 
Shubhanker Singh, Vishal Das, D. N. Tripathi, and N. Eswara Prasad 

Prediction of In-Process Forces and Tool Durability in Stationary 
Shoulder Friction Stir Welding: A Process Modeling Approach . . . . . . . . 49 
Vikash Kumar and Buchibabu Vicharapu 

Wire Arc Additive Manufacturing of ATI 718PLUS®: A Process 
Modeling Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
Mohammad Shabbar and Buchibabu Vicharapu 

A Review on Computational Techniques for Nanostructured 
Polymer Composite Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
G. R. Raghav, Gibin George, R. Sujith, and Nikhil Ashok 

Design and Computational Analysis of DeusCell—A Piston 
Actuated Modular Reconfigurable Robot . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Aaditya Radhakrishnan, Abel P. Johnson, Nikhil Roy, 
Ruben Geo Ribu, and B. Deepak

xvii

Raghav
Highlight



xviii Contents

Structural Design of Ultimate Terrain Electric Vehicle Suspension 
System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Jerin Joseph, Justine Joseph, Karthik S. Rajendran, and M. S. Anoop 

Modal Analysis of Motorcycle Handlebar . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 
T. G. Ajay Krishnan, R. Ajay Krishna, S. Akash, 
Akhildev K. Vasudevan, and B. Rajesh Menon 

Computing in Medicine and Biology 

CFD Analysis to Minimize the Spread of COVID-19 Virus 
in Air-Conditioned Classroom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 
Adnan Memon and Balkrushna Shah 

A Viable Approach to Medical Image Processing for CFD 
Simulations of the Upper Respiratory Tract . . . . . . . . . . . . . . . . . . . . . . . . . . 137 
Akash James, Joshua Mathew Jacob, Liza Mathew, 
and Ajith Kumar Arumugham-Achari 

Evaluation of Hemodynamics Parameters in Carotid Bifurcation 
System using Numerical Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149 
H. N. Abhilash, S. M. Abdul Khader, Raghuvir Pai, Nitesh Kumar, 
Mohammad Zuber, John Corda, and Masaaki Tamagawa 

Comparison of Newtonian and Non-Newtonian Flow in Abdominal 
Aorta and Renal Artery Using Numerical Simulation . . . . . . . . . . . . . . . . . 163 
B. Gowrava Shenoy, Nitesh Kumar, A. B. V. Barbouza, 
S. M. Abdul Khader, A. Ravindra Prabhu, Masaaki Tamagawa, 
and B. Raghuvir Pai 

Analysis and Prediction of COVID-19 Spread in Ernakulam 
District, Kerala . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173 
Serin Kuriakose, Zarin Pilakkadavath, C. Rohini, and S. Sreedevi 

Optimization Techniques 

Solar Water Pumping System Design and Analysis-A Numerical 
Study at Dum Dum, Kolkata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 
A. Kr. Roy and S. Dutta 

A Model for Prediction of Water Level and Pressure in an Industrial 
Boiler Using Multivariate Regression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201 
V. K. Haribhakta, R. S. Jha, A. K. Kelkar, A. N. Khairnar, 
and H. S. Khade 

Optimisation of Parameters in Numerical Simulation of Hot 
Forging Using Taguchi Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215 
Sam Joshy, T. M. Anup Kumar, N. Nikhil Asok, R. Suraj, 
and Koshy P. Joseph

Raghav
Highlight



Contents xix

Selecting the Optimum Tool for Driving Performance Evaluation 
by Assessing the Ergonomic Methods—An Overview . . . . . . . . . . . . . . . . . 227 
Arun Chand, H. Mannikandan, and A. B. Bhasi 

Optimization of Geometrical Parameters in Magnetorheological 
Dampers Using Finite Element Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239 
N. Nikhil Asok, Sam Joshy, R. Suraj, Anjana Viswanath, and A. Rakesh 

Academic Performance Prediction of Postgraduate Students Using 
Artificial Neural Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253 
M. Varun, R. Sridharan, and K. K. Eldose 

Internet of Things-Based Attendance Management System . . . . . . . . . . . . 263 
J. Anoj, R. Sridharan, and V. Karthikeyan 

Patient Flow Optimization in an Emergency Department Using 
SimPy-Based Simulation Modeling and Analysis: A Case Study . . . . . . . . 271 
Anudeep Battu, S. Venkataramanaiah, and R. Sridharan 

Computation in Fluid Flow and Heat Transfer 

Comparison of Simple Probabilistic Approach with Deterministic 
Model for Predicting Surge and Leakage in Water Pipelines . . . . . . . . . . . 283 
C. D. John Paul, P. Radhika, Ajith Kumar Arumugham-Achari, 
Anu Mol Joy, Abraham Thomas, and Dominic Mathew 

Design and Analysis of Liquid-Cooled Battery Thermal 
Management System of Electric Vehicles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299 
Athul Rajeev Mundonkakkoth, Nandini Menon, 
and Thundil Karuppa Raj 

Numerical Analysis to Investigate the Effect of Solidification 
Parameters on the Pull-In Effect of Continuous Casting . . . . . . . . . . . . . . . 313 
Ritesh S. Fegade, Rajendrakumar G. Tated, and Rupendra S. Nehete 

Mathematical Modeling of a Skin Condenser with Angular 
Contact for Domestic Refrigerator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327 
N. D. Shikalgar, S. N. Sapali, and A. B. Shinde 

Aerodynamic Analysis of Deployable Wing Arrangement for Space 
Shuttle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337 
Vidya Chandran, Poornima Rajendran, Shabu Gopakumar, 
K. S. Arun Kumar, C. A. Nikhilraj, and Sheeja Janardhanan 

Single Blow Characteristics of a Porous Spherical Bed Regenerator 
at Liquid Nitrogen Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355 
V. M. Abhiroop, R. I. Vivek, K. E. Reby Roy, and B. R. Vishnu

Raghav
Highlight

Raghav
Highlight



xx Contents

Design, Development, and Numerical Analysis of Mist Nozzle 
and Its Impact on Performance Parameters of an Evaporative 
Cooler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 371 
Avinash M. Deshmukh, S. N. Sapali, Ajit B. Shinde, 
and Niyaj D. Shikalgar



A Model for Prediction of Water Level … 207

Vst = Vwφ + Vs (12) 

However, the void fraction cannot be measured directly and needs to be calculated 
using the following equation: 

φ = 
A 

p 
+ B.qs + C.q2 

f + D.e
−

(
dp 
dt

)2 

+ E (13) 

The unknown constants A, B, C, D, and E are assumed to be -1 each to determine 
the value of φ. Since, dp dt cannot be computed for t = 1, the initial guess for φ is 
taken as 0.5. The values of φ obtained from Eq. (13) are substituted in Eqs. (11) 
and (12). The values of Vwt and V st obtained from Eqs. (11), (12) are substituted 
in Eq. (10). This was followed by minimizing the sum of squares of errors between 
the LHS and RHS of Eq. (10). This minimization was performed using the SLSQP 
optimizer from the SciPy library in Python. 

Since the conditions inside a boiler vary rapidly, the predictive model needs to 
account for these variations. Such an adaptive model can be developed by performing 
regression on the newly fed data as well and changing the regression coefficients 
accordingly. To achieve this dynamism, the multivariate regression is performed on 
sets of 100 data samples. That is, the first set consists of samples from t = 1 to  
t = 100, the second set ranges from t = 2 to t = 101, and so on. The regression 
coefficients obtained after each iteration are used to obtain the void fraction at the 
last time step. Using this value, the apparent volume of water at the next time step is 
calculated and compared with the original value to determine the error. For example, 
after performing regression on the first set {t = 1 : 100}, the values of regression 
coefficients obtained are used to calculate Vw for the 101st time step. Using the Vwt 

and V st values obtained from this process were substituted in the energy balance Eqn. 
[1] of boiler which is expressed as follows: 

e1 × 
dVwt 

dt 
+ e2 × 

dp 

dt 
= qfhf − qshs + Q (14) 

where 

e1 = ρwhw − ρshs (15) 

e2 = Vst 
∂ρshs 
∂p 

− Vwt 
∂ρwhw 

∂p 
(16) 

Now, after determining the LHS, the only unknown in Eq. (14) is the heat of 
combustion, i.e., Q. Since Q cannot be measured, the amount of heat available at an 
instant is expressed as the sum of fractions of fuel consumptions over a certain period 
of time. Through trial and error this period was determined to be 25 min. Hence, the 
amount of heat available at an instant is expressed as:
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Table 1 Ergonomic methods for evaluating risk factors for MSDs associated with driving [24, 25] 

