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Algorithm 1 GeneralGreedy(G'. k)

2: fori= 11t kdo

sy =L

fori =110 N do

end for
sy = SufN
end for

e

11: end for
12: output S.

1: intialize § = () and N = 20000

for cach vertex v € V', S do

sy +=|RanCas(S U {v})|

10: 8§ =SU {argmax,ci\s{sv}}
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Memetic Algorithm Template

Begin

INITIALIZE population;
EVALUATE each candidate;

Repeat Until (TERMINIATION CONDITION) Do
SELECT parents;
RECOMBINE to produce offspring;
MUTATE offspring;
IMPROVE offspring via Local Search;
EVALUATE offspring;
SELECT individuals for next generation;

endDo
End
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Step 1: Input a population Popy ={u, s, ..., up|, to the local search unit.

Fori=110 p do
For j=1to N do

End
End
End
Step 3: For y=110 p do
Let & be the length of S, .
For /=110 h do

If fitness]> finess2 then
Let cup equal to one.
End
End
End
Step 4: Output the improved Pope .

Step 2: Let u; be the i-th chromosome in Popy, and N be the length of u;. According to the definition
ofallele f;;, we know that w; is a binary string composed of ., where Vi, 1< j<N .

If the value of £, ;is equal to one then
Record the allele £;; in the array S;.

fitnessl = fit(u,); N fit()is the fitness function.
In uy, let the allele cmp , corresponding to the /s element in Sy, be zero.
fitness2 = fit(uy); N Re-evaluate the fitness
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A B | ¢ | b | E | F | &6 | H
1 [Age lMaritaI_SI Gender ‘Weight_C Cholester Stress_Mz Trait_Anxi2nd_Heart_Attack
2 | 60 2 ] 1 150 1 50 Yes
3 | 69 2 1 1 170 o 60 Yes
4 | 52 1 ] a 174 1 35 No
3 | 66 2 1 1 169 o 60 Yes
e | 70 3 ] 1 237 o 65 Yes
7| 52 1 0 1] 174 1 35 No
g | 58 2 1 a 140 a 45 Mo
9 | 29 2 1 o 143 o 45 Yes
10| 60 2 ] o 139 o 45 No
11 | 51 1 1 a 174 1 40 Mo
12 | 52 1 ] o 189 1 65 Mo
13 | 70 2 1 1 147 1 30 Yes
14 | 52 2 1 2 160 a 40 Yes
15 | 74 3 1 2 178 o 73 Yes
16 | 64 2 1 2 236 1 B0 Yes
17 | 69 2 ] 1 146 1 50 Yes
18 | 58 2 ] o 141 o 45 Mo
19| 63 1 ] o 172 o 60 No
20 | 66 1 ] a 172 a 60 Mo
21 | 63 0 1 1 138 1 50 Mo
22 | 50 1 1 o 174 1 40 Mo
23 | 60 2 ] 1 146 1 30 Yes
24 | 70 2 1 1 238 a 60 Yes
25 | 24 1 ] o 172 1 35 No
26 | 73 1 ] 2 178 o 75 Yes
27 | 72 3 ] 1 236 a 65 Yes
28 | 29 1 1 2 202 o 70 Yes
29 | 60 2 1 o 140 o 45 No
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Research Article

People’s fatness and thinness detection using image
processing and machine learning

Ahmad Mosapour'*, Adel Mchammadi Johendizi?, Mohammad Mirzaee®, Mochammad Hasanvand*

Abstract

One of the most important priorities in developed countries is the use of machine
decision-making instead of a human. One of the areas that need this field is health.
For this purpose, determining the obesity and thinness of people can be very useful
in studying and examining the health status of a society and adopting health
system policies. Images of people as a database of research have been prepared
from several different environments where the distance between the camera and
the person is the same in all of them. Then, the background of the image is removed
using background subtraction. Image features that include image morphological
characteristics are extracted from the image and are classified into two categories to
perform classification operations. The people were divided into three categories: fat,
medium, and thin. The images are noised using the Gaussian low pass filter method
with different frequencies filtered using two methods of salt and pepper noise and
Gaussian noise. n normal image, the highest accuracy is related to the SVM method
with an accuracy of 97.1%, and the lowest is related to the MLP, Bayesian and KNN
algorithms, respectively. The results of this paper showed that with the proposed
method, in addition to being able to classify the people of a society in terms of
obesity and thinness, a higher accuracy was achieved than most of the methods that
have been presented so far. According to the solutions and results of this research,
by increasing the images of people, in addition to increasing the accuracy, it will
reach a more practical level.

KBVWOI'dS: Classification, Image Processing, machine learning, SVM, Thin, Fat
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1- Introduction

Image processing has become one of the most
important sciences of interest to mankind, which
has produced tremendous progress in many
fields in various ways; in such a way that it has
found wide applications in other sciences such
as medical sciences, technical and engineering
sciences, industrial sciences, basic sciences, etc.
and has improved the efficiency, progress, and
updating of that science. Image processing has
many applications such as shape recognition,
image texture recognition, image type, etc. With
the rapid development of image processing science
and machine learning in theoretical and practical
fields, it can be said that the only suitable
alternative for decisions based on human vision
is the mentioned items. Because the presence of
humans in some situations, places, and times, in
addition to the cost of human resources, maybe life
and financial risks for humans, making decisions
with a machine can be a good alternative for this
issue. Therefore, in this paper, it is attempted
to use image processing-based methods to
diagnose the obesity and thinness of a sample
of the population without human intervention.
Because issues related to the health of humanity
are considered one of the issues and problems
of every society, attention, and monitoring of
health indicators is an important issue for the
governance and institutions that are responsible
for health, considering that health is closely
related to the condition of obesity or thinness of
any society. Therefore, measuring, monitoring,
and preventing obesity in society leads to the
prevention of physical injuries of the people of that
society and as a result, a healthier society will be
formed physically and even mentally. In the field
of monitoring the obesity of people in a society, if
human resources for necessary studies sample the
samples of society, naturally, in addition to the
exorbitant cost and time, this process is faced with
serious human errors. Therefore, it is necessary
to use a system without human intervention
to sample society. Using image processing and
machine learning in this field can be a suitable
alternative to sampling instead of human labor;
in such a way that by using different algorithms
of artificial intelligence, training is done once and
their results are used for years with the least error,
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the least cost and the least time. In this paper, we
have provided some examples of different people
and by using image processing and machine
learning, they are divided into three categories:
obese, medium, and thin. Finally, by monitoring a
society, it is possible to formulate general policies
in the field of physical and mental health of the
people of that society and prevent the creation of
a health crisis in that society. One of the most
important public problems that human society is
currently dealing with is the problem of obesity and
being overweight. The world health organization
defines obesity as excessive accumulation of fat
or abnormal fat that may harm health. In simple
terms, obesity is the result of eating too much
and moving too little (Chen, 2015). Obesity is a
chronic disorder involving a complex number of
environmental, cultural, psychosocial, metabolic,
and genetic factors. The prevalence of overweight
and obesity in adults and children has reached an
alarming level. This trend has been continuously
increasing during the prevalence of overweight
and obesity and has not stopped (Kim, Kim, Kim,
Lee, & Jung, 2018). Therefore, it is impossible to
discuss weight loss in society and create physical
health in them without monitoring people and
estimating their health levels. One of the most
important levels of health of individuals as
mentioned is the topic of obesity. For this reason,
monitoring and measuring the level of obesity
in a society is essential to formulate the general
policies of a government in the field of health.
Monitoring people in society for practical studies
for developing the system of letters and policies
of the health sector needs accuracy, speed, high
quality, and low cost. For this reason, the use of
methods based on the use of labor for mentioned
reasons is outdated and impractical. For this
purpose, the use of machine-based methods,
especially artificial intelligence methods, can
achieve the goals of accuracy, speed, high quality,
and low cost. At the same time, these methods
have characteristics such as tirelessness, constant
monitoring, low maintenance cost, no need for
labor, and high accuracy, which increase the
need to use them. Image processing is a method
of converting an image digitally and doing some
work on it, to get an improved image or extract
some useful information from it, which is used in




stages such as classification, etc. Many concepts
such as computer vision, image processing,
machine learning, and others concepts have
many similarities together, so there is no precise
definition for these concepts, and cannot bind
them to a specific area. However, here we will
try to demarcate these concepts to some extent
and express the actions related to these areas in
simple language.
The main goals of this paper are as follows:
* Providing the approach suggested

Machine learning and image processing
modelling.
* Body size identification with high accuracy
This paper is structured as follow in the
second part, we examined related works, in
the third part, we discussed the suggested
approach, in the fourth part, we acquired the
proposed method’s findings, and finally in
the fifth part, we have a conclusion.

2- Literature Review

Machine learning is a developing subset of
computing algorithms that aims to imitate human
intelligence through environmental learning. In
the brand-new era of “big data,” they are regarded
as the workhorse. Various fields, including
pattern recognition, computer vision, spacecraft
engineering, finance, entertainment, and
computational biology, as well as biological and
medicalapplications, haveeffectivelyusedmachine
learning techniques (El Naqa, I., & Murphy, 2015).
As reported in (Moharamkhani Yahyaei Feriz
Hendi,Bandar, Izadkhasti, & Sirwan Raza, 2022)
Moharamkhani et al. proposed a new approach
for intrusion detection in cloud computing
environments using a combination of the Firefly
Algorithm and Random Forest. Hasanvand et al.
(Hasanvand, Nooshyar, Moharamkhani, & Selyari,
2023) proposed a different approach that focuses
on identifying vehicles using machine learning
and image processing techniques. Used in (Gavari
Bami, H., Moharamkhani, Zadmehr, Najafpoor,
& Shokouhifar, 2022) Gavari Bami et al. to
accurately identify attacks.

