SCMS SCHOOL OF ENGINEERING & TECHNOLOGY

BOOK/CONFERENCE DETAILS 2022

S1 No: Name First Author Second Author |Third Author Fourth Author [INDEXING
1 Dr.Rahul R Pai CCE22003 conference-book proceedings
2 Dr.Vidya Chandran BME2204 conference-book proceedings
3 Dr. Raghav G R BME2201 conference-book proceedings
4 Dr. Sam Joshy BME2202 _ conference-book proceedings
5 Jose Sheril D’cotha conference
6 Nikhil Asok N. BME2205 conference
7 Sujith R. conference
8 T M Anup Kumar conference
9 Dhanesh S conference
10 Dr. Anjana Viswanath conference
11 Suraj R conference
12 Dr. Gibin George BME2203 book chapters
13 Dr. Manikandan H conference
14 Koshy A _ conference-book proceedings
CBSH2201 conference-book proceedings
15 DivyaM S BBSH2201 book chapters
16 Susmi Jacob CCSE2201 conference-book proceedings
17 Dr.Varun G Menon CCSE2202,CCSE2203 conference-book proceedings
18 Josna Philip CCSE2204 CCSE2209 conference-book proceedings
19 Bini Omman CCSE2205 conference-book proceedings
20 Sindhya K Nambiar CCSE2206 conference-book proceedings




21 Neenu Sebastian CCSE2207 CCSE2213 conference-book proceedings
22 Athira CCSE2208 conference-book proceedings
23 Deepa K CCSE2209 conference-book proceedings
24 Rose Bell CCSE2210 CCSE2211(B) conference-book proceedings
25 Neethu Krishna CCSE2212 conference-book proceedings
26 Litty Koshy CCSE2214 conference-book proceedings
Total BOOKS/CONFERENCE for the calender year 2022 23
D PRAVEENSAL C.L
PRINCIPAL

SONS SOR00L OF ENGINEERING § TECHOVOST




MANAGEMENT CHALLENGES
AND OPPORTUNITIES

During and after Pandemic Situations




Management Challengesa and Opportunities

During and After Pandemic Situations






MANAGEMENT CHALLENGES
AND OPPORTUNITIES

During and after Pandemic Situations

Editors
Dr. Narendra Kumar

Assistant Professor, Department of Management Studies,
Kumaun University, Bhimtal Campus, Nainital,
Uttarakhand, India

Arjun Gupta
Assistant Professor, Department of MBA
Vaish College of Engineering
Rohtak, Haryana, India

VANDANA PUBLICATIONS
UG-4, Avadh Tower, Naval Kishor Road,
Hazratganj, Lucknow — 226001, INDIA



Published by

~

VANDANA PUBLICATIONS
UG-4, Avadh Tower, Naval Kishor Road,
Hazratganj, Lucknow — 226001, INDIA

Copyright © Narendra Kumar (Editor)

All rights reserved. No part of this publication may be reproduced or transmit-
ted in any form or by any means, electronic or mechanical including photocopy,
recording or by any information storage and retrieval system, without permission
in writing from the copyright owner.

ISBN: 978-93-90728-58-9
Published : April, 2022
All disputes are subject to Lucknow jurisdiction only.

Printed at:
Lq
karmakar

KARMAKAR
Kolkata | Email: karmakar.print@gmail.com
Phone: 9093079529 / 9073808508

Every effort has been made to avoid errors or omissions in this publication. In spite
of this, some errors might have crept in. Any mistake, error or discrepancy noted may
be brought to our notice which shall be taken care of in the next edition. It is notified
that neither the Publisher or the Editors or Seller will be responsible for any damage
or loss of action to anyone, of any kind, in any manner, there from. For binding
mistakes, misprints or for missing pages etc., the publisher’s liability is limited to
replacement within one month of purchase by similar edition. All expenses in this
condition are to be borne by the concerned purchaser.



Preface

orld have seen many calamities in the past but
Wthose 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 ofjob. 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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6

Work Life Balance in the New Normal

Divya M §*

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 along 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



-

RE-SPACING

MENSTRUAI.
NARRATIVES

RAZEENA P R




Re-Spacing Menstrual
Narratives



Re-Spacing Menstrual Narrqt%.

Editor %
Razeena P i
Assistant Professor of English

Sri C Achutha Menon Government Cf’ucge, Thy:
Tiay
h’

K

",
First Published: September 2022
Amazon Kindle Direct Publishing
ISBN: 9798849485577
Copyright 2022 Razeena P R
Thank you for purchasing a copy of this book, Th;q ook rey

Mg

copyrighted property of the editor, and hence must not |,
redistributed to others for commercial purposes without prig,
permission from the editor. Non-commercial redistribution yyg,
academic fair use provision is permitted.

Technical Support & Publishing Assistance
AIFEST

Typesetting & Layout
Bijeeshkumar Shaji


Highlight

Highlight

Highlight

Highlight


= Y * b ‘]\“M"‘W
R

|-
4
#

Acknowledgements

From the presentations at the National Conference hosted by the
Department of English, Sri C Achutha Menon Govt College, Thrissur,
Kerala on December 11 and 12, 2021 and the independent contributors
that sparked this collection to its completion, I thank all those who have
contributed to this book. This book reflects our divergent interest in the
realm of cultural studies. I have tried to make the volume as wide
ranging and representative as possible after constant consultation with
researchers and scholars in the area. In addition to our contributors, I
thank Dr Janaky Sreedharan for writing the Foreword and her constant
support during the seminar. I thank Anne Placid for being a supportive
Head of Department and for the support offered in going ahead with the
publication of this book. I also express my gratitude to our Principal Dr
Ramya R for her support during the conduct of the Conference and the
subsequent publication of this book. The cover of the book speaks for
itself and I place on record my thanks to Nasrullah Mambrol for the
design of the cover. Bij eeshkumar Shaji provided excellent copyediting
and layout and I thank him for his unflagging efforts.