Types of methods Name of techniques Main features 

1. Self-reports 1. VIDAR-Self-evaluation of 
the driver using videos of the 
driving process 
2. Interview, category data, 
and visual analog scales 
3. Evaluation of possible 
ergonomic risks employing a 
web-based tracking system 

1. Driver load ratings and 
associated pain and discomfort 
estimations 
2. Identification of variables 
that increase a driver’s 
psychosocial risk for shoulder 
and neck pain 
3. List of comfortable 
ergonomic positions that might 
help prevent discomfort, 
workplace stress, and 
functional restrictions 

2. Observational methods 1. RULA 
2. REBA 
3. OWLS 
4. QEC 
5. LUBA 
6. Checklist 
7. NIOSH lifting equation 

1. Concepts like body postures 
and force, together with action 
levels for evaluation 
2. Elements of biomechanics 
include body postures and 
force, with activity levels for 
assessment 
3. Force and body posture 
evaluation 
4. Driver reactions to major 
body areas, as well as scores to 
suggest intervention 
5. Angular displacement of the 
joint from neutral and 
discomfort evaluation 
6. Displacement of neck, legs 
and trunk for repeated tasks 
7. Driving posture is associated 
with biomechanical stress 

2.a. Advanced observational 
methods 

1. Video analysis 
2. ROTA 
3. TRAC 
4. HARBO 
5. SIMI motion 

1. Hand/finger posture 
assessment, repetitiveness, 
force, velocity, and body 
postures are computed. Task 
evaluations, both static and 
dynamic 
2. Static and dynamic task 
evaluation 
3. Posture and activity analysis 
4. Observation of different 
driving activities over a long 
period 
5. Dynamic movements of the 
limbs and upper body are 
assessed

(continued)
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1 Introduction 

A space shuttle is a partially reusable rocket-launch vehicle meant to go into orbit 
about Earth, to transport people and cargo to and from orbiting spacecraft. Recent 
years have displayed increasing study and advancement in reusable and low-cost 
space travel with an uptick in the commercial space launch market. A considerable 
factor for the increase in the expense of space travel is the non-reusability of the 
space shuttle. During the re-entry of a space shuttle, a substantial amount of heat 
is generated as it reaches the atmosphere of the earth from space [1]. Temperatures 
exceeding 2000 K are produced due to the friction between vehicle and air. Since most 
metals and alloys cannot withstand these temperatures, a special class of materials 
known as ablators that act as heat shields are used. The ablator will be consumed in 
the heat, thus dissipating a large amount of heat. However, these conventional wing 
designs have numerous limitations. Due to the large number of forces acting on the 
wing during re-entry, the reusability is limited as the wing material gets consumed 
during re-entry [2]. Also, the wing can get damaged due to the same. 

To overcome this, we have developed a new retractable wing mechanism that 
resembles the Japanese hand-fan, such that the wings of the space shuttle will be 
completely ducked inside the fuselage during re-entry, thus minimizing the influence 
of forces (here, the forces of gravity, drag, lift, etc., are considered) acting on the 
wings, which can result in a safer and economic space journey. The aerodynamic 
force coefficients of drag and lift forces are estimated numerically using CFD tools for 
five different deploying phases to study the effectiveness of the novel design. Based 
on the above analysis, this paper studies the aerodynamic performance of a space 
shuttle equipped with deployable wings, with an expectation of proving theoretical 
foundation and technical base for conceptual space shuttle design. 

2 Materials and Methods 

2.1 Geometry Acquisition 

The conceptual modeling was performed in SOLIDWORKS 2016. The material 
selected for the model is a composite material using a heterogeneous composite mate-
rial bonded by adhesives for making the wing structure lighter [3, 4]. The dimensions 
of the model were inherited from the famous Russian space shuttle BURAN, and 
the wing cross-section was modeled based on NACA 4412 aerofoil profile. It has 
a maximum thickness of 12% at 30% chord and maximum camber of 4% at 40% 
chord length, and a side view of the wing profile is presented in Fig. 1. The wingspan 
is 23.9 m which is equivalent to the BURAN space shuttle wingspan.
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10.1 INTRODUCTION 

The term exfoliation represents a process during which the layered bulk materials are 
expanded through a chemical or physical method to overcome the weak inter-layer 
forces that hold the layers together. Generally, the stacked layered materials seized 
together by van der Waals forces can be easily intercalated or exfoliated by solution 
methods or simple physical means such as shear or ultrasonic vibrations to form 2D 
nanosheets. The exfoliated 2D nanosheets are often composed of single or few lay-
ers of atoms, and most importantly several of their properties are largely deviated 
from the bulk. Such materials fnd applications in electronics, photonics, catalysis, 
supercapacitors, fuel cells, batteries, etc. [1]. The success of graphene triggered the 
development of other 2D structured nanomaterials, especially by the exfoliation of 
layered bulk inorganic materials. Unlike bulk materials, 2D nanosheet counterparts 
exhibit unique electron and phonon transport characteristics, which leads to several 
fascinating properties such as thermal conductivity, ion transport, and charge carrier 
concentration, besides the structural and mechanical properties. 

Many of the 2D nanosheets are non-toxic and can be handled easily, and they can 
be cast to any substrate as a thin flm for device fabrication [2]. Over the years, exfo-
liated 2D nanolayers have become an essential part of electrochemistry, mainly in 
sensing, energy, and environmental applications. 2D carbon allotropes such as gra-
phene and 2D porous carbon are not electrochemically active by themselves; there-
fore, they are often doped/modifed by heteroatoms such as B, P, and N or transition 
metals. The high charge conductivity of the 2D carbon materials is highly favorable 
for several electrochemical applications such as batteries, supercapacitors, sensors, 
and catalysis. The stability of several inorganic 2D nanosheets in acidic and basic 
media makes them attractive for the aforesaid applications and they are considered as 
the immediate replacement for expensive noble metal electrocatalysts [3]. 

MXenes are 2D nanolayers of metal carbides, carbo-nitrides, and nitrides, an 
important class of electroactive 2D nanomaterials that are developed lately. Ti3C2Tx 

is the frst MXene discovered in 2011. So far about 50 different types of MXenes with 
wide chemical and structural variations are synthesized by exfoliating MAX phases by 
selective etching and mechanical shearing. MAX phases represent a family of ternary 
carbides and nitrides. MXenes are unstable in oxygen-containing environments. The 
hydrophilic nature and high surface charge of MXene nanosheets make them stable in 
polar solutions for device printing. The ability of MXenes to intercalate various cations 
including multivalent ions and polar organic molecules between its 2D layers makes 
them apt for non-lithium-ion batteries and supercapacitors [4]. Alike graphene, MXene 
exhibits excellent electronic conductivity and can be functionalized, hybridized, and 
doped for tuning the properties to meet the requirements of a specifc application. 

Many non-noble metal electrocatalysts are inactive and unstable in acidic mediums. 
The reaction in an acidic medium is highly effcient at a high current density. Transition 
metal dichalcogenides (TMDs) are highly active electrocatalysts for sensing, batteries, 
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supercapacitor, water splitting, etc., especially in acidic and harsh environments. TMDs 
have the general formula MX2, where M is the transition metal and X is the chalcogen 
(X = S, Se, and Te), having a similar layered structure to those of graphene. Alike any 
other 2D layered nanosheets, TMDs can be doped, functionalized, and hybridized for 
improving various operating parameters such as selectivity, sensitivity, and affordabil-
ity in sensing and effciency, stability, and life span in catalysis. Additionally, TMDs 
have good electronic and mechanical properties favorable for electrode materials [5]. 

2D nanosheet of layered hydroxides (LDHs) and oxides are also an important class of 
electrochemical materials, starting from sensing to fuel cells. The presence of oxyl and 
hydroxyl groups allows the effcient transport of ions when they are used as electrodes in 
energy storage. The possibility of intercalation of ions other than Li+ makes them a prom-
ising candidate for non-lithium-ion batteries. The electronic conductivity of LDHs and 
oxides are poor, therefore these materials are often hybridized with carbon-containing 
conductive materials as an effective strategy to increase the intrinsic catalytic activity. 
In this chapter, the electrochemical applications of the exfoliated 2D nanosheets in bat-
teries, supercapacitors, biological sensing, and water splitting are discussed concisely. 
The underlying mechanism of electrochemical activity of different classes of 2D layered 
nanosheets is different. Such unique characteristics of different classes of 2D nanosheets 
favorable for the respective applications are also explored in this chapter. 