Harty et al (2020) proposed a novel method
for estimating body fat using machine learning
and 3-dimensional optical imaging. The study
involved collecting data from 131 participants
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to develop a predictive model that could
accurately estimate body fat percentage based
on measurements of body shape and size taken
with an optical scanner. The results showed
that the machine learning model was able to
predict body fat percentage with a high level of
accuracy, indicating the potential usefulness of
this technology in clinical settings for assessing
obesity and related health risks. Ahn et al,
(2018) compared different clustering methods for
classifying obesity. The study used data from 349
participants, including body mass index (BMI)
and other health-related measures, and applied
four clustering algorithms to identify distinct
groups based on these variables. The results
showed that the K-means algorithm performed
the best in terms of accuracy and consistency,
while the hierarchical clustering method
produced more variable results. The authors
suggest that the K-means algorithm may be useful
for identifying subgroups of obese individuals
with different health risks and treatment needs.
Ugar et al, (2020) discussed the use of hybrid
machine learning algorithms for estimating
body fat percentage. The study used data from
200 participants, including measurements of
body mass index (BMI), waist circumference, and
skinfold thickness, and applied several different
machine learning algorithms to predict body fat
percentage. The results showed that the hybrid
algorithm, which combined the random forest
and artificial neural network models, performed
the best in terms of accuracy compared to other
individual algorithms. The authors suggest
that this approach may be useful for accurately
estimating body fat percentage in clinical settings
and could potentially improve the diagnosis and
treatment of obesity-related conditions.
Ferenci et al (2018) explored the use of
artificial neural networks to predict body fat
percentage using anthropometric and laboratory
measurements. The study used data from 160
participants, including measurements of BMI,
waist circumference, and various blood tests,
and trained an artificial neural network model to
predict body fat percentage based on these inputs.
The results showed that the model achieved a high
degree of accuracy, with a correlation coefficient
of 0.94 between predicted and actual body fat
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percentage values. The authors suggest that this
approach may have clinical utility in predicting
obesity-related health risks and monitoring
changes in body composition over time. Chatterjee
Gerdes, & Martinez, (2022) highlight that the
prevalence of obesity has increased significantly
worldwide, leading to several health risks such as
cardiovascular disease, diabetes, and cancer. In
this context, identifying the factors contributing
to obesity and overweight can help develop
effective preventive measures. They conclude
that machine learning models offer a promising
approach to identify risk factors associated with
obesity and overweight, and they can be useful
in developing personalized interventions for
individuals at high risk for obesity-related health
problems. Akman et al, (2022) discussed the
use of photoplethysmography (PPG) signals and
machine learning algorithms for determining
body fat percentage in individuals, based on
gender. The research was conducted on a sample

population of both men and women and resulted in
a reliable model for predicting body fat percentage
using PPG signals. This finding can provide a non-
invasive and cost-effective method for monitoring
body composition in clinical settings.

Hussain Cavus, & Sekeroglu, (2020) proposed
a hybrid machine learning model for predicting
body fat percentage. The model combines support
vector regression with emotional artificial neural
networks to improve the accuracy of predictions.
The study involved collecting data on body fat
percentage, age, height, weight, and gender from
200 participants. The proposed model was trained
and tested using this data, and it was found to
outperform conventional machine learning
models in terms of prediction accuracy. They
suggested that this hybrid model haspotential for
use in clinical settings for accurately predicting
body fat percentage. The published works in this
topic will next be compared in Table 1.

Table (1): Comparison of already published works.
Ref Technic Accuracy Precision F1-score Recall
Harty etal (2020) Machine learning and 3-dimensional optical - - -
imaging

Ahn etal (2018) Fuzzy rule-based system (FRBS) P -

Ugar etal (2021) Using hybrid machine learning algorithms P - -

Ferenci & Kovacs SVM -
(2018)

Chatterjee etal Machine learning P -
(2020)

Akman etal (2022) Photoplethysmography Signal Using Machine - - -

Learning Algorithm
Hussain etal (2021) Support Vector Regression and Emotional Artificial - - -
Neural Networks
Proposed Using image processing and machine learning P P P P
SVM
3- Method the features of each image are extracted, which

The first step is to select the images, which after
being prepared actions are applied to them. Then
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mainly include measurements. After that, the
training and testing phase begins until the result
is obtained.




Preparation of
images
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Fig (1): Diagram of image classification steps using machine learning.

Preparing images

Images were prepared using a model camera
(Canonl3mp) in the free medium without any
measures in terms of light and a completely
natural and dynamic environment. These
images were taken from the same distance
(190 cm) from the camera to the person and
the angle of the camera to the person is in the

same direction. These images are provided in
different environments, which will of course
increase the level of design verification.
Examples of images in each of the three
discussed classes (including fat, thin, and
medium) have been prepared. As shown in
Figure 2.

Fig (1

: Diagram of image classification steps using machine learning.
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Pre-processing

To find features from images and finally
categorize them, a series of pre-processing
should be done on the images.

Removing the background

Because the distance and angle of the camera to
the person are the same in all the images, the
background of the images can be easily removed
by using background subtraction, and only the
image of the person is kept for the next steps. Such
a way that first the background image without
a person is prepared and the image is brought
to binary mode using a thresholding operation
and the same operation is performed for the
image with the person. Then, by subtracting
two images, the resulting image is an image
containing a binary person and, of course, some
bubbles, and by using area filtering, the bubbles
are all removed and the resulting image is the
person’s image. Now, by adding the original
image of the individual with the binary image of
the individual obtained in the previous step, the
background is separated. Subtraction also means
that each pixel of the original image is subtracted

e,

from the corresponding pixel in the background
image, and if the result of the image is more
than a certain value, then the image is not the
background, and if it is less than that, it is the
background (Liu, Chen, & Li, 2009)

D(x.l}?} = |fp(x1}:} _}j‘{xi}”

D(xy) = |f(63) — fr (x| (1)
a1 ifD(x,v) =T  background
mask(x, y) = {{] ifD(x,v) =T  foreground
ifD(x,v) =T  background

1
mask(x, y) = {

0 ifD(x,y) =T foreground 2)

f is the background image and f, is the main
image. The value of T is different in color images,
but here, since the images are binary, the value
of T can be set to greater than one. The operation
of removing small holes (bubbles) is also done
in such a way that it removes all areas smaller
than the smallest possible area that is related
to individual pride. Examples of images after
background removal are shown in Fig 3.

[

Fig. (3): Examples of images after removing the background.

In addition to normal images, filtered and
noisy images are also studied and investigated.
To prepare the filtered image, they have been
degraded using a low-pass Gaussian filter with
different frequency radius. To create noise, the
images were degraded in two stages using salt
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pepper noise with different densities and Gaussian
noise with different frequency radius. Fig 4
illustrates an example of damaged photos with
salt pepper noise, Gaussian noise, and a Gaussian
filter.
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Fig. (4): An example of degraded images with salt pepper noise, Gaussian noise, and Gaussian filter.

After the individual is separated from the
whole image, the main operation of classifying
individuals by type should be done. For
classification, the features are extracted first, and
then the classification is done using the features
obtained from the feature extraction.
Filtering

The filtered and noisy photos are also analyzed in
addition to the regular ones. They were destroyed
by using low pass Gaussian filters with various
frequency beams to create filtered images. In
order to explore the effects of the suggested
technique on these photos, images are destroyed
in two phases utilizing salt-and-pepper noise
with various densities as well as Gaussian noise
with various frequency rays.

Feature extraction

In this stage, features should be extracted from
images related to people to use these features
to categorize. In this research, it is tried to use
features that are more related to the measurement
of length. These features include:

1. Person’s height

2. Waist width

3. Thigh width

4. Shoulder width

5. The area occupied by the person in the image
6. The length of the main diameter of the person
7. The length of the minor diameter of the person
The important thing about these features is that all
the sizes in the MATLAB program are measured
in pixels. To measure the above characteristics,
pre-processing should be applied to the images,
the result of which is to find the exact location of
the person in the image.

On the other hand, for the calculations of
the above features, first, the image is converted
to binary mode and then its edges are found by
the Sobel edge detection algorithm. After that, by
using a suitable filter, the process of broadening
and enlarging the edge lines begins, and then with
thresholding and again the process of broadening,
anormal image with a specific plaque is obtained.
Threshold values for the thresholding operation
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and the amount of broadening are obtained
by trial and error. By the SCW segmentation
algorithm and by the analysis algorithm, the
connected components of the connection points
are found. Finally, by applying the area filter,

the areas above and below the normal level are
removed and the final image contains the person
in the actual position of the person. Fig 5 from the
right to the left shows the steps of doing the work
on a person:

B e d B

Fig. (5): Steps to extract the exact location of the plaque from a person’s image.

After the measurement has been done to determine
features, the classification of images is based on
the features found.

4- Research Findings

Inthis dissertation, an evolutionary developmental
trajectory is proposed to determine the condition
of obesity in images. The main hypothesis of this
research was to be able to recognize a person’s
obesity status independently of human intuition.
According to the pictures taken in terms of
completely natural memory, results were obtained
which will be discussed below. For this purpose,
the sizes were used as the characteristics of each
image, and classifying them finally led to the
determination of the person’s obesity status. This
algorithm was implemented in different modes
that yielded significant results. Before dealing
with the results, the type of their graphs will be

discussed.

The results of the support vector machine on the
raw images

At first, this proposed algorithm was applied
to the set of raw images, which includes three
classes (fat, thin, and medium). Eight features
were considered for each image.

Raw images are images taken directly by the

camera and not operational on them. These data
were obtained using the process described in the
previous chapter. For each class, six samples are
considered. The confusion matrix for all classes is
depicted in Fig 6.
The numbers inside each square of the main
diameter indicate the correct assignment of the
classes and the numbers inside the non-diameter
squares indicate the wrong assignment of the
classes.

russ Class

Model 3 [Optimizable SVM)

Fig. (6): Confusion matrix related to all classes.
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Results of classification of support vector machine
on filtered images

The proposed algorithm was applied to the set of
filtered images, which includes three classes (fat,
thin, and medium). Eight features, such as raw
images, were considered for each image. Filtered

Uil g Loe=d)

VY e | it p)las | pgwo Je | DN =0 D

images are images that have been degraded using
a low-pass Gaussian filter with radius of 1000,
500, and 100. Six samples are considered for each
class.