Razeena PR

B T e — k:nu_-_____‘Aj



Foreword

Making visible the invisible, speaking about unspoken experiences,
engaging with the most silenced in the most intense, passionate and
politically committed manner is the spirit behind all movements of
and assertion. And the feminist movement has been no less in

resistance
following this motto to the hilt. It is by unlocking centuries of silence

around the female bodily and mental experiences that women have tried
to express their dissent towards the dominant discourse around
gendered realities all over the world. We realize today that even after
almost two centuries of conscious activism and assertion on a global
scale, women still have a lot to fight for. Our struggles to be seen, heard
and understood in all our complexities and diversities are far from over.
Each generation of spirited feminist women has pushed the boundaries
of accepted questions and answers, and this generation is doing it to the
menstrual discourse which has been actually existing through centuries.
It is not a static discourse but a dynamic one, evolving in response to
historical changes, negotiating the breakthroughs in science and
technology and redefining gendered spaces symbolically and literally.
Different cultures and socictal formations have engaged with this
biological process differently and constructed elaborate apparatuses of
rituals and narratives to understand this mysterious process assigned to
the female of the species. Chris Knight, one of the prominent

researchers in the area of menstrual culture has pointed out that some of

the primal human symbols are drawn from the semiotics of
menstruation. And it becomes crucial to historicize every moment of

this articulation in order to avoid falling into simplistic explanatory
models and binary modes of thinking.

We are trying not only to produce narratives but also to listen to
different narratives which might often conflict with each other. They
may not fit into any theoretical framework and may demand an entirely
different mode of understanding. The intention is to revise, revisit and
reshape the dominant narratives built around menstruation — religious,

scientific and commercial. Production of sanitary napkins is one of the
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most lucrative industries today. As a product of capitalis; p,

constructs the woman as a menstruator/consumer of o .‘5’=i
sanitary pads which wreak havoc on an already fragile ecosyst king o
It is in this context that the articulations of this experience

: d ; _ COmpjjeg
collected into a book become significant interventions i the 4

global discourse on menstruation. The book enables a pl;mh;?'lg
narratives to interact with each other thus highlighting the £ of
perspectives and positions which make possible more Produc:&
conversations — at the level of theory and practice. It gOes to the cre;
of the editor Razeena P R that she took the initiative to venture into:
field which people are still hesitant to talk about and is actually mireq;,
a lot of misconceptions. I am sure any reader who picks up this book
will find many layers of darkness falling away from them regarding
their understanding about this vital process in the female body, which
structures a woman’s being in this world in so many crucial ways, |
hope this book will generate more questions leading to more creative
discussion and action beyond the spaces of the academia.

Dr Janaky Sreedharan
Professor, Department of English
University of Calicut
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Concept Note

“Resilience is knowing that you are the only one that hag the power und
the responsibility to pick yoursell up.” In the words of Mary Holloway,
resilience is the powerful weapon that defines you and have (he
potential to uplift yourself from all atrocitics. When we began to
confine and reflect ourselves, shedding all the wounds heaped on us in
our life's journey, our life takes on a new track, We began to live than
being mere existence. There have been many narratives on women but 4
few to be short listed as depicting their self-portrayal. When we ch'hC‘
our self completely without any deletions or veil, we tend lt:,"nc
perfectly complete. When our emotions and expressions are ?:hg
curtailed there will not be perfect depiction, We need to come (:1”!' ;::rcd.
taboo long imposed on us. We believe nature to be pure and s
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when nature is mother, she in the real life should also be considered
pure and sacred. Mother is the epitome of love, care, selflessness,
comfort, from where our journey begins. Stories and personal pamratives
on and about women had always an everlasting authentic impact on us.
Only a handful had dared to open up themselves to come beyond the
restricted taboo. Our long-inherited customs and traditions taught us 10
be silent, calm, loving, caring like Sita. She becomes the epitome of
sacrifice, love and care. History has also reminded us of our grez
Jeaders, and women with exceptional courage and devotion like Jhansi
Rani, Mirabai, Rani Padmini, Anandi Gopal Joshi, Indira Gandbi,
Justice Anna Chandy, Kalpana Chawla, Mother Teresa, Ahilyabai
Holkar, Arati Saha, Aruna Asaf Ali, Durga Bhabhi, Mahaswetzh Devi,
Kamala Das, M S Subbulakshmi, Rudrama Devi, the names are endless.
They have dared to think beyond their limitations imposed by the
patriarchal society. Women have always exhibited exceptional courage,
bravery, wisdom and knowledge to lead the world wisely than their
counter parts. When we began to voice out our opinions, suggestions or
findings we are type casted and stands out to face all the humiliations

and sufferings from others. The worst atrocities are from the dearest
" ones. Menstruation had always been imposed on us as 2 taboo, like that
of an untouchable. Apart from the generations ahead, we are moving on
far more away from those uncivilized notions on womanhood. When
there was a drastic shift from joint family to nuclear family and when
we began to work and get involved in the financial decisions of 2
family, a change from house keeper to decision maker evolved, It
wasn’t that easy for us to enter into the dominated world of science and
business. Now, we have learned to overcome the resilience imposed on
us and to define ourselves. Is the menstrual cycle woman’s curse, or is it
an unexplored resource?”.Judy Blume’s Are You There God? It's Me.
Margaret (1970) was a hall mark of the time, which made 2
reverberation of the preconceived notions and prejudiced mind,
Menstruation was always believed and considered to be “Eve’s curse”,
a long hereditary curse on us. The experience we had during the first
period varies from person to person, but mood swings, emotional and
hormonal imbalance that we experience are more over the same. We all
forget to acknowledge the basic fact that it’s the essence of our life. We
need our monthlies, it’s vital for mental and physical health, that’s what
makes us normal from all the abnormalities. The taboo imposed on us
by our society is the basic reason for the inequalities happening to us,
Women and girls are denied of their essential resources in many of the
developing nations due to the fact that they are physically weak. |
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resilience dominates the memoirs of holocaust faced by the Jews during
Hitler's reign as marked in the writings of Anne Frank in hes fapunss
work The Diary of a Young Girl, Nadia Murad narvates her enduring
pain, humiliation and sexual exploitation in The Last Giyl: My Story of
Captivity, and My Fight against the Islamic Stad”, Both the memoirs
narrate their life incidents with a sarcastic tope of pain and hope that
they could live upon a life they envisioned, wordings capture their inner
resilient beauty. This silent beauty made the works eemal in the minds
of the readers, who could feel and imagine the Pains endured, As rightly
said by Malala Y ousafzai, “We realize the importance of our voice only
when we are silenced”, Resilience is like 4 calisthenics training
experience makes you better for the word 1o Jjye i, It takes jnto
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emotional upheaval and suffering we are resilient, equating with mental
toughness and emotional pain and suffering,

Beauty in her Openness — Anne Frank

«] want to bring out all Kinds of things that lie buried deep in my heart™,
As rightly said by Anne Frank, this is exactly what her writings were.
Holocaust, had taken the lives of many and had witnessed heights of
pain and suffering which got captured in the frame of history. Anneliese
Marie Frank, a young girl Jewish girl is forced into exile with her
family in their “Secret Annexe”. The autobiography tells about the
anguish, anxiety and hope of a thirteen-year-old teenager. When Nazi
came to power, life was not the same for Jews, they were forced to go
on exile leaving behind whatever they possessed. It's been highlighted
in her writings how desperately she missed her pet cat. May be this can
be the reason why her diary got the name “Kitty", she always addresses
her diary as *Dear Kitty™. The journal tells us about the daily accounts
in her life on exile, her emotions, realisations, experience, family
relation, friendship, her first monthlies, furst love all that's being
happening in a teenager's life. This autobiography makes us to think
how a young teenager could be so open minded in her writings, which
was rare during those times.

