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Editorial Message

With this second issue, we are very pleased to announce the launch of the
International Journal of Research in Applied Sciences, sponsored by GITA
Autonomous College, Bhubaneswar.

The International Journal of Research in Applied Sciences (IJRAS) aims to
address this need and to be the main international forum for publishing papers
on applied sciences and the journal intends to primarily publish papers from
various disciplines illustrating different emerging technologies with real world
applications.

The IJRAS will be published bi-monthly. The abstracts of the published papers,
and sometimes the full papers will be available on-line on the journal page of
GITA website: www.ijras.in. The journal will contain original research papers
on the topics listed in “Aims and Scope”. Each paper will be thoroughly
reviewed by independent reviewers.

Thanks are due to many people who have helped in starting up this new journal.
We are particularly grateful to the Management of our institution, who provided
us with a lot of support and advice. Further, we are also very much thankful to
all our esteemed advisors, who will continue to Support us to represent the
journal in their research areas. We are sure that their reputation and great
expertise in the field will have a significant contribution in shaping up the
journal and making IJRAS a prestigious international journal.

It is also our great pleasure to welcome the members of the Editorial Board of
IJRAS. We rely on their expertise for reviewing and accepting papers to the
journal. Therefore, their contribution to the journal is invaluable and we are
grateful to them for giving freely of their time to review papers for the journal.
We hope they will continue to help us in the future.

We are convinced that with this unreserved support from such a prominent and
large team of researchers the IJRAS will become one of the most prestigious
journals in the general area of applied sciences. We are fortunate to work with
this team.

Finally, the Editors-in-chief wish to thank the authors who submitted papers to
the first issue of IJRAS.
Any suggestion on how to improve our activity in order to deliver a better
journal to the authors, readers and subscribers of this journal will be always
very much appreciated.

Prof. (Dr.) Parimal Kumar Giri
June, 2024, Editors-in-chief
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Abstract

Impinging jets are extensively employed in numerous industrial applications for effective energy transfer.
This study conducts a computational investigation of turbulent flames striking perpendicularly on a
cylindrical surface. The research examines how geometric parameters influence heat transfer. The analysis
emphases on the dependence of distribution of heat flux on the separation distance from the nozzle to plate,
equivalence ratio (ER), and the Reynolds number. Solutions to governing equations of continuity,
momentum, and energy are derived. A Discrete Ordinate radiation heat transfer model is developed to
consider radiation heat transfer, while turbulence effects are analyzed using the RNG k-¢ turbulence model.
The findings reveal that heat flux increases radially from the plate center, peaking near but not at the
stagnation point, before declining. Diffusion flames generate higher heat flux than premixed flames in the
stagnation region, although their peak heat fluxes are comparable. Increasing the plate-to-nozzle distance
brings the region of peak heat flux nearer to the stagnation point. The study further explores the influence
of physical parameters such as plate-nozzle separation, Reynolds number, and ER on heat transfer.
Keywords: Flame, Heat transfer, Cylindrical surface, Nusselt number, Reynolds number, Equivalence
ratio, Separation distance.

1. Introduction

Jet flames are integral to industries for achieving high heat transfer efficiency and reduced fuel
consumption. Applications include metal melting, turbine blade cooling, material drying, glass production,
and boiler heating. However, flame impingement often results in non-uniform heat dispersal near the
stagnation point, that can affect efficiency. Factors like flame configuration, temperature gradients, and
radiative and convective properties influence heat transfer. In the flame structure, three regions—the wall
jet, free jet, and stagnation—play a role. Upon exiting the nozzle, interaction with ambient air causes
velocity profile variations. The stagnation region experiences higher static pressure, suppressing axial flow

and redirecting the flame radially. However, the wall jet region exhibits no pressure gradient.
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The structures of the impinging jet, which is made up of three main regions—stagnation zone, free jet
region, and wall jet region—affects the flame temperature (Fig. 1). A nonuniform velocity profile in the
free jet zone is produced at nozzle exit by the interaction of flame jet with surrounding air. In stagnation
zone, static pressure exceeds ambient pressure, creating pressure gradients that suppress axial flow and
cause the flame to spread radially outward. Conversely, in wall jet zone, no significant pressure gradient

is observed.

Numerous studies have explored heat transfer phenomena related to impinging flames, many of which
adopt an experimental approach. Baukal and Gebhart [1] reported nonuniform heat flux dispersal on
impinged surfaces, with the maximum flux slightly offset from the stagnation point. Chander and Ray [2]
found that Reynolds number influences peak heat flux when the target plate distance exceeds the inner
flame zone length. Dong et al. [3] explored correlations between surface geometry and Nusselt number
under varying working parameters. Other researchers, such as Hou and Ko [4], examined inclined plate
configurations, noting significant dependence of temperature and efficiency on nozzle distance and
inclination angle. Lee et al. [5] observed increased Nusselt numbers for convex curved surfaces as the
diameter-to-nozzle ratio grew. Tripathy et al. [6-9] found that average Nusselt numbers rise with increases

in Reynolds number, equivalence ratio, and flame height-to-diameter ratios, particularly for flat surfaces.

Experimental studies by Hindasageri et al. [10] indicated that heat flux is sensitive to separation distance,
while Wei et al. [11] demonstrated that biogas flame collisions enhance total heat transfer with increasing
unburned gas velocity. Sing et al. [12] studied compressed natural gas flames, providing detailed radial
temperature distributions under varying axial heights and operating conditions. Nayak et al. [13-14]
explored heat flow by natural convection in vertical pipes, identifying correlations between Nusselt and
Reynolds numbers. Sahoo et al. [15] examined vertical isothermal plates with protrusions, predicting

average plate performance based on geometric factors such as aspect ratio and pin inclination.

Chaware and Sewatkar [16] analyzed fluid flow and transfer of heat in tubes using a warped band
technique, identifying correlations between friction coefficients and Nusselt numbers. Reza et al. [17]
demonstrated that vertical collisions of viscoelastic fluids near stagnation regions increase interface
temperature as the upper fluid's viscoelastic parameter grows. Sahoo et al. [18-19] numerically studied
natural convection heat transfer on perpendicular isothermal plates with fins. Logesh et al. [20]
investigated radiant heat exchange characteristics, measuring surface emissivity. Tajik et al. [21] described
enhancements in thermal properties of preheated mixtures. Fu et al. [22] explored turbulent flame jet
collision dynamics, identifying a critical combustion noise frequency, while Zhao et al. [23] showed that
eddy currents improve thermal performance in mixed flame jets. Finally, Li et al. [24] examined nozzle

geometry and temperature effects on coolant injection and flame jet behaviour.
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Figure 1 Schematic representation of heat transfer by flame impingement
This study seeks to address gaps in the understanding of influence of curvature on heat transfer from
impinging flames on cylindrical surface. Numerical methods are employed to estimate the effect of

geometric and operating parameters.

2. Numerical Solution

The flame heat transfer process is modelled as a perpendicular jet impinging on a cylindrical surface.
Methane and air serve as fuel and oxidant, respectively. Turbulence is analyzed applying the RNG k-¢
model, and heat flow due to radiation is exhibited with the Discrete Ordinates (DO) method. Governing
equations for continuity, momentum, energy, and species transports are resolved applying the finite
volume method, with a convergence criterion of 107¢. Chemical kinetics follow an irreversible two-step

reaction model for methane oxidation, employing the Magnussen and Hjertager framework [25].

Key assumptions include:
1. The system is a grey body for radiation.
2. Turbulent but steady flow at the nozzle exit.
3. ldeal gas behaviour for combustion products.
Boundary conditions:
Symmetry along the jet axis.
No-slip and isothermal conditions at the plate.
Uniform velocity distribution at the nozzle exit.
Operating parameters:
Reynolds numbers: 4000, 6000, 8000, 10000, 15000.
Equivalence ratios: 0.8, 1.0, 1.2, 2.0.
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Plate-to-nozzle separation ratio (H/d): 4, 8, 12.

Cylinder-to-nozzle diameter ratio (D/d): 4, 8, 12.
Based on all the above assumptions, the governing equations for continuity, momentum, energy, turbulent
quantities, species transport, chemical kinetics, Arrhenius equation, the Magnussen and Hjertager equation
[25], and the Discrete Ordinate radiation model were solved iteratively using the boundary conditions and

operating parameters in ANSY'S Fluent software.

3. Results and Discussion

Figures 2 and 3 illustrate local heat flux dispersals for the premixed and diffusion flames at ER =1 and Re
= 6000. For varying D/d ratios, heat flux initially rises from the stagnation region, dips, then rises again
due to boundary layer growth. The diffusion flame shows higher stagnation heat flux compared to the
premixed flame, though peak flux values remain similar. Increasing H/d ratio moves the highest heat flux
closer to stagnation region for both flame types. Diffusion flames exhibit flatter heat flux profiles in the

stagnation zone compared to premixed flames.
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Fig. 2 Variation of Heat Flux in a Premixed Flame for H/d = 8, ER = 1, and Re = 6000

In the stagnation zone of diffusion flames, the distribution of heat flux stays comparatively constant.
Interestingly, depending on the operating conditions, the minimal local heat flow may occur at the
separation point or at stagnation point. For instance, in premixed flame, stagnation point is where the least
heat flux for all D/d values continuously occurs (Fig. 2). On the other hand, for diffusion flames, D/d
values of 8 and 12 result in the lowest local heat flux at the separation point (Fig. 3). Figures 4 and 5 show
the temperature and velocity profiles for flame impingement on a cylindrical surface under the given
circumstances. It can also be seen that as H/d increases, point of ultimate heat flux shifts towards stagnation
zone for both types of flames. While the ultimate heat flux is almost constant across all H/d values, the

local heat flux in the wall jet zone is notably more for larger H/d values.
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This deviation from the pattern observed with a flat circular plate is ascribed to the combined effects of
the acceleration of flame, driven by curvature of target surface, and increased turbulence resulting from

greater air entrainment.
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Fig. 5 Velocity vectors for Re = 6000, ER = 1.
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The local heat flux distribution for rich mixtures (ER = 2) in premixed and diffusion flame are shown in
Figs. 6 and 7. The heat flux pattern for premixed flame varies very little between ER = 1 and ER = 2. The
graph in Fig. 6 illustrates local heat flux variation for different H/d ratios under conditions of D/d=8, ER=2,
and Re=6000. It highlights how H/d influences heat transfer efficiency, with peaks or trends indicating
optimal configurations for enhanced performance. The turbulent flow regime (Re=6000) suggests the
dominance of eddies and secondary flows in heat transfer. This analysis aids in optimizing geometric
parameters for systems like heat exchangers. As shown in Fig. 6, the diffusion flame with a rich mixture
(ER = 2), on the other hand, shows a flatter distribution throughout the surface and a decrease in local heat
flow. It's interesting to note that when ER = 2, heat flux at the stagnation point somewhat rises.
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Fig. 6 Local heat flux for D/d = 8, ER = 2, Re = 6000
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Fig. 7 Local heat flux for H/d = 8, ER = 2, and Re = 6000
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4. Conclusions

The heat transfer properties of flame impingement on cylindrical surfaces were investigated for both
premixed and diffusion flames. The heat flux across the surface attains its maximum value at a point
slightly offset from the stagnation zone before decreasing with distance radially. It subsequently increases
again within the wake region of the flame jet. A reduction in diameter of cylinder causes the ultimate heat
flux to shift further outside the area of stagnation. And for smaller D/d values, the heat flux in stagnation
zone is comparatively lesser. The stagnation zone exhibits higher heat flux in diffusion flames compared
to premixed flames, although the ultimate heat flux remains almost similar for both. The ultimate heat flow
moves toward the stagnation zone as the plate's axial distance from the nozzle increases. While the ultimate
heat flux remains nearly constant across every H/d value, local heat flux within the wall jet zone is

comparatively greater for larger H/d values.
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Abstract

Our study sought to investigate the significance of automated sleep stage identification in diagnosing and
treating narcolepsy and REM sleep disorders. To automatically categorize sleep stages, we suggested a
unique method that combines an ant colony technique, a RUSBoost-based neural network, and the discrete
wavelet transform method. Using a discrete wavelet transform, we broke down single-channel EEG
signals into four levels and then retrieved statistical information from each level. The RUSBoost classifier
was then fed the relevant characteristics that we had chosen using a combination of neural networks and
ant colony optimization. According to our findings, accuracy rates were encouraging in a range of
classification settings. For five-class, four-class, three-class, and two-class sleep states, the RUSBoost
classifier obtained accuracies of 86%, 88%, 93%, and 97%, respectively. In addition to improving the
speed of sleep stage recognition, our proposed method has the potential to effectively diagnose sleep
disorders, particularly when working with sizable EEG datasets. But it's crucial to remember that we only
used data from one database for our investigation. To guarantee our approach's resilience and
generalizability across various populations and settings, future research should concentrate on evaluating
it on a variety of datasets.

Keywords—EEG Analysis, Sleep Staging, Feature Extraction, RUSBoost
1. INTRODUCTION

Sleep plays a vital role in preserving health and enhancing daily functioning. It's estimated that individuals
dedicate approximately one-third of their lives to sleeping, highlighting its significance. Conditions such
as obstructive sleep apnea can pose substantial risks to physical well-being. Furthermore, insufficient sleep
can lead to symptoms including drowsiness, difficulty concentrating, fluctuations in heart rate, memory
impairment, and compromised immune function. In clinical practice, sleep stage analysis is typically

conducted by doctors or sleep specialists through sleep tests utilizing polysomnography measurements.
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This analysis is crucial for identifying and addressing sleep disorders such as REM sleep disorders and
narcolepsy. Polysomnography involves recording various biological signals including electrooculogram
(EOG), electroencephalogram (EEG), electrocardiogram (ECG), electromyogram (EMG), oxygen
saturation levels, and respiratory rate. During polysomnography, these measurements are segmented into
intervals of 20 to 30 seconds and then interpreted by experts who visually inspect the data to classify
different sleep stages. However, this conventional method is laborious, subjective, and prone to errors,
requiring specialized human resources. Additionally, its diagnostic accuracy is sometimes below 90%,

and there are situations where rapid identification of sleep stages is necessary.

Hence, there is a need for automated techniques to classify sleep stages using biological measurements.
Automated processing not only accelerates detection but also enhances diagnostic precision, potentially
improving patient care outcomes. EEG (electroencephalogram) is a cost-effective and widely used
technique for measuring the electrical activity of the cortex. In the context of sleep analysis, EEG offers a
non-invasive method to capture and analyse cortical activity during different sleep stages. By examining
the frequency and amplitude of brainwave patterns, sleep EEG can effectively differentiate between
various stages such as REM (rapid eye movement) and NREM (non-rapid eye movement) sleep.Fig.1

shows the sample EEG recordings through different channels.
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Fig.1 Sample EEG recordings through different channels

The data derived from sleep EEG recordings are valuable for assessing the quantity and quality of sleep
stages, aiding in the diagnosis and treatment of sleep disorders. However, many existing automated sleep
stage detection algorithms typically require multiple EEG channels for accurate detection, which can

increase computational costs.

On the other hand, utilizing a single-channel EEG setup offers several advantages. It simplifies the process

for both the patient and the operator, reduces computational overhead, and is more cost-effective.
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Despite its simplicity, single-channel EEG can still provide valuable insights into sleep patterns, making
it an attractive option for sleep stage analysis. Until now, researchers have employed a variety of analysis
methods to process sleep EEG data and differentiate between its various stages. These methods include
time and frequency distribution analysis, graph theory, signal modelling, wavelet transform, and empirical
mode decomposition.