Fig 7 illustrates the confusion diagram for the
filtered images.

classl

Trus Clags
&

class?

clawsd
Predicted Class

clasad

Fig. (7): Confusion diagram related to filtered images.

The results of support vector machine
classification on noisy

To check the accuracy of the proposed method,
as this method was applied to filtered images,
it was also applied to noisy images. For this

purpose, the images have been destroyed
using salt and pepper noise as well as
Gaussian noise. Fig 8 describes the confusion
diagram for noisy images.

Teuss Class

Modisd 3 (Lineas SVM)

cianad clasad
Predicted Class

Fig. (8): Confusion diagram related to noisy images.

5- Conclusion

Our research has used machine learning as a
classifier. On the other hand, in this research,
a Gaussian low-pass filter with different radius
and pepper-salt and Gaussian noise has also

been applied to the images, the results of which
show the high efficiency of this research. The raw
images are filtered using the Gaussian method
(with available frequency radius) in Table 2:
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Table.(2): The amount of frequency radius applied to the images to filter the images.

The frequency radius’s number

The frequency radius’s value

frequency radius 1 1000
frequency radius 2 500
frequency radius 3 200
frequency radius 4 100

In addition, the raw images are noised using
two methods of Gaussian noise (with different
variances) and pepper and salt noise (with

different densities). Table 3 shows the values of
salt pepper and Gaussian noises:

Table. (3): The amount and type of noise applied to the images to make the images noisy.

Noise type/noise amount Noise amount (density or variance) Unit
Pepper and salt noise 0.1 0.5 Density
Gaussian noise 650 5800 Variance

Table 4 shows the comparison of the proposed
solution on normal, filtered, and noisy images
with support vector machine learning (Cortes,

& Vapnik, 1995), Bayesian (Ruggeri, Kenett,

network (Rosenblatt, 1962., Rumelhart, Hinton,
& Williams, 1985) and k-nearest neighbor
(Altman, 1992., Hall, Park, & Samworth, 2008)

0 T lu: [87aYa LoANE W 20 PR3 | n " 1
Table.(4): Comparison of accuracy on normal, filtered, and noisy images with two machine-learning methods.
Images type/class type Proposed SVM Bayesian MLP KNN
Normal images 97.1 90.9 92.9 88.6
Filtered images 78.6 77.7 7.3 74.28
Noisy images 82.9 66.7 82.9 82.7

Table 4 shows that the SVM machine learning
method has performed better than the other three
methods in terms of classification in the 8-feature
space. As we see, the SVM method brings high
accuracy for raw and noisy images, whereas the
KNN algorithm performs well for filtered images.
Most successful categorizations occurred in classes
1 and 3, because class 2, which corresponds
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to average people, is generally close to one of
categories 1 or 3. Table 5 compares the performance
metrics for various classification techniques. The
Proposed SVM algorithm achieved the highest
scores in three out of four metrics, making it the
best performing algorithm overall. The Bayesian
and MLP algorithms showed similar performance
across various metrics, while the KNN algorithm




performed the worst across all four metrics. Table
5 provides valuable insights into the performance
of different machine learning algorithms and can
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help in selecting the best algorithm for a given
task based on its specific requirements.

Table (5): Comparison of the proposed method (SVM) with other efficient methods.
Algorithms Accuracy F1-score Precision Recall
Proposed SVM 97.1 98.23 98.74 95.63
Bayesian 90.9 89.61 91.83 88.49
MLP 92.9 91.84 91.52 91.33
KNN 88.6 88.21 87.7 89.48

According to the application of classification,
increasing the accuracy of classification in
this field can be considered. On the other
hand, the ease of performing those methods
in terms of science can be discussed. For this
reason, in this research, in addition to using
the scientific methods of the subcategory of
machine learning, some work was also done
to increase the final accuracy level of the
classification. For this purpose, the images
were prepared in a dynamic environment
and then the background was separated by
subtracting the background. The desired
features, which include eight items, were
extracted from the resulting images. Finally,
as mentioned, the final accuracy of our
proposed method with the SVM algorithm
was 97.1%, which has relatively higher
accuracy.

There are a number of potential future research
projects that might be taken into consideration
based on the findings and outcomes of this
study. First, more research into the application
of computer decision-making in many industries,
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Abstract

Today, heart disease is one of the main causes of morbidity and mortality. Since
the initial and early diagnosis of this disease is very important and vital and the
usual methods used in the medical industry need to spend a lot of time and money
to diagnose this disease, accurate prediction of this disease has become a challenge.
According to the huge amount of hospital data, which is added to its volume every
day, the importance of data mining, which is one of the important techniques for
discovering knowledge and hidden patterns, is increasing. Many studies have been
done based on data mining to predict heart disease; according to their solution,
each one pursues goals such as increasing speed, increasing accuracy, reducing
the volume of calculations, and error coefficient. This research aims to increase
the reliability and accuracy of heart disease diagnosis using the feature selection
technique by meta-heuristic algorithms to extract useful features and to reduce the
computational burden, and we use machine-learning algorithms to evaluate the
proposed method. Based on the obtained results, the proposed system diagnoses
people suffering from cardiovascular disease with relatively high accuracy and
precision.

Keywords: Machine Learning; Feature Selection; Heart Patients; Meta-heuristic;
Data Mining.
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1- Introduction

Healthcare is one of the most important issues
that have been considered by data mining experts
in recent years. One of the important challenges
of medical organizations is the quality of their
services against the affordable cost for the users
of these services. The quality of services depends
on the correct diagnosis and prescription of
correct treatment and poor clinical decisions can
result in undesirable results, which may have
unexpected outcomes. The quality of services
includes proper identification of the disease and
its effective treatment. Poor clinical decisions can
lead to serious and unacceptable consequences,
as well as hospitals should minimize the cost of
clinical trials. By using computer-based decision-
making systems and information, this can be
achieved (Koh, & Tan, 2011). All over the world,
heart disease is the leading cause of mortality
in men and women, and more than half of the
deaths occur in men. One out of four people has
heart disease and dies in the United States. In
the United States, more than 610,000 Americans
are affected by heart disease and lose their
lives every year (Masethe, & Masethe, 2014). It
is necessary to use computer technology to help
physicians diagnose heart disease with greater
speed and accuracy. Equipping medical science
with smart tools in the diagnosis and treatment
of diseases can reduce doctors’ mistakes and loss
of life and money. Because correctly predicting
people’s disease status is very important. In
terms of information, medical environments
are rich environments. Estimates show that a
special hospital for acute diseases produces five
terabytes of data per year. In front of this massive
amount of information, we are facing the poverty
of knowledge. There is a huge amount of data in
medical systems; This is an important advantage
to being able to increase the quality of services
provided in the field of health and treatment to a
very desirable level by extracting the knowledge
hidden in the heart of this information using data
mining techniques and applying this knowledge
in carrying out processes. In this regard, the field
of heart disease is of double importance due to
the sensitivity of its health in the continuation of
human life, and the improvement of diagnoses
and treatments in this field can save many
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human lives (Ramakrishnan, Hanauer, & Keller,
2010). Data mining is the process of discovering
knowledge such as associations, patterns,
anomalies, significant changes and structures,
from a large amount of information stored in a
database or other information repositories (Dey,
Singh, J., & Singh, N, 2016). In other words, data
mining is a process that analyzes a set of data to
find the relationships in them. Data mining is a
way to summarize the data, which in addition to
making it easier to understand the data, provides
the possibility of using the knowledge in the
data (Mukhopadhyay,Maulik, Bandyopadhyay,
& Coello, 2013). Therefore, data mining is used
to overcome this problem and obtain useful
relationships between risk factors in diseases with
regard to the prevalence and their contribution to
human mortality (Masethe, & Masethe, 2014).

The innovation of our work can be summarized
as follows: We implemented a comprehensive four-
phase approach for diagnosing and evaluating
heart patients. In the second phase, we employed
three powerful met heuristic algorithms, namely
Grey Wolf Optimizer (GWO), Particle Swarm
Optimization (PSO) and Genetic Algorithm (GA),
to effectively select relevant features. In the third
phase, we utilized various machine learning
algorithms to evaluate the performance of our
proposed method.
The main goals of this paper are as follows:
m Examining existing studies in the diagnosis of
heart disease
m [ntroducing the proposed approach
B Modeling using machine learning and meta-
heuristics
m The outcomes of the evaluation

The following is the paper’s continuation: In
the second section, we examined at related works.
The proposed method was introduced in the third
section. The results have been assessed in the
fourth section and then, in the fifth section, we
have a conclusion.

2- Literature Review

Machine learning is a developing subset of
computing algorithms that aims to imitate
human intelligence through environmental
learning. In the brand-new era of “big data,” they
are regarded as the workhorse. Various fields,




including pattern recognition, computer vision,
spacecraft engineering, finance, entertainment,
and computational biology, as well as biological
and medical applications, have effectively
used machine learning techniques (El Naqga, &
Murphy, 2015). As reported in (Moharamkhani,
Yahyaei Feriz Hendi, Bandar, [zadkhasti, & Sirwan
Raza, 2022) Moharamkhani et al. proposed a
new approach for intrusion detection in cloud
computing environments using a combination
of the Firefly Algorithm and Random Forest.
Hasanvand, Nooshyar, Moharamkhani, & Selyari
(2023) proposed a different approach that focuses
on identifying vehicles using machine learning
and image processing techniques. Used in (Gavari
Bami, Moharamkhani, Zadmehr, Najafpoor,
& Shokouhifar, 2022) Gavari Bami et al. to
accurately identify attacks.

Anbarasi, Anupriya, & Iyengar (2010)
in advanced prediction of heart diseases by
selecting a subset of genetic algorithm features
using genetic algorithm, they predicted coronary
artery disease. Using the genetic algorithm, they
reduced the number of features from 13 to six
and performed their processing with six features
that had a greater impact on disease diagnosis.
After that, they used three classifiers such as
Naive Bayes, classification by clustering and
decision tree to predict the diagnosis of patients
with the same accuracy as before reducing the
number of features. The observations showed
that the decision tree data extraction technique
is relatively faster and better than the other two
data-mining methods after combining the feature
subset selection with the time of building the
model.