10.2 ELECTROCHEMICAL SENSORS 

A large number of sensors are used in our daily life to monitor and modify ourselves 
and our surroundings in a positive way. Electrochemical sensors have the largest share 
among all the chemical sensors, which use an electrochemical reaction (parameters such 
as a change in current and impedance) of the analyte to quantify the concentrations. 
Analytes electrochemically interact with the active material to produce signals and the 
sites on which such interactions happen are known as electrochemically active sites. 
Usually, the concentration of electrochemically active surface area increases with the 
surface area of the active material. Interestingly, exfoliation of 2D materials increases the 
surface area and exposes active sites, which may not be active otherwise. Often, exfoli-
ated materials take part in the electrochemical reaction or act as a host to molecules such 
as enzymes that catalyze the reaction. Exfoliation, being a top-down approach results in 
defects that can also have a positive infuence on the electrochemical reactions because 
of their very high activity. Apart from this, the extend of exfoliation, lateral size, etc. is 
also critical in deciding exfoliated material's electrochemical activity [6]. 

Graphene, which is a carbon allotrope, is the frst known material to be exfoliated 
into atomically thin layers from its bulk counterpart graphite. Graphite can be eas-
ily exfoliated by mechanical cleaving. This can be used as an advantage in sensing 
where the fouling of the electrode material is a serious concern. The detection of 
material like bisphenol-A involves the polymerization of the analyte molecules and 
results in the deposition of the material on the surface of the electrode, which results 
in the electrode fouling. Exfoliated graphite helps in tackling this issue wherein a 
mild polishing results in the removal of the polymerized products from the surface as 
described by Ndlovu et al. [7]. Figure 10.1 schematically represents how exfoliation 
acts as a tool to challenge the fouling issues in electrochemical sensing. 
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Graphite oxide samples are usually exfoliated using thermal shock to achieve high 
quality and are electrochemically active for the detection of hydrogen peroxide and this 
is extensively reported by many researchers. Moolayadukkam et al. in 2020, in detail, 
explained the effect of solar exfoliation on the H2O2 sensing performance. Exfoliated 
graphene sheet has more defect concentration, which acts as the electrocatalytically 
active sites by adsorbing the analyte molecules. These adsorbed analyte molecules are 
electrocatalytically oxidized and corresponding signals can be recorded with a tech-
nique such as chronoamperometry. Figure 10.2 schematically shows graphene layers 
with defects/pores and their activity in adsorbing H2O2 molecules (analyte) [8]. 

Non-carbonaceous materials are electrocatalytically more active and their exfo-
liation has revolutionized electrochemical sensing research and developments. 
Layered 2D TMDs offer a wide variety of materials that can be exfoliated and 
having electrical properties varying from metallic to semiconducting nature. The 
peculiar arrangement of each atomic layer in TMDs offers a variety of active sites 
for the analyte adsorption in each layer after the exfoliation process. This property 
is widely used in the effcient detection of biomolecules. MoS2 is one of the most 
widely used TMDs for sensing and other applications. Ashwathi et al. studied the 
relation between the analyte affnity and the active material by taking MoS2 and Hg 
(II) ions as an example. In this particular example, Hg (II) ions have a high affnity 
toward S-containing groups. Exfoliation leaves S on both the surfaces of nanosheets 
exposed while the Mo layer at the center acting as the backbone. This arrangement 
of atoms improves the sensitivity by many folds clearly showing exfoliation of 2D 
TMDs could be used as an effective method for fne-tuning sensing capabilities [9]. 

FIGURE 10.1 Shows how exfoliation of the material helps tackle the fouling issues in sensing. 

FIGURE 10.2 Schematic representation showing the importance of defects in adsorbing the 
analyte molecules on the graphene surface. 
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LDHs are another class of materials that can be exfoliated to form molecular lay-
ers with metal as the center layer. Compared to TMDs, LDHs have the advantage 
that there may be more than one metal in the metallic center layer, and varying 
the ratios of metals at the center and the metals themselves can tweak the sensing 
properties [10]. Sahoo et al. studied the sensing properties of ultrasonically exfoli-
ated Ni2Co-LDH with dopamine, an important biomolecule. The electron transfer 
rates are reported to be improved on moving from bulk to the monolayers of the 
LDH. Going from bulk to monolayers could help decrease the electron scattering 
at the active material, which can have a positive impact on the sensing properties 
[11]. Strong dependence of the exfoliation on the sensing properties is also reported 
by Chia et al., Authors explained the effect of exfoliation using enzymatic glucose 
sensing as a tool. Exfoliated 2D sheets show better sensing properties because of 
the high surface area and thin nature. Thinner sheets result in a decreased distance 
between adsorbed enzyme and the electrode, which facilitates effcient electron 
transfer. Polymeric 2D material, graphitic carbon nitride also shows similar sensing 
properties upon exfoliation. Kesavan et al. exfoliated graphitic carbon nitride using 
ultrasonication technique and demonstrated the futamide (FLT) sensing properties. 
With the help of impedance spectroscopic studies, they have shown that active sites 
and conductivity are increased as a result of exfoliation. Along with this, the affn-
ity of FLT and nitrogen on the graphitic carbon nitride played an important role in 
improving the sensing properties [12]. 

Irrespective of the layered material, exfoliation is observed to have a signifcant 
infuence on the sensing properties. Exfoliation results in exposing active sites and the 
reduction in thickness resulting in better absorption of the analyte molecules and better 
electron transfer characteristics. Apart from this, the method of exfoliation induces dif-
ferent types of defects on the 2D crystal, the electron density on these defects such as 
edges and pores have an impact on the electrocatalysis of the analyte molecule. Carefully 
altering the method of exfoliation, sensing capabilities of the materials could be extended. 

10.3 WATER SPLITTING AND FUEL CELLS 

Water is an abundant source of energy and splitting water in a most economic route is 
a serious research concern in recent years for the production of hydrogen and oxygen. 
Hydrogen is considered the most advantageous renewable source of energy and the 
availability of oxygen is critical for the treatment of patients affected with COVID 
19. Oxygen is also important for the complete combustion of any fuel, including 
hydrogen. The commercial electrocatalysts containing noble metals are currently 
used in fuel cells as hydrogen evolution reaction (HER), oxygen evolution reaction 
(OER), and oxygen reduction reaction (ORR) catalysts. The involvement of noble 
metals in crucial energy-related applications such as a fuel cell increase the installa-
tion and operation cost tremendously. Recently, several non-noble metal electrocata-
lysts are introduced as a replacement for noble metals and their derivatives. Several 
2D layered nanosheets prepared by intercalation/exfoliation are subjected to HER 
and OER/ORR. Many are identifed as potential replacements for noble metals in 
their respective applications. A list of widely studied exfoliated 2D materials as elec-
trocatalysts are discussed in this session. 
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10.3.1 HYDROGEN EVOLUTION REACTION (HER) 

The evolution of hydrogen by electrochemical water splitting can be a feasible way 
of storing hydrogen for energy-related applications, especially for fuel cells. Over 
the years, noble metals are broadly used as an effcient catalyst for HERs. However, 
the high cost of noble metals limits their extensive use as a catalyst at a large scale. 
To overcome the high cost of noble metal catalysts, electroactive materials that are 
available in abundance are proposed as catalysts. However, the major challenges of 
most non-noble materials used in HER are (1) the low effciency, well below the 
thermodynamic limits of the water-splitting reaction and (2) the short lifetime [13]. 
Materials containing transitions metals are very active for HER. Though HER can be 

+ − − −performed either in an acid (2H + 2e ˝ H2  or basic ( 2 + ˝ H2 +) 2H O 2e  2OH ) 
medium, a basic medium is commonly preferred due to the short-term stability of 
many materials in the acid medium. Similarly, due to stability issues, pure metals are 
avoided for HER reactions. To improve the performance of electroactive materials 
par to the noble metals several strategies are adopted. The suitability of a nanostruc-
tured material as an electrocatalyst depends on the surface area, presence of defects 
such as oxygen vacancies, availability of active sites on the surface, and dopants. The 
surface area plays an important role in HER since HER is a surface-active reaction. 

Materials with the layered structure are identifed as a suitable candidate for the 
HER since the layered materials are often characterized by the presence of multiva-
lent transition metals in their crystal structure and the synergic interaction of these 
elements can augment the catalysis by offering many active sites for catalyzing the 
reaction. Interestingly, the conductive fexible 2D nanosheets enable the easy access 
of the electron from the catalyst substrate to the surface through intimate contact. As a 
result, the interfacial electron transfer resistance can be reduced and electrons can cir-
culate through the external circuit effciently [14]. The most active sites of exfoliated 
2D materials for HER are located along the edges of the layers, but its performance is 
currently limited by the density and reactivity of active sites. The unprecedented HER 
activity of the layered materials is observed when they are exfoliated by intercalating 
a charged ion such as Li and Na, and thereby surface area is increased enormously 
in addition to the increased electrical conductivity. The overall HER activity is deter-
mined by how well hydrogen atoms can be adsorbed on the catalyst surface [14]. 