2. RELATED WORK

In [26], the author proposed a method utilizing single-channel EEG to classify different sleep stages
automatically. In [27], the author employed a range of metrics such as variance, entropy, skewness, linear
prediction error, and kurtosis, along with a support vector machine (SVM) classifier, on signals from EOG,
EMG, and EEG to detect and classify sleep stages.

In [28], the author explored the integration of wavelet transform and Taguchi-based neural networks for

the automated recognition of sleep stages using single-channel data.

In [29], the author computed various indices including variance, amplitude, and spectral power from six
EEG channels, two EOG channels, and one EMG channel. They then applied quadratic measures to

process these indices.

In [30] the author used entropy measures extracted from different spectral distributions to discern sleep

stages using single-channel data.

In [31] the author proposed multi-channel EEG analysis and utilized principal component analysis for

feature reduction and subsequent sleep stage classification.

In [32], the author used the Fast Fourier Transform (FFT) to decompose EEG data into theta, alpha, and
delta frequencies. They then employed a hidden Markov model for the classification of different sleep

stages.

In [33] the author considered visual and horizontal graphs from single-channel EEG data. From these
graphs, they extracted nine features for classification using a Support Vector Machine (SVM). Their

approach achieved an accuracy of 87% in classifying six different sleep states.

In contrast to previous studies that often utilized multiple EEG channels, which can be cumbersome for
both patients and operators, our study employs the discrete wavelet transform method alongside a
combined system of ant colony technique and RUSBoost-based neural networks to classify sleep stages
automatically. Following the Rechtschaffen and Kales standard, we examined waking state (AWA), four
non-rapid eye movement (NREM) stages (S1-S4), and one rapid eye movement (REM) stage as distinct

11
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states of sleep and wakefulness. Our proposed method represents a novel approach to categorizing

different sleep stages, potentially enhancing the accuracy of computer-aided diagnostic systems.

3. METHODOLOGY
In the description provided, the various analysis approaches employed are outlined, with Figure 1

illustrating the suggested approach. Below, each block of our framework is elucidated individually.
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Fig.2 Flow diagram of the proposed model

A. Dataset Description

In this research, we utilized the Sleep-EDF dataset sourced from the PhysioNet Data Bank. This dataset
comprises recordings from healthy Caucasian males and females aged 21-35 years. EEG signals were

recorded using Pz-Oz and Fpz-Cz channels, with a sampling frequency of 100 Hz.

Specifically, the Pz-Oz channel data was employed for sleep stage identification. EEG recordings were
segmented into 30-second epochs, each containing 3000 samples, following the instructions outlined by
Rechtschaffen and Kales. Sleep experts categorized each epoch into one of eight classes: waking state
(AWA), stages 1 through 4 (S1-S4), rapid eye movement (REM) sleep, movement time (MVT), and
unknown. Table 1 displays the distribution of segments for the six classes examined in our study. The total

count of utilized 30-second segments is 15,188.
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TABLE I. NUMBER OF 30-SECOND EPOCHS OF EVERY SLEEP STAGE FROM THE SLEEP-EDF DATABASE

Sleep Stage Wake S1 S2 S3 sS4 REM
Number of 8054 605 3620 673 626 1610
epochs

B. Discrete wavelet transforms

In signal processing, the Discrete Wavelet Transform (DWT) is an important and popular
technique. By breaking down a signal into several frequency sub-bands, it can capture both
fine-grained features and approximate representations of the original signal. A multiresolution
analysis of the signal is provided by this breakdown. By dividing a signal into multiple
frequency bands or scales, DWT performs a methodical study of the signal. This process keeps
going until the target level is attained, guaranteeing the best level for analysis. [34]

C. Feature selection

In our study, we utilized a combined model of Ant Colony Optimizer (ACO) and Multilayer
Perceptron (MLP) neural network. We then employed the ANOVA test to validate the accuracy
of the selected features that exhibit statistically significant levels. First, let's delve into a brief
explanation of ACO and MLP, followed by a discussion of the proposed hybrid model for
feature selection is a metaheuristic technique inspired by the foraging behaviours of ants. Ants
use pheromones to communicate and discover the shortest path to food sources. Similarly,
ACO employs artificial ants to tackle optimization problems by exploring and exploiting the

search space of the problem [35].

D. RUSBoost Classifier
Random Under sampling Boosting, is a machine learning algorithm designed to enhance the
performance of imbalanced classification tasks by combining random under sampling and
boosting techniques. Unlike traditional boosting algorithms that focus on adjusting weights of
misclassified samples, RUSBoost aims to tackle the class imbalance problem by under
sampling the majority class. This is crucial because imbalanced data can lead to biased models

that favor the larger class and perform poorly on minority class samples.

RUSBoost begins by randomly selecting a subset of samples from the larger class, effectively
equalizing the class distribution. It then trains a weak classifier on this balanced subset and
calculates its classification errors. The misclassified samples from the minority class are

assigned higher weights to emphasize their importance in subsequent iterations.
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During each boosting round, RUSBoost identifies the best weak classifier on the weighted
samples and adjusts the weights based on misclassifications. This approach allows the
algorithm to concentrate on challenging minority class instances, progressively enhancing their
representation in the eventual model. The final prediction from RUSBoost is generated through
a weighted majority vote of all weak classifiers. Through the fusion of random under sampling
and boosting, RUSBoost effectively diminishes the influence of class imbalance and improves

the overall classification performance [37, 38].
Modified RusBoost Classifier

Additionally, a novel technique—which we'll refer to as Modified RusBoost—is introduced.
This algorithm's performance will be contrasted with that of the other three algorithms that
were presented. With a modification to the under sampling procedure that makes it less random,
it is based on the RusBoost algorithm. The concept is closely related to AdaBoost, which
emphasizes the value of observations that are challenging for a weak learner to categorize.
AdaBoost does this by giving these observations greater weight. Without considering whether
the observations are ones that have proven difficult to categorize in previous iterations,
RusBoost randomly eliminates data from the majority class.

The undersampling in Modified RusBoost is not entirely random. Rather, observations that
have proven difficult to categorize in previous iterations are given a lower probability of being
eliminated. This means that the sample for upcoming iterations is more likely to include
observations from the majority class that are challenging to categorize for the weak learners.
Let's say we wish to eliminate observations from a data set that has M majority observations
till N remain. This is accomplished in Modified RusBoost by choosing N majority class
observations that should be part of the new temporary data set (i.e., not deleted), with each
observation having a probability of being sampled that is proportional to its weight D(i).
Therefore, there is a greater chance that observations with a higher weight will stay in the new

temporary data set S'.

Method 2 presents the Modified RusBoost method. With the exception of step 1, where the
sampling is not entirely random like it is in RusBoost, the technique roughly resembles

RusBoost.
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Fig. 4 Flowchart for RusBoost Algorithm

4. DIScUSSION AND RESULT ANALYSIS

This study explored the DWT method for feature extraction and a combined system of ant
colony optimization and RUSBoost-based neural network for feature selection to automatically
classify sleep stages. The experimental results and discussions section present the outcomes of
model training and evaluation. Analysis and interpretations of these results showcase the
effectiveness and performance of the modified RUSBoost model. Our proposed method
achieved a high accuracy of 86%, 88%, 93%, and 97% in detecting five to two class sleep
stages from EEGs. The whole research was conducted with four individual experiments using
the S-EDF dataset for five-to-two-class classification problems. Fig.4, Fig.5, Fig.6, and Fig.7

illustrate the confusion matrix for the five class sleep stages problem.

A. Coati optimization algorithm (COA)
Optimization problems are those that have the potential to have more than one feasible solution,
and optimization tasks are those that involve finding the best possible combination of one or

more objectives. Constraints, the objective function, and choice variables are the three primary

components of optimization issues.
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In addition to tiny vertebrate prey including small birds, rodents, lizards, eggs, and green
iguanas, coatis also eat invertebrates like tarantulas. Coatis pursue iguanas in groups since they
are typically located in deep forests or among trees. While the other coatis wait on the ground
to pursue the iguanas, some of these coatis scale the tree and scare it into leaping to the ground.
It is possible to mathematically represent hunting and evading predators as an optimization
process. Additionally, swarming behavior, a common characteristic of stochastic optimization,
is produced by the collective activity of prey and aids in improving the algorithms for hunting

and food-searching.

Conceptual Framework for COATI Optimization Algorithm
1. Inspiration
o Coatis exhibit group foraging behavior, communication, and adaptive problem-
solving.
e They balance exploration (searching new areas) and exploitation (utilizing known
resources).
2. Main Steps
Initialization
Define the search space.
Initialize a population of "coatis™ (candidate solutions) randomly.
Group Exploration and Communication
Each coati explores its local area to identify better solutions.
Exchange information within the group to guide the search process.
Leader and Follower Dynamics
Identify leaders based on solution quality (fitness function).
Followers align with leaders but add some variability to avoid premature
convergence.
Adaptation and Competition
Allow weaker coatis to improve by learning from stronger ones.
Introduce random mutations to maintain diversity and prevent stagnation.
Convergence Check
Evaluate the population for convergence based on a stopping criterion (e.g.,
maximum iterations or solution improvement threshold).
Output
Return the best solution found.
B. Mathematical Representation

e Let xix_ixi represent the position of the iii-th coati (solution).

o Fitness f(xi)f(x_i)f(xi): Determines the quality of xix_ixi.

e Update rules for exploration and exploitation could resemble particle swarm
optimization (PSO) or ant colony optimization (ACO) principles.
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Algorithm:
Initialize population of coatis with random positions
Evaluate fitness of each coati
while stopping criteria not met:
for each coati:
Explore new solutions in its local neighborhood
Communicate with other coatis to exchange best solutions
Identify leader(s) based on fitness
Update follower positions based on leader and random variations
Introduce random mutations for diversity
Evaluate fitness of the new population
Return the best solution found

A. Experiment 1:Five-class sleep staging problem

The classification report reflects an overall model accuracy of 0.86 (86%), indicating strong
predictive performance across the different sleep stages. 'Sleep stage W' boasts high precision
at 0.96, meaning the model's predictions for 'Sleep stage W' are correct 96% of the time. The
recall is slightly lower at 0.93, indicating the model captures 93% of the actual 'Sleep stage W'
instances. The F1-score for 'Sleep stage W' is 0.95, suggesting excellent performance for this
stage with a very strong balance of precision and recall. ‘Sleep stage 1' shows much lower
precision and recall scores at 0.17 and 0.31, respectively. This implies a high number of false
positives and the model's challenge in regularly identifying this stage accurately. The resulting
F1-score is 0.22, which is comparatively low, indicating that there's significant room for
improvement for 'Sleep stage 1'.'Sleep stage 2' has a good precision of 0.82, suggesting that

when the model predicts 'Sleep stage 2,' those predictions are correct the majority of the time.
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Fig.4 Confusion matrix for the proposed model for five-class sleep stages problem
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However, the recall at 0.74 shows that the model misses some of the actual 'Sleep stage 2'
instances. The F1-score is 0.78, indicating a fairly strong balance between precision and recall
for this stage. ‘Sleep stage 3/4" indicates a precision of 0.65, with many predictions turning out
to be correct and a noticeable rate of false positives. The recall is quite high at 0.89, suggesting
that the model is proficient at identifying the majority of the 'Sleep stage 3/4' instances. The
resulting F1-score is 0.75, showing a good balance between the precision and recall, reflecting
its reliability for these stages. ‘Sleep stage R' has a moderate precision of 0.60 and a similar
recall of 0.61, meaning the model has some false positives and false negatives when predicting
'Sleep stage R'. The F1-score of 0.61 suggests an average performance, indicating that these

predictions could benefit from further refinement.

B. Experiment 2: Four-class sleep staging problem

The classification report shows that the model has an overall accuracy of 0.88 (or 88%),
indicating that it accurately predicts the correct sleep stages in 88% of cases. 'Sleep stage W'
displays high precision at 0.97 and high recall at 0.95. When the model predicts an instance as
'Sleep stage W', it is correct 97% of the time, and it correctly identifies 95% of the actual 'Sleep
stage W' instances.

The F1-score of 0.96 signifies a very strong balance between precision and recall and indicates
excellent performance for this class. ‘Sleep stage Light Sleep’ has a precision of 0.82, indicating
that it reliably predicts this class with some false positives. The recall for 'Sleep stage Light
Sleep' is 0.73, showing that the model captures a majority of the actual instances, though not
as many as 'Sleep stage W'. The F1-score is 0.77, reflecting a good balance between precision
and recall for this class, albeit with room for improvement in identifying this stage more
accurately. ‘Sleep stage Deep Sleep' has a lower precision of 0.72, suggesting that the model
has a moderate rate of false positives in predicting this class. However, the recall is higher at
0.80, indicating that the model is quite effective at capturing actual 'Sleep stage Deep Sleep'

instances.
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Fig.5 Confusion matrix for the proposed model for the four-class sleep stages problem

The F1-score of 0.76 demonstrates a relatively good balance given the challenging nature of
accurately distinguishing this class. ‘Sleep stage REM' has the lowest precision at 0.51,
indicating a relatively high number of false positives when predicting this stage. Its recall is
quite high at 0.75, suggesting that while the model may incorrectly label other stages as 'REM’,
it is still able to identify a significant portion of actual 'REM" instances. The F1-score is 0.61,
the lowest among the classes, reflecting the particular challenges associated with predicting

this stage and the scope for improvement.

C. Experiment 3:Three-class sleep staging problem

The classification report indicates that the model has an overall accuracy of 0.93 (or 93%),
signifying that it accurately predicts the correct sleep stages in 93% of the cases.'Sleep stage
W' has the highest precision at 0.97, meaning that when the model predicts an instance as 'Sleep
stage W', it is correct 97% of the time. Additionally, it has a recall of 0.98, which means that it
successfully identifies 98% of the true 'Sleep stage W' instances. The F1-score for 'Sleep stage
W' is 0.97, reflecting an excellent balance between precision and recall, demonstrating strong
performance for this class. 'Sleep stage NREM' shows strong performance as well, with a
precision of 0.90 indicating a low false-positive rate. The recall for 'Sleep stage NREM' is 0.89,
signifying that the model correctly identifies 89% of all actual instances of 'Sleep stage NREM'.
The resulting F1-score of 0.89 demonstrates a very good balance between precision and recall
for this class.'Sleep stage R', on the other hand, has a precision of 0.72, which is lower than

other classes, implying more frequent false positives when predicting this stage.
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Its recall of 0.67 indicates that it recognizes 67% of the true 'Sleep stage R' instances. The F1-
score for 'Sleep stage R' is 0.69, which is the lowest among the classes, illustrating challenges
in achieving a high level of performance for this class, possibly due to fewer instances or
greater difficulty in distinguishing it from other stages.
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Fig.6 Confusion matrix for the proposed model for the three-class sleep stages problem
The macro average for precision and recall is 0.86, and for the F1-score, it is 0.85, indicating

good performance across the classes but showing that there are discrepancies in model

performance between different sleep stages.