According to the Bhatla, & Jyoti, (2012),
the proposed strategy can increase diagnosis
accuracy and reduce errors in medical decision-
making. They give an outline of related research
on heart disease detection and explain how data
mining and fuzzy logic approaches were applied
to the problem. The report contains experimental
results that demonstrate the efficacy of their
proposed approach. Overall, the findings indicate
that data mining and fuzzy logic can be valuable
techniques for improving heart disease diagnosis.

Shouman, Turner, & Stocker, (2011), have
presented a model to increase the accuracy of the
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decision tree classification method in the diagnosis
of patients with coronary arteries, which by
applying various types of decision trees on the
data set and using the majority voting technique,
they achieved an accuracy of 84.1 and showed
that this model has better accuracy compared to
Bagging methods and J48 decision tree.

Cardiovascular disorders are a primary cause
of death worldwide, according to Subbalakshmi,
G., Ramesh, K., & Rao, M. C. (2011), and early
identification is crucial in reducing mortality
rates. They propose a system that uses patient
data and the Naive Bayes algorithm to estimate
a patient’s risk of acquiring heart disease. The
study contains a full discussion of the Naive Bayes
algorithm and its application to the prediction
of heart disease. They also give experimental
results that demonstrate the efficacy of their
proposed method. Overall, the research indicates
that the suggested decision support system has
the potential to help medical practitioners make
accurate diagnoses and improve patient outcomes.

Bashir, Qamar, Khan, & Javed, (2014), have
proposed a clinical decision support system for
heart disease diagnosis. First, five simple Bayesian
classification methods, decision tree based on Gini
index, decision tree based on information gain,
learner based on memory and support vector
machine are applied on the data set; the final
result of diagnosis is obtained by applying the
majority vote on the results of these five classes.
The application of this system on several datasets
of heart disease, in the best case, has an accuracy
of 90.3, which has higher accuracy than the new
ones.

Negahbani, Joulazadeh, Marateb, &
Mansourian, (2015), have proposed a combined
system of automatic CAD diagnosis using the
fuzzy Means-K clustering method, which has
an accuracy of 87% in correct diagnosis. This
method uses a statistical selection method of
features in order to reduce the number of features
and select the most important ones. Considering
that the types of features are of different numerical
and nominal types, the generalized Minkowski
distance criterion is used to calculate the distance
between samples.

Koluksa, Haclar, Ku, Bakr-Giingor, Aral, &
Giingor, (2019), tried to improve the method of
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diagnosing coronary artery disease by classifying
algorithms and new features of method selection.
In this study, a set of different classification
algorithms along with a new combined feature
selection method was proposed for the diagnosis
of coronary heart disease; KNN, Naive Bayes,
Random Forest, Bagging and MLP algorithms
were used based on the selection of different
features that included one to several features in
different datasets. Finally, the SVM algorithm
with 81.84% accuracy in the UCI data set and the
Z-Alizadehsani data set and the SVM algorithm
with 87.12% accuracy were able to diagnose
coronary heart disease patients and performed
better than other algorithms.

Kalaiarasi, Maheswari, Selvi, Yogitha, &
Devadas, (2022), found it a mistake for clinicians
to prove the diagnosis of coronary artery disease
in an individual, as it requires long periods of
experience and extraordinary clinical tests to be
conducted. At present, data mining classification
calculations, such as decision tree, naive Bayes, and
random forest are used to develop a framework of
expectations for predicting the chance of coronary
artery disease. The main objective of this paper is
to identify the best suitable feature calculation to
obtain the maximum accuracy when the normal
and odd person order are completed. The results
have been done using the coronary artery disease
benchmark data from the artificial intelligence
archive; it showed that random forest calculation
performed the best with 81% accuracy compared
to different calculation methods for predicting
coronary artery disease.

Aliyar Vellameeran, & Brindha, (2022),
proposed a novel type of deep belief network
(DBN) for diagnosing heart disease using Idl
wearable medical devices and optimal feature
selection. The study’s primary goal was to train

the DBN model by examining and choosing the
most crucial features from a sizable dataset. The
proposed method showed promising results in
accurately diagnosing cardiac illness when tested
using real data collected from wearable medical
devices connected to the Internet of Things.

Shorewala (2021), investigated the use of
ensemble techniques in the early identification of
coronary heart disease. The purpose of the study
was to evaluate various models and algorithms,
including decision tree, random forest, support
vector machine, k-nearest neighbor, and neural
network models, in order to determine the most
effective technique for early disease diagnosis.
The results showed that multi-algorithm ensemble
techniques led to the highest degree of disease
prediction accuracy.

Latha, & Jeeva, (2019), investigated the
efficacy of several machine learning algorithms
such as support vector machines, decision
trees, and random forests. They compared the
various approaches with an ensemble approach
that combined these models. The outcomes
demonstrated that in terms of prediction accuracy,
sensitivity, and specificity, the ensemble technique
performed better than the individual algorithms.
The study also stressed how crucial feature choice
is to improving model accuracy.

Waigi, Choudhary, Fulzele, & Mishra, (2020),
used a variety of algorithms to assess a dataset
comprising multiple medical indicators of patients
with and without heart disease, including
decision trees, random forests, and support vector
machines. The results showed that the suggested
machine learning algorithms could predict the
risk of heart disease successfully and precisely.

Next, in table 1, we have discussed the
advantages and disadvantages of the existing
works.

Table (1): An overview of existing works.

Ref Main objectives

Advantages Disadvantages

Anbarasi etal (2010) -Improve heart disease
prediction accuracy by
selecting feature subsets based

on genetic algorithms.

-Increased prediction accuracy -The requirement for suitable
parameter tuning and the

-Decreased computing
potential of overfitting the data

complexity
-Identification of a smaller
collection of important features
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Table (1): An overview of existing works.

Shouman etal (2011)

-The study’s major objective is
to provide a decision tree-based
model that can help clinicians
effectively diagnose cardiac
problems in patients.

-Because decision trees are
simple to comprehend and
use, they are a useful tool
for clinicians of all levels of
experience.
-Based on easily available
clinical data, the model can
deliver reliable diagnoses.

-Decision trees have the
potential to oversimplify
complex medical issues and
overlook essential details.

-The quality of the input data,
which may contain errors
or inconsistencies, may have
an impact on the model’s
accuracy.

Subbalakshmi etal (2011)

-The study’s major goal was
to create a heart disease
prediction system based on
the naive Bayes algorithm
and examine its usefulness
in providing clinicians with
decision support.

-The naive Bayes algorithm
used in the heart disease
prediction system is fast and
accurate.

-The system uses a simple
and easy-to-understand user
interface.

-The study was conducted on

a relatively small dataset and

may not be representative of
larger populations.

-The system only considers a
limited set of factors for heart
disease prediction and may not
be comprehensive enough for a
full diagnosis.

Bhatla, & Jyoti, (2012)

-To develop a novel approach
for heart disease diagnosis
using data mining and fuzzy
logic.

-To evaluate the effectiveness
of the proposed approach in
diagnosing heart disease.
-To compare the proposed
approach to other diagnostic
methods and demonstrate its
superiority.

-The method analyzes a variety
of parameters such as age,
gender, blood pressure, and

cholesterol levels, making it a
thorough diagnostic tool.

-When compared to standard

diagnostic procedures, the use

of fuzzy logic allows for more
flexible decision-making.

-The study does not provide
information on the number or
demographics of participants,

which could impact the
generalizability of the results.

-The study does not compare
the proposed approach to
other diagnostic methods, so
its efficacy relative to other
approaches is unknown.

Bashir etal (2014)

-The study’s primary objective
is to develop the MV5 clinical
decision support system for
predicting heart disease using
a majority vote based classifier
ensemble.

-MV5 achieved high accuracy
levels in predicting heart
disease, which can help
healthcare professionals make
more informed decisions about
patient care.

-The model is based on an

ensemble approach, which

combines the strengths of
multiple classifiers to improve
overall prediction performance.

-The authors used a large and
diverse dataset to train and test
their model, which enhances
its generalizability to different
populations.

-The study did not compare
the performance of MV5 with
other existing heart disease
prediction models, which
limits the ability to determine
whether it outperforms them.

-The paper did not discuss
the interpretability of the
model or how the predictions
were obtained, which may be
important for gaining trust
from healthcare professionals
and patients.

-The study was conducted
using data from a single
hospital, which may limit the
generalizability of the findings
to other healthcare settings or
populations.
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Table (1): An overview of existing works.

Negahbani etal (2015)

-The study’s major objective
was to develop a new approach
for identifying coronary artery
disease using supervised fuzzy
c-means and differential search

algorithm-based generalized
Minkowski metrics. The study
intended to increase diagnosis

accuracy while maintaining
computational performance.

-The proposed method is able
to accurately diagnose coronary
artery disease.

-The use of supervised fuzzy
c-means with differential
search algorithm-based
generalized Minkowski metrics
improves the accuracy of the
diagnosis.

-The proposed method is
computationally efficient.

-The study has a relatively
small sample size, which may
affect the generalizability of
the results.

-The proposed method requires
expert knowledge in both fuzzy
clustering and differential
search algorithms, which may
limit its applicability to non-
expert users.

Koluksa etal (2019)

The study’s primary objective
was to provide a novel way
for identifying coronary heart
disease using classification
algorithms and a new feature
selection methodology. The
study’s goal was to enhance
diagnosis accuracy with a
smaller collection of features
and to determine the most
essential criteria in the
diagnosis of coronary heart
disease.

-Using classification algorithms
and a novel feature selection
methodology, the suggested

method may accurately
diagnose coronary heart
disease.

-The application of feature
selection aids in the
identification of the most
relevant characteristics in the
diagnosis of coronary heart
disease, which can aid in
treatment decisions.
-The proposed method is
computationally efficient and
has clinical relevance.

-The study had a limited
sample size, which may limit
the generalizability of the
findings.

-Because the suggested
feature selection methodology
necessitates expert knowledge
in both data mining
and medicine, it may be
inapplicable to non-expert
users.