Among the layered materials, the introduction of exfoliated TMDs is a break-
through in the history of non-noble metal catalysts for HER. Chemically exfoliated 
layers of dichalcogenides such as MoS2, WS2, CoS2, VS2, and NiS2 are extensively 
studied as a promising electroactive HER catalyst. The above materials exhibit a 
low overpotential in the range of 100–250mV vs reversible hydrogen electrode in 
an acidic medium. Overpotential is the measure of the effciency of a material for a 
water-splitting reaction and it represents the loss of the applied voltage. The overpo-
tential of platinum/carbon commercial electrodes are ~30–50mV. The layered materi-
als without exfoliation or intercalation are often inactive as in the case of MoS2. The 
ultra-thinning and 2D nanosheet formation create an abundance of HER active sites at 
the edges [15]. Moreover, the planar mobility of electrons along the 2D layer guaran-
tees rapid electron transfer from the substrate to active sites. The exfoliated transition 
metal selenides and tellurides are also reported as electroactive materials for HERs. 
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For instance, exfoliated WSe2, MoSe2, MoS2(1−x)Se2x, MoTe2, WTe2, MoSe2/WSe2, 
VSe2, etc. 2D nanosheets exhibited a superior performance than the bulk counter-
parts. Doping noble metals such as Pt and Ru to the 2D chalcogenides can increase the 
catalytic activity tremendously. MoSe2 is an n-type semiconductor, converting MoSe2 

to a p-type semiconductor by Nb or Ta doping reduces its activity toward HER [16]. 
MXene (layered metal nitrides and carbides) is a new family of exfoliated mate-

rials and potential electrocatalyst for HER, MXene adopts a general formula of 
Mn+1XnTx (n = 1–3), where M is a transition metal such as Mo, V, or Ti, X is C and/ 
or N, and Tx represents surface functional groups such as H or OH. Despite the high 
surface area, MXenes are characterized by excellent hydrophilicity and conductiv-
ity. Interestingly, the active HER sites for MXene are located on the O* basal plane, 
which makes them ideal for HER [17]. The HER activity of MXene is enhanced by 
modifying the transition metal, during which the Gibbs free energy for hydrogen 
adsorption is improved, subsequently, one can obtain a decreased barrier energy for 
hydrogen production [18]. MXene combined with nanostructured platinum is widely 
used as the electrocatalyst. Mo2TiC2Tx, Ti3C2Tx, V4C3Tx, Mo2TiC2Tx, etc. are some 
representative MXene electrocatalysts for HER. 

Layered carbon allotropes such as graphene and its oxide exhibit poor adsorp-
tion toward hydrogen; therefore, they are not effcient catalysts for HER. However, 
these materials are extensively used as supporting materials for electroactive ele-
ments and nanostructures. The graphene decorated with electroactive nanostructures 
of Pt, Ni-Mo-N, Ni, CoP, MoS2, ReSe2, WS2, etc. is identifed as excellent catalysts 
for HER in a basic medium. In addition to the large surface area, the high conduc-
tivity of the graphene/graphene oxide signifcantly reduces the interfacial electron 
transfer resistance between the catalyst support and the active sites, which ultimately 
improves the effciency toward HER. 

10.3.2 OXYGEN EVOLUTION REACTION (OER) AND 

OXYGEN REDUCTION REACTION (ORR) 

The electrochemical generation of oxygen through water splitting is critical in metal-
air batteries and fuel cells. The electrochemical OER (2H2O → O2 + 4H+ + 4e−) and 
ORR (O2 + 4H+ + 4e− → 2H2O) are four-electron transfer reactions. Due to the com-
plicated multi-electron transfer steps, the ORR/OER suffers from sluggish kinetics. 
Similar to HER, noble metals and their derivatives exhibit low overpotential for both 
ORR (e.g., Pt) and OER (e.g., IrO2 and RuO2) applications. 2D nanolayers are unique 
due to a large number of surface atoms as compared to the internal atoms, which makes 
them highly electroactive for a variety of applications. Exfoliated 2D materials like 
graphene and graphene oxide, inorganic monolayer materials such as metal oxides, 
TMDs, LDHs, MXenes, diatomic hexagonal boron nitride, and black phosphorous 
(BP or phosphorene) are studied as potential candidates for OER and ORR applica-
tions. In addition to the planar strength, exfoliated 2D materials are fexible with an 
atomic or few-layer thickness. Interestingly, the most single or few layers of graphene, 
carbon nanosheets (CNS), TMDs, LDHs, and MXenes are exfoliated from their bulk, 
and these are the most extensively studied 2D materials for OER application. 
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To overcome the scarcity of OER electrocatalysts for acid medium the transition 
metal dichalcogenides (TMD) are proposed. The exfoliated 2D nanosheets of MoS2, 
TaS2, WS2, MoSe2, etc. either in 1T and 2H polymorphic forms are the common elec-
troactive catalysts for OER. The performance of the above materials for OER is par 
to stable IrO2. Liquid phase and ion intercalation are the most common routes for the 
exfoliation of TMDs nanosheets from the bulk by overcoming the weak van der Waals 
interaction among layers. The step-by-step exfoliation of bulk TMDs using Isopropyl 
alcohol and the preparation of electrodes using exfoliated nanolayers are shown in 
Figure 10.3. Alike HER, the dominant active sites of TMDs for OER are on the edges 
rather than the surface [19]. The dichalcogenides of noble metals such as Rhenium-, 
Ruthenium-, and Iridium- exhibit exceptional activity toward OER and ORR. 

Unlike in the HER, MXenes themselves are not directly active for ORR or OER 
electrocatalysis; however, they serve as excellent supports for various electroactive 
materials. MXenes are better catalyst support for Pt nanoparticles or Pt/Pd atoms 
than carbon as in the commercial Pt/C electrode for OER due to the strong inter-
action between Pt and the respective MXene layers. Likewise, other electroactive 
materials such as metal-organic frameworks, carbon nitride, LDHs, oxides, borate, 
sulfdes, and metals bound to the surface of MXenes also exhibited superior OER 
activity par to the commercial noble metal catalysts. Hybrid TMD–MXene-like 
materials are recently introduced as OER catalysts. The heterostructure of the above 
hybrids allows the synergistic interactions between TMDs and MXenes and one can 
achieve a signifcant improvement in the OER activity. 

Carbon allotropes themselves are not active for OER or ORR, though when doped 
with heteroatoms (B, S, N, P, F, and O) or transition metals (Ni, Co, Fe, etc.), they 
become excellent ORR and OER catalysts. The conductivity of graphene, 2D porous 

FIGURE 10.3 Schematic representation of step-by-step electrode fabrication process using 
exfoliated TMDs. (a) Starting TMD, (b) Insertion water and IPA, (c) Sonication and exfolia-
tions, and (d) application for OER (Wu et al. 2016). Reprinted with permission from © 2016 
John Wiley and Sons. 
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carbon, and graphitic carbon nitride (g-C3N4) layers can significantly reduce the 
interfacial resistance between the electroactive materials or the active sites and the 
current-carrying substrate. Additionally, as discussed in the case MXenes, the exfo-
liated 2D carbon layers are commonly used as a support for nanosized or atomic 
catalytic materials. MoS2, Fe3O4, FeP, Ni2P, CoP2, CoOx, NiO, etc. are some represen-
tative nanoparticles grown on 2D carbon materials for OER. Nevertheless, the long-
term stability of carbon-based electrocatalysts is inferior to MXenes. Both MXenes 
and 2D carbon allotropes are mostly sought for OER and ORR in a basic medium.

Among the OER catalysts, layered double hydroxides (LDHs) are extensively stud-
ied as a potential replacement for noble metal catalysts due to their compositional and 
structural flexibility in addition to the simple preparation routes. Often LDHs adopt 

a formula either M M2+ 3+ −
x x1− ( )OH 2 ( )A .n

x   Hy 2O or M M1+ 4+ −
x x1− ( )OH 2 ( )A .n

x   Hy 2O; 
n n

where M is a metal and A is the intercalating anion. In LDHs, every single layer is 
composed of edge-sharing octahedral MO6 moieties (M stands for metal) as shown in 
Figure 10.4. The color code used in the figure are: purple for metals, red for oxygen, and 
grey for inter-layer anions and water molecules. If d1 is the inter-layer distance before 
intercalation, the inter-layer distance increases after intercalation to d2 and d2 > d1. 
One can observe the change in interlayer spacing under an electron microscope and 
the subsequent change in the crystal structure from X-ray diffraction. The transition 
metal oxides (TMOs) with d-orbitals can effectively bind oxygen species on its surface, 
which is an essential requirement for OER/ORR catalyst. The substitution of elements 
in M2+ and M3+ sites can fine-tune the electronic as well as the catalytic properties of 
LDHs. Exfoliated LDHs formed by a combination of the transition metals, Ni-Co, 
Ni-Fe, Co-Fe, Co-Co, Ni-Mn, Co-Mn, etc. are some representative low overpotential 
electrocatalysts for OER in a basic medium among the non-noble metal catalysts.