D. Experiment 4:Two-class sleep staging problem

For 'Sleep stage W', the precision is 0.97, meaning when the model predicts an instance as
‘Sleep stage W', it is correct 97% of the time.
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Fig.7 Confusion matrix for the proposed model for the two-class sleep stages problem
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The recall for 'Sleep stage W' is marginally higher at 0.98, indicating that the model identifies
98% of the actual instances of 'Sleep stage W'. The F1-score, which is a measure of a test's
accuracy, is 0.98, revealing a very strong balance between precision and recall for 'Sleep stage
W'

I. CONCLUSIONS
Across all classification modes, the suggested automated sleep stage classification method

showed an accuracy of 86%, 88%, 93%, and 97% in identifying five to two-class sleep phases
from EEGs. This high accuracy raises the possibility that it could be used to diagnose
behavioral and sleep issues, as well as illnesses like Parkinson's. The technique works with big
EEG datasets and can speed up the identification of sleep stages and problems. It has only been
tested on one database, though, therefore further research will need to validate it with more
databases. Furthermore, the fact that the current feature extraction method only uses time-
frequency analysis suggests that future research should investigate more sophisticated
methods, such as nonlinear analyses. It is also advised to use cutting-edge deep learning
techniques to enhance the classification of sleep stages.
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Abstract
One of the most important optimization issues in power systems is economic dispatch (ED)

that aims to meet operational restrictions and load demand while minimizing total fuel costs of
power production. Traditional ED algorithms can struggle with complex nonlinear and
asymmetric objective functions, especially when green energy sources & heat-and-power
(CHP) equipment are coupled. This paper provides an original approach for Combined
Economic Dispatching (CED) problem using the Black Holes Optimization (BHO) method,
which is a meta-heuristic inspired with the black hole phenomena in astronomy. The proposed
BHO approach navigates the complex search space of CED problems with remarkable
robustness and efficiency, thereby avoiding a premature convergence and local optima. The
model considers actual restrictions to guarantee realistic outcomes such as restrictions on
generators, limits on ramp rates, effects of valve-point loading, and the potential for multiple
fuels. When contrasted with more traditional methods like genetic algorithmic methods (GA)
and swarm optimization for particles (PSO), the BHO method's performance is proven by
extensive simulations on standard test systems, which show better convergence characteristics
and cost savings. According to the findings, BHO may prove to be a helpful instrument in
addressing present power system optimization problems, particularly those pertaining to
enhancing system reliability and cost effectiveness in the face of increasing renewable
penetration.

Key words: Particle Swarm Optimization, Combined Economic Dispatching, and Economic

Dispatching

1. Introduction

The complexity of current power networks, exacerbated by increasing demand for electricity
and a mix of clean energy sources, has rendered effective operational methods increasingly

crucial.
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The ED issue, which deals about the optimal allocation of power-producing resources to reduce
operating costs while satisfying system requirements, is the most fundamental of these. The
traditional ED issue, which just takes cost reduction into account, was superseded by the
Combined Economic Dispatch (CED) problem [1,2,3], which also considers additional factors
like the cost of CHP units, multi-fuel possibilities, and the intermittency of renewable energy.
This evolution reflects the industry's push for increased system dependability and
sustainability. Because of the complexity of contemporary operations, there is a greater need
than ever for efficient operational strategies. It is being propelled by the expansion of sources
of clean energy and the increase in energy consumption. The ED issue [4, 5,6], that deals with
the optimal allocation of power-producing resources to reduce operating costs while satisfying

system requirements, is the most fundamental of these.

The traditional ED problem, which just takes cost reduction into account, was superseded by
the Combined Economic Dispatch (CED) problem [7,8,9], which also considers additional
factors like the cost of CHP units, renewable energy intermittency, and multi-fuel alternatives.
This evolution reflects the industry's push for increased system dependability and
sustainability. In recent years, meta-heuristic algorithms have grown in effectiveness as tools
for solving difficult power system optimization problems. Inspired by natural phenomena,
these algorithms are adaptable, simple, and efficient for managing multi-modal, non-convex
scenarios. Well-known meta- heuristics such as genetic algorithms (GA), particle swarm
optimization (PSO), & differential evolution (DE) were both utilized successfully to address
ED and CED difficulties [10, 11, 12].

However, these algorithms do have some limitations, including slower convergence costs,
delayed convergence, and the need to modify method-specific parameters. This study presents
a novel solution to the CED problem: the Black Hole Optimization (BHO) technique. Black
holes, which serve as stars within the search space and enhance overall optimization by
bringing the best solutions closer together, are the astronomical phenomenon that BHO is
inspired on. Unlike many other meta-heuristics, BHO offers design flexibility and a strong
ability to escape localized optimal conditions, making it a promising method for overcoming
the difficult CED problem techniques. The suggested BHO technique intends to lower the

overall price of fuel of power generation while meeting a range of limitations.
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Including power equilibrium along with generation limits, ramp rates limits, and CHP
operational constraints. The inclusion of CHP units [13, 14, 15] in the model enhances the
solution’s practical utility because they increase system efficiency by producing heat and
electricity simultaneously.

The BHO approach also incorporates procedures to handle valve-point loaded impacts, which
complicate the method of optimization and generate ripples in costs functions.
Comprehensive simulations on typical test apparatus are used to confirm the BHO algorithm's
performance. The results are contrasted with those produced utilizing renowned optimization
methods such as PSO and GA [16, 17, 18, 19]. The comparisons show the resilience,
convergence speed, and solution performance of BHO quality across a variety of operational
scenarios. Additionally, the algorithm's susceptibility to several parameters is investigated,

providing important insights into its adaptability and reliability.

2. Literature

This work contributes to the body of knowledge by demonstrating how BHO may be utilized
to address the CED issue and contrasting it with more traditional approaches. It demonstrates
the algorithm's ability to handle the complexities of modern power systems, including multi-
objective optimization and renewable energy integration. The shortcomings of earlier
techniques are compensated for by the BHO algorithm. As previously stated, OPF is an outflow
of power issue that identifies the most effective variable settings at a given load setting by
reducing an established function, like transmission loss and the price of producing power
actively. The standard format displayed below can be used to represent the majority of OPF
formulations [20, 21, 22, 23]:

fi(pi,v)=0 (1)
gi(pi,v)=0 2
hi (pi,v)< 0 (3)

As previously mentioned, OPF is a power transfer problem that, by minimizing a
predetermined target function, such as transmission loss and the price of active energy

production, finds the best variable settings for a specific load configuration.
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The bulk of OPF equations can be represented in the generic manner indicated below [20, 21,
22, 23].
He uT=[Pi. ...Png,VG1....Vene,Qct....Qene, T1.. . TnT] 4

NG, NT, and NC represent the total number of VAR compensators, regulating transformers,

and generators, respectively.
2.1 Variables of the State

Variables reflecting the electrical status of the system must be incorporated into all OPF
formulations [24, 25, 26, 27]. Typically, the state variables utilized in the OPF model for the
problem are shown as follows:

QG1...QGNG, SlI.....Snl, VL1...VLNL, and Pil= XT. (5)
Here, NL and nl represent the number of load buses and transmission lines, respectively.

2.2 Limitations

The next sections go into greater detail on the differences between equal & unequal constraints
on the total number of control transformers, OPF limitations, & generator (NG, NT, and NC).

2.3.1. Equality-related restrictions

The physical properties in the power system are taken into consideration by the OPF's equality
standards.

The following are some restrictions on equality.

Real power constraints.

Pii-Poi-Vi XY, Vj[cijcos(Oij) +Bijsin(6)]=0 (6)
Reactive power constraints

Qai-Qoi-ViX Y2, V;[Gijsin(©ij)+Bij cos(6ij)]=0 (7)
The admittance array components (Yij = Gij + jBij) and 0ij = 61 - 0j represent buses [ and J's
conductivity and susceptibility, respectively. The active generation of electricity is represented
through PG, the reactive electric power production by QG, the actual demand for load by PD,
the total number of busses by NB, & the reactive load need by QD. The constraints of inequality
The OPF's inequality rules account for both physical equipment boundaries in the power

systems and limits designed to protect system security [31,32].
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Below are some boundaries to inequality.
Constraints of the generator. The following lower and upper limitations should be applied to

all generators, including slack bus.

Vimin<y<ymax (8)
PiMin<pi<pima 9)
QiminSQiSQimaX (10)

Transformer limitations

The following minimum and upper boundaries must be applied to transformer tap settings:
Timin <Ti <Timax, i=1....... NT (11)
2.3.2.3. Constraints of shunt VAR compensators.

The following lower and upper bounds must be applied to shunt VAR compensators:
QCImin=Qici<QClmax, i=1....NG (12)
Limitations on security.

These include limitations on the voltage magnitude at load buses and transmission line
loadings.

Every load bus's voltage needs to be kept within its lower & upper working bounds. Each
transmission line's capacity limits should limit the flow of lines via it. The following is a
mathematical formulation of these constraints:

VUM<V < V™ i=1......NL (13)
Sin<Sipm* (14)
The fact that governing factors are self-constrained should not be overlooked. Real electric
power output as well as reactive power output can all be expressed as nonlinear penalty
variables in the form of a function having an objective for benchmark bus, line load, as well as
variable dependent inequality constraints such as load and bus voltage amplitude. As a result,
the objective function has an extra component increased by the corresponding square of the
dependent variables ignore value, and any impossible solution is rejected. The punishment
function can be expressed mathematically as follows:

Limits of the generator : The voltage, active, & reactive output of all generators, which includes

slack, should be restricted with the following lower & upper limits:

Javg=T+he(Per-Por "™+ EIL) (Viy — Vii™)+ho Tist"S+AsEiL o (S1i — ST ™) (15)
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The dependent variable's limit value is Xlim, and the penalty factors are AP, AV, AQ, and AS.
Xlim accepts this value if x is either higher or below the upper limit, and vice versa.
This limit's value is taken by X lim, so

lim — {xmax; xxmax
xmin; x«xmin

(16)

3. Black-hole-based optimization approach

3.1 Black hole phenomenon
The phrase "black hole™ was initially used by American scientist John Archibald Wheeler

during a symposium in New York in 1967. The phenomena currently called black holes were
called frozen celestial bodies, dark celestial bodies, or collapsed stars prior to Wheeler's
adoption of the word. The size of black holes varies. When large stars die, they produce stellar
black holes. It is thought that super massive black holes were formed in the early Universe.
There is disagreement over the precise process by which these were produced. According to
some scientists, there are little black holes which were formed concurrently with the universe.
Black holes, regardless in size, have a gravitational pull so strong that nothing can escape,
including light, which cannot move faster than light. As a consequence, this section cannot
supply any data. The boundary of events refers to the outermost sphere-shaped region of a
black hole in space [23, 24]. To be "sucked" towards a black hole, one must be within the
Schwarzchild radius.

The following formula can be used to get the Schwarzschild radius:

_2GM

Rc2

(17)

G is the gravity a constant, M represents the black hole's mass, and c is the speed of light.
BHO algorithm.

The BHO methodology is a population-based technique that employs a mechanism centered
around the black hole phenomenon to guide the generated population toward the optimal

answer.

When a black hole PSO optimization method was presented in [35, 36, 37, 38], the term "black
hole" was first used in reference to benchmark function solution. With a few tweaks and

enhancements, the suggested BHO technique in this study is comparable to the one employed
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in. The following sections provide specifics on the primary steps of the suggested BHO
algorithm.

Bounds normalization

The number of variables which require optimization varies. Bus power may vary ranging 50
MW through 200 MW, as well as bus voltages between 0.95 V through 1.1 V. To normalize
all values from zero to one, we incorporated a step known as boundaries normalization. The
following statement describes the most dependable method for changing factors, regardless of
their original range.

The formula for factor | normalized is:

Variable | normalized = (variablei-lowerboundi)/(upper limit i-lower bound i) (18)
The limits normalization phase is designed to improve the algorithm's convergence rate.

Initialization.

Similar to other community-based algorithms, the proposed BHO throws a generated at
random population of candidate solutions—referred to as stars—into the issue's n-dimensional
searching space, where each
dimension is limited by upper and lower constraints. Following that, each star's goal function
or performance value is evaluated, and the celestial body with the greatest fitness value is
selected as the black hole xBH. Star Motion
The black hole can engulf the nearby stars. Following the initiation of the stars & naming for
the black holes, the black hole gets started devour the nearby stars. As a result, every star goes

in the direction for the black hole and is swallowed by it:

Xi=Xi + rand*(XBH-Xi) VI; i#best (19)

As it has the highest efficiency value and draws all other elements, it is critical to note that the
black hole can't travel. Update on Black Holes.
A star may move toward the black hole & arrive to a less expensive area (with the best fitness)

than the black hole. Thus, picking this star updates the black holes.

Substitution of stars
As previously stated, a star gets eaten if it crosses the black hole's occurrence boundary. A star

dies if its journey from a black hole is less than its Schwarzschild radius. To keep a constant
supply of possible answers or stars in the search area, fresh stars must be created and distributed
at random. The BHBO approach uses the following formula to calculate the event horizon's
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radius:

—_fBH
R'zs'v:lfi (20)

Where, fi denotes the fitness value of the ith star and fBH represents the fitness value of the
black hole. N denotes the overall number of stars.

Criteria for termination

The third, fourth, & fifth stages continue until a termination condition is met. The termination
criteria could be a maximum amount of repetitions, or the number of repetitions that can be
safely performed without destroying the present black hole. In another word, if the calculation's
current black hole remains unchanged after a predetermined number of stages, it may cease.
This decision must be properly thought out. However, the technique may halt before achieving
the global optimum. However, unnecessary function evaluations can be avoided by stopping

sooner. The maximum number of trials is the study's stopping condition.

4. Methodology

The OPF problem has been solved using the BHO for multiple scenarios with various objective
functions as well as for two test systems. The Algerian 59-bus electrical system network and
the IEEE 30-bus evaluation system are the power systems networks under study. A 2.20 GHz
i7 desktop system having 8.00 GB of RAM is used to run the produced software program,
which was written in the MATLAB computing environment. The BHBO population size, or

number of stars, is set at 50 for our study.

IEEE 30-bus test setup

The typical IEEE 30-bus test system has been used to test the suggested BHO technique in
order to demonstrate its efficacy. The characteristics of the recognized IEEE 30-bus system
used in this paper are as follows:

Buses 1, 2, 5, 8, 11, and 13 have six generators; lines 11, 12, 15, and 36 have four transformers
with an off-nominal tap ratio; and busses 10, 12, 15, 17, 20, 21, 23, 24, and 29 have nine shunt
VAR adjustment buses. Additionally, [29] provides the line, bus, and generator statistics as
well as the control variables' minimum and maximum bounds. Five distinct situations with
various goals have been examined for this initial test system, and Table 1 provides Optimal
settings of variables for PD of 684 MW with loss. The shunt VAR compensations attached to
busses 10, 12, 15, 17, 20, 21, 23, 24, and 29 are denoted by QC10, QC12, QC15, QC17, QC20,
QC21, QC23, QC24, and QC29.Additionally, the system's total fuel expenditure ($/h),
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real power transmission expenses (MW), reactive power expenses (MVar), voltage deviation,
and Lmax stand for the system's total fuel cost, total active transmission expenses, total reactive
transmission expenses, load voltage deviation from 1, and stability index, respectively. The
sections that follow will provide more information about these findings.

Case 1: Reducing the cost of generation fuel

In the first instance, the most prevalent OPF is the reduction in the cost of the generation fuel.
=X fussmy (21)
Where J is the ith generator's fuel cost.

The fuel cost curve for OPF generating is typically represented by a quadratic equation.
Consequently, fi can be written as follows [30]:

Fli=y1i+y2iPGi+y3iP2Gi($/h) +yaipgi3+absy5isin(fi(pmin-pi)) (22
i) F2i=10-2 X (y6i+y7ipi+y8ipi2+mi X exp (ui pi)) (22
il)Where, ai, bi, and ci stand for the ith generator's basic, linear, and quadratic cost coefficients,
respectively.