Latha, & Jeeva (2019)

-This study developed an
improved model for identifying
high-risk individuals for
personalized health care.

-Ensemble classification
techniques enhance heart
disease risk prediction
accuracy by combining
multiple classifiers, resulting
in more reliable and precise
predictions.

- Robustness

-Complex Implementation

-Computational Resources

Waigi, Choudhary, Fulzele, &
Mishra, (2020)

-Applying advanced machine
learning algorithms to predict
the risk of heart disease.

-Evaluating the effectiveness
and accuracy of the proposed
model in comparison to
traditional risk assessment
methods.

-Advanced machine learning
algorithms predict heart
disease risk, outperforming
traditional risk assessment
methods by considering
complex interactions.

-Data limitations
impact predictive model
effectiveness; sample size and
representativeness may affect
training and testing.

Shorewala (2021)

-This study proposesd
ensemble technique for early
detection of coronary heart
disease, improving accuracy
and efficiency using multiple
classifiers and machine
learning.

-Ensemble technique
improves coronary heart
disease diagnosis accuracy
by combining classifier
predictions.

-Paper focused on early
detection of coronary heart
disease for improved patient
outcomes and reduced
complications.

-Ensemble techniques require
significant computational
resources, impacting resource-
constrained environments and
large datasets.

-Complexity
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Table (1): An overview of existing works.

Aliyar Vellameeran etal (2022)

-The paper proposed a new
Deep Belief Network for
optimal feature selection in
IoT wearable medical devices,
improving heart disease
diagnosis accuracy and
efficiency.

-Improved Accuracy

-Incorporation of IoI' Wearable
Devices

-Limited Generalizability:

-Model Complexity and
Computational Cost

Kalaiarasi etal (2022)

-To present a data mining
approach for detecting cardiac
disease.

-Using real-world data,
assess the performance of the
proposed approach.

-To examine the efficacy
of various data mining
algorithms for detecting heart
disease.

-The proposed method employs
a variety of data mining
techniques, including Decision
Tree (DT), Random Forest
(RF), Nave Bayes (NB), and
K-Nearest Neighbor (KNN), to
improve the accuracy of the
results.

-The study uses real-world
evidence to evaluate the
performance of the proposed
approach, making the
conclusions more credible and
applicable in practice.

-The research does not contrast
the proposed approach to other
known methods for detecting
cardiac disease, making
it difficult to determine its
superiority over other ways.

-The study does not
give information on the
demographic features of the
participants, which may impair
the findings’ generalizability.

3- Method

Figure 1 depicts the proposed approach, which is separated into four steps.
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Figure (1): Flowchart of the proposed approach
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Phase 1 (Data preprocessing) pain in the chest, blood pressure, fasting blood
Data preprocessing is the first step, and we try  glucose, etc (Oliullah, Barros, & Whaiduzzaman,
to identify noisy, missing and inconsistent data. 2023). Before choosing the features, we show all
At this stage, we will test and train data with 80 the significant characteristics of heart patients in
and 20 percent. The dataset was 1025 people with ~ figure number 2.
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Figure (2): 13 Features before selection

phase 2 (Feature selection)

Using meta-heuristic algorithms such as PSO
with three thresholds (0.3, 0.4, and 0.5) and GWO
and GA algorithms, we have selected features on
the desired data (Kennedy, & Eberhart, 1995,
Mirjalili, Mirjalili, & Lewis, 2014., Mitchell, 1998).

Phase 3 (Modeling with machine-learning
Recall = L
EN +TP
.. TP
Precision = ——
TP + FP
TP +TN
Accuracy =
TP +FP +TN + FN
2 *Precision*recall
F Value = —
Precision+ recall
p__ 1P
TP + FN

m The most important aspect to take into account
when assessing a classification algorithm’s
effectiveness is accuracy.

m The most important factor in determining how
good a classification algorithm is precision, which
displays what proportion of the entire set of test
records is correctly categorized.

m As you can recall, it shows the proportion of
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algorithms)

Our proposed modeling method is using machine-
learning algorithms such as Logistic Regression,
Decision Tree, Random Forest, Gaussian Naive

Bayes, SVC, and KNN.
Evaluation criteria

(1)

2)

3)

(4)

©)

valid data that is accurately tagged.

m The f-value measure is the harmonic average
of recall or precision.

m Additionally, the DR criterion considers the
proportion of anomalous samples that the IDS
discovered out of all of the test set’s samples that
were abnormal.

Phase 4 (Performance evaluation)
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In this stage, we assess our results and the output
graphs’ accuracy, precision, recall, and f-value.

4- Research Findings

In this section, we assess our suggested approach,
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for which we have separated the output from
each of the three meta-heuristic methods. The 13
features that were utilized to create the dataset
are first presented in table 2.

Table 2. Display of the dataset for heart disease utilized in this research.
Featurename Description Type Values
Age Age of the patients Numeric Years
Ca Number of major vessels Numeric 04-
Chol Serum cholesterol Numeric mg/dl
Cp Chest pain type Numeric Male=1; Female=0
Exang Exercise induced angina Numeric Yes=1; NO=0
Fbs Fasting blood sugar Numeric mg/dl
Oldpeak ST depression induced by exercise relative to rest Numeric 06.2-
Restecg Resting electrocardiographic Numeric 0,1,2
Sex Gender of patients Numeric MJF
Slope the slope of the peak exercise ST segment Numeric 0,1,2
Thal Normal; Fixed defect; Reversible defect Numeric 0,1,2,3
Thalach Maximum heart rate achieved Numeric 71202-
Trestbps Resting blood pressure Numeric 94200-

We have summarized a list of the simulation parameters for meta-heuristic algorithms in Table 3.

Table (3): Simulation parameters

Parameter value
Number of nodes 100
Number of iteration 100

The outcomes of the GA

Each row of the table represents a separate
algorithm, while the columns relate to several
algorithm evaluation measures.

The name of the algorithm being evaluated
is listed in the first column, which includes
Logistic Regression, Decision Tree, Random
Forest, Gaussian Nave Bayes, SVC (Support Vector
Classifier), and KNN (K-Nearest Neighbors).

The accuracy score for each algorithm is shown
in the second column. Accuracy is calculated as
the ratio of correct predictions to total predictions

and measures how often the algorithm successfully
predicts the class label.

The F1-value, which is a measure of the
balance between precision and recall, is given in
the third column. F1-score combines precision
and recall into a single statistic and allows you
to compare the performance of classifiers with
different trade-offs between accuracy and recall.

The precision and recall scores are shown
in the fourth and fifth columns, respectively.
Precision evaluates how many predicted positive
occurrences were actually positive, whereas recall
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indicates how many actual positive cases were
properly predicted by the model.

The outputresults of feature selection using a GA
algorithm are displayed in Table 4 in this section.
The Decision Tree and Random Forest algorithms
had the greatest accuracy scores (98%), according
to the results in the table, suggesting that they
accurately predicted outcomes for a significant
portion of the dataset’s data points. It is crucial
to keep in mind, though, that these algorithms
can be prone to overfitting the data, which could
prevent them from generalizing successfully to
fresh, untested data.

With a precision score of 100 percent and an

accuracy score of 95.1%, the KNN algorithm also
did well. When the data is organized into distinct
clusters or groups, this technique performs quite
well.

Although having varying precision and recall
scores, the Logistic Regression, Gaussian Naive
Bayes, and SVC algorithms all had relatively
good accuracy scores (ranging from 79.5% to
87.3%) and F1-values. These algorithms could be
beneficial for various datasets or applications.

In general, while choosing a machine learning
algorithm for a specific task, it is crucial to
take into account variables like interpretability,
computational efficiency, and generalizability.

Table 4. Comparing the outputs of ML algorithms with GA feature selection.
Algorithms Accuracy F1-value Precision Recall
Logistic Regression 82.4 83.5 82 85
Decision Tree 98 98.2 96.4 100
Random Forest 98 98.2 96.4 100
Gaussian Naive Bayes 79.5 80.2 81 79.4
SVC 87.3 88.6 83.5 94.4
KNN 95.1 95.1 100 90.7
The outcomes of the GWO from 82% to 83.8% and Fl-values from 81.8%

The output results of feature selection using a
GWO algorithm are displayed in Table 5 in this
section. With an accuracy of 92.2%, F1-value of
92.4%, precision of 94.2%, and recall of 90.7%,
the Decision Tree method did the best. With an
accuracy of 91.7%, Fl1-value of 91.9%, precision
of 93.3%, and recall of 90.7%, Random Forest
performed well as well.

A decent performance was achieved by Logistic
Regression, SVC, and KNN, with accuracy ranging

to 90%. Of all methods, Gaussian Naive Bayes
performed the worst, with an accuracy of 80.5%,
an F1-value of 81.8%, a precision of 79.6%, and a
recall of 84.1%.

In conclusion, the study’s Decision Tree and
Random Forest algorithms outperformed the
others, while Logistic Regression, SVC, and KNN
did only moderately well. The performance of
Gaussian Naive Bayes was the worst of all the
algorithms.

Table (5): Comparing the outputs of ML algorithms with GWO feature selection.

Algorithms Accuracy F1-value Precision Recall
Logistic Regression 82 81.8 86.5 77.6
Decision Tree 92.2 92.4 94.2 90.7
Random Forest 91.7 91.9 93.3 90.7
Gaussian Naive Bayes 80.5 81.8 79.6 84.1
SVC 83.4 83.8 85.4 82.2
KNN 89.8 90 91.3 88.8
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The outcomes of the PSO 0.3

Table 6 in this section shows the output results of
feature selection using a PSO 0.3 algorithm. The
performance of the Decision Tree and Random
Forest algorithms is flawless, with 100% F1-value,
precision, and recall ratings. This can mean that
the model has been overfit to the training data, so
it's critical to validate the model on a different test
set to make sure it generalizes properly.

SVC outperforms the other three algorithms
in terms of accuracy, F1-value, precision, and
recall, with a score of 86.8%, 88.1%, 83%, and
93.5% respectively. KNN also performs well, with
99% accuracy, 99.1% F1 value, 100% precision,
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and 98.1% recall.