Exfoliated layered perovskite with the general formula ABO3 (A and B can be 
occupied by a large number of elements in the periodic table) and delafossite with 
the general formula AMO2 is also studied as potential OER catalysts [20]. The 
above oxides with transition metals such as Co, Ni, and Fe at one of the sites are 
excellent OER catalysts. Such oxides are stable than the carbon-containing catalysts 
under oxidative environments and offer a competitive catalytic property compa-
rable to noble metals.

FIGURE 10.4 (a) Structure of layered hydroxides, (b) LDHs intercalated with a layer of 
anions and water molecules, and (c) exfoliated LDH monolayers in a colloidal solution (Song 
and Hu 2014). Reprinted with permission from © 2014 Springer Nature.
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10.4 SUPERCAPACITORS 

Supercapacitors bridge the gap between rechargeable batteries and conventional 
capacitors. But one of the major restrictions of supercapacitors is their lower energy 
density than the rechargeable batteries. There are several reported attempts to 
improve and enhance the energy density of supercapacitors. Supercapacitors mainly 
consist of electrodes, electrolytes, current collectors, sealants, and separators. The 
selection and design of the electrode materials have a major role in the overall perfor-
mance of a supercapacitor as it determines the ionic conductivity, surface area, and 
chemical and thermal stability [21]. 

Supercapacitors are categorized mainly into two, based on their charge storage 
mechanism, one is electric double-layer (EDLC) or faradaic capacitor where energy 
is stored via non-Faradaic electrostatic interaction and the other one is pseudocapaci-
tor where the energy storage is accomplished through Faradaic redox charge trans-
fer reactions [22]. When 2D layered nanomaterials are used as electrodes in both 
Faradaic and non-Faradaic storage systems, the charge is mainly stored at the basal 
plane of the layered nanosheet, i.e., with the larger planar area. Additionally, the 
presence of active edge sites and the weak van der Waals gap between the nanosheet 
layers of 2D nanomaterials offer enhanced and suitable electrochemical perfor-
mance in supercapacitors. Here in this section, the most commonly used exfoliated 
2D nanosheets of both carbon-based and non-carbon-based are discussed in detail. 

Graphene is one of the most common 2D layered carbon sheets with a hexagonal 
lattice structure, widely investigated for supercapacitor applications. The kinetics of 
an electrode material mainly depends on the transportation and diffusion of electro-
lyte ions. Due to the lack of enough edge planes and surface charges, monolayer gra-
phene is considered one of the most chemically and electrochemically inert materials 
[23]. During the charge storage process, graphene acts as a superior active material as 
the electrolyte ions like Na+, K+, etc., can be stored electrostatically on the electrode. 
But the agglomeration of graphene nanosheets due to the strong van der Waals inter-
action limits the full utilization of graphene surface for ion adsorption. The agglomer-
ated structure extremely limits the direct access to the charge-storage surfaces, which 
fnally leads to the increase in ionic resistance at the electrode [24]. Higher agglom-
eration, hydrophobicity, and the random orientation of graphene nanosheets restrict 
the availability of ions on the active surface. Thus, the morphology of the electrode 
materials plays a vital role in the charge storage mechanism of supercapacitors. 

Stoller et al. developed chemically modifed graphene (CMG) electrodes with 
good electrical conductivity and a specifc surface area of 705m2g−1, by chemical 
functionalization of monolayer graphene. The CMG electrode materials exhibited 
a specifc capacitance of 135 F g−1 in aqueous electrolyte (5.5 M KOH) and 99 F g−1 

in the organic electrolyte [25]. Most reported graphene-derived electrode materials 
exhibited lower specifc surface area than their theoretical value (2,630 m2g−1). But 
the Ruoff group reported KOH-activated thermally exfoliated graphene oxide and 
microwave exfoliated graphene oxide (MEGO) electrode material, which exhibited 
an ultrahigh specifc surface area value of 3,100m2g−1, a high electrical conductivity 
(~500 S.m−1), high content of sp2-bonded carbon, and low hydrogen content. The KOH-
activated MEGO electrode exhibited a notable high energy density (~70 Wh kg−1) 
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and power density (~250kW kg−1) at a current density of 5.7 A g−1 [26]. El-Kady et al. 
fabricated a graphene-based supercapacitor via laser irradiation of a graphene oxide 
flm coated on a fexible substrate mounted in a LightScribe DVD optical drive. The 
graphene oxide sheets stacked in the flm were reduced and exfoliated simultane-
ously upon laser irradiation and this structure restricts the agglomeration of graphene 
sheets and also the open pores in them facilitate the easy accessibility of electrolyte 
on the electrode surface. The resultant laser-scribed graphene sheets exhibited a high 
specifc surface area of 1,520m2g−1, good mechanical fexibility, and high electrical 
conductivity (1,738 S.m−1) [27]. Miller and his group fabricated supercapacitor elec-
trodes using radio frequency plasma-enhanced chemical vapor deposition in which 
vertically oriented graphene nanosheets were deposited on a heated Ni-substrate. 
They showed a specifc surface area of ~ 1,100m2g−1 and effective fltering of 120Hz 
current with a resistance-capacitance time constant value less than 0.2 ms. With the 
exposed edge planes the vertically aligned graphene nanosheets showed enhanced 
charge storage as compared to the fat graphene nanosheets [28]. The exceptional 
properties and promising application of graphene in energy storage devices have trig-
gered a remarkable interest in exploring other non-carbon 2D layered nanostructures 
with versatile properties. 

Non-carbon-based 2D layered nanomaterials have been considered as a poten-
tial candidate for supercapacitor electrodes owing to their unique physical and 
chemical properties such as high electronic conductivity, tunable surface chem-
istry, more surface-active sites, dual non-faradaic and faradaic electrochemical 
performances, and larger mechanical strength. 2D non-CNSs include TMDs 
(MoS2, WS2, TiS2, ZrS2, MoSe2, WSe2, etc.), layered metal-oxides, hexagonal 
boron nitride (h-BN), LDHs, graphitic carbon nitride (g-C3N4), and MXenes 
(Ti3C2, V2C, Ti2AlC, TiAlC, Ti3CN) [29]. Among TMDs, 2D MoS2 nanosheets 
are a potential supercapacitor electrode material that exhibits large electrical 
double layer capacitance (EDLC) owing to their stacked sheet-like structure, and 
large pseudocapacitance due to the different Mo oxidation states (+2 to +6). Tour 
and his co-workers developed vertically aligned/edge-oriented MoS2 nanosheets 
that offer a high capacitive property with more van der Waals gaps and rendered 
reactive dangling bonds sites for the electrolyte ions. Areal Capacitance of 12.5 
mF cm−2 was obtained for sponge-like vertically aligned MoS2 electrodes [30]. 
Layered 2D TMOs exhibit exceptionally high surface area and high conductivity 
as they are capable of holding charged ions on their surface without intermix-
ing. Supercapacitors based on layered TMOs feature superior cyclic stability, high 
energy density, and high discharge currents. Commonly used 2D layered TMOs 
include MnO2, NiO, Co3O4, and RuO2. MnO2 possesses low conductivity and thus 
they require a conductive matrix of graphene or metal foam. Peng et al. fabricated 
a supercapacitor electrode integrating 2D graphene and 2D MnO2 into a planar 
capacitor design that was highly fexible [31]. 