Our conditioned way of thinking doesn’t allow us to accept such blunt
writings. Nazis believed that the Jews were the root of all the prevailing
evils and wanted all of the Jews to go on exile. They were tortured both
physically and mentally by denying their basic rights. A brief account
of these imposed restrictions is clearly mentioned in the initial pages of
the diary: “The rest of our family, however, felt the full impact of
Hitler's anti-Jewish laws, so life was filled with anxiety. After 1940
good times rapidly fled: first the war, then the capitulation, followed by
the arrival of the Germans, which is when the sufferings of us Jews
really began. Anti-Jewish decrees followed each other in quick
succession. Jews must wear a yellow star, Jews must hand in their
bicycles, Jews are banned from trams and are forbidden to drive, Jews
are only allowed to do their shopping between three and five o'clock
and then only in shops which bear the placard “Jewish shop™. (pg. 20,
21) An account for her journals do tell us about how much Jews had
suffered and deprived from the rest of the society. The restrictions
imposed on them were even more harsh. They must always wear a
yellow star and had to be indoors by eight oclock and cannot even sit
in their own gardens after that hour. They were forbidden to visit
theatres, cinema halls and any other places of entertainment. Not
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allowed to take part in public sports, SWimming bathg -
hockey fields and other sports grounds. "l_‘hcy cannot vigj, & |:I.N .
and were allowed only to go to Jewish schools, Mayy ° Ilrj,i”“:
restrictions. Life was horrific for Jews, and they begay, to ;;"'U g
Germany to a much safer place with their families, Nagjq bm.n:" o
Jewish owned shops, synagogues, and their books, Jews v, d dq;,,,ﬂ
and tried to find shelter wherever they could. Nazig

people to forced labour camps, where they worked to Produce ¢ 'hqq
for the increasingly strained war economy. In most camps the py, "li
were devoid of sufficient food, equipment, medicine and L‘lulhl‘]m‘
There was a complete disregard, and their health was dclcriormin , "y
by day. As a result of these conditions, death rates in labour Campg Y
extremely high. Believing Holland was safe for Jews. Anne’s lamj,
moved to Amsterdam in 1933. The Diary of a Young Girl also know, &y

The Diary of Anne Frank, a book of diary writings kept by Anne frank
With her gy

while she was hiding for two years in the secret annex,
The family Wasé

during the Nagzj occupation of the Netherlands. !
apprehended in 1944 and Anne frank died of typhus in the Bergey.

Belsen concentration camp in 1945. The diary was retrieved by Anne'y|

father Mr. Otto frank, the family’s only known survivor afier the way,
44. Her fathey

The writings were from 14th June 1942 to 1 st August 19 |
June 12 th 1942 It

gifted her a red checked diary on her 13th birthday,

was not like a usual diary writing, she wrote as letters to her best friend |
as kitty. In August 1944, they were |

that is, diary whom she addressed
caught from the secret annex and were deported to Nazi concentration |
years old. These letters |

camps. Anne died when she was just fifteen
were not just the experiences of a thirteen-year-old young girl; it gives |

us an insight into the most terrific inhumane situation that mankind had
ever undergone. The wordings which she breathed became eternal and
true. In the autobiography by Anne Frank, she tells us about the daily
accounts in her life on exile, her emotions, realisations, experience,
family relation, friendship, her first monthlies, first love al| that's being
happening in a teenager’s life. Her writings make ys to think how a
young teenager could be so open minded in her writings, which was |
rare during those times. Our conditioned way of thinking doesn’t a low

us to accept such blunt writings. The emotional frustrations and mental
outbursts are all evident in Anne’s writings. She had openly said aboyt
the teenager’s frustrations, that we all hﬁave experienced while j’s our
first monthlies. Bodily changes, emotional 1m§a!ance, sensitives to
certain thoughts and facts all are e'wdent in her writings. She didn’t fee|
to hide anything from her best friend Kitty. But that was found o be
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rarest of writings where a young teenage girl exposed her
ntimate feelings and emotions to the world. She was indeed

one of the

inner most 1 : ‘
inspiration for us, who made use of journaling to stress out her

| emotional outbursts. “I want to go on living even after my death” as
rightly said, these words became eternal like her.

pain in Resilience: Re-living the Pains of Nadia Murad

«The greatest glory in living lies not in never falling, but in rising every
yime we fall” —The eternal wordings of Nelson Mandela stand out when
we read The Last Girl: My Story of Captivity and My Fight Against the
[slamic State, a memoir by Nadia Murad. When death and suffering
snatches the happiness and existence of our life, we fall in its tragic
offect. Some couldn’t withstand and they became a part of yesterday,
those who bounced back creates history. Nadia Murad is the survivor
and not a victim anymore. She is like Malala Yousafzai, Muniba Mazari
and yet more. They are the victims who survived and inspired us to
move on in life. We have heard a lot about the victims who struggled
back to survive and fall apart. Remembering all those unheard heroines,
we have to emit the ray hope to others who are still struggling to come
out. Nadia speaks about the unspeakable brutality that she has endured
i the hands of monstrous men. The memoir narrates to us about a
world of extreme depravity of the basic human needs, and an intense
struggle to overcome all the hurdles to get back their identity and relive.
The writings do narrate a tale of depravity and a test of resilience who
faced the worst adversities that any women could ever have faced. All
this happens with a beautified synonym called “Call for Peace™. Nadia
Murad belongs to a large family of Yazidis in Kocho village, Sinjar,
Iraq. Atrocities in all its kinds has been the worst nightmare for them.
Faith is what kept them moving ahead to face and strive back all the
cruelties imposed on them. It’s true that Iraq has always been in a state
of war, with the Americans in 2003, and with itself and then the Islamic
state. Against their promise to protect them, the military forces betrayed
them to the militants. Men and older women were slaughtered, and all
the young women were made as sex slaves. Being in captivity and
especially as a sex slave, life becomes as in a hell. These monsters had
no humanity, not even considering there is life in them. Many instances
had been narrated by Nadia, where she had to live on like an animal.
Basic needs including clothing were denied to them, the punishments
they had to face when attempting to escape Were beyond imagination.
Resilience was the power for her to strive back and come back in life.
it's her ability to withstand adversity and bounce back made her what
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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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Vst = Vw¢ + Vs (12)

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

A 5 ,(d,p)z
¢:;+B.qs+c.qf +D.e \") +E (13)

The unknown constants A, B, C, D, and E are assumed to be -1 each to determine
the value of ¢. Since, d—’[’ cannot be computed for + = 1, the initial guess for ¢ is
taken as 0.5. The values of ¢ obtained from Eq. (13) are substituted in Eqgs. (11)
and (12). The values of Vy, and Vg obtained from Egs. (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 ¢ = 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 {r = 1 : 100}, the values of regression
coefficients obtained are used to calculate V, for the 101st time step. Using the V
and V values obtained from this process were substituted in the energy balance Eqn.
[1] of boiler which is expressed as follows:

W 0w W phe— g+ 0 (14)
e; X ey X — = grhy — gshs
1 dr 2 dr qenfg — gs
where
e1 = pwhw — pshs (15)
0psh 0pwhy
=V _y, 2 (16)
ap ap

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:



Selecting the Optimum Tool for Driving Performance Evaluation ... 233

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 1. Concepts like body postures
2. REBA and force, together with action
3. OWLS levels for evaluation
4. QEC 2. Elements of biomechanics
5.LUBA include body postures and
6. Checklist force, with activity levels for
7. NIOSH lifting equation 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 | 1. Video analysis 1. Hand/finger posture
methods 2. ROTA assessment, repetitiveness,
3. TRAC force, velocity, and body
4. HARBO postures are computed. Task
5. SIMI motion 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 find 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 film 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/modified 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].

MZXenes are 2D nanolayers of metal carbides, carbo-nitrides, and nitrides, an
important class of electroactive 2D nanomaterials that are developed lately. Ti,C,T,
is the first 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 M Xenes 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 specific application.

Many non-noble metal electrocatalysts are inactive and unstable in acidic mediums.
The reaction in an acidic medium is highly efficient 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 MX,, 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 efficiency, 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 efficient 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 influence 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 first 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 H,0O, 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 H,O, 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 efficient detection of biomolecules. MoS, is one of the most
widely used TMDs for sensing and other applications. Ashwathi et al. studied the
relation between the analyte affinity and the active material by taking MoS, and Hg
(IT) ions as an example. In this particular example, Hg (II) ions have a high affinity
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 fine-tuning sensing capabilities [9].

Exfoliation — p
‘ -“é-?m% _—-g—- -—E g:%(.
Fresh surface after
removal/exfoliation of the surface

Fouling due to Polymerized product

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

Defects/pores H,0, molecules adsorbed on th fects

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 Ni,Co-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 efficient 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 flutamide (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 affin-
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 significant
influence 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 identified 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 HyproceN EvorutioN ReactioNn (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 efficient 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 efficiency, 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 (ZH+ +2e & H2) or basic (2H20 +2¢” & H,+ ZOH")
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 identified 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 flexible 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 efficiently [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 MoS,, WS,, CoS,, VS,, and NiS, 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 efficiency 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 ~30-50 mV. The layered materi-
als without exfoliation or intercalation are often inactive as in the case of MoS,. 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 WSe,, MoSe,, MoS,,_,Se,,, Mole,, WTe,, MoSe,/WSe,,
VSe,, 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. MoSe, is an n-type semiconductor, converting MoSe,
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
M, X, T, (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. Mo, TiC,T,, Ti,C,T,, V,C;T,, Mo,TiC,T,, etc. are some
representative M Xene electrocatalysts for HER.

Layered carbon allotropes such as graphene and its oxide exhibit poor adsorp-
tion toward hydrogen; therefore, they are not efficient 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, MoS,, ReSe,, WS,, etc. is identified 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 significantly reduces the interfacial electron
transfer resistance between the catalyst support and the active sites, which ultimately
improves the efficiency toward HER.

10.3.2 OxyceN EvorutioN ReactioN (OER) AND
OxYGeN RepucTtioN ReactioN (ORR)

The electrochemical generation of oxygen through water splitting is critical in metal-
air batteries and fuel cells. The electrochemical OER (2H,0 — O, + 4H* + 4¢) and
ORR (O, + 4H* + 4e~ — 2H,0) 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., IrO, and RuO,) 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 flexible 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 MoS,,
TaS,, WS,, MoSe,, 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 IrO,. 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,
sulfides, 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 significant 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
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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-C;N,) 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 M Xenes, the exfo-
liated 2D carbon layers are commonly used as a support for nanosized or atomic
catalytic materials. MoS,, Fe,0,, FeP, Ni,P, CoP,, CoO,, 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§+Mffx(OH)2(A"_)£. yH,0 or MY¥M}, (OH)Z(A"_ )i' yH,0;