When compared to the other algorithms,
Logistic Regression and Gaussian Naive Bayes
perform worse, with accuracy ranging from
81.5% to 82.7% and Fl-values from 80% to
82.9%. Nonetheless, Logistic Regression has a
lower recall score (85%) than Gaussian Naive
Bayes (86%).

In conclusion, SVC and KNN perform better
than Decision Tree and Random Forest, which
appear to have overfitted to the training data. Both
Gaussian Naive Bayes and Logistic Regression
perform poorly, although Gaussian Naive Bayes
outperforms Logistic Regression in terms of recall.

Table 6. Comparing the outputs of ML algorithms with PSO 0.3 feature selection.
Algorithms Accuracy F1-value Precision Recall
Logistic Regression 81.5 82.7 80.5 85
Decision Tree 100 100 100 100
Random Forest 100 100 100 100
Gaussian Naive Bayes 81.5 829 80 86
sSvC 86.8 88.1 83 93.5
KNN 99 99.1 100 98.1

The outcomes of the PSO 0.4
Table 7 in this section shows the output results
of feature selection using a PSO 0.4 algorithm.
Both the Random Forest and Decision Tree
algorithms received perfect scores for each of the
four measures, demonstrating that they were both
able to accurately categorize every instance in the
dataset without making any mistakes. Perfect
scores, however, may be a sign of overfitting,
which could lead to subpar performance on fresh,
untested data.

The Logistic Regression algorithm classified
a sizable percentage of the instances in the
dataset correctly, but there was still space for
improvement. Its accuracy score was 80.5%, and
its F1-value was 82.1%. It may have more false
negatives than false positives since its precision
score (78.6%) is slightly lower than its recall score
(86%).

The accuracy score and Fl-value for the
Gaussian Naive Bayes algorithm were both 79%

and 81.1%, respectively. Also, it had a recall score
of 86% and a precision score of 76.7%, indicating
a potential problem with false positives.

The SVC algorithm had a good F1-value
of 85.6% and the greatest recall score (91.6%).
Although it has space for growth, especially in
terms of reducing false positives, its accuracy score
(83.9%) and precision score (80.3%) indicate that
it has room for progress.

A high accuracy score of 97.1% and an F1-
value of 97.1% were attained by the KNN
algorithm. Although it had a recall score of 94.4%
and a precision score of 100%, this means that it
may have more false negatives than false positives.

Overall, even though the Decision Tree
and Random Forest algorithms got faultless
marks, overfitting should be taken into account.
Although the other algorithms performed
largely satisfactorily, there is still potential
for improvement with regard to lowering false
positives or false negatives.
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Table (7): Comparing the outputs of ML algorithms with PSO 0.4 feature selection.
Algorithms Accuracy Fl-value Precision Recall
Logistic Regression 80.5 82.1 78.6 86
Decision Tree 100 100 100 100
Random Forest 100 100 100 100
Gaussian Naive Bayes 79 81.1 76.7 86
SVC 83.9 85.6 80.3 91.6
KNN 97.1 97.1 100 94.4

The outcomes of the PSO 0.5

Table 8 in this section shows the output results
of feature selection using a PSO 0.5 algorithm.
With perfect scores across all four measures, the
Decision Tree and Random Forest algorithms were
able to accurately categorize every instance in the
dataset without making any mistakes. Perfect
scores, however, can point to overfitting, as was
already indicated.

With an accuracy score of 78.5% and an F1-
value of 82.2%, the Logistic Regression algorithm
was able to accurately categorize a sizable part of
the dataset’s instances, but there was still space
for improvement. It may have more false negatives
than false positives because its precision score
(77.4%) is slightly lower than its recall score
(83.2%).

The accuracy score and Fl-value for the
Gaussian Naive Bayes algorithm were 79.5%
and 79.8%, respectively. It may have more false
positives than false negatives because its precision

score (82.2%) is greater than recall score (77.6%).

The accuracy score for the SVC method was
81%, the F1-value was 83%, the precision score
was 77.9%, and the recall score was 88.8%.
Despite having a high recall score, it suggests
that there can be more false negatives than false
positives. It may also have more false positives
than false negatives, according to its precision
score.

The accuracy score and F1-value for the KNN
algorithm were 93.2% and 93%, respectively. Its
recall score (86.9%) is lower than those of the
other algorithms assessed in this table, even if its
precision score was 100%, suggesting that it may
have more false negatives than false positives.

Ultimately, the Random Forest and Decision
Tree algorithms outperformed all others, scoring
100 percent on every criterion. Although the other
algorithms performed largely satisfactorily, there
is still potential for improvement with regard to
lowering false positives or false negatives.

Table (8): Comparing the outputs of ML algorithms with PSO 0.5 feature selection.

Algorithms Accuracy F1-value Precision Recall
Logistic Regression 78.5 82.2 77.4 83.2
Decision Tree 100 100 100 100
Random Forest 100 100 100 100
Gaussian Naive Bayes 79.5 79.8 82.2 77.6
SVC 81 83 77.9 88.8
KNN 93.2 93 100 86.9
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5- Conclusion

In recognition of the fact that heart disease is one
of the most prevalent illnesses and a leading cause
of mortality, researchers in this area have recently
proposed a number of strategies and algorithms.

Uil g Loe=d)
Ve lee | pici ylouds | pgwo Jbo | D LN =g D

In this paper, we sought to use machine learning
algorithms to diagnose patients with great
precision and accuracy. The detection rate of
our suggested approach is then demonstrated in

Figures 3-7.
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Diagnosing the disease is the most important
and the first step in the treatment process. One
of the most widely used methods in the diagnosis
of a disease is to create rules based on which a
person is classified into one of two classes, sick
or healthy. In fact, by having a set of data that
includes the signs and characteristics of the
patient and healthy individuals, the diagnosis
procedure is accelerated. In addition, the science

wg3yd Ile Litgol duningo sole doliliad
— Y9 oo ensassale framileS)iol |

of data mining in medicine is very much
appreciated by those interested and attracted by
scholars of this field due to its unique function.
In this research, by using this science and using
meta-heuristic algorithms in the feature selection
section, and using machine-learning algorithms
in the modeling section, we were able to present a
method that can detect heart diseases with high
accuracy.
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- Supervised learning.

- Unsupervised learning.

- Reinforcement Learning.

- Environment

- State

- Reward

- Policy

- Value

9- Update/Change adaptation rules/policies
10- Predict/Analyze resource usage

11- Keep runtime models up-to-date

12- Reduce large adaptation space

13- Detect/Predict anomalies

14- Collect unavailable prior knowledge
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1- Policy based Reinforcment Learning

2- Value based
3- Policy based
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1- Model based

2- Value Function as Lookup Table
3- Coarse-grained

4- Fine-grained

20108 o 5L |y anlie (Jac aiiian saiw oolo s
2io8 So Jlacl 51 S0 o sl aS obas cowbiw
ol 0ggine 45 Ho b lan .0yuS e y ki o Jlais]
Lol o s o i Lo
S e

D950 Jdoe (983 (5 S0l jo thg e Jae 9, S0g) (7
b ) Lid) 5l oo (i ol 0950 Jace hyselasl
Ha a3 03 Sug) sl o ppe Al g b e dislw
ol by ol gl caglate

el gl 50885 (5250 jlaS w52 5e slay,Sog)
&S0yl I iShaiaS e eoleiwl gahisgs sl piuww
A Se oolaiwl (e L) (il 4o Hire (i85

hlade 2l Sl gl 4o (G ite sl (5Sob
Sl 1 e e85 (57250 jogire o 90 050
3o eiyeSl g0 (ol ASSARSA 4 Q-Learning jl o islie
9 ile) aiiwa wglate ()l 220 Glawyjg) 40 0gm
6l 25290 (12985 (51500 (slad)Sog; Lal (1IN 5L
Y aalol jo aS S sesolaiwl (lase) )l %;U

Coewl sasid oalo

"yzias Jgaz B o ()l @B sl g,
So o b Ll @b soolse wazge slasSog) calel
Hoaz J= ol 4z ,Sla iS008 otz Jgae
Cwl S)o (B Logs au g aals glooluw gluwssly
ol o)ls sundS cvgame g0 Lol (%) g Ske g 1u1S)
SlaSuiST gziwe Joae atwS coale Jdo 4y
Sgasee S o g il glalad 4o (Jgas J o
gy Joae g cllo slalad b o ilgi el g 5g-dsa
bume Ils aS il (ise olon ol aulo LS
slasio bvgiailgisal g aidl (ilas B aob
SLo g (1dS) g aols (iles (=8ly L)l L) aiwogyy

— AY bl s ale fra sl Sl



Do 50 dlawl (3udaings @i 9yg il d sl

Gl o e by (GLod5 (632500 909
650k () plais JSi aalhe wsoleinig 3y So)
izl g oy Jao S aSTMAPE-K Jaa ol g
S e plesl il 2 Eahings slaeiww gl oo b

(I O Sat g ogal 11V ¢ 5)00 9 5 1u5)

SIS 5

SRy aebiy

SIS ol

)W

O g gy 0 icamiiid

of bl g b

(Yoo A ‘u‘\)&c@ 9 L_/‘_»);\’CT\" @,uiu 095 Eiuw 6b4 MAPE-K JM (V) JS\.AJJ

Ol wasdaolo i (V) o)laci JSei 045 )9 b )len
542 5ibisg s S ranbe i Lus s
el ) Gadiogs (3hie o (Teaigd i
oo Lo s ( dashings (5 hio (Tba iiS Copas
(Jades (G gile Ly oy Uss) soa i mawsd Lol agpéo
solaiwl Syitite oils sl80bL S jlaS (ol o (650,40l
e 4 bayye LWMbl Lol asils slS0L.atiS e
Oloj sla s taiile) coiwl ()l humo g oasi cuyaia
g Q)LEJ el cled )LQ,D ol (oosd oS kg\)_f?\

- Value function Approximation.