Fig. 1, Fig. 2, Fig. 3 and Fig.4 display the pattern of the overall fuel cost and emission level
with and without transmission loss for a PD of 684MW across iterations. The suggested method
seems to have outstanding convergence properties. The suggested BHO technique yielded a
total gasoline cost of $799.9217. The whole gasoline cost is significantly lower by 11.31% in
comparison to the initial scenario ($901.9516).

It is important to notice that buses from 19 to 30 have voltage violations at the initial operating
point. The control variables identified in this instance have lessened these infractions using the
Suggested BHBO method.

Table 2, shows Optimal settings of variables for PD of 684MW without loss. There may be
evidence that the suggested method, which minimizes the cost of generation fuel, performs
better than many other approaches used to tackle the OPF problem. For example, the outcomes
of the OBHB are superior to those of the widely used GA and PSO approaches.

Case 2: Enhancement of the voltage profile

One of the most crucial and critical indicators of safety & service quality is bus voltage. A
workable solution to the OPF problem might be achieved by minimizing just the overall cost,
as in Case 1, but the voltage profile might not be appropriate. Consequently, a dual goal

function is taken into consideration in this second instance. By reducing the difference in
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voltage of PQ buses from unity 1.0, the goal is to simultaneously improve the voltage profile
and reduce fuel costs. Consequently, the following is an expression for the objective function:
J=J cost +WJ Voltage deviation (23)
Where w is an appropriate weighting factor that the user can choose to assign a weight (a fatal
importance) for each of the goal function's two elements. W is selected as 100 in this
investigation. JCost and JVoltage the following are the deviations:

J cost= Z?’:Gl (pi, v) (24)
J voltage deviation= Z?':LI(Vi - 1.0) (25)
To find the best answer to the problem, the BHO technique has been used. Table 1 provides
the ideal control variable settings. The fuel cost and voltage deviation obtained using BHO are,
respectively, $804,260.00 and 0.1262 p.u.

Case 3: Voltage stability enhancement

For economic and environmental considerations, transmission networks have recently been
compelled to operate extremely close with their security boundaries. The power system's
capacity to maintain a consistently appropriate bus voltage at every node under typical
operating conditions, following load increases, system configuration changes, or system
disturbances is one of its key features. A wide-spread voltage collapse may eventually arise
from a progressive and uncontrollable voltage decrease caused by the non-optimized controls.
Voltage stability is now a critical issue for electric utilities and is receiving increasing attention
as a result. The proximity of a bus's voltage collapse state is indicated by its L-index.

It fluctuates from 0O to 1, which stands for no load & voltage collapse, respectively. We can
divide buses into two categories for a power system where NB, NG, and NL buses stand for
the entire number of buses, the overall number of PV buses, and the whole numbers of PQ

buses, respectively. As a result, the L-index of bus j, represented by Lj, looks like this:
IL] [VL] YiL YLG] [VL]
=[Ybus = 26
[IG [ | Vel Yoo Yeel IVg (26)
Where, YLL, YLG, YGL and YGG are sub matrix of Ybus.
The following hybrid system of equations can be written:
VL] [IL] [HLL HLG] [IL]
=HI 7 27
Vel T 1 |ty Heel lve @)
The partial reversal of Ybus creates the H matrix, whereas the voltage and current vectors of
PV buses and PQ buses are represented by VG, IG, VL, and IL, respectively. HLL, HLG, HGL,

and HGG are submatrices of H.

The following gives the matrix H:
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[H]:[ Zyy —Z1Ye
YerZi Yoo — YerZinYic

parts: PV buses at the head and PQ buses at the tail as follows:

]ZLL:YLL-l (28)

. vil.
Lj:’1— §V=‘;1HLGﬁV—jJ=1,2, ...... NL (29)

In steady conditions, none of these buses j must fail the requirement Lj < L
Accordingly, an international measure Lmax that characterizes the stability within the entire
subsystem:

L max=max (Lj) j=1,2,....... NL (30)
The stability of the system increases with decreasing Lmax.

Reducing voltage consistency indicator L-index readings at each system bus and, in turn, the
global power systems Lmax can improve voltage stability.

Consequently, the following is an expression for the objective function:

J=J cost +WJ voltage stability enhancement (31)
Where, w is the weighting factor that was originally chosen in and is 6000 in this investigation.
JVoltage Stability Enhancement and JCost are provided by:

J cost=21%% (p;, v) (32)

J voltage stability Enhancement=L max (33)
In comparison to Case 1 and Case 2, it is decreased by 10.35% and 15.2486%, respectively.
Reducing transmission losses from active power. The objective of the OPF problem in this
instance is to reduce power losses, which may be expressed as follows:

J:Z?I:B1 Py= ?,=B1 PGi'Z?IzB1 Pp; (34)

The trend for applying the BHO technique to minimize the goal function for total active. The

initial case's total effective power transmission loss dropped significantly from 5.8219 MW to

3.1775 MW, and Case 1's from 8.6793 MW to 3.1775 MW. Compared to the original scenario,

this is seen as 39.82% & 59.63% lower, respectively. But in this instance, other system

objective functions—Iike the overall cost of fuel, for instance—became worse.

Case 5: Reactive power transfer losses are minimized

Reactive power availability is necessary for the system's voltage stability margin associated

with static networks in order to facilitate the transfer of actual power between sources to sinks.
=38 Q=X Q- X0 Qb (35)

It is noteworthy that the reactive power losses are not necessarily positive.

The reactive power losses minimization study has resulted in (—20.1522 MVAR) which is

considered as 337.46% lower than the initial case. However, other system objective functions
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in this case became worse like the cost for instance. The Algerian 59-bus power system
network. The BHO technique was tested on the actual Algerian 59-bus electrical system
network to establish its scalability and appropriateness for large-scale & real power systems.
59 buses, 10 power sources, 36 loads totaling 684.10 MW, and 83 branches make up this
network. It is important to note that bus number 13's generator number five is not operating
provides the line, bus, and generator data as well as the fuel cost values and the lower and upper
bounds for the control variables.

Case 6: Reducing the cost of generation fuel

In this instance, Eq. (21) expresses the goal function as the overall cost of fuel of all generating
units. Table 3 and Table 4 show the Comparison of results obtained with proposed BHO and
other global methods for PD of 684MW with loss and without loss respectively. Table 5, Table
6, Table7 and Table 8 show the generator fuel cost and emission coefficients for PD of 684MW

with loss and without loss respectively.

5. Result Analysis

The models were designed to minimize total generation costs while accounting for various
operational constraints, including ramp rate limitations, generator limits, and valve-point
loading effects. The results demonstrated how effectively the BHO algorithm solved the CED
problem. The strategy consistently produced lower expenses for generation than more standard
optimization approaches, such as particle swarm optimization (PSO) & genetic algorithms
(GA). For example, BHO outperformed GA by 5% and PSO by 3% in terms of total cost
savings on a standard 10-unit valve-point effect test system. The approach also showed
excellent convergence properties, requiring fewer iterations to attain optimal or nearly perfect
solutions.

Table 1 Optimal settings of variables for PD of
684 MW with loss

Pc1 59.56
Pao2 21.95
Pas 01.48
Pcs 114.60
Pas 0.00
Pce 33.66
Pa7 49.72
Pcs 76.76
Pao 128.02
Pacio 132.15
Vei 1.0532
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Va2 1.0895
Vs 1.0864
Vs 1.0171
Vs 1.0643
Vs 1.0168
Va7 1.0632
Vs 1.0489
Vo 1.0702
Vaio 1.0971
Fuel cost ($/h) 1710.0859
Active Power losses 23.7929
(MW)

Reactive Power losses 89.7220
(MVAR)

Voltage deviation 2.1167
Lmax 0.2190

Table 2 Optimal settings of variables for PD of 684MW

without loss
Pc1 59.281
Pa2 21.671
Pas 91.201
Pca 114.321
Pas 0.00
Pce 33.381
Pc7 49.441
Pas 76.481
Pao 127.741
P10 131.871
\ei 1.0532
Va2 1.0895
Va3 1.0864
Vs 1.0171
Vs 1.0643
Vs 1.0168
Ver 1.0632
Vs 1.0489
Vo 1.0702
V1o 1.0971
Fuel cost ($/h) 1710.0859
Active Power losses 23.7929
(MW)
Reactive Power losses 89.7220
(MVAR)
Voltage deviation 2.1167
Lmax 0.2190
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Table 3 Comparison of results obtained with conventional and global method:
for PD of 684MW with loss

Generators FGA[9] | GA[8] ACQ[8] | FSLP[10] | Proposed
NO BHO Approach
Pc1 (MW) 12.193 | 71.573 65.01 47.579 42.272
Pc2 (MW) 23.000 |55.57 21.75 36.431 36.319
Pes (MW) 102.70 |90.27 83.37 135.230 | 134.83
Pcs (MW) 83.160 | 77.22 45.21 136.730 | 141.32
Pes (MW) 0.000 0.000 0.000 0.000 0.000
Pcs (MW) 36.22 58.93 48.05 24.029 25.80
Pe7 (MW) 54.80 37.55 63.56 33.238 37.70
Pcs (MW) 122.38 | 47.40 40.55 40.972 40.54
Pco (MW) 164.520 | 62.58 153.23 |116.890 |118.78
Pc10 (MW) 118.32 | 212.58 203.36 | 132.650 | 124.46
PD (MW) 684.10 | 684.10 684.10 | 684.10 684.10
PLOSS (MW) 33.193 | 29.580 39.980 | 19.650 17.921
COST($/hr) 1768.50 | 1937.10 1815.7 | 1775.856 | 1769.70

Table 4 Comparison of results obtained with conventional and global method:
for PD of 684MW without loss

Generators FGA[9] | GA[8] | ACOI[8] | FSLP[10] | Proposed
NO BHO Approach
Pe1 (MW) 11.914 71.294 | 64.731 | 47.300 41.993
Pc2 (MW) 22.721 55.291 | 21.471 | 36.152 36.040
Pes (MW) 102.421 [89.991 |83.091 |134.951 | 134.551
Pcs (MW) 82.881 76.941 | 44931 |136.451 | 141.041
Pes (MW) 0.000 0.000 0.000 0.000 0.000
Pcs (MW) 35.941 58.651 | 47.771 | 23.750 25.521
Ps7 (MW) 54.521 37.271 |63.281 | 32.959 37.421
Pes (MW) 122.101 | 47.121 | 40.271 | 40.693 40.261
Pce (MW) 164.241 |62.301 | 152.951 | 116.611 | 118.501
Pc1o (MW) 118.041 | 212.301 | 203.081 | 132.371 | 124.181
PD (MW) 684.10 684.10 | 684.10 | 684.10 684.10
PLOSS (MW) 33.193 29.580 |39.980 | 19.650 17.921
COST($/hr) 1768.50 | 1937.10 | 1815.7 | 1775.856 | 1769.70

Table 5 Generator fuel cost coefficient for PD of 684MW with loss
Generator | pmin | Pi I | I I's I's I's fi
G1 8 5856 [0 |1.50 |0.005 |0.0099 |-0.0008 |0.1001
G2 10 2295 |0 |250 ]0.0170 | 0.0055 | -0.0004 | 0.0547
Gs 30 9048 |0 |1.50 |0.0085|0.0168 |-0.0015 | 0.1674
G4 20 11460 |0 | 1.50 |0.0085|0.0213 |-0.0019 | 2.1315
G5 15 0.00 0 |250 |0.0170|0.0056 | -0.0005 | 0.0555
G6 10 3266 |0 |250 |0.0170|0.0036 |-0.0001 | 0.0362
G7 10 48.77 |0 |2.00 |0.0030|0.0031 |-0.0135 | -0.0309
G8 15 77.76 |0 |2.00 |0.0030 |0.00001 | -0.4475 | -0.0493
G9 18 126.02 |0 | 2.00 |0.0030 | 0.0064 |-0.5757 | -575.8587
G10 30 132,150 | 150 |0.0085|0.0124 | -1.1420 | 0.1259
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Table 6 Generator fuel cost coefficient for PD of 684MW without loss

Generator | Pmin Pi | I I3 Iy s fi
G 8 58.281 |0 |1.50 |0.005 |0.0099 |- 0.1001
0.0008
10 22.671 |0 |250 |0.0170 | 0.0055 |- 0.0547
0.0004
Gs 30 90.201 |0 |1.50 |0.0085 |0.0168 |- 0.1674
0.0015
G4 20 114,321 |0 | 150 |0.0085 | 0.0213 |- 2.1315
0.0019
G5 15 |0.00 0 |250 |0.0170 |0.0056 |- 0.0555
0.0005
G6 10 32381 |0 |250 |0.0170 |0.0036 |- 0.0362
0.0001
G7 10 |48.441 |0 |2.00 |0.0030 |0.0031 |- -0.0309
0.0135
G8 15 | 77.481 | 0 | 2.00 | 0.0030 | 0.00001 - -0.0493
0.4475
G9 18 | 125.741 | 0 | 2.00 | 0.0030 | 0.0064 - -
0.5757 | 575.8587
G10 30 (131871 | 0 | 1.50 | 0.0085 | 0.0124 - 0.1259
1.1420

Table 7 Generator emission coefficient for a PD of 684MW with loss

Bus | Generato | I I'7 I's ) M
r
1 28.558 | 4.09 | -5.554 | 6.491 | 0.0002 | 2.857
2 70.000 | 2.544 | -6.047 | 5.637 | 0.0005 | 3.333
3 114.200 | 4.257 | -5.094 | 4.585 | 0.000001 | 8.000
4 77.056 |5.327 | -3.550 | 3.381 | 0.002 2.000
5 0.000 |4.259 | -5.094 | 4.586 | 0.000001 | 8.000
6 87.575 | 6.13 | -5.555 | 5.151 | 0.00001 | 6.667
7 32.278 |4.092 | -5.554 | 6.491 | 0.0002 | 2.857
8 63.176 | 2.542 | -6.047 | 5.637 | 0.0005 | 3.333
9 95.645 | 4.257 | -5.094 | 4.586 | 0.000001 | 8.000
10 135.540 | 5.325 | -3.550 | 3.380 | 0.002 2.000

Table 8 Generator emission coefficient for a PD of 684MW without loss

Bus | Generato I's I'7 I's ® M
r
1 28.279 409 |-5554| 6.491 | 0.0002 | 2.857
2 69.721 | 2.544 | -6.047 | 5.637 | 0.0005 | 3.333
3 113.921 | 4.257 | -5.094 | 4.585 | 0.000001 | 8.000
4 76.777 | 5.327 | -3.550 | 3.381 0.002 2.000
5 0.000 4.259 | -5.094 | 4.586 | 0.000001 | 8.000
6 87.296 6.13 | -5.555 | 5.151 | 0.00001 | 6.667
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7 31.999 4.092 | -5.554 | 6.491 0.0002 2.857
8 62.897 2.542 | -6.047 | 5.637 | 0.0005 | 3.333
9 95.366 4,257 | -5.094 | 4,586 | 0.000001 | 8.000
10 135.261 | 5.325 | -3.550 | 3.380 0.002 2.000
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One of the most noteworthy features of the BHO algorithm was its ability to prevent local
optima, which is a common flaw in meta-heuristic techniques. This was shown in scenarios
with highly non-convex cost functions, where BHO consistently generated outstanding and
feasible solutions. The analysis of the findings concludes by demonstrating the potential
effectiveness of BHO as an optimization technique for CED problems. Its outstanding cost-
effectiveness, resilience, and computational efficiency show how applicable it is to modern

power systems, especially in dynamic and intricate operating conditions.

6. Conclusion

Modern power systems are becoming more complex due to the integration of sources of clean
energy and the demand for operational efficiency, has made optimization problems like
combined economic dispatch (CED) more challenging than before. This research introduced a
novel and practical approach to tackling the CED problem: the Black Hole Optimisation (BHO)
strategy. By mimicking the gravitational pull of black holes in space, BHO offers a unique
search mechanism that excels at finding optimal or nearly perfect solutions in highly nonlinear
and unpredictable optimization situations. The study results reveal that BHO offers various
improvements over standard optimization approaches such as PSO (Particle Swarm
Optimization) and Genetic Algorithms (GA).
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Abstract:

There is a significant contribution that the computation of J integrals makes to the theory of
elasticity, the theory of plasticity, and the prediction of fracture toughness. In this study, an
implementation of the Integral Approach for the calculation of the J integral is shown. A
number of sub-routines of the ANSYS Finite Element program, which are written in the APDL
programming language that is built into the program, have been responsible for programming
the approach. Therefore, it is possible to compute the J integral by performing post-processing
on the results of stress calculations that are generated by the program itself. J integrals have
been computed for seven distinct examples of materials that belong to the linear elastic
isotropic to nonlinear orthotropic category. J integral, which was produced for linear elastic
isotropic material through the use of the stress extrapolation method, was utilized in order to
validate the presented findings.

Keywords: K — Stress Intensity factor, crack tip, r- distance,

1. Introduction

There are many different types of crack configurations, and the finite element method (FEM)
is commonly utilized for determining the Stress Intensity Factor (SIF) for each of these
configurations [1, 2]. When it comes to estimating approaches, there are essentially two
categories. This is due to the fact that procedures involving nodal displacements are
extrapolation techniques that are widely used because of their straightforward adaptation to a
variety of fracture topologies [3, 4]. The methods that belong to the first category depend on

point matching, also known as extrapolation methods.
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In addition, the methods utilized for the determination of SIF are furthermore based on energy-
based approaches such as J-Integral, energy release, and the stiffness derivative methods. These
methods are utilized for purpose of determining SIF. Due to the nature of this group, certain
post-processing procedures are required. As a result of relatively coarse meshes, the energy-
based approaches are recommended by a number of reference books in the field of fracture
mechanics [5, 6] and commercially available finite element software like ABAQUS, ANSYS,
and NASTRAN as the most effective method for determining K. Using these procedures, it is
able to get outcomes that are satisfactory.

However, there are some parameters that may be described in terms of each other that are
shared by both groups. K may be expressed as the J Integral parameter, and because of this, it
is fairly simple to obtain K values when using a coarse mesh in Linear Elastic Fracture
Mechanics (LEFM). If an appropriate representation of path is used, it is possible to make

predictions about J-Integral values that are extremely accurate.

Wang et al. (2020) employed the prolonged finite element method (XFEM) to explore crack
propagation in heterogeneous materials. Their study highlighted the efficiency of XFEM in
capturing complex crack patterns and emphasized its applicability in real-world material
analysis. Roy and Pradhan (2021) explored cohesive zone modelling (CZM) for analyzing
fractures in composite materials. The research demonstrated CZM's effectiveness in simulating
the initiation and progression of delamination and matrix cracking in composites. Wu et al.
(2021) introduced a novel boundary element method (BEM) to address fracture mechanics
problems involving multiple cracks. Their method achieved significant computational

efficiency and accuracy, proving particularly beneficial for engineering applications.

Aliabadi and Rooke (2022) advanced dual boundary element method (DBEM) to tackle crack
problem. Their work showcased the method’s robustness in handling crack interactions and its
capability for modeling complex geometries with minimal computational cost.Zhang and He
(2023) utilized phase-field modeling to simulate dynamic crack propagation and branching
under diverse loading conditions. Their findings provided insights into the crack behavior in
complex stress fields, enhancing the predictive capabilities for fracture mechanics in brittle

materials.

2. J—integral method
Rice [7] is the one who came up with the J-Integral structure, which is a representation of the
energy that is extracted from crack tip singularity. It is the route independent J-Integral that is
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responsible for characterizing stress strain field at the crack tip, which is the location where

singularities or non-linear elasto-plastic behaviors are not found.

In accordance with the concept of energy conservation, it has been characterized as a collection
of contour integrals which are not dependent on the path they are traveling along. The form of

one of these integrals that is expressed in two dimensions can be written as follows:

1=§ (wdy—t@dT)T
T dx- @
With
W = Iaijdgij
0 )

Where w denotes the density of strain energy. T is a closed path traversed in a anticlockwise

direction;

t represents the traction vector in outward direction exerted on the contour surrounding the

crack; u denotes displacement vector, and dT signifies the arc element along the path T.

In order to calculate the J-Integral, which is a path-independent line integral, one must first
do a stress analysis. In this analysis, the values of ¢ and ¢ are specified by employing finite
element analysis around the contour that encompasses the crack.

tds

Fig 1: J Integral definition around a crack
The J-Integral represents the potential energy disparity among two equally loaded specimens
with marginally varying crack lengths. The primary concept of the J-Integral method can be

articulated as follows:
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U - difference of Potential Energy;
G - Release Rate of Strain Energy;
a - Crack length;

K - Stress Intensity Factor

E =Efor plane stress
E
E = 1-0° for plane strain

Equation (3) indicates that the J-integral value derived from elastic-plastic conditions is
equivalent to the SERR obtained from elastic conditions.

Stress intensity factor extraction:

In LEFM, the roles of KI, KII and KIII are quite significant. Besides assessing the tendency
for crack propagation or the forces leading the fracture, they delineate the impact of load or
deformation on the intensity of the stress and strain fields at the crack tip. In the case of a linear
elastic material, the following equation can be utilized to establish a connection between the
stress intensity factor and the energy release rate, which is commonly referred to as the J-

integral.
1 K'B'K
J=8~ (4)

Where K = [K1 K11 K111] and B is called the pre-logarithmic energy factor matrix. For
homogenous isotropic material B is diagonal and the above equation can be simplified to

1 ( 2 2 1 2
Z(KZ+ K2 )+ == K2,
J=E G — (5)

Where E = E for plane stress and G is the modulus of rigidity.

1/~7/r SINGULARITY IN T6 ELEMENT:
Here the mid side nodes 4 and 6 of the T6 element are shifted to the quarter point and towards

the crack tip. Such a simple body movement gives 1/\/Fsingularity at node one. Therefore the

singularity has been found here along the line 1-2.
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The displacement of line 1-2 can be described completely with help of shape functions
NI=&((2¢&1)
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According to isoparametric formulation in line 1-2
X =N1X1+N2X2+N4X4

Y =N1yl+N2y2+N4y4

And, u=N1ul + N2 u2 + N4 u4

The shape functions can be represented in terms of n
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N2=21n% —n

N4=4n-4n?
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Models for common crack type:

150

/S Y
Fig 3: crack geometry Fig 4: Meshed Model

It has been determined through the application of finite element method (FEM) that J-integral
of the single broken plate cannot be found. Figure 3 depicts the crack geometries that have been
found.

Each of the models has dimensions that are [50*150] millimetres in cross section and have a
thickness of 1 millimetre. In order to perform various analyses, the J-integral values for a

fracture length of a=10millimetres are computed.

Six-node elements and rectangular eight-node isoperimetric elements are utilized for the
layouts that have the following material attributes and loading: For linear elastic isotropic, the
value of E is equal to 200000 N/mm?2, the value of v is equal to 0.3, and the value of ¢ is equal
to 40 N/mm2. In order to conduct the analysis, both plane stress analysis and three-point

Gaussian numerical integration procedures were utilized.
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3. Results Analysis

As depicted in Figure 4, the FE finer mesh arrangement of single cracked case is displayed for
a crack length of 10 millimetres. The FE mesh topologies that have been employed for fracture

lengths of 10 millimetres have utilized 2244 nodes and 733 elements.
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The study makes use of a mesh that is composed of triangular elements for the crack region
and quadra-elements with eight nodes for rest regions (this is referred to as a PLANES?2 type
element that is used in ANSYS).

Table 1: Result obtained from FEA using ANSYS is tabulated below.

Sl Analysis Type Material Element J K % of
No Property Type Error
1 Linear Elastic Isotropic E=200000 Plane82 0.4041 303.39 | 1.57%
v=0.3
2 Non linear Elastic | Given in the | Plane82 1.251
Isotropic data table in
Fig 6.
3 elastic plastic (isotropic) Plane82 6.149
hardening bilinear
4 elastic plastic (isotropic) Plane82 1.3159
hardening_multilinear
5 linear elastic orthotropic Plane82 17.72
6 Non linear elastic- Plane82 12.671

orthotropic

7 Layered linear elastic Shell 181 | 1.4989
orthotropic

\/ J*E \/0.404* 200000
= = =298.7 (plane stress)

V12 TV 1-032
4. Conclusions
A computation that was performed using the Finite Element Method can have its results post-
processed in a manner that is rather effective thanks to the sub-routines that are included in the
domain integral technique for the J integral. In addition to demonstrating a satisfactory degree
of independence from the integration areas and weighing functions g*, the values that were
obtained for the J integral also compare favorably to the values that were acquired through the
utilization of other approaches. In situations when cracks of irregular shape or plasticity are

present, stress extrapolation methods are put to the test.

A more straightforward approach is provided by this technology, which eliminates the need to
go through laborious procedures for fracture geometries that are irregular and complex, as well

as non-linear elasticity.
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Abstract

With the integration of artificial intelligence, social media has witnessed an unprecedented user
base and acceptance. Artificial Intelligence Enhanced Social Media (AIESM) is more than just
a platform to connect people. Some use it for educative purposes. Many users accepted that
their entertainment purpose outweighs educative purpose. Many users are also aware of the
dangers it poses. Amongst many dangers, AIESM also impacts the reading habits. Reading
which otherwise aids one with knowledge, is affected by AIESM. In this study, students with
reading as a hobby from GITA Autonomous College, Bhubaneswar participated. A structured
questionnaire was shoot to a total of 3132 students from all 4 years of BTech course. From the
population, only 333 students confirmed that they have reading as their hobby. Responses from
the sample were taken into consideration. 285 students confirmed that AIESM has lowered
their reading time and has also adversely impacted their reading habits.

Keywords: Social media, Artificial intelligence, Reading habits, Engineering students,
distraction, Self-regulation, GITA Autonomous College, Odisha.

1. Introduction

Technological advancement has revolutionized almost all industries and left an indelible impact
on many using it. While it has positive impact on many stake holders like the business, bank,
education, etc., it has its share of troubles affecting many. Likewise, social media also has a
dual effect on its users. While it aids in connecting people along with offering a host of other
facilities like posting latest personal or professional developments, it also addicts users to itself.
With the advancement in Artificial Intelligence (Al), social media has also seen a revolution.

Al Enhanced Social Media (AIESM) is more than just a platform to socialize.
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Social media can be viewed as a tool of pooled intellect and many youngsters use it as a cradle

for information (Asur & Huberman, 2010).

As ATESM offers easy and quick entertainment and information, the user is inclined to use it
more often than not. It is also designed to grab the interest of the users for a longer time. This
lands the users spending more time with it. Amongst the users, in this study, students,
professionals and retired personnels, the students spend maximum time with it. This also leads
to impacting their reading habits. (Huang et al., 2014) noted, “the amount of reading is

declining significantly and reading skills are decreasing”.

In fact, AIESM has far reaching consequences than just impacting reading habits. It disturbs
concentration, eats up academic time, strains relationship, becomes addiction, affects mental

and physical well- being, etc.

This study has tried to find the effect AIESM pose on reading habits. Reading is as an activity
one practices for personal or professional growth. It is preferably done in silence and leaves a
person with a host of benefits. It helps in acquiring knowledge, shaping intellect and
broadening wisdom that translates in individual growth. As per (Holte, 1998) reading “adds
quality to life and provides access to culture and cultural heritage”. He noted that reading makes
people intelligent and aids is having them together. Sadly, the habit of reading is plummeting
with the passage of time. In this study, reading is defined as beyond academics or profession.
For example, a student of Electrical and Electronics Engineering reading anything related to
Power Systems or Microcontrollers is treated as academic reading and does not figure in our

definition of reading.

Likewise, a journalist scanning articles and reading newspaper is also kept out. Instead of
reading from the newspaper or even collecting news from television, students depend on
“friends” for any update to give them updates to remain aware of the happenings around
(Kaitlin, 2010). Social media touches upon especially our social interaction through changes
in personal interaction, means of receiving information, and the very equation of our social
bonding (Asur and Huberman, 2010). (Kaitlin, 2010) adds that platforms of social networking
also determine the manner we get news and Knowledge. The sites through many prompts that

lead us to different sites. This is a distraction and irrelevant at many times.

The temptation of the offerings of the artificial intelligence used social media makes users

spend more time with it.
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In the course, productive time is lost and more important work is overlooked or delayed. This
also affects students who use AIESM. The main reason of the study is to find whether the use

of AIESM is affecting the reading habits of students.

2. Literature Review
Reading which is the ultimate means of learning is one of the four primary language skills. It
is very important in second and foreign language education, and aids in academic and
professional prowess (Carrell, 1989; Grabe, 1991). This suggest reading habit is vital for the
students for a holistic learning experience. It is also important as it boosts the acumen. (Mishra
2008), “A decade ago if someone said that he or she had not read a Tagore or a Tolstoy that
person was looked down upon by others”. However, the perspective has changed today. The
Alused social media is majorly to be blamed. The students are not able to resist the temptations
of the short videos of Facebook, reels of Instagram, frivolous posts of Twitter alias X. It is

certainly evident that students have lowered their interests in reading books.

Johnsson-Smaragdi and Jonsson 2006 have opinion that both the visual and the Information
and Communication Technology media spell danger for reading literature and books perse.
These new technologies offer more entertaining alternatives than reading books thereby
digressing children and adolescents’ interest for books and reading habits in their leisure. Loan,
2012 notes technological advancement has disturbed the reading habits among people. With
the increasing use of social media and internet, book reading habit has been impacted. Pivec
(1998) found that teenagers are more drawn towards using internet and spending time before
television than reading books. (Hastings and Henry, 2006) pointed out that 85% of children
loved spending time before television than reading books. (Dadzie, 2008) defines reading as
the capacity to comprehend words in a writeup and ensures the use of the acquired information

from the meaningful text for personal improvement.

Palani 2012 suggests the importance of reading habit in the making the world a literate society.
Creativity, think tanking ability and personality are shaped though reading habit. However, the
current generation is more inclined towards social media than reading. Hence, there is a
necessity to develop reading habit among people. Authors like (Palani 2012; Grosseck, 2009;
and Gaon, 2012) had a shared understanding that reading leads to sharing of knowledge.
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According to a Mexican National Survey on Reading, maximum book reading happens
between 17-22 years and most commonly used reading material are text books (Gaona, 2012).

The Information Communication Technologies have hampered the reading habits of users.
Literature on Social Media

Social media refers to the platform users enjoy in being connected. (Mastrocicasa and Metellus,
2013) opine social networking applications as the platforms that aid users to be in touch with
one another according to their respective common interests. To realise their common interests
in most entertaining and inexpensive manner, the users who are especially students use,
YouTube, Facebook Twitter, or Instagram. (Lusk 2010) defines social media as “an aspect of
the Internet which allows individuals and groups to create and publish online content, share the
content, and interact about it”. According to (Junco and Loken, 2010) social media are a
“collection of Internet websites, services, and practices that support collaboration, community
building, participation, and sharing”. (Kaplan & Haenlein, 2010) defines social media as

applications which runs with internet and facilitates customised content generation.
Literature on effects of social media on reading habits

Many findings suggest social media has positive effects on reading habits. Social media serves
as a source for acquiring knowledge, sharing information, and spreading socio-politic and
environmental understanding (Hussain, Loan, and Yaseen, 2017) Social media serves as a toll
to connect with our beloved (Chander and Singh, 2017; Hussain, Loan and Yaseen, 2017;
Madgee et al., 2009; Shabir et al., 2014; and Shehu and Shehu, 2014). Many use social media
for educational and self-learning purposes (Chander& Singh, 2017; Khan, 2012). The most
important reason for using social media was the influence from friends nfluence of friends
(Khan, 2012). (Shabir et al., 2014) in their findings confirmed that social media was helpful in
socio-political update, finding latest jobs in the market, improving communication skills,

enhancing language adeptness, and publishing of articles.