2D LDH sheets are a class of multi-metal clay materials that consist of metal 
cations brucite layers octahedrally surrounded by hydroxyls forming M2+(OH)6/M3+/ 
M4+(OH)6 octahedra. Their high redox activities can be attributed to their unique 
properties like cations, easy tenability in their host layers and they are capable of 
exchanging anions without disturbing the structure. In NiAl-LDH, its electrochemical 
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property is due to a mixed mechanism comprising of ‘electron hopping’ along with 
the layers of LDH and the migration of protons from the host layer to the solution 
[32]. MXenes have become a widely accepted supercapacitor electrode material with 
their impressive electrochemical properties due to their unique 2D structure and 
well-defned geometry. MXenes are one of the fast-growing materials among 2D 
materials, which include metal carbides, nitrides, and carbonitrides. One of the prom-
ising features of MXene is the exceptionally large interlayer spacing, which helps 
in the de/intercalation of ions like Na+, Li+, etc. Mainly hydrogen bonding and van 
der Waals bonding interactions act between the MXene layers. To produce MXene 
single fake suspensions, water, cations, tetrabutylammonium hydroxide (TBAOH), 
dimethylsulfoxide (DMSO), etc. are intercalated into the MXene interlayer spacing 
followed by the sonication process. In the H2SO4 electrolyte, Ti3C2Tx shows a high 
volumetric capacitance of ~1,500 F cm−3 (380 F g−1), and the conductive, transparent 
Ti3C2Tx flms are used to fabricate solid-state transparent supercapacitors [33]. 

10.5 LITHIUM-ION BATTERY 

Lithium-ion batteries (LIBs) are the answer to many of the energy storage-related 
challenges. LIBs become an essential part of everyday life. LIBs work by the rocking 
chair mechanism wherein the lithium ions are moved between the anodes and cath-
odes. The electrodes play an important role in storing the lithium ions by the inter-
calation and deintercalation reactions. Historically, layered materials have played an 
important role in the development of LIBs by allowing the layered structures of the 
electrodes like graphite to intercalate lithium ions. Currently, LIBs use a wide variety 
of electrodes having mechanisms such as insertion, alloying, and conversion reac-
tions [34]. Electrodes with higher rate capability, higher charge capacity, and (for 
cathodes) suffciently high voltage can improve the energy and power densities of Li 
batteries and make them smaller and cheaper. The fast-paced life around the globe 
is forcing researchers to focus on materials that can be charged faster and hold more 
energy per volume and weight. Layered materials are often helpful in achieving faster 
lithium-ion diffusion and have a higher capacitive contribution. Owing to compelling 
electrochemical and mechanical properties, exfoliated 2D nanomaterials have been 
propelled to the forefront in investigations of electrode materials in recent years. 

Exfoliated 2D nanomaterials are exceedingly desirable as anodes and cathodes. 
As anodes, the famous candidates are graphene and graphene-based composite mate-
rials, including carbon nanotubes/graphene, nonmetal/graphene, TMOs/graphene, 
sulfde/graphene, and salts/graphene. As cathodes, exfoliated 2D nanomaterials have 
remarkable electron transport velocity, high theoretical capacity, and excellent struc-
tural stability. The exfoliation of bulk material and Li+ insertion was represented in 
Figure 10.5, which shows easier paths for lithium-ion storage. 

Graphite is the most traditionally used anode in LIBs, which is a layered material. 
Expansion and exfoliation of the graphite are well reported by various researchers. 
Graphite as such shows a theoretical capacity of 372 mAh g−1. Due to good electri-
cal conductivity, high surface area, and greater mechanical fexibility, graphite exfo-
liation has attracted the most attention for fabricating high-performance electrode 
material for LIB. Lithium may bond both graphene sheet sides as well as edges and 
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FIGURE 10.5 Sketch of the exfoliated layered material as a cathode for Li+ insertion in LIBs. 

covalent sites. Recent studies demonstrated that the small lateral sizes of narrow gra-
phene nano-ribbons can accommodate Li+ ions at the edges sites more effciently than 
basal sites, thus leading to maximum Li-storage in the form of Li4C6. The probable 
defects formed during the exfoliation process become an advantage in such cases. 
Apart from this, graphene nanosheets are widely used to make composites with other 
electrode materials. In materials like silicon, graphene sheets are also used to give 
cushioning effect to accommodate the high volume change during the lithium uptake. 

Exfoliated carbons are trustable electrodes for lithium battery electrodes but lack 
high capacity, which restricts the overall capacity of the batteries. Exfoliated 2D 
group V nano-crystals have a greater theoretical capacity than graphite. Exfoliation 
of these metallic electrodes is challenging because of the stability issues. Among 
them, layered 2D antimony has the potential as electrode material for LIBs, owing to 
their large interlayer distance in their layered structure, high capacity, long mean free 
path, and environmental friendliness. The theoretical capacity of antimony is mod-
erate therefore other 2D materials are also explored as LIB electrodes. The layered 
transition metal oxides (LTMOs) require a special mention in LIBs. The exceptional 
feature of these materials is the presence of an interlayer region that serves as the host 
for ion intercalation. The extensive interlayer spacing and weak interlayer bonding 
of LTMOs permit the intercalation of an enormous variety of guest species, like cat-
ions, polymers, and anions. LTMO has excellent electronic and ionic conductivity, the 
attainability of interlayer sites for the intercalation of cations from the electrolyte, and 
the ability to undergo redox reaction property for high energy density LIB. Several 
mechanisms are possible when LTMO is in contact with an electrolyte like intercala-
tion, conversion, double layer capacitance, conversion, and pseudocapacitance [35]. 
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2D TMDs consist of greater specifc capacity and larger interlayer spacing, which 
permit a quick Li+ insertion/extraction process without persuading noteworthy volume 
changes [36]. Exfoliated layers of chalcogenides such as MoS2, NbSe2, WS2, MoSe2, 
TaSe2, and MoTe2 nanosheets are widely used for the LIB. Among them, MoS2 is an 
exciting electrode material for LIBs due to its high theoretical capacity. MoS2 nano-
layers allow intercalation of Li+ ions into the structure without noteworthy volume 
change and charging and discharging prevent the disintegration of active material. 
Based on the reaction MoS2 + 4Li+ + 4e− ↔ 2Li2S + Mo, the electrochemical reaction 
of Li with MoS2 involves 4 moles of Li per mole of MoS2. The main concern of MoS2 

layered nanomaterial is low electronic conductivity and poor cyclic stability [37]. 
Another class of materials that is gaining recent attention is MXenes, which pos-

sess 2D layered structure. The main advantage of MXene as electrode material for the 
energy storage device is the separation between MXene layers that can be controlled 
systematically. MXenes usage as anode for LIBs was frst reported by Naguib et al. 
[38]. The MXenes prepared by Naguib showed improved surface area by ~10-fold as 
compared with graphene since MXenes exhibit improved specifc capacity. Layered 
morphology of the electrodes always had a positive impact on LIBs by facilitating the 
rocking chair mechanism. Fast charging and higher capacities are repeatedly reported 
as a result of exfoliation. Structural changes during the exfoliation are usually acting 
in favor of the intercalation of more lithium ions to the electrodes. Therefore, exfoli-
ated 2D materials are going to have a large impact on the future development of LIBs. 

10.6 CONCLUSIONS 

Exfoliated 2D nanosheets have gained considerable attention from the research com-
munity in recent years. The development of various 2D nanosheets of different ori-
gins allows the researchers to resolve numerous bottlenecks associated with many 
electrochemical devices, especially in sensors, fuels cells, supercapacitors, and bat-
teries. Though exfoliation is a top-down approach, it can produce reasonably good 
quality nanosheets in large quantities, which is essential for device fabrication at a 
large scale. Interestingly the defects generated during exfoliation favor electrochemi-
cal activity than the ones prepared by chemical vapor deposition with fewer defects. 
The exfoliated 2D materials are expected to play an important role in the further 
advancements in electrochemical devices in the coming years. 
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I. Introduction
Today, recording someone’s presence through their attendance is crucial for every organization.
Being present in an organization is evidence that a person is honoring their commitment to that
agency or organization. Attendance is typically taken by hand. It may be signed or referred to
individually. To be able to accelerate and give time efficiency in this digital age, a change from this
lack is necessary. Face recognition allows us to keep track of attendance for every person present
in a company.
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Abstract:
This paper draws up a summary of the different approaches to sentence similarity methods. Sentence similarity has a
important place in different applications of natural language processing. Plagiarism check, question answering,
information retrieval, text summarization, text classification are some of the natural language processes where
sentence similarity finds its applications. The existing works on text similarity have been discussed by approaching
through 3 methods: String-based, Knowledge-based, and Corpus-based similarity. Relatedness between short texts is
measured by each approach based on a specific perspective. Moreover, the introduction of datasets that are mostly
used as benchmarks for the evaluation of techniques in this field provides an absolute view on this issue. Better results
are obtained when approaches that combine more than one perspective are used.
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I. Introduction
Amidst the evolution of the digital world, the internet has become the ultimate information hub. New
data keeps getting added on a regular account. Moreover, the addition of all human languages and
the digitalization of all data calls for the need for sentence similarity.
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I. Introduction
Speech is a very natural way for humans to express themselves. As a result, it’s only logical for you
to extend this communication to computer programs. Speech recognition systems (SER) are a set
of processes that operate together to classify and detect embedded emotions in audio files. The
SER has been attracting attention for more than two decades. These unique studies make use of
improvements in all areas of computer and technology, necessitating the need to update the current
methodologies and procedures that enable the SER.
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Global cybersecurity threats have grown as a result of the evolving digital transformation. Cybercriminals have more
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progressed, phishing attempts became more sophisticated, necessitating the development of tools to detect
phishing.Machine learning is unsupervised one of the most powerful weapons in the fight against terrorist threats. The
features used for phishing detection, as well as the approaches employed with machine learning, are discussed in this
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I. Introduction
Since approximately a decade, internet usage has exploded, and consumers have utilised it to find
and fulfil a variety of needs such as communication, shopping, money transactions, and more by
using the web instead of time-consuming traditional methods [1]. The internet facilitates a variety of
activities and makes life easier. Despite this, it has flaws and flaws of its own. Cybercriminals take
use of the internet’s flaws and exploit them to scam unsuspecting users [2]. In a recent work [3] an
adaptive time-based approach was proposed for predicting the possibility of harmful assaults with
great accuracy by hackers to obtain sensitive information such as account credentials, bank
account information, and even social networking information by fooling and misleading the user into
paying into the hacker’s account, among other things. Every year, Internet users lose billions of
dollars due to phishing.Phishing is one of the most known threats on gullible people, in which their
private details is revealed through bogus websites. These URLs are used to pilfer the sensitive
information of the users like banking and credit card details, and passwords.Those websites that
look akin to those of actual websites are the ones used by the phishers. Phishing is one of the most
important online security concerns. The Internet has evolved into a critical infrastructure that
provides enormous benefits to human society. However, there are many issues with Internet
security, such as phishing, malicious software, and data leakage, which have already affected
users’ finances severely.To get beyond anti-phishing software and approaches, phishers use new
and hybrid techniques.Phishing is a criminal activity that uses social engineering and technical
deception to obtain a consumer’s personal information and bank account credentials.It is defined by
the Anti-Phishing Working Group (APWG) as the act based on obtaining consumers’ financial and
personal information through deception such as fraud.[1]. Cyberattacks such as phishing are
common strategies used to hack into networks, steal information, and damage property. According
to Kaspersky Lab statistics, over the course of the year, 29.4 percent of user computers were
exposed to at least one Malware-class web assault, and web antivirus components identified 199
455 606 distinct URLs as malicious [2]. In addition, the percentage of financial phishing detections
grew from 47.5 percent to nearly 54 percent in 2017 [2]. Phishing has evolved into one of the most
serious Internet security risks. The most unsafe criminal exercise in cyberspace is Phishing.
Phishing comes under social engineering, which uses email or malicious websites to trick people for
stealing their personal information.The phishers attack the vulnerable users by sending the fake
email, which appears to come from a legitimate organization, asking to enter personal credentials
like online banking details, login details and other sensitive personal data.These malicious website
imitates their legitimate websites reassuring the users. Phishing messages mostly propagate over
instant messengers, email, VoIP, social networking sites,short message service and so forth[2].
When users respond to these messages, they get easily trapped by the perpetrator.To prevent
phishing attacks, many researches are done by different communities around the world. Some
prevention methods include detecting the fake websites by implementing machine learning
algorithms such as Logistic Regression, Linear Regression, SVM(support vector machine), KNN,
Naive Bayes, Random Forest, K-Means and providing awareness workshops to pinpoint legitimate
websites[3].
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I. Introduction
Recently, satellite communication (SatCom) has withdrawn an increasing research interest due to
the several advantages offering over conventional terrestrial communication such as wide coverage
area, covering harsh and isolated geographical regions where conventional wired or wireless
communication can’t reach including maritime, deserts, and jungles. Moreover, SatCom serves well
in disaster areas where the terrestrial networks are compromised. Additionally, SatCom can provide
a wide range of flexible applications in the field of navigation, TV and Radio broadcasting services,
Weather prediction and climate monitoring, Internet access, and satellite telephony [1]. On the other
hand, SatCom networks face several challenges including operation cost [2], propagation delay [3],
and signal degradation due to rain and atmospheric disturbances. Additionally, antenna-pointing
errors angle caused by satellite perturbation or by the other side’s mobility may lead to
communication outage [4]. Furthermore, the line-of-sight (LOS) link may be blocked by heavy
shadowing or obstacles that retard communication between the satellite and terrestrial users [5]. To
combat such issues, hybrid satellite-terrestrial networks (HSTNs) based on relaying have been
proposed in many literature [2], [5]– [7] to increase efficiency, and enhance the performance of the
user whose direct link is unavailable or deteriorated. Satellites can be stationed in a variety of orbits
including Low Earth orbit (LEO), medium Earth orbit (MEO), highly elliptical orbit (HEO), and
geosynchronous orbit (GEO) [8]. Recently, LEO satellites constellation networks have withdrawn a
great interest due to their small propagation delay, high data rate, and lower transmit power [9].
Consequently, we consider a LEO satellite setup in this work.
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Recent heterogeneous computing facilities and data explosion introduce challenges in network traffic

analysis and demand intelligence-based approaches to ensure cyber security and the protection of

online digital services. Researchers have been proposing various machine and deep learning

approaches for network traffic analysis in different problem domains. However, it is also crucial to

understand how these algorithms perform across the different domains. Hence in this research work we

extend an analysis of diverse machine learning and deep learning techniques across three different

problem domains: DDoS attack detection, Malicious URL detection and Tor traffic classification. We

employ three publicly available datasets to train eight different machine learning and six deep learning

models for both multi-class and binary classification in our comparative study. Our experiments show

that Random Forest achieved superior performance compared to other machine learning models with
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F-measure of 92% for multi-class traffic classification and 100% for binary classification problems. For

the deep learning models, Autoencoder with Random Forest achieved superior performance with an F-

measure of 89% and 100% for multi-class and binary problems respectively.
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Adhering to the requirements of Fifth Generation (5G) communication for seamless data gathering,

especially from underwater resources, Unmanned Aerial Vehicles (UAVs)-assisted 5G Internet of

Underwater Things (IoUT) have been leaving an everlasting impression. However, the resource-

constrained underwater sensor nodes limit the potential of IoUT for reliable data dissemination due to

their shorter operational period. To extenuate this concern, in this paper we present an Energy-Efficient

Unmanned Aerial Vehicle (UAV)-assisted Routing Architecture (EEURA) for 5G IoUT. The Cluster Head

(CH) is selected using Improved-Tunicate Swarm Algorithm (I-TSA). We use Energy-Harvesting (EH)-

enabled nodes and a single UAV for data collection from the underwater deployed sensor nodes to

extenuate hot-spot problem. It is evident from the simulation investigation that EEURA performs

exclusively better than the state-of-the-art routing methods in IoUT.
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I. Introduction
Smartphones today are multi functional, with the majority of functions being utilized for a variety of
reasons. Our daily lives have become heavily dependent on smartphones. But they are particularly
vulnerable to being lost, stolen, or easily accessible by non-owners due to their size. Once an
intruder has physical access to a device, he or she may be able to mimic the device’s original
owner for financial or non-monetary gain and mischief. Most modern smartphones feature built-in
sensors that can detect motion as well as the ambient and positional conditions in which they are
used.
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Abstract

Underwater image enhancement is an effective

method for improving the captured underwater

images that have been damaged owing to medium

dispersion and absorption. Based on the principles

of fusion, this method derives the inputs and the

weight maps from the image’s degraded version.

Two inputs representing color-corrected and

contrast-enhanced versions of the original

underwater image and three weight maps that seek

to increase the visibility of degraded objects due to
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the medium dispersion and absorption are specified

here to overcome the limitations of the underwater

medium. This method is a single image approach

that does not need specialized hardware or

underwater conditions or scene expertise. In order

to facilitate the transfer of edges and color contrast

to the output image, the two fusion images, as well

as their associated weight maps, are identified. The

detailed qualitative and quantitative assessment

show that the enhanced images are distinguished

by improved illumination of the dark areas,

enhanced global contrast, and sharpness of the

edges.
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I. Introduction
Pneumonia is a serious respiratory inflammation that affects our respiratory organ lungs. This
infection may affect one or both the lungs. The lung consists of small sacs called as alveoli. During
the breathing process the sealveoli will be filled with air. These sacs will be filled with pus or fluid
which leads to severe infection. As a result of infection, the breathing process becomes painful and
also it affects the oxygen intake of theperson.
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I. Introduction
Wireless sensor networks consist of a group of sensors deployed in unmanned area. Each sensor
consists of non-removable battery, transceiver, processor etc. In WSN the nodes communicate with
each other. Each sensor in the network is called a node. When the node collects data and sends
the data it loses some of its energy [9]. In this paper, an optimized scheduling technique based on
Machine Learning is proposed to improve the energy efficiency of wireless sensor networks in
dynamic environments. Wireless sensor networks transfer collected data to the base station on a
regular basis [2]. The received data consists of multiple entries of same data collected by different
sensors. It is very difficult to identify which information are useful and which information are
unwanted, so, using a machine algorithm SVM aids in the extraction of relevant information from
data. Overall performance can be measured through parameters like throughput, packet delivery
ration and routing overhead.
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Abstract

This paper describes an application framework which
uses Li-Fi (Light Fidelity) technology to reduce the time
delay and congestion caused at the toll system. The Li-
Fi is a disruptive technology driven by the visible light
spectrum that makes the data transmission process
much faster and enhances the system efficiency. In Li-
Fi, there is no interference as in radio waves and it
provides higher bandwidth. It is a bidirectional wireless
data carrier medium that uses only visible light and
photodiodes. Everything happens very fast in this world,
including transportation. In the present scenario,
spending a long time in traffic is irritating. Even after the
introduction of FASTag, there is not much change in toll
booth queues. It is at this point where we start to think
about a different plan to avoid unwanted blocks at toll
booths. Hence, we introduce the concept of Li-Fi where
vehicles can move through the toll booths without any
pause. All that we are using here is DRL (Daytime
Running Lights). This will have a corresponding
receiver section which will accept the signals from the
DRL. This method also has certain extra perks which
will provide an interdisciplinary help to many major
fields.KeywordsLi-FiLight-emitting diode (LED)TollIoT
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Article

Novel results for quasiclassical linear transport in metallic multilayers

November 1992 · Physical Review Letters

Horacio Etienne Camblong · Peter M. Levy

We analyze the linear transport behavior of metallic multilayers via the Kubo formula for a Hamiltonian with zero-range spin-dependent
potentials. We find a direct connection between the Boltzmann and the Kubo approaches. Our two-point transport theory validates the
quasiclassical approach for multilayered structures and introduces a new treatment of interfaces via angle-dependent coherent ...
[Show full abstract]
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54.5 Tb/s WDM Transmission over Field Deployed Fiber Enabled by Neural Network-Based Digital Pre-Dis...

June 2021

Vinod Bajaj · Fred Buchali · Mathieu Chagnon · [...] · Vahid Aref

We demonstrate a record 54.5 Tb/s WDM transmission at 11.35 bit/s/Hz over 48 km of field-deployed SMF connecting business and
academic parks enabled by a novel joint I-Q Neural Network-based transmitter digital pre-distortion technique.

View full-text

Conference Paper

Real-time Path Monitoring of Optical Nodes

January 2017

T. Kurosu · Satoshi Suda · Kiyo Ishii · Shu Namiki

We demonstrate a novel method for monitoring internal paths of optical nodes exploiting light labeling technique. The optical paths of a
2x2 wavelength cross connect could be monitored in 2ms without affecting transmission performance.

Read more

Article

New monochromator designs for the soft x-ray range

April 1982 · Nuclear Instruments and Methods

R. Tatchyn · I. Lindau

Due to large losses in reflection-type diffraction gratings, orthodox monochromator design in the soft X-ray range has usually implicitly
assumed an unseverable connection between the diffraction function and the focusing (optical) function of a given instrument.
However, since the recent development and manufacture of high-efficiency, ultra-small transmission gratings, such a constraint is no ...
[Show full abstract]

Read more

Article

QARWA: A novel distributed QoT-Aware RWA to improve QoS in transparent optical networks

December 2010

Amir Kakekhani · Akbar Ghaffarpour Rahbar

This paper proposes QARWA (Quality of Transmission Aware Routing and Wavelength Assignment) algorithm to handle dynamic
lightpath provisioning in wavelength routed transparent optical networks. Specifically, the QARWA algorithm considers both bit-error
rate (BER) and setup delay constraints. In this article, we present and evaluate an enhanced wavelength-assignment solution in the
QARWA to handle ... [Show full abstract]
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Article

Enhanced planar wireless power transfer using strongly coupled magnetic resonance

January 2015 · Electronics Letters

Farid Jolani · Zhizhang Chen · Yiqiang Yu

A novel planar wireless power transfer (WPT) system using strongly coupled magnetic resonance is proposed. Additional layers of
printed spiral coils (PSCs) are applied to the transmitter/receiver resonator of the 4-coil planar WPT system to improve the quality
factor and transmission efficiency. In addition, by connecting multilayer transmitter/receiver resonators together using conductive ...
[Show full abstract]
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Article

Optically reversible switching between binary states using multistable loops

November 1993 · Applied Physics Letters

Yasunori Tokuda · Yuji Abe · Noriaki Tsukada · Shigetosi Nara

We present a novel method of optically reversible switching between binary transmission states by taking advantage of the optical
multistability which can be obtained from two bistable devices optically connected in series. The basic set and reset functions were
experimentally demonstrated by use of an n-i-p-i-n device in which two quantum well self-electro-optic effect devices are vertically ...
[Show full abstract]
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An Approach to Minimize the Transmission Loss and Improves the Voltage Profile of Load Bus Using Int...

January 2019 · Advances in Intelligent Systems and Computing

Abdul Quaiyum Ansari · Mashhood Hasan · Noorul Islam

The interline power flow controller (IPFC) has two converter/inverters connected back to back with DC link. One of the converter is
knows as series inverter which improve voltage quality of the load bus and second inverter known as shunt converter is used to
compensate the reactive power of load and minimize the losses of the transmission line. In this work, the impact of the IPFC is seen in
... [Show full abstract]
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Article

Triangle-arranged method for coverage with connectivity in sensor networks

March 2007

C.-F. Xu · Shijian Li · D.-Z. Rao · Y.-H. Pan

This paper considers the problem of coverage with connectivity in large-scale unreliable sensor networks. Based on an abstract
sensor network model, a novel triangle-arranged circle division method is proposed to model a sufficient condition for the network to
maintain coverage with connectivity. Then using probability method, we derive the formula between the probability of coverage with ...
[Show full abstract]
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Article

155 Mb/s three-plane reconfigurable wavelength-division-multiplexed optical interconnection

December 1995 · Proceedings of SPIE - The International Society for Optical Engineering

J.E. Leight · Sven Homan · Alan E. Willner · [...] · C.J. Chang-Hasnain

The ability to efficiently connect many high-speed parts is of critical importance for large- capacity data communications. High
bandwidth, 2D optical planes can be employed to achieve such an interconnection and avoid electronic bottlenecks. A novel solution
which dramatically increases the functionality of optical-plane interconnections uses wavelength multiplexing to facilitate one 2D
optical ... [Show full abstract]
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Article

Trial model of the M-ary multilevel FSK power-line transmission modem

January 2003

Akihiko Oshinomi · G. Marubayashi

In this paper a design of power-line transmission system us-ing M-ary Multilevel FSK modulation is described. The sys-tem is capable
of transmitting 128 kbps data over 10~450kHz band. To achieve such a high transmission rate by a spread spectrum system, a novel
multi-tone modulation technique is introduced in addition to M-ary modulation. The system is conveniently called as M 3 FSK (i.e., ...
[Show full abstract]
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A Novel Virtual Synchronous Control of VSC based HVDC Transmission for Inter-Area Connection

January 2021

W. Huang · Xiaotian Yuan · Hong Rao · [...] · F. Peng
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Abstract:
Methodologies used for the detection of malicious applications can be broadly classified into static and dynamic
analysis based approaches. With traditional signature-based methods, new variants of malware families cannot be
detected. A combination of deep learning techniques along with image-based features is used in this work to classify
malware. The data set used here is the ‘Malimg’ dataset, which contains a pictorial representation of well-known
malware families. This paper proposes a methodology for identifying malware images and classifying them into various
families. The classification is based on image features. The features are extracted using the pre-trained model namely
VGG16. The samples of malware are depicted as byteplot grayscale images. Features are extracted employing the
convolutional layer of a VGG16 deep learning network, which uses ImageNet dataset for the pre-training step. The
features are used to train different classifiers which employ SVM, XGBoost, DNN and Random Forest for the
classification task into different malware families. Using 9339 samples from 25 different malware families, we
performed experimental evaluations and demonstrate that our approach is effective in identifying malware families with
high accuracy.
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I. Introduction
Malware and its variants are increasingly causing major security issues on the Internet due to its
rapid proliferation and thus research in this domain is gaining increased significance.
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