where M is a metal and A is the interca:llating anion. In LDHs, every singlne layer is
composed of edge-sharing octahedral MO, 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 d, is the inter-layer distance before
intercalation, the inter-layer distance increases after intercalation to d, and d, > d,.
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 M?* 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 ABO; (A and B can be
occupied by a large number of elements in the periodic table) and delafossite with
the general formula AMO, 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.
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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
finally 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 modified graphene (CMG) electrodes with
good electrical conductivity and a specific surface area of 705m?g~!, by chemical
functionalization of monolayer graphene. The CMG electrode materials exhibited
a specific capacitance of 135 F g7! in aqueous electrolyte (5.5M KOH) and 99 F g~!
in the organic electrolyte [25]. Most reported graphene-derived electrode materials
exhibited lower specific surface area than their theoretical value (2,630m?g"). But
the Ruoff group reported KOH-activated thermally exfoliated graphene oxide and
microwave exfoliated graphene oxide (MEGO) electrode material, which exhibited
an ultrahigh specific surface area value of 3,100m?g~!, a high electrical conductivity
(~500 S.m™), high content of sp>-bonded carbon, and low hydrogen content. The KOH-
activated MEGO electrode exhibited a notable high energy density (~70 Wh kg™)
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and power density (~250kW kg') at a current density of 5.7 A g~! [26]. El-Kady et al.
fabricated a graphene-based supercapacitor via laser irradiation of a graphene oxide
film coated on a flexible substrate mounted in a LightScribe DVD optical drive. The
graphene oxide sheets stacked in the film 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
specific surface area of 1,520m?g!, good mechanical flexibility, and high electrical
conductivity (1,738 S.m™") [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 specific surface area of ~1,100m?g~! and effective filtering 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 flat 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
(MoS,, WS,, TiS,, ZrS,, MoSe,, WSe,, etc.), layered metal-oxides, hexagonal
boron nitride (h-BN), LDHs, graphitic carbon nitride (g-C;N,), and MXenes
(Ti;C,, V,C, Ti,AlIC, TiAIC, Ti;CN) [29]. Among TMDs, 2D MoS, 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 MoS, 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™? was obtained for sponge-like vertically aligned MoS, 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 MnQO,, NiO, Co;0,, and RuO,. MnO, 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 MnO, into a planar
capacitor design that was highly flexible [31].

2D LDH sheets are a class of multi-metal clay materials that consist of metal
cations brucite layers octahedrally surrounded by hydroxyls forming M?*(OH),/M?3*/
M*(OH), 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-defined 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 flake suspensions, water, cations, tetrabutylammonium hydroxide (TBAOH),
dimethylsulfoxide (DMSO), etc. are intercalated into the MXene interlayer spacing
followed by the sonication process. In the H,SO, electrolyte, Ti;C,T, shows a high
volumetric capacitance of ~1,500 F cm= (380 F g™'), and the conductive, transparent
Ti;C,T, films 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) sufficiently 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,
sulfide/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!. Due to good electri-
cal conductivity, high surface area, and greater mechanical flexibility, 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 efficiently than
basal sites, thus leading to maximum Li-storage in the form of Li,C,. 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 specific 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 MoS,, NbSe,, WS,, MoSe,,
TaSe,, and MoTe, nanosheets are widely used for the LIB. Among them, MoS, is an
exciting electrode material for LIBs due to its high theoretical capacity. MoS, 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 MoS, + 4Li* 4 4e~ « 2Li,S + Mo, the electrochemical reaction
of Li with MoS, involves 4 moles of Li per mole of MoS,. The main concern of MoS,
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 first 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 specific 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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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
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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.
Authors v
Figures v
References v
Keywords v
Metrics v

More Like This

Smart Attendance Management System Based on Face Recognition Using CNN
2020 IEEE-HYDCON
Published: 2020

Toddler Tracking System with Face Recognition and Object Tracking Using Deep Neural Network

2020 International Conference on INnovations in Intelligent SysTems and Applications (INISTA)
Published: 2020

Show More

IEEE websites place cookies on your device to give you the best user experience. By using our websites,
Accept & Close

you agree to the placement of these cookies. To learn more, read our Privacy Policy.

https://ieeexplore.ieee.org/document/9885693 2/4


javascript:void()
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsuCvQ0QY94KhJAEJzd1rQ4fQ_HKyXx1C3aUnHUpdxDd0hiPtUMz-3X45KnSOHv8gpvNGWqY4Zia1cOzusAP8-fGpyxK3w8f0b73W2jBzGcUjSOJxU7Y41BxUV6dgATuRHIjE_BjW5NVWxI4vWrjRdkqlGHEp42RzyCpZ2IlJ5QaHp_6MC-RkliNUUT_l7g9KyhUvKqjGuO6G9gycddU3Rb3L6Gbo_gg8In-lWSwEVmI5Kz5d2mabVQPoXOKrsBAhdLhzsc1xi_gY2bPm9LbFzdnH8sEJqEyobDHUMiCT_WottbfZkMt7d9_eG47sbEYmcDVPJN16Z1fKTYy2EYF-6A&sai=AMfl-YRS4mb6vrEnFQ-E_cOwvGkrpPjCTFJWNBPxY-kjRKNKzqwn9nTiq5_waExE0BKFQyzDot3jZctYEOS4yNN42ufMONeWf_6iXpCbwHtrwWImUT34Iv_sutj10a5tfg&sig=Cg0ArKJSzCMslRixcReJ&fbs_aeid=[gw_fbsaeid]&adurl=https://forms1.ieee.org/PAO-eBook-Collections.html%3FLT%3DXPLLG_XPL_2023_LM_eBooks_Acad_Cust_300x250
https://ieeexplore.ieee.org/document/9242847/
https://ieeexplore.ieee.org/document/9194666/
javascript:void()
https://www.ieee.org/about/help/security_privacy.html

7/27/23, 1:15 PM Attendance Management System Using Facial Recognition | IEEE Conference Publication | IEEE Xplore

CHANGE PAYMENT OPTIONS COMMUNICATIONS US & CANADA: +1 800
USERNAME/PASSWORD VIEW PURCHASED PREFERENCES 678 4333
DOCUMENTS PROFESSION AND WORLDWIDE: +1 732
EDUCATION 981 0060
TECHNICAL INTERESTS CONTACT & SUPPORT

fin vy O 0©

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | IEEE Ethics Reporting [4 | Sitemap

IEEE Privacy Policy

IEEE Account

» Change Username/Password
» Update Address

Purchase Details

» Payment Options
» Order History
» View Purchased Documents

Profile Information
IEEE websites place cookies on your device to give you the best user experience. By using our websites,

C ications Pref . . .
f}oﬁ"é'&?@'gattg rl?\erﬁg?:récrﬁsent of these cookies. To learn more, read our Privacy Policy.

» Profession and Education

https://ieeexplore.ieee.org/document/9885693

Accept & Close

3/4


https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
tel:+1-800-678-4333
tel:+1-732-981-0060
https://ieeexplore.ieee.org/xpl/contact
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.linkedin.com/showcase/ieee-xplore
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.youtube.com/ieeexplore
https://www.instagram.com/ieeexplore_org
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
http://www.ieee-ethics-reporting.org/
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/ieee-xplore-sitemap
http://www.ieee.org/about/help/security_privacy.html
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstiNdkHF9BlIDSn1TnETUD_2sZAWskz0cBDhvVxY1uNbAUBLueR-i8769dxdYvOEhwO5dzxwPCkozprAN_qUPHFlGPe4Ob8hRMq9AhvP3AO1b4FCC2y09-P358_s0cGGuA5j_-fgvTZzBWl4PT-LQUVhJ_ena4p9mxIFX7F9IyIVYM-0uXKk_-EIPYwqxlH6fPvSKCVUXgS69kgKy8FTkkxSHSUmSg0IZ7Wl9_-aQDQbKh-IvfjxTQnBTWnRgiJSr4IobidEZI8jtrOrMB97KXayvb_maFoH2fY_Yf7SDv9N_AYGixci_8R1w3TKn_62hBc5kEcJgGXqLuHvH8G6Ph6VIs&sai=AMfl-YSh8QlDuhgQesreoDwp7XiFqp6q8YrjVGaQaT69OaLO9YE4Bh8GYdt3pIDthB5xYh7UTY1kkBbRjofUwkVSs5bCHnUXYJ65rqfpa_-iDWq2869hKJ1gqXJolhbRZA&sig=Cg0ArKJSzA0L-Hwg4IbB&fbs_aeid=[gw_fbsaeid]&adurl=https://ieeexplore.ieee.org/search/searchresult.jsp%3Faction%3Dsearch%26matchBoolean%3Dtrue%26queryText%3D(%2522Article%2520Number%2522:9049398%2520OR%2520%2522Article%2520Number%2522:6515173%2520OR%2520%2522Article%2520Number%2522:6766751%2520OR%2520%2522Article%2520Number%2522:7829368%2520OR%2520%2522Article%2520Number%2522:8466590%2520OR%2520%2522Article%2520Number%2522:8826541%2520OR%2520%2522Article%2520Number%2522:8796365%2520OR%2520%2522Article%2520Number%2522:9072123%2520OR%2520%2522Article%2520Number%2522:9370097%2520OR%2520%2522Article%2520Number%2522:9812625)%26highlight%3Dtrue%26returnFacets%3DALL%26returnType%3DSEARCH%26matchPubs%3Dtrue%26sortType%3Dmost-popular
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/address/getAddrInfoPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/vieworder/showOrderHistory.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/about/help/security_privacy.html

7/27/23, 1:15 PM Attendance Management System Using Facial Recognition | IEEE Conference Publication | IEEE Xplore

» Technical Interests
Need Help?

»US & Canada: +1 800 678 4333
» Worldwide: +1 732 981 0060
» Contact & Support

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | Sitemap | Privacy & Opting Out of Cookies

A not-for-profit organization, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.
© Copyright 2023 IEEE - All rights reserved. Use of this web site signifies your agreement to the terms and conditions.

IEEE websites place cookies on your device to give you the best user experience. By using our websites,

you agree to the placement of these cookies. To learn more, read our Privacy Policy.

https://ieeexplore.ieee.org/document/9885693

Accept & Close

4/4


https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/xpl/sitemap.jsp
http://www.ieee.org/about/help/security_privacy.html
https://www.ieee.org/about/help/security_privacy.html

7/27/23,1:14 PM

Sentence Similarity - A State of Art Approaches | IEEE Conference Publication | IEEE Xplore

IEEE.org IEEE Xplore IEEE SA IEEE Spectrum More Sites Cart Create Personal
&+ %) Account  SignIn
Access provided by: Sign Out
— Browse v My Settings v Help v Scms School Of
— Engineering And
Technology
Access provided by: Sign Out
Scms School Of
Engineering And
Technology
All v Q
ADVANCED SEARCH
Conferences > 2022 International Conference... e
Sentence Similarity - A State of Art Approaches
Publisher: IEEE Cite This PDF
T Nora Raju ; P ARahana ; Raichel Moncy ; Sreedarsana Ajay ; Sindhya K Nambiar  All Authors

1 159

Paper Full

Citation Text Views
Abstract

Document Sections

Introduction
Sentence Similarity

Comparison of Different
Semantic Similarity
Measures

. Conclusion

Authors

References

Citations

Keywords

Metrics

0 ¢ o a
Alerts

Manage Content Alerts

Add to Citation Alerts

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 I... View more

» Metadata
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.

Published in: 2022 International Conference on Computing, Communication, Security and Intelligent Systems
(Ic3sIs)

R T T .. s
More Like This

IEEE websites place cookigs, on Q48 Yisee kg% Y P4 B BRBL MSGSLXPerienty By URe £YE 48RS 5022 98

you agree to the placement of these cookies. To learn more, read our Privacy Policy.

357A2t:1cept & Close

https://ieeexplore.ieee.org/document/9885721

1/4


http://www.ieee.org/
https://ieeexplore.ieee.org/Xplore/home.jsp
http://standards.ieee.org/
http://spectrum.ieee.org/
http://www.ieee.org/sitemap.html
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/9885260/proceeding
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
javascript:void()
https://ieeexplore.ieee.org/author/37089525376
https://ieeexplore.ieee.org/author/37089525721
https://ieeexplore.ieee.org/author/37089525099
https://ieeexplore.ieee.org/author/37089525588
https://ieeexplore.ieee.org/author/37085350361
javascript:void()
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9885721
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9885721
https://ieeexplore.ieee.org/xpl/dwnldReferences?arnumber=9885721
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/alerts/citation
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9885721
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9885721/authors
https://ieeexplore.ieee.org/document/9885721/references
https://ieeexplore.ieee.org/document/9885721/citations
https://ieeexplore.ieee.org/document/9885721/keywords
https://ieeexplore.ieee.org/document/9885721/metrics
https://ieeexplore.ieee.org/document/9885721/similar
https://ieeexplore.ieee.org/xpl/conhome/9885260/proceeding
https://doi.org/10.1109/IC3SIS54991.2022.9885721
https://ieeexplore.ieee.org/search/advanced
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/servlet/Login?logout=/document/9885721/
https://ieeexplore.ieee.org/servlet/Login?logout=/Xplore/guesthome.jsp
javascript:void()
https://www.ieee.org/about/help/security_privacy.html
MILBY
Highlight

MILBY
Highlight


7/127/23, 1:14 PM Sentence Similarity - A State of Art Approaches | IEEE Conference Publication | IEEE Xplore

» ISBN Information:

Publisher:

IEEE

Conference Location: Kochi, India

I. Introduction
Amidst the evolution of the digital w

i= Contents

orld—the-internet-has-become-the
HEtHe-HRerRetRas He—+h

Itimate information hub. New

data keeps getting added on a regularSigeonnto Kordioner, Readidditio

the digitalization of all data calls for

n of all human languages and

‘the need for sentence simitarity.—

Authors

References

Citations

Keywords

Metrics

More Like This

Applying Natural Language Processing, Information Retrieval and Machine Learning to Decision Support in Medical Coordination in an Emergency

Medicine Context
2015 |IEEE 28th International Symposium on Computer-Based Medica
Published: 2015

| Systems

Joint workshop on bibliometric-enhanced information retrieval and natural language processing for digital libraries (BIRNDL 2016)

2016 IEEE/ACM Joint Conference on Digital Libraries (JCDL)
Published: 2016

Show More

IEEE websites place cookies on your device to give you the best user experience. By using our websites,

you agree to the placement of these cookies. To learn more, read our Privacy Policy.

https://ieeexplore.ieee.org/document/9885721

Accept & Close

2/4


javascript:void()
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsunzr4VS7xYCcsDD_yizwJJQtF7jPpzXzqL4dGWlwU4_JjBtQF7RQ_EdG24hx8mAXgQUnr4F-pmHO4l77n7fEfKAVo2K5qgTcEQiimHlv4p_ATF9gwb6Yemn0XKN6pnyng2PX4fQr-3JldOLhk0xWTSia9ubkp9FbbO7FKkw9w-yXpMfreqDMoHUnypDdhE6BXYuOQP7J-w-RkT2A0Kvv6RQfUGoATYhia99SkWgUr8lx6lXMBY3gYdxHjApNwguJ5LuncRUk0mPcivoaR3MXfMkvphXtnO0y2msJJ8zFCmckMt0kNhSRpJ_Fg_GQonJos_aCVhtOeqH9FvMgq2UTA&sai=AMfl-YSuPL40NXWE3zI5HoDN42QyUq7RiMeRpc7IrJ8VKEMyF4rViSCPGSMuHw7SjVtpg-XAhbqeyrpxYJYsNro57QTg9v9ExnH30caFhyC4omk2xHr5hhCYYphPtDG53g&sig=Cg0ArKJSzD0Gm6flRDKJ&fbs_aeid=[gw_fbsaeid]&adurl=https://forms1.ieee.org/PAO-eBook-Collections.html%3FLT%3DXPLLG_XPL_2023_LM_eBooks_Acad_Cust_300x250
https://ieeexplore.ieee.org/document/7167507/
https://ieeexplore.ieee.org/document/7559632/
javascript:void()
https://www.ieee.org/about/help/security_privacy.html

7/127/23, 1:14 PM Sentence Similarity - A State of Art Approaches | IEEE Conference Publication | IEEE Xplore

CHANGE PAYMENT OPTIONS COMMUNICATIONS US & CANADA: +1 800
USERNAME/PASSWORD VIEW PURCHASED PREFERENCES 678 4333
DOCUMENTS PROFESSION AND WORLDWIDE: +1 732
EDUCATION 981 0060
TECHNICAL INTERESTS CONTACT & SUPPORT

fin vy O 0©

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | IEEE Ethics Reporting [4 | Sitemap

IEEE Privacy Policy

IEEE Account

» Change Username/Password
» Update Address

Purchase Details

» Payment Options
» Order History
» View Purchased Documents

Profile Information
IEEE websites place cookies on your device to give you the best user experience. By using our websites,

C ications Pref . . .
f}oﬁ"é'&?@'gattg rl?\erﬁg?:récrﬁsent of these cookies. To learn more, read our Privacy Policy.

» Profession and Education

https://ieeexplore.ieee.org/document/9885721

Accept & Close

3/4


https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
tel:+1-800-678-4333
tel:+1-732-981-0060
https://ieeexplore.ieee.org/xpl/contact
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.linkedin.com/showcase/ieee-xplore
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.youtube.com/ieeexplore
https://www.instagram.com/ieeexplore_org
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
http://www.ieee-ethics-reporting.org/
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/ieee-xplore-sitemap
http://www.ieee.org/about/help/security_privacy.html
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvmvsFTBOul7bVP-dX3rqExvpXIwZoCL3hVSMuRbeLlLKQM_XD3cjc4HIL3DI6qlwHqR5oX6gZtVugOkEbME4R9g8qqDM6TmQQUFR1MD4MhqK6TF4dXv4YvlN-Cn9mFpi3OR6MZKXfUDscOmHc6V3Td5UrCI2UqidAFnw4jOXUQuYqR8JCiYZjdVr_6olTTr-SqSSio25jh8KEpzd_07XgL_KhOqg91gH-sd8T6g8G56mxnHvrJLIhTV8iJK4PgiusHAlDAJ9gTmmdLVe0jKLmeSqMKxozZ5x7zbhCdXOF1ZyFuviiSgaNQbpkr-_e69LkS0imDhFdEBfbcsuZnrlk5Zqs&sai=AMfl-YRnYMYbeCtGynrkzrnnBLmZItuwuD1MfvoPldiKtvX_Amd8NxO8XR1yZpPQjWSXggLyHaHk59CBFAec5qhfitRXf-kOgrmSdanlcRn4dzNJpFtjIHpAx6UPy1N8vw&sig=Cg0ArKJSzOx-Gd0vklo0&fbs_aeid=[gw_fbsaeid]&adurl=https://codeocean.com/signup/ieee
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/address/getAddrInfoPage.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/vieworder/showOrderHistory.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/about/help/security_privacy.html

7/127/23, 1:14 PM Sentence Similarity - A State of Art Approaches | IEEE Conference Publication | IEEE Xplore

» Technical Interests
Need Help?

»US & Canada: +1 800 678 4333
» Worldwide: +1 732 981 0060
» Contact & Support

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | Sitemap | Privacy & Opting Out of Cookies

A not-for-profit organization, IEEE is the world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.
© Copyright 2023 IEEE - All rights reserved. Use of this web site signifies your agreement to the terms and conditions.

IEEE websites place cookies on your device to give you the best user experience. By using our websites,

you agree to the placement of these cookies. To learn more, read our Privacy Policy.

https://ieeexplore.ieee.org/document/9885721

Accept & Close

4/4


https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/about-ieee-xplore.html
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp/Help_start.html
https://ieeexplore.ieee.org/Xplorehelp/accessibility-statement.html
https://ieeexplore.ieee.org/Xplorehelp/Help_Terms_of_Use.html
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://ieeexplore.ieee.org/xpl/sitemap.jsp
http://www.ieee.org/about/help/security_privacy.html
https://www.ieee.org/about/help/security_privacy.html

7/27/23, 1:13 PM Speech Emotion Recognition Using Bagged Support Vector Machines | IEEE Conference Publication | IEEE Xplore

IEEE.org IEEE Xplore IEEE SA IEEE Spectrum More Sites Cart Create Personal
&+ %) Account  SignIn
Access provided by: Sign Out
—— .
— Browse v My Settings v Help v Scms School Of
— Engineering And
Technology
Access provided by: Sign Out
Scms School Of
Engineering And
Technology
All v Q
ADVANCED SEARCH

Conferences > 2022 International Conference... e

Speech Emotion Recognition Using Bagged Support Vector Machines

Publisher: IEEE Cite This PDF

Bini Omman ; Shallet Mary T Eldho  All Authors

0 ¢ o a
91
Full Alerts

Text Views

Manage Content Alerts

Add to Citation Alerts

Abstract

Document Sections

I. Introduction
Abstract:Speech emotion popularity is one of the quite promising and thrilling issues in the area of human computer

II. Related Works interaction. It has been studied and analysed over several deca... View more

Ill. System Overview » Metadata

IV. Experimental Setup Abstract:

Speech emotion popularity is one of the quite promising and thrilling issues in the area of human computer interaction.
It has been studied and analysed over several decades. It's miles the technique of classifying or identifying emotions
embedded inside the speech signal.Current challenges related to the speech emotion recognition when a single
estimator is used is difficult to build and train using HMM and neural networks,Low detection accuracy,High

V. Results

Show Full Outline v

Authors computational power and time.In this work we executed emotion category on corpora — the berlin emodb, and the
ryerson audio-visible database of emotional speech and track (Ravdess). A mixture of spectral capabilities was
Figures extracted from them which changed into further processed and reduced to the specified function set. When compared
to single estimators, ensemble learning has been shown to provide superior overall performance. We endorse a
References bagged ensemble model which consist of support vector machines with a gaussian kernel as a possible set of rules for
the hassle handy. Inside the paper, ensemble studying algorithms constitute a dominant and state-of-the-art approach
Keywords for acquiring maximum overall performance.
Metrics

) ) IC3SIS
IEEEVW&sited prace cookiés on yt))ur device to give you the best user experience. By using our websites,

you agree to the placement of these cookies. To learn more, read our Privacy Policy.

Accept & Close

https://ieeexplore.ieee.org/document/9885578 1/4


http://www.ieee.org/
https://ieeexplore.ieee.org/Xplore/home.jsp
http://standards.ieee.org/
http://spectrum.ieee.org/
http://www.ieee.org/sitemap.html
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/9885260/proceeding
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
javascript:void()
https://ieeexplore.ieee.org/author/37085367653
https://ieeexplore.ieee.org/author/37089525022
javascript:void()
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9885578
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9885578
https://ieeexplore.ieee.org/xpl/dwnldReferences?arnumber=9885578
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/alerts/citation
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9885578
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9885578/authors
https://ieeexplore.ieee.org/document/9885578/figures
https://ieeexplore.ieee.org/document/9885578/references
https://ieeexplore.ieee.org/document/9885578/keywords
https://ieeexplore.ieee.org/document/9885578/metrics
https://ieeexplore.ieee.org/document/9885578/similar
https://ieeexplore.ieee.org/xpl/conhome/9885260/proceeding
https://ieeexplore.ieee.org/search/advanced
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/servlet/Login?logout=/document/9885578/
https://ieeexplore.ieee.org/servlet/Login?logout=/Xplore/guesthome.jsp
javascript:void()
https://www.ieee.org/about/help/security_privacy.html
MILBY
Highlight

MILBY
Highlight


7/27/23, 1:13 PM Speech Emotion Recognition Using Bagged Support Vector Machines | IEEE Conference Publication | IEEE Xplore

Date of Conference: 23-25 June 2022 INSPEC Accession Number: 22050491
Date Added to IEEE Xplore: 15 September 2022 DOI: 10.1109/IC3S1S54991.2022.9885578
» ISBN Information: Publisher: |IEEE

Conference Location: Kochi, India

i= Contents

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 fo %assifx angdetect e&be ded gmotions in audio files. The
g;n 1 to Continue Rea Rg ) )
r more than fwo decades. sejunique studies make use of

SER has been attracting attention

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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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 acthlty that uses social englneerlng and technical
deception to obtain a consumer’s p
the Anti-Phishing Working Group (APVB@gnas ﬂo@mthaseazeadmngam ng consumers’ flnanC|aI and
personal information through deceptio s such as phishing are
common strategies used to hack into networks, steal mformatlon 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-atmespheric-disturbances-Additionally, antenna-pointing
errors angle caused by satellite perturlSagjonnotob dhératbeReatirggmability may lead to
communication outage [4]. Furthermore, the fine-of-sight (LOS) fink 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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ABSTRACT

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
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measure of 89% and 100% for multi-class and binary problems respectively.
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Machine learning is key for automated detection of malicious network activity to ensure that computer network...
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ABSTRACT

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 (loUT) have been leaving an everlasting impression. However, the resource-
constrained underwater sensor nodes limit the potential of loUT 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)-

@ively better than the state-of-the-art routing methods in loUT.
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Energy efficiency is an important issue in Wireless Sensor Networks (WSNs). The energy is mainly consumed by
data sensing, data transmission and movement of sensors. The energy consumed by data transmission is much...
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Smartphones today are multi functional, with the majority of functions being utilized for a variety of
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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

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 i ici ireless sensor networks in
dynamic environments. Wireless sgns&igretwdok8 draimaferReddotgd data to the base station on a
regular basis [2]. The received data ne 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 Discover the world's
delay and congestion caused at the toll system. The Li- research

Fi is a disruptive technology driven by the visible light

o e 25+ million
spectrum that makes the data transmission process

- . members
much faster and enhances the system efficiency. In Li-
Fi, there is no interference as in radio waves and it + 160+ million
provides higher bandwidth. It is a bidirectional wireless publication
data carrier medium that uses only visible light and pages
photodiodes. Everything happens very fast in this world, o 2.3+] Join for free
including transportation. In the present scenario, citatic

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
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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 constraintis 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 - Yigiang 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]

Read more

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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Chapter | Full-text available

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]

View full-text

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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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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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 issués on the Internet due to its
E %V ni %ondnuee_F%e d\{n t

in to a

rapid proliferation and thus research in this domain is gaining incréasged significance.
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