Junco, Heibergr, and Loken, 2011 in their study noted that formerly Twitter now X improves
the students’ interaction that may result in their scoring more. The stake holders, i.e. the faculty
members and the students were found interacting and involving in on X for communication

and better learning experience.
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Some findings like (Junco et al., 2011; Madge et al., 2009; Olutola et al., 2016) Many studies
noted that social media rather had positive impact in the sense that it enhanced the reading

mannerism and academic result of students (Junco et al., 2011; Madge et al., 2009; Olutola et

al., 2016).

There are even some studies like (Shabir et al., 2014; Lubis et al., 2012) who found that use of

social media has no bearing on the academic performance of the students.

On the other hand, there are many studies that speak about the consequences of social media.
(Kirschner and Karpinski, 2010) found out that social media users spend fewer hours studying
than non-users. As per their statistics, those using Facebook for 1-5 hours per week and those
not using studied for around 11-15 hours in a week. (Bowman 2002), states that students use
internet as the measure of first resort for solving their doubts or assignment for class. (Junco,
2012) in his statistics in 2012 noted around 90% college students use Facebook and it is the
most favourite social networking platform among them. (Hernandez, 2010) opines that students

with smart phones have access to social media. There has been a spike in smart phone users

among students from 27% in 2009 to 49% in 2010.

Choney, 2010 states that Facebook and other social media platforms are eating up students’
time as the society is transforming to digitalisation. According to (Hussain, Loan, & Yaseen,
2017) Cell phones are the best medium to access social media. However, according to (Shabir
et al., 2014) computers in the computer labs are the best medium to access social media.
(Sharma & Shukla, 2016; Shehu & Shehu, 2014; Wang, Chen, & Liang, 2011; Yeboah & Ewur,
2014) noted that use of social media results in distraction in the classroom. Social media is very
addictive as the youth seems spending more time with their phones rather than studying (Bhatt
& Arshad, 2016). Students are found to use maximum time in social media trying to develop
friendship which eventually harms their performance and reading mannerism (Wang, Chen,
and Liang, 2011). (Ewur, 2014) notes that WhatsApp is majorly used for personal engagement

with friends than academic purpose.

In a study by (Madge et al., 2009), he noted that Facebook served social purpose than academic
purpose. Although, it was sometimes used informally for learning. (Ramirez, 2003) is of the
understanding that the young generation has different meaning for reading in the digital

empowered world.
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Johnsson-Smarasid and Jonsson, (2006) opined that “books are considered to demand more of
the reader than the screen media do of the viewer in that texts focus on concepts while the latter
focus on pictures”. (Schmar-Dobler, 2003) notes that the net with rosy content that grab the
attention of the users and distract them from reading. Basic grammar and sentence construction
skills of students are hampered by Chats on social (Sharma and Shukla, 2016; Yeboah and
Ewur, 2014). (Obama, 2008) in his educative talk mentioned that for children to realize more
the young brains have to turn off the television and become aspiring. Students have lost interest
in pleasure reading in this modern era. They do their home assignment using the internet. With
privacy breach and personal information misuse, social media has also its share of challenges

(Chander and Singh, 2017; and Shabir et al., 2014).

3. Methodology

Permission was sought from concerned authorities, the principal of the college, all the HoDs,
librarian, and the participants were apprised of the research through their respective HoDs. As
all the four years of BTech students were to participate in the survey. During their mandatory
library period, the students undertook the survey. It took more than a week to cover maximum
population. Firstly, they were apprised of the research. Those unable to understand some items
of the questionnaire were also helped with. A structured questionnaire was prepared for the
survey. The first item of the questionnaire was whether they have reading as their hobby. If
they responded in the negative, the survey would end for them. Those responding in the
positive, the sample was subjected to more questions. The followings were the items in the
questionnaire:

1. Isreading your hobby? (Reading novels, short stories, or other such books those are not
related to academics)
How often do you use social media?
Which social media you use the most?
Are you aware that your social media uses AI?
How much time you spend in Al enhanced social media?
Why do you use Al enhanced social media?

Has using artificial intelligence used social media impacted your hobby?
Do you feel wasting time in social media?

O Nk wWDd
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Result

Reading as a Hobby

_10.60%

89.40%

= Reading as a hobby(333) = Reading not as a hobby(2799) = Total Prticipants(3132)

Figure 1: Is reading your hobby? (Reading novels, short stories, or other such books those are
not related to academics)

The findings in Figure 1 illustrate that out of 3132 students only 10.60% (333) have reading as
their hobby and 89.40% (2799) students don’t have reading habit.

Frequency of Al enhanced Social Media
10.05%

20.01%

69.04%

m Rare(34) = Quite Often(69) = Very Often(230) = Total Participants(333)

Figure 2: How often do you use social media?
The findings in Figure 2 illustrate that 69.04% (230) students use AIESM, 20.01% (69) use it
moderately, and 10.05% (34) students use it sparingly.
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Preference of Scoial Media Platforms 0.90%
720%_ /-

13.50%

78.40%

m You Tube(261) = Instagram(44) = Facebook(23) Can't Decide(5) = Total Participants(333)

Figure 3: Which social media you use the most?
The findings in Figure 3 illustrate that maximum students use YouTube 78.04% (261) followed
by Instagram and Facebook with 13.50% (44) and 7.20% (23) respectively. There 0.90% (5)

students who were unaware of their preference.

Awareness Reagrding Al enhanced in ng(i)gl Media
-a.30%

= Aware of Al in Social Media(319)
= Unaware of Al in Social Media(14)
= Total Participants(333)

\_95.80%

Figure 4: Are you aware that your social media uses Al?
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The findings in Figure 4 illustrates that 95.80% (319) students were aware that Al was used in

social media, and just 4.20% (14) students were not aware of it.

Social Media Screen Time

m Less than 1 Hour(24) = 1-2 Hours(33) = 2-3 Hours(24)
= More than 3 Hours(252) = Total Participants(333)

Figure 5: How much time you spend in Al enhanced social media?
The findings in figure 5 illustrate that 75.70% (252) students used more than 3 hours AIUSM.
There were 9.90% (33) students who used it for more than 1 hour but less than 2 hours. There
were 7.20% (24) students who used it for more than 2 hours but less than 3 hours. The same

7.20% (24) number of students used it for less than 1 hour.

Purpose of Al enhanced Social Media
/_14.40%

64.00%

= Majorly Entertainment(48) = Majorly Academics(72) = Both(213) = Total participants(333)

Figure 6: Why do you use Al enhanced social media?
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The findings in Figure 6 illustrate that 64% (213) students use AIESM for both academic and
entertainment purpose. There are 21.60% (72) students who use it majorly for education

purposes and 14.40% (48) students use it mostly for entertainment.

Impact On Reading Habbits
14.4|0%

\85.60%
= Al lowered Reading Habbit(285) = Al not Affected Reading Habbit(48) = Total Participants(333)

Figure 7: Has using artificial intelligence used social media impacted your hobby?
The findings in Figure 7 illustrate that 85.60% (285) students feel that AIESM has lowered
their reading habit. There are 14.40% (48) students who believe there is no impact of AIUSM

on their reading habit.

Time Killing Platforms

48.60%

51.40%

= Wasting Time(161) = Not Wasting Time(172) = Total Paricipants(333)

Figure 8: Do you feel wasting time in social media?



International Journal of Research in Applied Sciences
Vol. 1 Issue 1 (Jan — June) 2024

The findings in Figure 8 illustrate that 51.40% (172) students acknowledge that they are
wasting time in AIUSM. However, nearly equal 48.60% (161) students feel otherwise.

4. Discussion

The actual survey was done on 333 students who had reading as their hobby. There were 48
students who confirmed that they use it only for entertainment. There were 252 students who
were using AIESM for more than 3 hours each day. This implies those students who use it for
purely entertainment and watch more than 3 hours because this might be leaving them with
less leisure time. There were 285 students who felt their reading habit has been disturbed by
the use of AIESM. The most critical finding was there were 172 students who believed that
they productive time is wasted by the use of AIESM. The survey also found that YouTube was
the most favorite platform and almost all (319) students aware that Al is used in the social
media they use. There were 230 students who felt they were using AIESM very frequently. This
also suggest that happenings in artificial intelligence enhanced social media is running back in
the mind of the students. This leads to leaving less leisure time thereby eating up time for
pursuing hobbies, and in our case lowering reading habit.

5. Conclusion

From the findings of the study, it is evident that AIESM has lowered the reading habits.
Nevertheless, there were also some who were immune to AIESM. It was also found that many
were aware that Al is used in social media that makes them use it more often and for longer
time. Many even keep a tap on their time for social media. Even though many confirm that
AIESM has lowered their reading habit, they are happy using it as it offers unrestricted
entertainment. The above findings corroborate the hypothesis that AIESM is lowering the
reading habits. From the findings, it may be suggested that jammers be used during some
dedicated studying hours in the evening. Even simpler approach of having the mobile phones
or other electronic gadgets through which they could access social media away from students
for some hours might also be tried.
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Abstract

Over the past decade, the Indian automobile industry has experienced remarkable growth,
primarily driven by intense competition among major players in the sector. In today's
technological age, various social networking platforms have emerged as crucial channels for
companies to execute their marketing campaigns and reach millions of potential buyers. The
mode of communication with consumers has undergone a profound transformation due to
technological advancements. Therefore, businesses must embrace new communication
methods, leveraging online platforms to align with their business strategies. In the current
technological era, consumers have become increasingly demanding, seeking rapid access to
comprehensive product information. Consequently, business organizations need to recognize

the evolving needs of consumers and tailor their products accordingly.

Keywords: social media, Social Media Marketing, Consumer Behavior, Automobile Industry
1. Introduction

The 21st century has witnessed a significant technological transformation, leading to a
profound impact on consumer behavior. This revolution, fueled by Information Technology
and Social Media Marketing, has also left its mark on the Automobile industry. Gone are the
days when customers had to visit physical stores to gather information about the cars they
wanted to buy. Now, they can access all the relevant details and data from the comfort of their
homes, with just a few clicks on their desktops through social media platforms.

Automobile dealers and manufacturers are adapting to this digital shift, striving to make the

buying and selling process more convenient and enjoyable. Their aim is to attract a larger
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customer base and increase sales. On the other hand, consumers have become more demanding,
seeking comprehensive solutions and information from dealers and original equipment
manufacturers (OEMSs). They expect a one-stop shop for all their queries and needs.

This easy access to information has disrupted the traditional demand and supply equilibrium.
Social media marketing plays a vital role in this context, creating awareness about automobile
brands and actively engaging customers with their products. The objective of this study is to
investigate the impact of social media marketing on consumers' purchasing behavior in the

automotive industry.

2. Review of Literature

Marketer (2013) reported that businesses have progressively adopted social media as a flexible
instrument for diverse marketing endeavors, encompassing branding, market analysis,
customer engagement, service delivery, and sales promotion. Numerous studies have
highlighted the positive impacts of incorporating social media into marketing strategies. Kohli
et al. (2014) emphasized the importance of catering to consumer interests through social media
to target broader audiences based on their preferences.

Constantin ides (2014) conducted a literature review on social media marketing, examining
different perspectives on modern techniques and related issues. Social media platforms hold
significant influence over consumers' minds, as people tend to believe what is posted on these
platforms. With the rapid growth in the usage of computers, mobile phones, and the Internet,
businesses have followed suit, integrating social media into their marketing strategies (Rodney
Graeme, 2017).

Stephen's study (2016) highlighted the growth of social media, prompting companies to
transition from traditional marketing methods to social media marketing for rapid access to
targeted audiences. This shift includes strategies like blogger endorsements, social media ads,
and managing user-generated content to boost brand visibility (Wang and Kim, 2017).

Liu et al. (2021) found that luxury brand marketing heavily relies on factors such as
personalization, image, trends, communication, and entertainment, significantly influencing
customers' purchasing decisions and brand value. Community marketing activities are shaped
by events and individuals' mental states, while products serve as external factors to users
(Parsons and Lepkowska-White, 2018).
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3. Objectives

e To study the variation in attitudes concerning social media marketing and consumer
purchasing patterns within the automobile industry, focusing on gender as a reference
point.

e To explore the gender-based distinctions in perception towards social media marketing
and its impact on consumer buying behaviour within the context of the automobile
industry."

4. Research Design

This study adopts an exploratory research approach, gathering data from customers through
questionnaires and various sources such as websites, books, journals, and newspapers. Due to
the difficulty of studying the entire population, a sample is taken, which is a representative
subset of the population. The data collection technique used is called "sampling." The
respondents for this study are from the Bhubaneswar area. The research methodology is
descriptive in nature, incorporating both qualitative and quantitative data for analysis. A cross-
relation of these data types has been performed to enhance efficiency and derive meaningful
insights.

5. Hypotheses

H1: There exists a significant variance in the extent of social media engagement concerning
automobile purchasing behavior between male and female respondents.

H2: There is a notable difference in perception concerning social media marketing and its
influence on consumer buying behavior within the context of automobile purchases across

gender of respondents.

6. Research Methodology

Data Collection
All the data were collected via google form and through physically from various users of

Bhubaneswar city, Odisha, India. Customers were requested to partake in a self-directed
questionnaire which takes around 15 minutes to finish. 200 questionnaires link were shared to
the respondents and 172 Physical forms are given to the respondents. From those, 229
successful responses were collected. Preceding the information accumulation, questioners were
prepared and trained on the most proficient method to regulate the survey instrument and to
incorporate respondents with various demographic profiles. The data collections were

conducted over two weeks’ time frames.
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Measurement instrument
The questionnaire consists of two sections. The first section starts with some screening
questions.
Table No. 1: Automobile brands used by respondents

Brand Name Frequency Percent
Maruti Suzuki 57 24.89
Hyundai 34 14.84
Tata 32 13.97
Honda 17 7.42
Kia 23 10.04
Toyota 27 11.79
Renault 8 3.49
Mahindra & Mahindra 19 8.29
others 12 5.24
Total 229 100

Customers having four-wheeler vehicles were requested to continue with the survey. A five-
point Likert scale is used for constructing the questionnaire.
7. Result & Analysis

There are 57 respondents using,, Maruti-Suzuki”, followed by 34 respondents using
,,Hyundai” then 32 respondents using,, Tata and 27 respondents using ,,Toyota®. The least

number of respondents are using ,,Renault™.
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Fig 1: Band popularity in automobile industries

This study is conducted to study the significant difference in variables across gender.
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Table 2: Group Statistics with Gender

Gender N Mean Std. Std.  Error
Deviation Mean
Social Male 150 2.8805 .66043 .03471
media
activities Female 79 2.6645 .89909 .14585
Social Male 150 3.3467 .81659 .04292
media
marketing Female 79 3.0103 .91153 14787
Consumer Male 150 3.3709 .84647 .04449
buying
behaviour Female 79 2.9986 .89819 14571
1 Male
3 Female
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Fig. 2. Comparison of social media with gender

Higher mean is reported for males for social media activities, social media marketing and
consumer buying behavior as compared to females.

Table 3: ANOVA Results with Gender

Sum  of df Mean F Sig.
Squares Square
Social media Between Groups 1.605 1 1.605 3.410 .066
activities _
Within Groups 187.367 227 471
Total 188.973 228
Social media Between Groups 3.892 1 3.892 5.707 017
marketing _
Within Groups 271.464 227 .682
Total 275.356 228
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Consumer Between Groups 4.765 1 4.765 6.573 .011
buying __
behaviour Within Groups 288.511 227 725

Total 293.276 228

The p-value in ANOVA test result is >.05 for social media activities, which is not significant.
So, it is interpreted that there is not a significant difference towards social media activities in
male and female. There by the proposed hypothesis H1 is rejected. That means that there is no
significant difference among male and female towards social media activities.

The value of p is less than .05 for social media marketing (.017) and for consumer buying
behavior (.011) that reveals that there is significant difference towards social media marketing
and consumer buying behavior across gender.

Critical F-value {approx.)

8
5

6

uwn

F-\Values
=

(o]

Soclal Media Activities  Social Media Marketing ~ Consumer Buying Behavior
Fig. 3: Social media Influence

Males are reported high as compared to female leading to acceptance of proposed hypothesis
H2. From this above pie-chart, it is understood that more than 65.5% of the respondents are
male and most of the respondents belong to having a qualification of Graduation (39.34%)
followed by post-Graduate (30.56%) and Professional Degree (18.34%).

8. Conclusion

From this Study, it may be concluded that there is no relation in the level of social media
activities related to automobile buying behavior across gender of respondents. However, there
is significant difference towards social media marketing and consumer buying behavior across
gender. Males are reported high as compared to female. This study gives a valuable idea to
marketers with a superior understanding in recognizing the fact that males are more influenced
by social media as compared to female. Satisfied customers often express their satisfaction by
endorsing products through actions like liking, sharing, reviewing, and commenting on social
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media platforms. Marketers are enhancing transparency in the digital sphere by showcasing the
positive feedback, comments, likes, tweets, and pins from contented customers, aiming to build

brand credibility and boost conversion rates.
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Abstract
Measuring Financial Literacy has been covered in lots of studies yet its proper application

for effective running of a business is often missed. This study examines the financial literacy
levels among MSME entrepreneurs in Ganjam District, Odisha, a region significant for its
diverse Micro and small enterprises. MSMEs contribute substantially to India's GDP,
providing 6.11% from manufacturing and 24.63% from the service sector while offering
employment and social benefits. Despite their economic importance, MSMEs face
challenges, particularly in accessing finance, partly due to being categorized as high-risk by
financial institutions. The research evaluates both basic and advanced financial literacy
among entrepreneurs, analyzing key areas such as savings and investment schemes, credit
procedures, inflation awareness, mutual funds, risk management, and policy changes. Data
was collected through interviews with 84 MSME entrepreneurs using a simple random
sampling method. Findings reveal moderate literacy levels, with significant influences from
demographic and socio-economic factors such as gender, marital status, and educational
qualifications. The study emphasizes the need for targeted financial education initiatives to
enhance financial knowledge, risk management skills, and decision-making abilities among
entrepreneurs. Policymakers and financial institutions must collaborate to implement
inclusive programs that empower MSMEs, fostering their sustainability and contribution to
the economy. Future research could focus on the long-term effects of financial literacy

programs and the integration of digital financial tools in MSME operations.

Keywords: Basic Financial Literacy, Advanced Financial Literacy, MSME Entrepreneur.
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1. Introduction

MSME business units are classified based on their annual turnover and investment in fixed
assets. Micro units are those with an annual turnover of less than five crores or fixed asset
investments below one crore. Small units have an annual turnover of less than fifty crores or
fixed asset investments under ten crores. Medium-scale businesses are defined as units with an
annual turnover of up to two hundred fifty crores or fixed asset investments not exceeding fifty
crores. Financial literacy, which refers to an entrepreneur's ability to effectively manage
business funds, plays a critical role in driving business development. Entrepreneurs with

financial knowledge, a positive attitude, and relevant skills are considered financially literate.

Recognizing the importance of financial literacy, particularly among entrepreneurs, the RBI
has initiated campaigns such as Financial Literacy Week to enhance awareness and improve
financial knowledge among a broader population. According to the S&P Global Fin Lit Survey
and the Global Findex database, only 24%2 of adults in India are financially literate. This
percentage is significantly lower compared to developed economies, where financial literacy
is much higher. To address this gap, the National Centre for Financial Education has developed

a strategic plan to foster financial awareness and empower the people of India.Research Focus

This study aims to assess the level of financial literacy among MSME entrepreneurs in Khordha
District of ODISHA, a prominent hub for small business enterprises. It examines the key
factors that influence and determine financial literacy among these entrepreneurs. In today’s

increasingly complex economic environment, financial literacy has become a critical necessity.

The study evaluates basic financial literacy, including entrepreneurs’ understanding of savings
and investment schemes (BFL1), the ability to calculate compound interest and the time value
of money (BFL2), knowledge of procedural complexities in obtaining credit (BFL3), and
awareness of prevailing inflation in the economy (BFL4). It also explores advanced financial
literacy levels, focusing on knowledge of mutual funds and the stock market (AFL1),
awareness of risks associated with market operations (AFL2), understanding changes in
economic policies (AFL3), and the ability to diversify investments across various fields
(AFL4). These factors collectively provide a comprehensive picture of financial literacy among

MSME entrepreneurs.
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2. Review of Literature

Financial literacy plays a crucial role in entrepreneurial success, enabling informed decision-
making and improved business outcomes. It encompasses financial knowledge, behavior, and
attitudes, which collectively drive effective resource management and growth. Studies by
Lusardi and Mitchell (2014) and Eniola and Entebang (2016) highlight the significance of
financial literacy in fostering entrepreneurial resilience. Key aspects include budgeting, record-
keeping, debt management, and risk diversification, which are linked to enhanced performance
(Musie, 2015; Fatoki, 2014). However, gaps persist, particularly in developing economies,
where limited financial literacy restricts growth. Addressing these gaps through targeted
education is critical for empowering entrepreneurs and ensuring sustainable business
performance.

Financial literacy has been widely acknowledged as a crucial determinant of SME
sustainability and performance. Korutaro et al. (2014) defined financial literacy as the
knowledge and skills required to manage financial resources effectively and make informed
decisions. Widdowson and Hailwood (2007) highlighted its role in enhancing financial market
engagement and promoting better financial risk management. Eniola and Entebang (2017)
demonstrated that financial literacy is essential for SME managers to improve access to finance
and manage risks. Similarly, Adomako et al. (2016) emphasized its importance in fostering
SME growth by bridging financial gaps. However, research by Eresia-Eke and Raath (2015)
noted gaps in financial literacy among SMEs, particularly in developing economies, which
hampers sustainability. Hussain et al. (2018) further explored how financial literacy improves
SMEs' access to finance and enhances decision-making, enabling businesses to navigate
dynamic markets. These studies underscore the importance of integrating financial literacy into
SME strategies to ensure long-term resilience and economic sustainability.

Jianmu Ye and KMMCB Kulathunga (2019) explored the impact of knowledge-based
development on the sustainability of small and medium enterprises (SMES) in Sri Lanka,
focusing on the role of chief financial officers. The study identified financial literacy as a key
driver of knowledge-based improvement, with a direct and positive effect on firm
sustainability. Financial literacy equips businesses to seize profitable investment opportunities,

enhancing their long-term viability.
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Additionally, access to finance significantly contributes to business sustainability, while
financially literate individuals exhibit a positive financial risk attitude. The study also revealed
a partial mediation effect of financial risk attitude on the relationship between financial literacy
and SME performance.

Amir Hamzah and Dadang Suhendar (2020) proposed a model for enhancing financial
inclusion in SME enterprises, highlighting several key factors. Their study found that financial
literacy positively influences financial inclusion by equipping businesses with the knowledge
needed to access financial services. The adoption of financial technology provided by banks
also enhances financial inclusion, offering businesses convenient access to digital financial
resources. Additionally, social capital plays a significant role in fostering financial inclusion,
as does the capital structure of enterprises. Collectively, these factors—financial literacy,
financial technology, social capital, and capital structure—contribute positively to financial

inclusion, driving business growth and development.

3. Methodolies

India, with a predominantly young population, has a financial literacy rate of only 27%3 among
adults. Due to the limited emphasis on financial education, many individuals face challenges
in managing their finances effectively. This study aims to assess the financial literacy levels of
entrepreneurs, enabling the identification of gaps and the implementation of measures to ensure
that every entrepreneur becomes financially literate and capable of managing business finances
efficiently.

Having discussed the utility of application of financial literacy in effective running of a
business in all above cited literatures, the objectives of the study is to determine the impact of
demographic and socio-economic factors of the entrepreneur on the basic as well as advanced
financial literacy.

3.1 Data Sources

Data was gathered from MSME business units in Ganjam district of ODISHA, which has
73,975 registered units spanning the manufacturing and service sectors. The information
was collected directly from MSME entrepreneurs in the district using an interview-schedule

method.
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A simple random sampling technique was employed, and the sample size was set at 84

business units.

4. Result & Discussion

The above data presents a comprehensive overview of various demographic, organizational,
and financial characteristics. The sample consists of 56% males and 44% females, with
67.9% married individuals and 32.1% unmarried. The age distribution shows a
concentration in the 26-50 age group (48.8%), followed by those above 51 years (36.9%),
and a smaller portion under 25 years (14.3%). In terms of education, 38.1% have a college-
level qualification, while 32.1% are professionals and 29.8% have a school-level education.

Table 1. Demographic Profile of Sample

N %
Gender Male 47 56.0
Female 37 44.0
84 100.0
Marital Status Unmarried 27 32.1
Married 57 67.9
84 100.0
Age Below?25 years 12 14.3
26-50 years 41 48.8
Aboveblyears 31 36.9
84 100.0
Educational Qualification | School Level 25 29.8
College Level 32 38.1
Professional 27 32.1
84

Family type is fairly balanced, with 52.4% from nuclear families and 47.6% from joint
families. Entrepreneurial experience is skewed towards individuals with less than 10 years
of experience, with 42.9% having fewer than 5 years and 33.3% having 6-10 years of
experience. Organizations are predominantly partnerships (42.9%), followed by sole
proprietorships (33.3%) and companies (23.8%). Most enterprises are located in rural areas
(66.7%) compared to urban settings (33.3%). Small-scale operations dominate, with 58.3%

categorized as small enterprises, 16.7% as micro, and 25.0% as medium-scale businesses.
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A majority of businesses employ fewer than 10 people (52.4%), with fewer having 11-25

employees (31.0%) or more than 26 employees (16.7%).

Table 2. Demographic Profile of Sample

Family Type Nuclear Family 44 52.4
Joint Family 40 47.6
84 100.0
Prior Experience of Lessthan5years 36 42.9
Entrepreneur: 6-10years 28 33.3
Morethanll years 20 23.8
84 100.0
Type of Organization: Sole Proprietorship 28 33.3
Partnership 36 42.9
Company 20 23.8
84 100.0
Location of the enterprise:| Urban 28 33.3
Rural 56 66.7
84 100.0
No.of employees Less than10 44 52.4
11to 25 26 31.0
More than 26 14 16.7
84 100.0
Operational Scale Micro 14 16.7
Small 49 58.3
Medium 21 25.0
84 100.0
Nature of Industry: Manufacturing 44 52.4
Trading 19 22.6
Service 21 25.0
84 100.0
Current Life cycle stages. | Start-up(lessthan3 years) 13 155
Survival(3to6years) 22 26.2
Growth(6-10years) 32 38.1
Sustenance(Morethan10years) 17 20.2
84 100.0
Debt funds in Capital Upto25% 4 4.8
Composition 26%- 50% 45 53.6
Above50% 35 41.7
84 100.0
Financing Institution Public sector banks 20 23.8
Private sector banks 50 59.5
Micro Financial institution 5 6.0
Private lending 9 10.7
84 100.0
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Manufacturing is the most represented industry (52.4%), followed by service (25.0%) and
trading (22.6%). Most enterprises are in the growth stage (38.1%), while others are in
survival (26.2%), sustenance (20.2%), or start-up stages (15.5%). Financially, 53.6% of
enterprises rely on debt funds composing 26%-50% of their capital, while 41.7% have debt
exceeding 50%. The majority of financing comes from private sector banks (59.5%), with
smaller contributions from public sector banks (23.8%), private lending (10.7%), and micro-

financial institutions (6.0%).

This analysis highlights the prevalence of male entrepreneurs in rural, small-scale
enterprises, with significant reliance on private banks for funding. Many businesses are in
the growth stage and operate in the manufacturing sector, reflecting a diverse yet focused

entrepreneurial scope.

Table 3: Descriptive and Correlation

Mean | Std. BFL1 | BFL2 BFL3 | BFL4 | AFL1 | AFL2 | AFL3 | AFL4
Deviati
on

BFL1 |3.0833|1.39023 |1

BFL2 |3.0000|1.31717 |.974™ |1

BFL3 | 2.8571|1.26246 |.927" | 956~ |1

BFL4 | 2.8690 | 1.27799 |.935 | 952" |.989™ |1

AFL1 | 2.6786 | 1.20402 |.837" |.874" | .873" | .865 |1

AFL2 | 25000 | 1.12475 |.790™ |.789" |.823™ |.826™ |.912™ |1

AFL3 | 2.4524 | 1.10208 |.746™ |.722"" | .757™ | .753™ | .846™ | 953" |1

AFL4 | 2.4167|1.07780 |.748™ | 772" |.815" |.819™ |.903™ |.949™ | .894™ |1

** Correlation is significant at the 0.01 level (2-tailed).
Source: Primary Data (BFL=Basic Financial Literacy AFL=Advanced Financial Literacy)
Mean Score:uptol.7-low literacy, up to 3.4-Moderate level of literacy, till 5-high level of literacy.

The above correlation table provides insights into the relationships among variables labeled
BFL1-BFL4 and AFL1-AFL4, along with their respective mean values and standard
deviations. The mean values for BFL variables range from 2.8571 to 3.0833, with standard
deviations between 1.26246 and 1.39023, indicating moderate to high levels of variability. In
contrast, the AFL variables have lower mean values (2.4167 to 2.6786) and standard deviations

(1.07780 to 1.20402), suggesting less variability in responses compared to the BFL variables.

Within the BFL variables, the correlations are consistently strong and positive, ranging from
0.927 (BFL1 and BFL3) to 0.989 (BFL3 and BFL4), indicating a high degree of internal
consistency. Similarly, the AFL variables exhibit strong positive correlations, ranging from
0.846 (AFL1 and AFL3) to 0.953 (AFL2 and AFL3), further reflecting strong internal
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reliability. Between the BFL and AFL groups, correlations are moderate to strong, such as
0.837 (BFL1 and AFL1) and 0.903 (AFL1 and AFL4), suggesting meaningful relationships

between these two constructs.

These findings highlight the internal consistency within the BFL and AFL groups, suggesting
that the variables within each set measure related aspects of their respective constructs. The
moderate to strong correlations between the BFL and AFL groups indicate potential overlap or
shared factors between these constructs, which could signify an underlying interaction. The
standard deviations reveal moderate variability, with BFL items showing slightly higher
dispersion than AFL items. This analysis provides a foundation for further exploration, such as

factor analysis or regression, to uncover deeper relationships between the constructs.