- e-Greedy

- Non-stationary

- Monitor-Analys-Planning-Execute-Knowleage
- SelfAdaptive Systems

- Maneged system

- Maneging system
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1- Sensors

2- Effectors

3- Parametrizaed stochastic action selection policy
4- Deep Network Learning
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1- Markov decision process
2- Reward function
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Algorithm 1 PPO. Actor-Critic Style

1 for iteration=1,2,... do

2 for actor=1,2,...,N do

3 Run policy 7, in environment for T timesteps

-4 Compute advantage estimates _-i; ...... 4 T

5 end for

6 Optimize surrogate L wrt #, with and minibatch size M < NT
7 Guld —

8 end for
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1- Actor-Critic.
2- Proxcimal Policy Optimization
3- Clipping
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Ut e IN+: tahis) o Sl cwlgs o slass
State St=(Ut,at,At) at €/0,1] tele o dogipy
At elR+ £l 0 5
Action
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autonomously acquires self-adaptive logic with
the assistance of reinforcement learning during
operation, eliminating the need for manual
adjustments by engineers. Rather than engineers
manually defining self-adaptive logic and
learning objectives, the system can automatically
learn this process through online reinforcement
learning.

Current online reinforcement learning methods
for developing self-adaptive systems frequently
utilize lookup tables to depict acquired knowledge.
Consequently, system engineers must manually
evaluate the state of the environment, which can
be costly and potentially inconsistent.

2- Theoretical Foundations

As previously discussed, reinforcement learning
is a valuable tool for automating the self-adaptive
logic engineering of a system. It involves the
process of an agent learning the effectiveness of
its actions by interacting with its environment.
There are three main approaches to reinforcement
learning:

A) Value-based approach: This approach
focuses on optimizing the value function, which
determines the future maximum reward the agent
can receive in each state. The value of a state is
calculated based on the total reward the agent can
expect to gain in the future from that state. The
agent uses this value function to make decisions
on which states to choose, ultimately selecting the
state with the highest value.

B) In a policy-based approach, the objective is
to enhance the policy function without relying
on the value function. The policy is responsible
for guiding the actions of the agent in real-time.
Through learning a policy function, the agent can
effectively map out the most optimal action for
each state. There are two distinct types of policies:
deterministic policies, which consistently return
the same action for a specific state, and stochastic
policies, which involve a probability distribution
for each action. Essentially, the policy directly
dictates the most advantageous course of action
in any given situation.

C) Model-based reinforcement learning involves
first creating a model of the environment, which
captures its behavior. A separate model is needed

— 15

] Vol.3 | No.8 | Spring 2023

for each environment in this approach.

Many current approaches to building self-
adaptive systems through reinforcement learning
primarily utilize value-based reinforcement
learning. This method uses a value function to
convey learned knowledge, with the action with
the highest value in a given state being selected.
3- Conclusion

Value-based reinforcement learning techniques
were utilized in self-adaptive systems. This study
introduced and assessed policy-based online
reinforcement learning methods to facilitate the
development of self-adaptive systems. To support
online reinforcement learning, an algorithm that
can continuously update policies without needing
to wait for final results is essential. Actor-critic
algorithms, a type of model-free policy-based
reinforcement learning, allow for knowledge
to be continuously updated without waiting for
outcomes. These algorithms are integrated into
the feedback loop model of self-adaptive systems,
serving an analytical role. Due to the diverse data
found in various workload patterns, a requirement
for any reinforcement algorithm, utilizing a large
volume and variety of data in different scenarios
can lead to higher accuracy in adapting the system
compared to value-based approaches.

By creating a well-designed reward function
that captures all aspects of the target, a balance
can be struck between recommendation rates
(based on request volume) and delay rates. The
proposed approach outlined in this paper can
efficiently manage large continuous operational
spaces during online learning by utilizing
neural networks instead of tabular methods.
This approach eliminates the need for manually
discretizing environmental states or determining
exploration rates as in traditional value-based
reinforcement learning algorithms. Moving
forward, this approach has the potential to be
expanded to handle large discrete operational
spaces and illustrate a broader range of self-
adaptive system types.

Keywords: Deep  Reinforcement Learning,
Uncertainty, Self-Adaptive Logic, Self-Adaptive
System.
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Abstract

1- Introduction

Self-adaptation plays a vital role in system development by allowing the system
to maintain quality standards in changing environments and operate flexibly
during execution. A self-adaptive system can adjust its structure, parameters, and
behavior in real time based on its understanding of the environment, itself, and its
requirements. Online reinforcement learning automates the development of self-
adaptive logic, a process that was previously manual for engineers. For instance,
it can deactivate optional features like the system recommendation engine during
peak workload to optimize resource usage and ensure minimal delay in responding
to user requests. Managing design time uncertainty poses a significant challenge
in creating a self-adaptive system. Utilizing this form of learning, the self-adaptive
system can gain knowledge from actual operational data and feedback received
during system runtime. Engineers are required to create self-adaptive logic that
clearly outlines how and when the system adjusts accordingly. Machine learning
involves the creation of machines that can make decisions based on data provided to
them, as well as their own experiences, without the need for explicit programming
instructions for every action. Three main types of machine learning algorithms
exist; supervised learning, unsupervised learning, and reinforcement learning.
Online reinforcement learning allows the system to learn the effectiveness of
adaptive actions through real-time interaction with the environment. This system
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Journal of the Science of Ferdows Institute of Higher Education
H qq 4' in collabration with the Scientific Association knowledge Managment of Iran I 14 e




Journal of Intelligent Knowledge Exploration and

P r 0 C e S S i n

2- Literature Review

Machine learning is a developing subset of
computing algorithms that aims to imitate
human intelligence through environmental
learning. In the brand-new era of "big data,"
they are regarded as the workhorse. Various
fields, including pattern recognition, computer
vision, spacecraft engineering, finance,
entertainment, and computational biology, as
well as biological and medical applications, have
effectively used machine learning techniques
in advanced prediction of heart diseases by
selecting a subset of genetic algorithm features
using genetic algorithm, they predicted coronary
artery disease. Using the genetic algorithm, they
reduced the number of features from 13 to six
and performed their processing with six features
that had a greater impact on disease diagnosis.
After that, they used three classifiers such as
Naive Bayes, classification by clustering and
decision tree to predict the diagnosis of patients
with the same accuracy as before reducing the
number of features. The observations showed
that the decision tree data extraction technique
is relatively faster and better than the other two
data-mining methods after combining the feature
subset selection with the time of building the
model.

Strategy can increase diagnosis accuracy and
reduce errors in medical decision-making. They
give an outline of related research on heart
disease detection and explain how data mining
and fuzzy logic approaches were applied to the
problem. The report contains experimental
results that demonstrate the efficacy of their
proposed approach. Overall, the findings indicate
that data mining and fuzzy logic can be valuable
techniques for improving heart disease diagnosis.
3- Methodology

Phase 1 (Data preprocessing): Data preprocessing

— 13

] Vol.3 | No.8 | Spring 2023

is the first step, and we try to identify noisy,
missing, and inconsistent data. At this stage, we
will testand train data with 80 and 20 percent. The
dataset was 1025 people with 13 characteristics
including age, gender, type of pain in the chest,
blood pressure, and fasting blood glucose.

Phase 2 (Feature selection): Using meta-heuristic
algorithms such as PSO with three thresholds
(0.3, 0.4, and 0.5) and GWO and GA algorithms,
we have selected features on the desired data.
Phase 3 (Modeling with machine-learning
algorithms): Our proposed modeling method uses
machine-learning algorithms such as Logistic
Regression, Decision Tree, Random Forest,
Gaussian Naive Bayes, SVC, and KNN.

Phase 4 (Performance evaluation): In this stage,
we assess our results and the output graphs'
accuracy, precision, recall, and f-value.

4- Conclusion

Diagnosing the disease is the most important
and the first step in the treatment process. One
of the most widely used methods in the diagnosis
of a disease is to create rules based on which a
person is classified into one of two classes, sick
or healthy. In fact, by having a set of data that
includes the signs and characteristics of the
patient and healthy individuals, the diagnosis
procedure is accelerated. In addition, the science
of data mining in medicine is very much
appreciated by those interested and attracted by
scholars of this field due to its unique function.
In this research, by using this science and using
meta-heuristic algorithms in the feature selection
section, and using machine-learning algorithms
in the modeling section, we were able to present a
method that can detect heart diseases with high
accuracy.
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Abstract

1- Introduction

Healthcare is one of the most important issues that have been considered by
data mining experts in recent years. One of the important challenges of medical
organizations is the quality of their services against the affordable cost for the
users of these services. The quality of services depends on the correct diagnosis
and prescription of correct treatment and poor clinical decisions can result in
undesirable results, which may have unexpected outcomes. The quality of services
includes proper identification of the disease and its effective treatment. Poor clinical
decisions can lead to serious and unacceptable consequences, as well as hospitals
should minimize the cost of clinical trials. By using computer-based decision-
making systems and information, this can be achieved. All over the world, heart
disease is the leading cause of mortality in men and women, and more than half
of the deaths occur in men. There is a huge amount of data in medical systems;
This is an important advantage to being able to increase the quality of services
provided in the field of health and treatment to a very desirable level by extracting
the knowledge hidden in the heart of this information using data mining techniques
and applying this knowledge in carrying out processes. In this regard, the field
of heart disease is of double importance due to the sensitivity of its health in the
continuation of human life, and the improvement of diagnoses and treatments in
this field can save many human lives.
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prevention of physical injuries of the people of that
society and as a result, a healthier society will be
formed physically and even mentally. In the field
of monitoring the obesity of people in a society, if
human resources for necessary studies sample the
samples of society, naturally, in addition to the
exorbitant cost and time, this process is faced with
serious human errors. Therefore, it is necessary
to use a system without human intervention to
sample society.

2- Literature Review

Machine learning is a developing subset of
computing algorithms that aims to imitate
human intelligence through environmental
learning. In the brand-new era of "big data," they
are regarded as the workhorse. Various fields,
including pattern recognition, computer vision,
spacecraft engineering, finance, entertainment,
and computational biology, as well as biological
and medical applications, have effectively used
machine learning techniques. As reported
Moharamkhani et al. proposed a new approach
for intrusion detection in cloud computing
environments using a combination of the Firefly
Algorithm and Random Forest. Hasanvand et
al. proposed a different approach that focuses
on identifying vehicles using machine learning
and image processing techniques. Used in Gavari
Bami et al. to accurately identify attacks.
Harty et al (2020) proposed a novel method for
estimating body fat using machine learning and
3-dimensional optical imaging. The study involved
collecting data from 131 participants to develop a
predictive model that could accurately estimate
body fat percentage based on measurements of
body shape and size taken with an optical scanner.
The results showed that the machine learning

—MN
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model was able to predict body fat percentage with
a high level of accuracy, indicating the potential
usefulness of this technology in clinical settings
for assessing obesity and related health risks.

3- Methodology

The first step is to select the images, which after
being prepared actions are applied to them. Then
the features of each image are extracted, which
mainly include measurements. After that, the
training and testing phase begins until the result
is obtained.

4- Conclusion

Our research has used machine learning as a
classifier. On the other hand, in this research,
a Gaussian low-pass filter with different radius
and pepper-salt and Gaussian noise has also
been applied to the images, the results of which
show the high efficiency of this research. The raw
images are filtered using the Gaussian method.
According to the application of classification,
increasing the accuracy of classification in this
field can be considered. On the other hand, the ease
of performing those methods in terms of science
can be discussed. For this reason, in this research,
in addition to using the scientific methods of the
subcategory of machine learning, some work was
also done to increase the final accuracy level of the
classification. For this purpose, the images were
prepared in a dynamic environment and then
the background was separated by subtracting the
background. The desired features, which include
eight items, were extracted from the resulting
images. Finally, as mentioned, the final accuracy
of our proposed method with the SVM algorithm
was 97.1%, which is a relatively higher accuracy.
Keywords: Classification, [mage Processing,
Machine Learning, SVM.
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Abstract

1- Introduction

Image processing has become one of the most important sciences of interest to
mankind, which has produced tremendous progress in many fields in various
ways; in such a way that it has found wide applications in other sciences such
as medical sciences, technical and engineering sciences, industrial sciences, basic
sciences, etc. and has improved the efficiency, progress, and updating of that science.
Image processing has many applications such as shape recognition, image texture
recognition, image type, etc. With the rapid development of image processing science
and machine learning in theoretical and practical fields, it can be said that the only
suitable alternative for decisions based on human vision is the mentioned items.
Because of the presence of humans in some situations, places, and times, in addition
to the cost of human resources, maybe life and financial risks for humans, making
decisions with a machine can be a good alternative for this issue. Therefore, in this
paper, it is attempted to use image processing-based methods to diagnose the obesity
and thinness of a sample of the population without human intervention. Because
issues related to the health of humanity are considered one of the issues and problems
of every society, attention, and monitoring of health indicators is an important issue
for the governance and institutions that are responsible for health, considering
that health is closely related to the condition of obesity or thinness of any society.
Therefore, measuring, monitoring, and preventing obesity in society leads to the
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is the component within software that facilitates
communication between a program and its users
or other programs, such as the operating system
or hardware. The user interface can take various
forms, including interfaces, command lines,
menus, or graphical interfaces.

It is important to note that every aspect of a user
interface, whether intentional or unintentional,
conveys an emotional signal. People interacting
with a website, for example, develop a perception
of its personality and experience its overall feel.
The user interface serves as the bridge between
humans and devices, enabling users to effectively
utilize the device. It represents the visual aspect
of a tool with which the user directly engages.
In the realm of information technology, any
component that functions as an intermediary
between the user and the screen falls under
the umbrella term of a user interface. Given its
crucial role in user interaction, the user interface
significantly influences the user's mental and
objective experience, enabling them to acquire
accurate knowledge from the database and utilize
it appropriately.

Therefore, it is important to consider the features
of the user interface during the design process,
as an effective user interface can greatly enhance
user navigation within databases and ultimately
improve user performance. The user interface
serves as the primary communication tool between
users and the data recovery systems during the
retrieval process. Inadequate features in the user
interface, such as limited search capabilities, may
hinder users from accessing necessary information
within certain databases. It is crucial to prioritize
the inclusion of essential elements and features in
website design to optimize database utilization.
The user interface acts as a vital component
of software, facilitating interaction between

] Vol.3 | No.8 | Spring 2023

users and various computer systems, including
databases, software applications, and websites.
3- Research Methodology

This research falls into both basic and applied
categories based on its purpose. The data
collection method utilized is a descriptive survey.
One hundred educational applications available
in the Google Play Store, with satisfaction scores
ranging between 4 and 5, were chosen and
installed to analyze their design elements such as
style, color, font, and composition, among others.
4- Conclusion

In the field of technology, time is a valuable
resource for individuals. Online education offers
a convenient way to utilize idle time effectively.
It eliminates the need to commute to a physical
educational center and allows individuals to
access a variety of subjects regardless of their
location. Mobile applications provide flexibility
for learning anytime, anywhere.

Data analysis indicates that the Material Design
style and design system are commonly utilized
in popular educational applications. This style
is recommended for designing user interfaces in
this category, as it incorporates scrolling, rounded
corners, linear icons, images, and motion to
engage users. Delivering comprehensive subject
matter can also attract a wider audience.

The wuser interface design of educational
applications often incorporates a variety of colors,
with blue, white, and gray being among the most
frequently used in the reviewed applications. In
terms of fonts, Sans Serif, Arial, Helvetica, and
Iran Sans are popular choices for English and
Persian languages, respectively, in educational
app interfaces

Keywords: User Interface, Graphic User Interface
Design, Application, Mobile Learning, Educational
Application.
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Abstract

1- Introduction

With the rise in mobile phone usage and the proliferation of applications, the mobile
software industry is experiencing continuous growth. Besides entertainment,
applications for virtual communication, organization, creativity, video and photo
editing, and educational purposes are widely utilized by various demographics.
Among these categories, educational applications play a crucial role, given their
widespread use across different age groups. Traditionally, the responsibility of
designing the user interface and overall appearance of software, applications, and
websites fell on programmers who primarily focused on coding to achieve the
desired outcome. However, it became evident over time that engineers lacked a deep
understanding of design principles, prompting a shift towards involving graphic
design experts to enhance the visual aesthetics of these products. Current research
is being conducted to identify best practices in designing the user interface of
educational applications, recognizing the significance of education in today's society
and the need for effective tools in this field. The visual presentation of educational
applications serves as the initial point of contact for users, significantly influencing
user satisfaction and audience engagement.

2- Theoretical Foundations

In the realm of Microsoft terminology, a user interface serves as the connection point
between different components, facilitating seamless interaction and collaboration. It
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is the component within software that facilitates
communication between a program and its users
or other programs, such as the operating system
or hardware. The user interface can take various
forms, including interfaces, command lines,
menus, or graphical interfaces.

It is important to note that every aspect of a user
interface, whether intentional or unintentional,
conveys an emotional signal. People interacting
with a website, for example, develop a perception
of its personality and experience its overall feel.
The user interface serves as the bridge between
humans and devices, enabling users to effectively
utilize the device. It represents the visual aspect
of a tool with which the user directly engages.
In the realm of information technology, any
component that functions as an intermediary
between the user and the screen falls under
the umbrella term of a user interface. Given its
crucial role in user interaction, the user interface
significantly influences the user's mental and
objective experience, enabling them to acquire
accurate knowledge from the database and utilize
it appropriately.

Therefore, it is important to consider the features
of the user interface during the design process,
as an effective user interface can greatly enhance
user navigation within databases and ultimately
improve user performance. The user interface
serves as the primary communication tool between
users and the data recovery systems during the
retrieval process. Inadequate features in the user
interface, such as limited search capabilities, may
hinder users from accessing necessary information
within certain databases. It is crucial to prioritize
the inclusion of essential elements and features in
website design to optimize database utilization.
The user interface acts as a vital component
of software, facilitating interaction between
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users and various computer systems, including
databases, software applications, and websites.
3- Research Methodology

This research falls into both basic and applied
categories based on its purpose. The data
collection method utilized is a descriptive survey.
One hundred educational applications available
in the Google Play Store, with satisfaction scores
ranging between 4 and 5, were chosen and
installed to analyze their design elements such as
style, color, font, and composition, among others.
4- Conclusion

In the field of technology, time is a valuable
resource for individuals. Online education offers
a convenient way to utilize idle time effectively.
It eliminates the need to commute to a physical
educational center and allows individuals to
access a variety of subjects regardless of their
location. Mobile applications provide flexibility
for learning anytime, anywhere.

Data analysis indicates that the Material Design
style and design system are commonly utilized
in popular educational applications. This style
is recommended for designing user interfaces in
this category, as it incorporates scrolling, rounded
corners, linear icons, images, and motion to
engage users. Delivering comprehensive subject
matter can also attract a wider audience.

The wuser interface design of educational
applications often incorporates a variety of colors,
with blue, white, and gray being among the most
frequently used in the reviewed applications. In
terms of fonts, Sans Serif, Arial, Helvetica, and
Iran Sans are popular choices for English and
Persian languages, respectively, in educational
app interfaces

Keywords: User Interface, Graphic User Interface
Design, Application, Mobile Learning, Educational
Application.
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Abstract

1- Introduction

With the rise in mobile phone usage and the proliferation of applications, the mobile
software industry is experiencing continuous growth. Besides entertainment,
applications for virtual communication, organization, creativity, video and photo
editing, and educational purposes are widely utilized by various demographics.
Among these categories, educational applications play a crucial role, given their
widespread use across different age groups. Traditionally, the responsibility of
designing the user interface and overall appearance of software, applications, and
websites fell on programmers who primarily focused on coding to achieve the
desired outcome. However, it became evident over time that engineers lacked a deep
understanding of design principles, prompting a shift towards involving graphic
design experts to enhance the visual aesthetics of these products. Current research
is being conducted to identify best practices in designing the user interface of
educational applications, recognizing the significance of education in today's society
and the need for effective tools in this field. The visual presentation of educational
applications serves as the initial point of contact for users, significantly influencing
user satisfaction and audience engagement.

2- