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1

A New Perspective on the 
Green Strategy of Close 
Cycle Dissociation of H2S

Bachcha Lal, Dan 
Bahadur Pal, 
Chandradhwaj Nayak, 
Amit Kumar Gupta & 
Arvind Singh

Chemical 
Engg.

Journal of The 
Institution of Engineers 
(India): Series E

2022

Home | Journal of The Institution of Engineers (India): Series E (springer.com)
https://doi.org/10.1007/s40034-022-
00239-3 Scopus Web of Science

2

Development of chitosan-
based hybrid membrane 
modified with ionic-liquid 
and carbon nanotubes for 
direct methanol fuel cell 
operating at moderate 
temperature.

Dr H Sutar , R. Murmu Chemical 
Engg. Polymer Bulletin 2022

Home | Polymer Bulletin (springer.com)

https://doi.org/10.1007/s00289-022-
04246-7

Scopus Web of Science

3

Optimization Process 
Parameter by RSM BBD for 
the removal of titan yellow 
dye from acqueous solution 
by acid treated phyllantus 
acidus leaves

Chandradhwaj Nayak, 
Babitha Babu, V. Manoj, 
Chelluboyana Vaishnava 
Raghunath, M. Laxmi 
Deepak Bhatlu & 
Poornima Pandey 

Chemical 
Engg.

Biomass conversion 
and bio refinery 2022

Home | Biomass 
Conversion and 
Biorefinery 
(springer.com)

https://doi.org/10.1007/s13399-023-
04474-5 Scopus Web of Science

4

Mineralogical investigation 
on preheating studies of 
high LOI iron ore pellet

Kashinath Barik , 
Pallishree Prusti ,
Shatrughan Soren,
B.C. Meikap,
S.K. Biswal

Chemical 
Engg. Powder Technology 2022

Powder 
Technology | 
Journal | 
ScienceDirect.
com by Elsevier

https://doi.org/10.1016/j.powtec.
2023.118315

Scopus Web of Science

5

Mathematical approach and 
experimental validation on 
criteria for instability of 
interface between liquid 
droplet and water

Amit Kumar Gupta, Arvind 
Singh, Rajen Kumar 
Nayak, Ravi Shankar 
Prasad, Chelluboyana 
Vaishnava Raghunath, 
Chandradhwaj Nayak & 
Amar Kumar 

Chemical 
Engg.

Journal of Applied 
Mathematics and 
Physics / Journal de 
Mathématiques et de 
Physique appliquées

2022

Home | 
Zeitschrift für 
angewandte 
Mathematik und 
Physik (springer.
com)

https://doi.org/10.1007/s00033-022-
01928-0 Scopus Web of Science

6

Effect of Sulphuric acid 
on the physiochemical 
properties of chitosan 
PVA blend for direct 
methanol fuel cell

RABIRANJAN 
MURMU, DEBASHIS 
ROY, HAREKRUSHNA 
SUTAR,PRAGYAN 
SENAPATI, AND 
SWETAK ABHISEK 
MOHAPATRA

Chemical 
Engg.

J. of polymer Material 2022
Journal of 
Polymer 
Materials | 
ScienceDirect.
com by Elsevier

http://dx.doi.org/10.32381/JPM.
2022.39.1-2.6

Scopus Web of Science

7

Development of highly 
performed chitosan 
based thin film towards 
the sustainability of direct 
methanol fuel cell

Rabiranjan Murmu,
Debashis Roy,
Harekrushna Sutar,
Pragyan Senapati 
&Sarat Chandra Patra

Chemical 
Engg.

Polymer Plastic 
technology and 
materials

2022

Polymer-Plastics Technology and Materials | Taylor & Francis Online (tandfonline.com)

https://doi.org/10.1080/25740881.
2022.2133616

Scopus

8

Development of highly 
performed chitosan 
based thin film towards 
the sustainability of direct 
methanol fuel cell

 R. Murmu, rP 
Senapati, D Roy, Dr H 
Sutar, S C Patra

Chemical 
Engg.

Polymer Plastic 
technology and 
materials

2022

Polymer-Plastics Technology and Materials | Taylor & Francis Online (tandfonline.com)

https://doi.org/10.1080/25740881.
2022.2133616

Scopus
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9

polypropelene and 
graphene composites: 
Effect of selected 2D 
Nanofiller's plate sizes on 
fundamental 
physiochemical 
Properties

Sarat Chandra Patra ,
Sumit Swain ,Pragyan 
Senapati ORCID,
Himadri Sahu ,
Rabiranjan Murmu  
andHarekrushna Sutar 

Chemical 
Engg.

Inventions and Innovation 
in Applied Chemistry and 
Physics

2022

Inventions and 
Innovation in 
Applied 
Chemistry and 
Physics - A 
section of 
Inventions 
(mdpi.com)

https://doi.org/10.
3390/inventions8010008

Scopus
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polypropelene and 
graphene composites: 
Effect of selected 2D 
Nanofiller's plate sizes on 
fundamental 
physiochemical 
Properties

S C Patra, S SWAin, P 
Senapati, R. Murmu,  D 
Roy, Dr H Sutar

Chemical 
Engg.

Inventions and Innovation 
in Applied Chemistry and 
Physics

2022

Inventions and 
Innovation in 
Applied 
Chemistry and 
Physics - A 
section of 
Inventions 
(mdpi.com)

https://doi.org/10.
3390/inventions8010008

Scopus

11

Effect of Sulphuric acid 
on the physiochemical 
properties of chitosan 
PVA blend for direct 
methanol fuel cell

RABIRANJAN 
MURMU, DEBASHIS 
ROY, HAREKRUSHNA 
SUTAR,PRAGYAN 
SENAPATI, AND 
SWETAK ABHISEK 
MOHAPATRA

Chemical 
Engg.

J. of polymer Material 2022
Journal of 
Polymer 
Materials | 
ScienceDirect.
com by Elsevier

http://dx.doi.org/10.32381/JPM.
2022.39.1-2.6

Scopus Web of Science

12

Mathematical modelling and 
simulation of active direct 
methanol fuel cell

RABIRANJAN MURMU, 
DEBASHIS ROY, 
HAREKRUSHNA SUTAR, 
PRAGYAN SENAPATI, 
SWETAK ABHISEK 
MOHAPATRA

Chemical 
Engg. J. of polymer Material 2022

Journal of 
Polymer 
Materials | 
ScienceDirect.
com by Elsevier

http://dx.doi.org/10.32381/JPM.
2023.40.3-4.1

Scopus Web of Science
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Mathematical modelling and 
simulation of active direct 
methanol fuel cell

RABIRANJAN MURMU, 
DEBASHIS ROY, 
HAREKRUSHNA SUTAR, 
PRAGYAN SENAPATI, 
SWETAK ABHISEK 
MOHAPATRA

Chemical 
Engg. J. of polymer Material 2022

Journal of 
Polymer 
Materials | 
ScienceDirect.
com by Elsevier

http://dx.doi.org/10.32381/JPM.
2023.40.3-4.1

Scopus Web of Science

14

Coal and its benefication 
technique: A review B. Sahoo, K S S Sahoo Chemical 

Engg. Euro Chemical Bulletin 2022

2063-5346

European 
Chemical 
Bulletin 
(eurchembull.
com)

15

Experimental Investigation 
and optimizationof the FDM 
process using PLA

Sujata Sahoo
Harekrushna Sutar 
Pragyan Senapati 
Bhabani Shankar 
Mohanto 
Prasant Ranjan Dhal 
Subrat Kumar Baral 

Chemical 
Engg.

Materials Today: 
Proceedings 2022

Materials Today: 
Proceedings | 
Journal | 
ScienceDirect.
com by Elsevier

https://doi.org/10.1016/j.matpr.
2022.11.208

Scopus Web of Science

16

Performance of 
Bioremediation Strategy in 
waste lubricating oil 
pollutants : A Review

J Kanungo, T sahoo, I D 
Behera

Chemical 
Engg.

Geomicrobiology 
Journal 2022

Geomicrobiology Journal | Taylor & Francis Online (tandfonline.com)

https://doi.org/10.1080/01490451.
2023.2245395

Scopus

17

Effect of C/N ratio, 
temperature, and pH on the 
removal of ammonia-
nitrogen from wastewater 
using inverse fluidized bed 
biofilm reactor

Dr Anup K Swain Chemical 
Engg.

Indian Journal of 
Chemical Technology, 2022

Vol. 29 No. 4 (2022): Indian Journal of Chemical Technology | Indian Journal of Chemical Technology (IJCT) (niscpr.res.in)https://doi.org/10.56042/ijct.v29i4.59667 Scopus
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https://doi.org/10.1016/j.matpr.2022.11.208
https://doi.org/10.1016/j.matpr.2022.11.208
https://www.tandfonline.com/journals/ugmb20
https://doi.org/10.1080/01490451.2023.2245395
https://doi.org/10.1080/01490451.2023.2245395
https://or.niscpr.res.in/index.php/IJCT/issue/view/61
https://doi.org/10.56042/ijct.v29i4.59667


18

Performance investigation 
of MISO soft sensors in 
predicting AQI: A 
comparative analysis

S. Banerjee, Dipa Das Chemical 
Engg.

Indian Chemical 
Engineer 2022

Indian Chemical Engineer | Taylor & Francis Online (tandfonline.com)
https://doi.org/10.1080/00194506.
2024.2313493 Scopus

19

Performance investigation 
of MISO soft sensors in 
predicting AQI: A 
comparative analysis

S. Banerjee, Dipa Das Chemical 
Engg.

Indian Chemical 
Engineer 2022

Indian Chemical Engineer | Taylor & Francis Online (tandfonline.com)
https://doi.org/10.1080/00194506.
2024.2313493 Scopus

20

Applicability of Teetered 
bed separator for 
benefiaciting indian iron ore 
Fines: An Experimental 
study

B. Pradhan, I D Behera, K 
Sahoo, S Mohanta

Chemical 
Engg.

Journals of Mine, 
Metals and fuels 2022

Journal of Mines, Metals and Fuels (informaticsjournals.com)
http://dx.doi.org/10.
18311/jmmf/2023/31100 Scopus

21

Applicability of Teetered 
bed separator for 
benefiaciting indian iron ore 
Fines: An Experimental 
study

B. Pradhan, I D Behera, K 
Sahoo, S Mohanta

Chemical 
Engg.

Journals of Mine, 
Metals and fuels 2022

Journal of Mines, Metals and Fuels (informaticsjournals.com)
http://dx.doi.org/10.
18311/jmmf/2023/31100 Scopus

22

Capturing Pseudocritical 
property change in steam in 
a spiral steam pipe of a 
boiler through Numerical 
technique

D K Kanungo, P Senapati, 
H K Sutar

Chemical 
Engg. Euro Chemical Bulletin 2022

23

Micro fiber pollution and its 
Microbial mitigation: A 
review on current trends 
and future perspect

A P Das, K Dutta, R 
Khatun, I D Behera, S 
Singh

Chemical 
Engg.

Journal of the Taiwan 
Institute of Chemical 
Engineer

2022

Journal of the Taiwan Institute of Chemical Engineers | ScienceDirect.com by Elsevier
https://doi.org/10.1016/j.jtice.
2023.105104 Scopus Web of Science

24

Green synthesis of sub 10 
nm silver nanoparticles in 
gram scale using free 
impinging jet reactor Dr K Sahoo

Chemical 
Engg.

Chemical Engineering 
and Processing-
Process Intensification

2022

CEP:PI | Chemical Engineering and Processing - Process Intensification | Journal | ScienceDirect.com by Elsevier
https://doi.org/10.1016/j.cep.
2021.108439 Scopus Web of Science

25

Preparation and 
characterization of Red Mud 
modified Chitosan-PVA 
composite membrane for 
direct methanol fuel cell

Dr H Sutar, R. Murmu Chemical 
Engg.

Journal of 
Electrochemical Energy 
Conversion and 
Storage

2022

J. Electrochem. En. Conv. Stor | ASME Digital Collection

https://doi.org/10.1115/1.4055693

Scopus

26

An appropriate Numerical 
model to capture 
Pseudocritical Property 
change of steam flowing 
inside straight tube

D K Kanungo, B Sahoo,H 
K Sutar, R Murmu, 

Chemical 
Engg. Euro Chemical Bulletin 2022

2063-5346 European Chemical Bulletin (eurchembull.vercel.app)

http://dx.doi.org/10.48047/ecb/2023.
12.10.8072023.17/08/2023

27

An appropriate Numerical 
model to capture 
Pseudocritical Property 
change of steam flowing 
inside straight tube

D K Kanungo, B Sahoo,H 
K Sutar, R Murmu, 

Chemical 
Engg. Euro Chemical Bulletin 2022

2063-5346 European Chemical Bulletin (eurchembull.vercel.app)

http://dx.doi.org/10.48047/ecb/2023.
12.10.8072023.17/08/2023

28

An appropriate Numerical 
model to capture 
Pseudocritical Property 
change of steam flowing 
inside straight tube

D K Kanungo, B Sahoo,H 
K Sutar, R Murmu, 

Chemical 
Engg. Euro Chemical Bulletin 2022

2063-5346 European Chemical Bulletin (eurchembull.vercel.app)

http://dx.doi.org/10.48047/ecb/2023.
12.10.8072023.17/08/2023

29

The Mechanical and 
Thermal behaviour of 
unsaturated polyster Matrix 
composite filled with 
pistachio shell particles

Dr H Sutar, R. Murmu Chemical 
Engg.

Materials Today: 
Proceedings 2022

Materials Today: 
Proceedings | 
Journal | 
ScienceDirect.
com by Elsevier

https://doi.org/10.1016/j.matpr.
2022.09.460

Scopus Web of Science
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The Mechanical and 
Thermal behaviour of 
unsaturated polyster Matrix 
composite filled with 
pistachio shell particles

Dr H Sutar, R. Murmu Chemical 
Engg.

Materials Today: 
Proceedings 2022

Materials Today: 
Proceedings | 
Journal | 
ScienceDirect.
com by Elsevier

https://doi.org/10.1016/j.matpr.
2022.09.460

Scopus Web of Science
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Effect of zinc oxide on the 
mechanical , thermal and 
physiochemical properties 
of chitosan based hybrid 
membrane for DMFC 
application

N R Dash , Dr H Sutar, R. 
Murmu

Chemical 
Engg.

Materials Today: 
Proceedings 2022

Materials Today: 
Proceedings | 
Journal | 
ScienceDirect.
com by Elsevier

https://doi.org/10.1016/j.matpr.
2023.06.082

Scopus Web of Science
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Effect of zinc oxide on the 
mechanical , thermal and 
physiochemical properties 
of chitosan based hybrid 
membrane for DMFC 
application

N R Dash , Dr H Sutar, R. 
Murmu

Chemical 
Engg.

Materials Today: 
Proceedings 2022

Materials Today: 
Proceedings | 
Journal | 
ScienceDirect.
com by Elsevier

https://doi.org/10.1016/j.matpr.
2023.06.082

Scopus Web of Science
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Effect of Sulphuric acid 
on the physiochemical 
properties of chitosan 
PVA blend for direct 
methanol fuel cell

RABIRANJAN 
MURMU, DEBASHIS 
ROY, HAREKRUSHNA 
SUTAR,PRAGYAN 
SENAPATI, AND 
SWETAK ABHISEK 
MOHAPATRA

Chemical 
Engg.

J. of polymer Material 2022
Journal of 
Polymer 
Materials | 
ScienceDirect.
com by Elsevier

http://dx.doi.org/10.32381/JPM.
2022.39.1-2.6

Scopus Web of Science

34

Band gap tailoring and 
photosensitivity study of Al-
doped SnO2 
nanocrystallites prepared by 
sol–gel technique

Binod Bihari Panda, 
Debakanta Tripathy, 
Niladri Maity Chemistry

Journal of Materials 
Science: Materials in 
Electronics 2022 Home | Journal of Materials Science: Materials in Electronics (springer.com)

https://doi.org/10.1007/s10854-022-
09167-9 Scopus Web of Science

35

Chlorophyll-a functionalised 
Zn-Cd-S thin film fabricated 
by SILAR technique for dye 
sensitised solar cells

Mahesh Kumar Ghosh, 
Rabindra Kumar Send, 
Prasanta Kumar 
Mahapatra, Binod Bihari 
Panda Chemistry

Inorganic Chemistry 
Communications, 
ELSEVIER 2022 1387-7003 Inorganic Chemistry Communications | Journal | ScienceDirect.com by Elsevier

https://doi.org/10.1016/j.inoche.
2022.109670 Scopus Web of Science

36

Design aspects of a 
continuous flow 
photocatalytic reactor and 
its application to degrade 
methylene blue and textile 
wastewater

Chittaranjan Sahoo, Binod 
Bihari Panda, Ashok 
Kumar Gupta Chemistry Chemistry Select 2022 Chemistry Europe - Wiley Online Libraryhttps://doi.org/10.1002/slct.202201179 Scopus

37

Lanthanide based inorganic 
phosphates and biological 
nucleotides sensor

Jashobanta Sahoo, 
Chidharth Krishnaraj, 
JiaminSun, Binod Bihari 
Panda, Palani S.
Subramanian, Himanshu 
Sekhar Jena, Chemistry

Coordination Chemistry 
Reviews 2022 0010-8545. Coordination Chemistry Reviews | Journal | ScienceDirect.com by Elsevier

https://doi.org/10.1016/j.ccr.
2022.214583 Scopus Web of Science
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Design aspects of a 
continuous flow 
photocatalytic reactor and 
its application to degrade 
methylene blue and textile 
wastewater

Chittaranjan Sahoo, Binod 
Bihari Panda, Ashok 
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ABSTRACT

Electrical, optical and photosensitivity of aluminium-doped tin oxide (Al-SnO2)

nanocrystallites prepared by sol–gel technique and annealed at 400 �C and

500 �C are studied. The synthesized nanocrystallites are characterized using

spectroscopic techniques such as powder X-ray diffraction (PXRD), scanning

electron microscopy (SEM), Fourier transform infrared (FTIR) spectroscopy,

energy-dispersive X-ray spectroscopy (EDX) and UV–VIS-DRS spectroscopy.

The PXRD data confirm the development of polycrystalline nanocrystallites

having crystal size & 6.8 nm at 400 �C which increases to & 8.7 nm on

annealing at 500 �C. SEM images illustrate the formation of nanoclusters. Broad

characteristics bands of FTIR spectra demonstrate the presence of physical

interaction between SnO2 and Al2O3. EDX spectra illustrate the presence of

aluminium, tin and oxygen in the particles annealed at 400 �C and 500 �C with

composition Sn0.726Al0.274O2 and Sn0.809Al0.191O2, respectively. UV–VIS-DRS

spectroscopy illustrates that the band gap energy of 400 �C and 500 �C annealed

materials are 3.42 and 3.35 eV, respectively. First time, the electrical properties

and photosensitivity of the Al-SnO2 nanocrystallites annealed at two different

temperatures are studied by making the particles into thin films of thickness

103l (400 �C) and 106l (500 �C) on glass substrate.

1 Introduction

Nowadays metal oxide nanocrystallites are creating

immense interest among researchers because of their

unique characteristics, wide range of applications

and stability. They are key materials for optoelec-

tronic devices [1–5]. Among the oxides, SnO2 is a

significant n-type semiconducting material and is

useful in fabrication of solid-state gas sensors [6],

transparent conducting electrodes [7], rechargeable

Li-batteries [8] optical and electronic devices [9],

catalyst for photo-degradation & organic conversion

[10], photo-electrodes of photovoltaic cells for solar

energy conversion and antistatic coating [11–14].

Researchers have reported that the optoelectronics
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Abstract
Emotions play a significant part in a person's social connections, decision-making, and perception of the world. Elicited 
emotions cause a change in a person's physiological and psychological states. As Electroencephalography (EEG) facilitates 
a close study of brain activity, it is becoming a standard method among the research community for reliable recognition of 
human emotions. This work demonstrates various advancements in emotion recognition utilizing EEG signals and points 
out major changing trends by making a comparison of previously available research in this field. In addition to the survey a 
detailed explanation of the procedure for refining EEG for emotion recognition has been explained in this work. This aims 
to help researchers, especially beginners, have a thorough understanding of the developmental research in this field.

Keywords EEG · Human–computer interaction · Human brain · Emotion recognition

1 Introduction

Artificial intelligence is a field of research based on logical 
and mathematical intelligence. There have been several cat-
egories of research work in several fields that have tried to 
leverage the benefit of artificial intelligence for better results 
and insights. One such area of focus is emotion recognition 
which can be associated with various human-centric com-
putational solutions. Machine learning applications can be 
helpful in improving computation involving human emo-
tions. Understanding emotions is a crucial form of commu-
nication that involves several forms of human-gestures and 
can help make HCI (Human–Computer Interaction) more 
appreciable for human-centric applications. The sources of 
human recognition may include facial expressions, voice 
intonations, body language, and even subjective Self-
Assessment Manikin (SAM reports). While these methods 
can be useful and have been used for years, researchers have 

concluded that they are unreliable for emotion recognition 
because subjects can easily hide their original emotion by 
manipulating various bodily expressions. Thus, the latest 
standard is to employ physiological signals for the purpose 
(Homan et al. 1987). The various forms of physiological 
signals for emotion recognition may include factors like 
heart rate (HR), electromyogram signal (EMG), respiratory 
volume (RV), skin conductance (SKC), skin temperature 
(SKT), blood volume pulse (BVP), etc. Studies have shown 
EEG signals to be one of the best choices for emotion clas-
sification given that they are non-invasive, rapid, and afford-
able (Wioleta 2013).

In this paper, the survey conducted by Alracao et al. 
(2017) has been extended and presented in the form of an 
in-depth analysis of the changing trends of several signifi-
cant factors while carrying out the experiment to recognize 
emotion using EEG (Alarcao and Fonseca 2017). For this 
study, two queries were used with both IEEE Xplore and 
Google Scholar. The first one being "EEG + Emotions + Rec-
ognition" while the latter being "EEG + Emotions + Identi-
fication". From the output received from the search query, 
around 60 research papers were selected between the years 
2017 and 2023 to carry out this survey. The work depicted 
in this paper has been organized in different sections. The 
Sect. 2 provides a brief background study to provide a more 
in-depth understanding of EEG and the physiological aspects 
of emotions in the human brain. It provides information 
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a b s t r a c t

A smart wheelchair provides mobility assistance to persons with motor disabilities by processing
sensory inputs from the person. This involves accurately collecting inputs from the user during various
movement activities and using them to determine their intended motion. These smart wheelchairs
work by collecting brain signals in the form of electroencephalography (EEG) signals and by processing
them into a quantized format to provide movement assistance to people. Such systems can be referred
to as brain–computer interface (BCI) systems that work with EEG signals. Acquiring data from human
beings in the form of brain signals through EEG, along with processing of those signals and ensuring
the correctness of actions instigated by those brain signals involve a huge amount of data. In this work,
we carried out an experiment by taking 100 human subjects and recording their brain signals using a
NeuroMax device. Typical wheelchairs are constrained by design as the motion of those is limited either
by manual operation or controlled by haptic sensors and actuators. The main objective in this work
was to design a wheelchair with better usability and control using machine learning-based knowledge,
which is typically a data-driven approach. However, the proposed approach was designed to take
inputs from human gestures and brain sensory activities to provide better usability to the wheelchair.
The attention meditation cost–benefit analysis (AMCBA) proposed in this paper aims to reduce the risk
of inappropriate results and improve performance by considering various cost–benefit parameters. The
said classifier aims to improve the quality of emotion recognition by filtering features from EEG signals
using methods of feature selection. The operation of the proposed method is described in two steps:
in the first step, we assign weights to different channels for the extraction of spatial and temporal
information from human behavior. The second step presents the cost–benefit model to improve the
accuracy to help in decision-making. Moreover, we tried to assess the performance of the wheelchair
for various assumptions and technical specifications. Finally, this study achieves improved performance
in the most difficult circumstances to provide a better experience to persons with immobility.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of ShandongUniversity. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Information signals are useful for obtaining a thorough under-
standing of the complicated dynamics of interconnected neurons
in the human brain. The human brain experiences varied states
of activity, rest, and cognition. Investigating and classifying these
phases is a difficult task that necessitates the use of a well-defined
mechanism to assess brain activity. It is a well-observed fact
that brain activity is proportional to cognitive load. Electroen-
cephalography (EEG) [1] is a common neuroimaging method that
is employed for observing and recording neural activity in the
human brain. It is a technique that collects data from the surface
of the scalp with the help of metal electrodes, thus providing

∗ Corresponding author.
E-mail address: chand.cet@gmail.com (J.C. Badajena).

important data about the brain’s ongoing neural activity. This
method is preferred over other neuroimaging [2] processes, as it
is more cost-efficient [3] and facilitates the ease of mobility. De-
pending on our daily activities, our brain exists in varying states.
Therefore, to learn more about the different states and classify
the actual state, it is necessary to process the obtained data in
order to extract relevant features that can be further utilized
for classification [4]. Processing is also needed to determine the
precision and efficiency of the wheelchair based on the obtained
signal inputs from the human brain.

According to the studies conducted by the World Health Or-
ganization [5], nearly 650 million (and possibly more) people
are physically handicapped, out of which roughly 70 million are
estimated to be living in India alone. Several studies [4,6,7] have
found that the incidence of impairment rises with age.

The customization of a wheelchair based on individual pref-
erence may be a challenging task, because the required data

https://doi.org/10.1016/j.hcc.2023.100118
2667-2952/© 2023 The Author(s). Published by Elsevier B.V. on behalf of Shandong University. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Abstract: Mobile Crowdsensing (MCS) is a major source of a vast dataset containing heterogeneous types of data collected from
various sources and stored in the local or remote server. Proper analysis of MCS data helps in better decision-making. However, MCS
data suffers from data integrity issues, such as validity, accuracy, and reliability, that affect decision-making. Therefore, ensuring data
integrity in the MCS environment is essential as it is a major source of a huge dataset. The proposed work considers user review
data collection and analysis using a mobile application developed for the purpose. To ensure the data integrity, identification of fake
and invalid reviews in the dataset need to be determined. This work proposes two approaches to solve data integrity issues. The first
approach is to detect and eliminate fake/ invalid reviews from the dataset. The second is to identify the sources of fake/ invalid reviews
and block them to protect the dataset from future fake reviews. Machine learning (ML) models are proposed to solve these issues and
to ensure data integrity by filtering out fake reviews from real-time data sets. The proposed model uses data fuzzification over a purely
mathematical model that categorizes users or customers as honest, suspicious, or malicious and their reviews/ feedback as genuine or
fake using ratings provided by the user in the MCS Environment. Using the developed mobile application, user can give feedback
about the desired location through various devices, which is stored in a cloud platform. The dataset can be analyzed through a fuzzy
logic-based mathematical model followed by an ML algorithm and cost-benefit analysis to detect genuine reviews for maintaining
data integrity. Further accuracy of the proposed models is compared with popular ML algorithms such as Naive Bayes (NB), Bayes
Net(BN), Support Vector Machine(SVM), Decision Tree(J48), and Random Forest(RF). Initially, it achieves 99.79% of accuracy using
the Random Forest algorithm that has been enhanced to 100% using cost-benefit analysis in cross-validation mode.

Keywords:Data Integrity, Mobile Crowdsensing(MCS), Review classification, Machine Learning, Rating, Fuzzy Model, Cost
Benefit Analysis.

1. INTRODUCTION
Data integrity is defined as maintenance, assurance of

completeness, consistency, safety, and accuracy throughout
its life cycle. It is essential for any database or cloud
system that stores, processes, and analyzes data. It must
be secured and cannot be modified maliciously so that
obtained information from the dataset will be reliable
at any time. Various standards and rules have been
designed to ensure data integrity. Data integrity ensures
that information retrieved from the dataset will be reliable,
complete, and accurate. It is essential to identify and
eliminate invalid and fake data and also identify users
who wants to temper dataset through invalid and fake
data maliciously to ensure data integrity. It can be applied
and studied through different real-time applications such
as fake review analysis considered in the proposed work.

Feedback/Review provided by the user after getting an
experience on a particular thing is called a review. It may
be obtained from users in online and offline modes. It
may be positive or negative as per the user’s experience
with a specific product, place, person, etc. Positive reviews
can enhance popularity, whereas; negative reviews can
reduce the popularity of certain products, places, people,
etc. Therefore It plays an important role in a majority
of sectors. A review may be genuine or fake as per the
user’s intention. Some malicious users consistently provide
fake reviews on specific products, places, people, etc., to
compromise their popularity by increasing or decreasing. In
the current era, Reviews given by the user are considered
correct, and they blindly believe the feedback or reviews
provided by other customers or users. So it needs to be
reliable, real, accurate, and complete, but a few malicious

Email:ramesh0986@igitsarang.ac.in,sateesh1960@gmail.com,igitsethi@gmail.com,udgata@uohyd.ac.in https:// journal.uob.edu.bh/
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Abstract
Emotions play a significant part in a person's social connections, decision-making, and perception of the world. Elicited 
emotions cause a change in a person's physiological and psychological states. As Electroencephalography (EEG) facilitates 
a close study of brain activity, it is becoming a standard method among the research community for reliable recognition of 
human emotions. This work demonstrates various advancements in emotion recognition utilizing EEG signals and points 
out major changing trends by making a comparison of previously available research in this field. In addition to the survey a 
detailed explanation of the procedure for refining EEG for emotion recognition has been explained in this work. This aims 
to help researchers, especially beginners, have a thorough understanding of the developmental research in this field.

Keywords EEG · Human–computer interaction · Human brain · Emotion recognition

1 Introduction

Artificial intelligence is a field of research based on logical 
and mathematical intelligence. There have been several cat-
egories of research work in several fields that have tried to 
leverage the benefit of artificial intelligence for better results 
and insights. One such area of focus is emotion recognition 
which can be associated with various human-centric com-
putational solutions. Machine learning applications can be 
helpful in improving computation involving human emo-
tions. Understanding emotions is a crucial form of commu-
nication that involves several forms of human-gestures and 
can help make HCI (Human–Computer Interaction) more 
appreciable for human-centric applications. The sources of 
human recognition may include facial expressions, voice 
intonations, body language, and even subjective Self-
Assessment Manikin (SAM reports). While these methods 
can be useful and have been used for years, researchers have 

concluded that they are unreliable for emotion recognition 
because subjects can easily hide their original emotion by 
manipulating various bodily expressions. Thus, the latest 
standard is to employ physiological signals for the purpose 
(Homan et al. 1987). The various forms of physiological 
signals for emotion recognition may include factors like 
heart rate (HR), electromyogram signal (EMG), respiratory 
volume (RV), skin conductance (SKC), skin temperature 
(SKT), blood volume pulse (BVP), etc. Studies have shown 
EEG signals to be one of the best choices for emotion clas-
sification given that they are non-invasive, rapid, and afford-
able (Wioleta 2013).

In this paper, the survey conducted by Alracao et al. 
(2017) has been extended and presented in the form of an 
in-depth analysis of the changing trends of several signifi-
cant factors while carrying out the experiment to recognize 
emotion using EEG (Alarcao and Fonseca 2017). For this 
study, two queries were used with both IEEE Xplore and 
Google Scholar. The first one being "EEG + Emotions + Rec-
ognition" while the latter being "EEG + Emotions + Identi-
fication". From the output received from the search query, 
around 60 research papers were selected between the years 
2017 and 2023 to carry out this survey. The work depicted 
in this paper has been organized in different sections. The 
Sect. 2 provides a brief background study to provide a more 
in-depth understanding of EEG and the physiological aspects 
of emotions in the human brain. It provides information 
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ABSTRACT:  
Channel assignment in CRAHN (Cognitive Radio Ad Hoc Network) is defined as a critical issue 
during any kind of communication to be executable. It is a problem of determining an optimal 
mapping between the accessible licensed channels and the cognitive radio channels such that the 
performance of CRAHN is optimized. The objectives of the channel assignment in this concerned 
network are to assign the available channels to cognitive radio interfaces of cognitive nodes to achieve 
proficient spectrum utilization, to diminish the interference among cognitive or secondary nodes, and 
to curtail the interference to PUs (primary users). Thus, motivates the necessity for optimization 
during spectrum sensing in a cognitive radio system. This paper has  narrowly focused  on optimized 
spectrum  allocation problems by developing new  algorithms  under  a  platform  of  Non-dominated  
Sorting-based  Genetic  algorithm  (NSGA-II), Heuristic Harmony Search (HS), Cuckoo Search (CS),  
and  Multi  Objective  Bat Algorithm  (MOBA)  by  weighted  sum  method. The assessment of 
optimal solutions in terms of true pareto-fronts has been discussed towards ensuring eco-friendly 
environment in context with channel allocation. 

 
Keywords- CRAHN, PU, Cognitive Radio, Spectrum Allocation 
 

1.INTRODUCTION  

To meet the recent challenges in the rapidly expanded service demands, it is mandatory to materialize 
the needs by means of integrating and merging fundamental wireless access network infrastructure like 
ad-hoc, cellular, and broadcasting schemes as well as optimizing the communication resource 
coordination towards various applications. In this context, to synchronize wireless network resources 
by integrating services for different applications under various spectrum regulations, it is inevitable to 
possess a cooperative, flexible, and reliable communication node. Hence, to provide ever-present and 
un-interrupted connectivity with integrated access and dynamic services, it is advisable to have a
platform that is favorable for multi-band, multi-mode re-configurability being having operational 
environment around it. A hopeful explanation to such a problem in above scenario is CRAHN with its 
intellect ability required to realize the optimal performance that is to be projected under dynamic and 
random situations [1].   

It is very much understood that CR (cognitive radio) is supported behind a concept of SUs (secondary 
users) might have sufficient transmission opportunity to assure their service quality due to the 
underutilized behaviour of channel by the primary system. Under such circumstances if SUs fails to 
find the means of increasing their transmission opportunity, then the quality of service (QoS) of the 
secondary network will be meticulously ruined. Thus, necessary action is to be taken up to increase the 
network throughput by creating additional transmission opportunity of CUs (cognitive users) without 
affecting primary service quality [2]. Analysis of various optimal techniques in the field wireless 
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æPçè

éDL@CAGD?A�FK�êëDEACJE@ë�ê?ìJ?DDCJ?ìí�îîï�ðFFCñDDí�ðFFCñDDí�î?òJ@>�_óôõ1ö-�ô÷óöó÷*59ø4ôõ1ö2÷0ô

















DE optimized IPIDF controller for
management frequency in a
networked power system with
SMES and HVDC link
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A major concern is frequency change with load. So, Load Frequency Control (LFC)

of an interconnected power system is proposed in this research using a unique

integral plus proportional integral derivative controller with filter (IPIDF). The

Differential Evolution (DE) algorithm is used to optimize the integral plus

proportional integral derivative controller with filter controller parameters for a

two-area power system. By contrasting the results of the proposed method with

those of recently published optimization techniques for the same power system,

such as the Particle Swarm Optimization (PSO), Genetic Algorithm (GA), Firefly

Algorithm (FA), andDifferential Evolution (DE) based Proportional integral derivative

(PID) and PIDF controllers, the superiority of the integral plus proportional integral

derivative controller with filter approach is made clear. It is possible to determine

the system performance index like integral timemultiplied the absolute error (ITAE)

and the settling time (Ts). The power system with superconducting magnetic

energy storage and an HVDC link is also included in the proposed work, and the

values of the suggested integral plus proportional integral derivative controller with

filter controllers are evaluated using the Differential Evolution method. By

comparing the outcomes with the Differential Evolution tuned PIDF controller

for the identical power systems, the suggested controller’s superiority is

demonstrated. To show the stability of the recommended Differential Evolution

algorithm tuned integral plus proportional integral derivative controller with filter

controller, the speed governor, turbine, synchronizing coefficient, and frequency

bias parameters’ time constants and operating load conditions are varied in the

range of +25 to −25% from their nominal values, along with the magnitude and

location of step load perturbation and pulse load perturbation, to perform

sensitivity analysis. According to research, proposed integral plus proportional

integral derivative controller with filter controllers offer greater dynamic

response by minimizing time required to settle and undershoots than

Proportional integral derivative controllers and PIDF controllers. MATLAB/

Simulink is used to run the simulations.

KEYWORDS

load frequency control (LFC), differential evolution (DE) algorithm, proportional
integral derivative (PID), integral plus proportional integral derivative controller
with filter (IPIDF), superconducting magnetic energy storage system (SMES)
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Abstract

The static stability investigation of a Timoshenko sandwich beam with varying thickness and
supported on a Pasternak foundation with varying spring stiffness with axial loading at the
ends is performed considering thermal gradient. The complete mathematical modelling of
the non-uniform Timoshenko sandwich beam is expressed with the help of energy principle
given by Hamilton. The static stability analysis of the system is analysed for pinned-pinned
(P-P) boundary condition. The plots presenting the static stability of the Timoshenko
sandwich beam are achieved and analysed for various values of system and geometric
parameters using MATLAB and are illustrated over a series of figures. The system static
stability is improved due to shear parameter, the ratio of shear layer thickness to beam length
and the ratio of modulus of rigidity of supporting shear layer and modulus of elasticity of top
layer. An increment in the taper parameter and thermal gradient parameter degrades the
static stability.

Keywords

Timoshenko sandwich beam; Variable Pasternak foundation; Taper parameter; Static
stability
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Highlights

• A new physical based model to address the creep deformation of 304HCu SS.

• Internal variables: mobile and forest dislocation densities, and mean free path.

• Theoretical creep curves are validated with experimental curves.

• The evolution of dislocation densities, dislocation mobility, velocity of

dislocations, internal stress, effective stress and damage parameters is tracked

and discussed all together thoroughly.
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Abstract: In this work, we present a Big Rip scenario within the framework of the generalized
Brans-Dicke (GBD) theory. In the GBD theory, we consider an evolving BD parameter along with
a self-interacting potential. An anisotropic background is considered to have a more general view
of the cosmic expansion. The GBD theory with a cosmological constant is presented as an effective
cosmic fluid within general relativity which favours a phantom field dominated phase. The model
parameters are constrained so that the model provides reasonable estimates of the Hubble parameter
and other recent observational aspects at the present epoch. The dynamical aspects of the BD
parameter and the BD scalar field have been analysed. It is found that the present model witnesses
a finite time doomsday at a time of tBR ' 16.14 Gyr, and for this scenario, the model requires a large
negative value of the Brans-Dicke parameter.

Keywords: cosmological constant; generalised Brans-Dicke theory; Big Rip

1. Introduction

Late-time cosmic acceleration is one of the most bizarre and unsolved problems in modern
cosmology. In scalar field cosmological models, the late-time cosmic acceleration issue is
predominantly attributed to an exotic dark energy (DE) form that corresponds to a cosmic
fluid having low energy density, as well as negative pressure. This is usually understood
through a quantity dubbed as the equation of state (EoS) parameter ωD = p

ρ , where p
represents the DE pressure and ρ symbolises the dark energy density. The dark energy with
a negative pressure corresponds to a negative EoS parameter. Despite several attempts
made by astronomers and cosmologists, the experimental determination of ωD remains
challenging. Its precise estimation at the present epoch along with the knowledge of
its development over a long period may unravel the mystery of the dark energy whose
nature and origin remains speculative so far. In the ΛCDM model, the cosmological
constant Λ with ωD = 1 plays the role of dark energy. However, in canonical scalar
field models, quintessence fields or phantom fields shoulder the burden for the late-time
cosmic speed-up, while the EoS parameter for the quintessence field lies in the range
− 2

3 ≤ ωD ≤ − 1
3 [1–3], which for the phantom fields, becomes ωD < −1 [4]. However, the

EoS parameter as constrained from recent observational data favours a phantom phase
in the Universe with ωD < −1 [5], while constraints from the CMB data in the nine-year
WMAP survey suggest that ωD = −1.073+0.090

−0.089 [6], a combination of the CMB data with
Supernova data, predicts ωD = −1.084± 0.063 [7]. Other constraints on the EoS parameter
include ωD = −1.035+0.055

−0.059 from Supernova cosmology project [8], ωD = −1.03± 0.03
from recent Planck 2018 results [9] and from Pantheon data ωD = −1.006 ± 0.04 [10].
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Abstract: In this paper, we studied the bouncing behavior of the cosmological models formulated in

the background of the Hubble function in the F(R,G) theory of gravity, where R and G, respectively,

denote the Ricci scalar and Gauss–Bonnet invariant. The actions of the bouncing cosmology are

studied with a consideration of the different viable models that can resolve the difficulty of singularity

in standard Big Bang cosmology. Both models show bouncing behavior and satisfy the bouncing

cosmological properties. Models based on dynamical, deceleration, and energy conditions indicate

the accelerating behavior at the late evolution time. The phantom at the bounce epoch is analogous

to quintessence behavior. Finally, we formulate the perturbed evolution equations and investigate

the stability of the two bouncing solutions.

Keywords: F(R,G) gravity; bouncing cosmology; energy conditions; stability analysis

1. Introduction

In recent astrophysics and cosmology research, instances of late-time cosmic accel-
eration supposedly witnessed by cosmological observations have compelled theoretical
cosmologists and astrophysicists to think beyond general relativity (GR) . Cosmological
observations such as those of high redshift supernovae [1], supernovae of type Ia [2,3],
cosmic microwave background radiations (CMBRs) [4,5], baryon acoustic oscillations [6],
and Planck collaboration [7] are sufficiently indicative of the accelerated expansion of the
universe. Furthermore, the cause has been speculated to be the presence of some exotic
dark energy (DE). The negative pressure indicates the violation of strong energy conditions
as well as a limitation in GR. Accordingly, in the field equations of GR, the modification
is thought to be in the geometrical part or matter part. The matter can be modified by
replacing the dynamical parameters with the DE parameters that lead to the DE models.
The modification in the geometrical part can be performed by including additional terms,
known as geometrically extended gravity models. Some recent geometrical extended gravi-
ties are F(R) gravity [8–10], F(R, T) gravity [11], F(T ) gravity [12,13], F(Q, T) gravity [14],
etc. Another such extension is made by including the Gauss–Bonnet invariant, known as
the F(R,G) gravity [15]. The next section discusses F(R,G) gravity in detail.

The standard model or Big Bang cosmology has been widely accepted as a cosmologi-
cal model and has successfully defended many intriguing universe problems. However,
regarding the issue of late-time cosmic acceleration, GR has difficulties in resolving some
early universe issues such as an initial singularity, flatness, and cosmic horizon. The in-
flationary scenario could resolve the flatness and horizon issues, but not that of initial
singularity. To date, the beginning of the universe before inflation is not known. This is
because of the attractor nature of inflation. When the inflation started, the information on
the initial singularity was lost as the initial spatial curvature was stretched away by the
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In this paper, a cosmological model of the Universe is presented in f (Q , T ) gravity and the parameters 
are constrained by cosmological data sets. Initially, a generalised form of f (Q , T ) model is used as 
f (Q , T ) = −λ1 Q m −λ2 T 2, where λ1, λ2 and m are model parameters. With some algebraic manipulation, 
the Hubble parameter is obtained in terms of redshift. Then, using MCMC analysis, the model parameters 
are constrained using the most current Hubble and Pantheon+ data. The model parameters are also 
verified through the BAO data set. The model shows an early deceleration transitioning to an accelerating 
phase of the Universe. The Om(z) diagnostic indicates a positive slope, favouring the model to be in a 
phantom field dominated phase.

© 2023 Elsevier B.V. All rights reserved.

1. Introduction

The late time acceleration (Riess et al., 1998; Perlmutter et al., 
1999; Tegmark et al., 2004; Abazajian et al., 2004; Spergel et al., 
2003; Parkinson et al., 2012) is one of the most significant ac-
complishment in recent research on cosmology and gravitational 
physics. This finding compels to go outside the frame to explain 
the repulsive nature of gravity on large cosmic scales. It is not 
known regarding the source of creation of the repulsive gravity, 
however the reason might be the presence of dark energy. The 
presence of dark energy, a non-standard component of the Uni-
verse with negative pressure, or a large-scale infra-red modifica-
tion of General Relativity (GR). Dark energy has major share in the 
mass-energy budget of the Universe and remains sub-dominant 
in prior epochs resulting difficulty in model building. The cur-
rent dynamics of the Universe show the acceleration due to the 
dark energy component and the cosmological constant (�) may be 
the simplest candidate. This has been originated from early vac-
uum quantum fluctuations. At late time of the cosmic dynamics, 
the concordance flat �CDM paradigm has become most success-
ful in explaining the observed phenomena. The equation of state 
(EoS) parameter of dark energy mediated through the cosmological 

* Corresponding author.
E-mail addresses: agrawalamar61@gmail.com (A.S. Agrawal), 

bivu@hyderabad.bits-pilani.ac.in (B. Mishra), tripathy_sunil@rediffmail.com
(S.K. Tripathy).

constant enables to distinguish different phases of the cosmologi-
cal models (ωD E ≈ −1). The other two ideas are the quintessence 
and phantom field dominated phases, which can be respectively 
identified as, −1 ≤ ωD E < 0 and ωD E ≤ −1. However, the recent 
surveys ruled out the possibility of ωD E ≈ −1, although ωD E could 
be a bit less than −1 (Riess et al., 2004; Eisentein et al., 2005; 
Astier et al., 2006). Several corrections are suggested to ωD E : CMB 
observations was limited to ωD E = −1.073+0.0900

−0.089 by the 9-year 
WMAP survey (Hinshaw et al., 2013), ωD E = −1.0840 ± 0.063 is 
suggested by a combination of CMB and Supernova data (Hinshaw 
et al., 2013). Kumar and Xu constrained it to ωD E = −1.06+0.110

−0.13
based on a combined examination of the data sets of SNLS3, BAO, 
Planck, WMAP9, and WiggleZ (Kumar and Xu, 2014). Combining 
Planck data with additional astronomical data, including Type Ia 
supernovae, Ade et al. (2016) suggested ωD E = −1.006 ± 0.045.

We shall discuss here some of the recent findings of the cos-
mological models with the observational data sets. Wei and Zhang 
(2007a) have used the H(z) data set to capture the key aspects 
of ten cosmological models; six of them failed to sustain with the 
observational data sets, however the remaining four were compat-
ible with the data sets. Further it has been extended to eleven 
interacting dark energy models with varying couplings to the ob-
servable H(z) data (Wei and Zhang, 2007b). However, none of 
these models outperforms the simplest �CDM model. Seikel et al. 
(2012) have studied novel consistency tests for the �CDM model 
and the parameters are expressed explicitly in terms of H(z). Ma-
gana et al. (2014) have investigated five different dark energy 
models with variable equations of state as a function of redshift. 
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A B S T R A C T

In this work, we present little rip and pseudo rip scenarios in the framework of the generalised
Brans–Dicke (GBD) theory where an evolving BD parameter along with a self-interacting
potential is considered. The GBD field equations are derived for an anisotropic space time
to provide a more general approach to the cosmic expansion. The evolutionary behaviour of
the Brans–Dicke (BD) scalar field, dynamical Brans–Dicke parameter and the self interacting
potential are studied. It is not possible to separate out the dynamical Brans–Dicke parameter
into distinct evolving and non-evolving part for the rip scenarios as is obtained for constant
deceleration parameter. While the little rip behaviour requires a positive value for the GBD
parameter, a small negative value around −1.33 favours a pseudo rip behaviour.

1. Introduction

The observation of late time cosmic acceleration compels to think of a non-standard cosmic fluid with negative pressure.
An obvious incorporation of such exotic fluid into the field equations may cause a situation where the Universe enters into the
quintessence or phantom phase in future [1]. The phantom phase dominated Universe requires the null energy condition and the
strong energy condition to be violated. It may so happen that, the scenario leads to a kind of singularity in the Universe occurring
at a finite time. A serious singularity situation is the Big Rip singularity where the curvature of the space time blows up at finite
time along with the divergence of the scale factor and the energy density. Different singularities may occur depending upon the
model and equation of state. Notable among them are the Big Rip singularity and the Sudden singularity [2]. Besides them two
other singularities occur where either the density and pressure blow up for a finite scale factor or the onset of a situation involving
the diverging behaviour of the Hubble parameter. The singularity occurring in the models dissolves the whole bound cosmic system
within a finite time. The finite time future singularity leads to inconsistency [3–6] and has become the subject of major research
concern. In order to avoid such situation, ad hoc and intermediate mechanisms such as the little rip and the pseudo rip scenarios have
been developed [4,5]. In the little rip scenario, there occurs a monotonic increase of the energy density with the cosmic expansion
which diverges while being pushed into a distant infinite future. On the other hand, the pseudo rip occurs as an intermediate
situation in between the Big Rip and the little rip. Other possible mechanisms to delay the ripping behaviour include the dark
energy–dark matter coupling and a possible gravity modification [5,7].

The concern of the ultimate fate of the Universe led to wide investigation of the rip cosmological models in different gravity
theories such as in GR [8,9], in f(R) gravity [10], 𝑓 (𝑇 ) gravity [11], extended gravity theory [6], extended symmetric teleparallel
gravity [12] and in BD theory [13]. In the usual BD theory proposed initially, the BD parameter appears as a constant and can be
constrained from observations including solar tests. A lot of controversy arise regarding its constrained value which varies from a
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Abstract: We studied a superbounce scenario in a set up of the Brans–Dicke (BD) theory. The BD
parameter was considered to be time-dependent and was assumed to evolve with the Brans–Dicke
scalar field. In the superbounce scenario, the model bounced at an epoch corresponding to a Big
Crunch provided the ekpyrotic phase continued until that time. Within the given superbounce
scenario, we investigated the evolution of the BD parameter for different equations of state. We chose
an axially symmetric metric that has an axial symmetry along the x-axis. The metric was assumed to
incorporate an anisotropic expansion effect. The effect of asymmetric expansion and the anisotropic
parameter on the evolving and non-evolving parts of the BD parameter was investigated.

Keywords: generalized Brans–Dicke theory; superbounce scenario; BD parameter

1. Introduction

The standard cosmological model is quite successful in describing the evolution
of the Universe at different phases of time. The standard cosmology provides useful
information at the early evolutionary epochs in particular. However, it suffers from issues
such as the flatness, horizon, and initial singularity problems. The inflationary model,
described through a scalar field, solved some of these problems, including the flatness and
cosmological horizon problems, and provided a causal theory of structure formation [1,2].
However, the long-standing issue of initial singularity remains unsolved.

In modern cosmology, there remains a fundamental question: whether our Universe
had a beginning, perhaps in the form of an initial singularity leading to a breakdown of
the space–time description, or whether the presently expanding phase of the Universe was
preceded by a contraction phase. This may also be conceived of as the Universe undergoing
phases of alternate contraction and expansion, suggesting a cyclic cosmology. The proposal
of matter bounce scenarios came as a possible solution to the initial singularity issue [3–5].
Novello and Perez Bergliaffa emphasized the significance of a singularity-free Universe [6].
As possible alternatives to the standard cosmology, Battefeld et al. discussed some bouncing
cosmological models [7]. The consequences of initial singularity issues and matter bounce
scenarios as possible explanations were reviewed in [8,9]. Within the purview of scalar
field cosmology, the Universe starts to contract with an increase in the kinetic energy of the
scalar field. As it dominates, the Universe collapses, leading to a classical singular event.
This situation may be avoided if an expansion occurs prior to the sudden collapse. This is
what is assumed in a bouncing scenario, wherein the Universe undergoes a contraction
phase primarily dominated by its matter content, followed by a non-singular bounce.

In a flat Universe, the cosmic matter content needs to violate the null energy condition
(NEC) in order to experience a bouncing phase. In other words, the sum of pressure p
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Abstract—We investigate some bouncing cosmological models in an isotropic and homogeneous space-
time with in F (R) theory of gravity. Two functional forms of F (R) have are studied with a bouncing
scale factor. The dynamical parameters are derived and analyzed along with cosmographic parameters.
A violation of sthe trong energy conditions in both bouncing models is also shown. We show that both
models exhibit stable behavior with respect to cosmic time.
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1. INTRODUCTION

The initial singularity is an important issue that
General Relativity (GR) has encountered among
other issues during the early Universe. Friedmann [1,
2] claimed that the occurrence of an initial singularity
was at the beginning of the evolution of Universe. It
is believed that a singularity occurred before inflation,
because the inflationary scenario resolved certain
key issues of early Universe [3–5]. One possible
solution might be that the Universe did not attained
a singularity during contraction, but expanded after
experiencing a bounce. This concept is known as
the big bounce. Recent discoveries [6–12] have
revealed that our Universe is undergoing a late-
time accelerated expansion, which is explained by
dark energy (DE), time-independent vacuum energy
(according to the ΛCDM model). The cosmological
constant [13], scalar fields (including quintessence,
phantom, quintom, tachyon, and others) [14–19] and
holographic models [20] are possibilities for describ-
ing DE scenarios. Modified gravity theories have
advantages over other models since they avoid expen-
sive numerical computations and are consistent with
current data for a late phase accelerating Universe
and DE. So models with such theories are designed
to modify the standard nature of GR by replacing
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the Ricci scalar R in Einstein-Hilbert action with,
e.g., f(R). Several such modified theories of gravity
have been developed, such as f(R) gravity [21–29],
f(G) gravity [30], f(T ) gravity [31, 32] and f(R,T )
gravity [33–43], teleparallel gravity [44, 45], where
T denotes the torsion scalar, and G is the Gauss-
Bonnet invariant. Some other important work on
modified theories of gravity [46–49] are available
in the literature. The most recent f(Q) gravity
or symmetric teleparallel gravity [50] and f(Q,T )
[51] gravity have been proposed, where Q and T ,
respectively, mean the non-metricity and the trace
of the energy momentum tensor.

The inflationary scenario has been challenged, and
the matter bounce scenario has been presented as a
possible alternative to address the initial singularity
issue. The Universe goes through an initial mat-
ter dominated contraction phase, then a nonsingular
bounce, and finally a causal generation for fluctuation
in the bouncing scenario. For this, the bouncing sce-
nario is a typical example, and the null energy condi-
tion (NEC) has to be violated to realize a solution in a
spatially flat FLRW metric in GR. The matter bounce
scenario has gained a lot of attention among nu-
merous bouncing models proposed because it creates
a scale-invariant power spectrum. Additionally, the
Universe passes through a matter-dominated epoch
at late times in a matter bounce scenario. Alternative
gravity theories like f(R) gravity [52–55], f(G) grav-
ity [56, 57], f(R,T ) gravity [58–62], f(Q,T ) gravity
[63], f(T ) gravity [64], f(Q) gravity [65] and f(R,G)
gravity [66] have all successfully studied bouncing
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