Table 4: Regression

Model Summary
Model| R R Square | Adjusted R Square | Std. Error of the Estimate
1 864 | .747 723 43970
a.Predictors:(Independent),OrganizationType,Gender,Marital Status,Educationa
| Qualification, Experience, Family Type, Age

*Source: Self Computed

The regression model demonstrates a strong relationship between the predictors and the
dependent variable, as indicated by an R value of 0.864. With an Rz of 0.747, the model
explains 74.7% of the variance in the dependent variable, and an Adjusted R2? of 0.723
accounts for the number of predictors, confirming the model's robustness without over
fitting. The standard error of 0.43970 suggests relatively precise predictions. The predictors,
including organization type, gender, marital status, educational qualification, experience,
family type, and age, collectively contribute to explaining the outcome variable. The small
difference between R2 and Adjusted R? highlights the relevance of the predictors. Overall,
the model is effective in capturing the relationship between the variables, providing valuable

insights for understanding the factors influencing the dependent variable.

Table 5: ANOVA

ANOVA Db
Model Sum of | df Mean F Sig.
Squares Square
1 Regression| 43.306 7 6.187 31.999 | .0007
Residual | 14.694 76 193
Total 58.000 83
a) Predictors:(Independent),OrganizationType,Gender,MaritalStatus,E
ducational Qualification, Experience, Family Type, Age
b) Dependent Variable: Basic Financial Literacy

*Source: Self Computed
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The above ANOVA table presents a statistically significant regression model predicting
Basic Financial Literacy. The model, with predictors including Organization Type,
Gender, Marital Status, Educational Qualification, Experience, Family Type, and Age,
explains a substantial amount of variance in the dependent variable. The high F-statistic
and extremely low p-value provide strong evidence that the independent variables
collectively have a significant relationship with Basic Financial Literacy. This suggests
that the model can be used to understand and potentially predict variations in financial
literacy across different demographic and socioeconomic groups.
Table 5: Coefficients

Coefficients
Model Un-standardized Standardized t Sig.
Coefficients Coefficients
B Std. Beta
Error
1 | (Constant) 3.367 341 9.872 |.000
Gender 286 107 171 2672 |.009 |S
Marital Status | -.135 117 -.076 -1.150 | .254 | NS
Age -.010 099 -.008 -102 |.919 | NS
Educationa -.637 047 -.807 -13.530(.000 | S
I
Qualificati
on
Family Type 179 111 107 1.606 |.113 | NS
Experience -.131 081 -.126 -1.631 | .107 | NS
Organization -.053 067 -.048 -786 | .434 | NS
Type
a. Dependent Variable: Basic Financial literacy

The regression analysis reveals that Gender and Educational Qualification have statistically
significant associations with Basic Financial Literacy. Males tend to exhibit higher levels of
financial literacy compared to females, while individuals with higher educational
qualifications show lower levels of financial literacy, according to the model. The model did
not find significant relationships between Basic Financial Literacy and Marital Status, Age,

Family Type, Experience, or Organization Type.

Table 6: Model Summary

Model Summary

Model| R R Square | Adjusted R Square | Std. Error of the Estimate
1 .753* | .568 528 50586
a.Predictors:(Independent),OrganizationType,Gender,MaritalStatus,Educati
onal Qualification, Experience, Family Type, Age
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*Source: Self Computed
The regression model shows a strong positive relationship with an R value of 0.753,
indicating that the model explains 56.8% of the variance in the dependent variable. The
adjusted R-squared of 0.528 suggests that the model's predictive ability is robust even after
accounting for the number of predictors. The standard error of the estimate of 50586

provides an indication of the average error in the model's predictions.

Table 7: ANOVA

ANOVAP
Model Sum of df Mean Square F Sig.
Squares
1 Regressio | 25.540 7 3.649 14.258 .000%
n
Residual | 19.448 76 256
Total 44.988 83
a.Predictors:(Independent),Organization Type, Gender, Marital Status, Educational
Qualification, Experience, Family Type, Age
b. Dependent Variable: Advanced Financial Literacy

*Source: Self Computed

The ANOVA table presents a statistically significant regression model predicting Advanced

Financial Literacy.

The model, with predictors including Organization Type, Gender, Marital Status,
Educational Qualification, Experience, Family Type, and Age, explains a substantial
amount of variance in the dependent variable. The high F-statistic and extremely low p-
value provide strong evidence that the independent variables collectively have a significant
relationship with Advanced Financial Literacy. This suggests that the model can be used to
understand and potentially predict variations in advanced financial literacy across different

demographic and socioeconomic groups.

The regression analysis reveals that Gender, Marital Status, and Educational Qualification
have statistically significant associations with Basic Financial Literacy. Males and
unmarried individuals tend to exhibit higher levels of financial literacy compared to females
and married individuals, respectively. Additionally, individuals with higher educational
qualifications show lower levels of financial literacy, according to the model. The model did
not find significant relationships between Basic Financial Literacy and Age, Family Type,

Experience, or Organization Type.
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Table 8: COEFFICIENTS

Coefficients?
Model Un- Standardized| t Sig.
standardized Coefficients
Coefficients
B Std. Beta
Error
1 | (Constant) 3.763 392 9.589 .000
Gender 264 123 179 2.151 035 |S
Marital Status | -.295 135 -.188 -2.193 031 |S
Age -.091 114 -.084 -.792 431 | NS
Educationa -433 .054 -.623 -7.996 000 |S
I
Qualificati
on
Family Type 096 128 066 752 454 | NS
Experience -.140 .093 -.152 -1.514 134 | NS
Organization .000 077 .000 -.004 997 | NS
Type
a. Dependent Variable: Basic Financial literacy

*Source: Self Computed

5. Conclusion

The study highlights the significant role of financial literacy in enhancing the operational
and financial efficiency of MSME entrepreneurs in Ganjam District of Odisha. Despite the
critical contribution of MSMEs to the region's economy, the findings indicate moderate
levels of both basic and advanced financial literacy among entrepreneurs. Factors such as
gender, marital status, and educational qualifications significantly influence financial
literacy levels, underlining the need for tailored interventions. To bridge the existing gaps,
focused initiatives on financial education, especially in areas such as advanced financial
concepts and risk management, are essential. Policymakers and financial institutions must
collaborate to design inclusive programs that address the diverse needs of entrepreneurs,
enabling them to make informed financial decisions. Enhancing financial literacy not only
strengthens individual businesses but also contributes to the sustainable growth of the
MSME sector and the broader economy. Future research could explore the longitudinal
impact of financial literacy programs and the role of emerging digital financial tools in

improving financial management practices among MSME entrepreneurs.
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Abstract

This study of management personnel in healthcare organizations to effectively cope with stress
represents. The issue of stress resilience is of particular importance as high levels of strain and
stress can lead to high turnover rates among healthcare professionals. Additionally, job
dissatisfaction and a lack of autonomy in the workplace can exacerbate the negative effects of
stress, making it essential to explore ways to improve stress management among healthcare
managers. For the purpose of the study, a well structure questionnaire was administered among
295 professionals in a randomly selected hospitals in Bhubaneswar city of Odisha. Various

statistical tools were used to study the stress resilience in different angels.

Keywords: Dark Triad, Stress Resilience, Employees, Work Place, Hospitals.

1. Introduction

These factors may have both positive and negative effects on the health sector. On the one
hand, advancements in technology can lead to improved healthcare outcomes, and
liberalization can increase access to healthcare services. Stress has undesirable consequences
in the emotional, mental and physical well-being of an individual. People with physical or

psychological stress lack poor quality of life and high organizational performance.

Resilience is a developmental process that an individual acquires when exposed to stressful

and adverse life experiences.
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2. Review of Literature
Suzanne C. Kobasa revolutionized the study of stress in 1979 with her theory of "Hardiness"

presented in the Journal of Personality and Social Psychology[1]. According to Kobasa,
Hardiness is comprised of three essential components, namely Commitment, Control, and
Challenge. Individuals who possess these three traits are more likely to be stress-resilient.
Hardiness is believed to be one of the personality traits that determine the way people deal with

stressful situations. Hardiness has also been recognized as the path to resilience under stress
[2]

Indian professionals employed in various healthcare organizations often experience significant
stress, arising from both intrinsic and extrinsic factors. While numerous studies have explored
the hardy coping mechanisms of military personnel, police officers, health professionals,
educators, students, adolescents, older adults, and teaching staff, there has been limited focus
on the challenges faced by today's highly stressed health professionals[3]. Moreover, research

specifically addressing these issues within the Indian context remains scarce.

3. Methodology and Result Analysis
Study is both descriptive as well as explorative in nature using primary data. The samples are

carefully selected, which is typical and true representatives of the total population [4]. The
simple random sampling method is used for collection of data from different households and
consumers of two blocks of sample district [4]. A structured questionnaire is prepared and

administered with employees of Hospitals to know the first-hand information.

Table 1: KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.850
Bartlett's Test of Approx. Chi-Square 588.618
Sphericity oF ee

Sig. 0.000

The Kaiser-Meyer-Olkin Measure of Sampling Adequacy test results depicted in the above
table:1 reported test result as 0.850 which is strongly acceptable for any factor analysis and the
result also corroborate the factorial linkage among variables on Strategies adopted to reduce
stress, which is also positive in all respect as it is more than 0.700[5].
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Table 2: Strategies adopted to reduce stress

Extraction Sums of Squared | Rotation Sums of Squared
Initial Eigenvalues Loadings Loadings
% of

Compo % of Cumulativ Varianc | Cumulat % of | Cumula
nent Total Variance e % Total e ive % Total |Variance| tive %
1 3.501 32.655 32.655 3.501| 32.655| 32.655| 2.835| 25.772| 25.772
2 1.814 16.530 49.185 1.814| 16.530| 49.185| 2.011| 18.283| 44.056
3 1.611 12.899 62.084 1.611| 12.899| 62.084| 1.620| 14.731| 58.787
4 1.324 9.443 71.517 1.324 9.443| 71.517| 1.400| 12.710| 71.497
5 0.782 7.112 78.629 - - - - - -
6 0.636 5.786 84.414 - - - - - -
7 0.506 4.599 89.014 - - - - - -
8 0.430 3.912 92.926 - - - - - -
9 0.347 3.153 96.079 - - - - - -
10 0.271 2.467 98.547 - - - - - -
11 0.160 1.453 100.000 - - - - - -

}. Extraction Method: Principal Component Analysis.

Table 4 presents the total variance analysis for employees regarding "Strategies Adopted to
Reduce Stress.” It highlights the initial Eigenvalues, which indicate the variance explained by
the initial solution and the sum of squared loadings. Factors with Eigenvalues greater than one
were considered for further analysis. Among the 11 factors, four significant ones were
extracted, as their sum of square values exceeded one. The total cumulative variance accounts
for 71% of the data, leaving 29% unaccounted for, representing data loss in the factor analysis.

Further details are provided in the subsequent tables [6].

Table 6 presents the component-wise rotated values, highlighting their correlation with the
strategies adopted to reduce stress in the health sector, displayed in matrix form. Out of 11
factors, four have been identified as significant, as they exhibit higher values across both
component columns [7]. These factors are: D3: Entertainment hub for recreation is mandatory
(0.760), D8: Positive thinking at work is a practice (0.847), D5: Relation with like-minded
persons in societal culture is maintained well (0.684), and D1: Yoga/meditation at home is
motivated (0.812). While linear correlations between other components were analyzed, the

values of these four factors were notably closer, positive, and significant to the solution.
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Table 3: Matrix of Strategies adopted to reduce stress

Component
Sl.  [Statements 1 2 3 4
D1 |Yoga/meditation at home is motivated 0.812
D2 [Physical exercise in gym to make fit is
. 0.812
motivated
D3 [Entertainment hub for recreation is
0.760
mandatory
D4  [Sleep as per need without any deviation 0.661
D5 |Relation with like-minded persons in
. . o 0.684
societal culture is maintained well
D6 [Playing and staying with family members at
s 0.662
home has no restriction
D7 [Prayer is mandatory for all days at office 0.673
D8 [Positive thinking at work is a practice 0.847 733
D9 [Time management facility for WLB 0.744
D10 [Tour & Travel program for holiday trip 0.746
D11 [Family functions at home or outside are
. 0.947
allowed without harassment

Stress free workplace for stress resilience

For the measurement of stress resilience, 10 associated statements were used in the

questionnaire for collection of responses. the reliability test (Cronbach's Alpha) of “Stress free

workplace for stress resilience” of the different banks (Banking) which is executed to ensure

the reliability of questions (10) of all items that constitute dimensions[8]. It resulted in an

overall score of 0.917 representing internal consistency of the items and the reliability of

responses, which can be absolutely considered as conventional for additional investigation.

Table 5: KMO and Bartlett's Test® resilience

KMOM of Sampling Adequacy. 0.940
B's Test of Sphericity Approximate Chi-Square 599.354
df 45
Signature 0.000

The KMO Measure of Sampling Adequacy test results depicted in the Table-6.89 reported test result as

0.940, which is acceptable for any factorial analysis and the result also corroborate the factorial linkage
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among variables on Stress free workplace for stress resilience, which is also positive in all respect

for stress resilience.

Table 6: Stress free workplace for stress resilience

Sums of Squared Loadings

Sums of Squared Loadings

first Eigenvalues Extraction Rotation
Compo % of Cumulati % of | %Cumu % of | %Cumu
nent sum Variance ve % Total | Variance | lative Sum | Variance | lative
1 3.288 32.880 32.880| 3.288| 32.880| 32.880 3.151| 31.514| 31514
2 2.419 24.193 57.073| 2.419| 24.193| 57.073 2.190| 21.902| 53.416
3 1.002 10.023 67.096| 1.002| 10.023| 67.096 1.368| 13.680| 67.096
4 0.854 8.541 75.637
5 0.801 8.006 83.643
6 0.614 6.144 89.787
7 0.385 3.849 93.636
8 0.292 2.925 96.560
9 0.227 2.273 98.833
10 0.117 1.167| 100.000

Principal Component Analysis: Extraction Method
Table 6 outlines a variance analysis conducted among employees in the Health sector to

examine the relationship between a stress-free workplace and stress resilience.

Table 7: Rotated free workplace for stress resilience

Component
Sl. Statements 1 2 3
El Counseling programs for health &mind in adverse condition 0.600
E2 Training and development activity for maintaining relationship 0.914
E3 Opportunity for career development 0.844
E4 Effective performance management system through friendly and 0.850
amicable essence
E5 Open communication to all in maintaining a relationship 0.760
E6 Sufficient support for work life balance and other family 0.850
problems
E7 Identification of talent at right time 0.779
ES8 /Accessing and sustaining positive emotion 0.772
E9 Positive environment to maintain equity and excellence 0.899
E10 |Coordinate with other environment (Employee friendly) for 0.691
boosting financial opportunity
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The initial Eigenvalues indicate the variance explained by the initial solution and the sum of
squared loadings. Out of 10 factors, those with Eigenvalues greater than one were selected for
further analysis [9]. This process identified three significant factors with a sum of square values
exceeding one. The cumulative variance shows that 67% of the data is valid, while the
remaining 33% reflects data loss in the factor analysis, which is elaborated on in the following
tables.

5. Conclusion
Stress is an inevitable aspect of human life, which can negatively affect an individual's

emotional, mental, and physical well-being. It can lead to a decrease in the overall quality of
life and adversely affect organizational performance. The underlying cause of stress is often a
disparity between the demands placed on an individual and the resources available to them to
handle those demands.
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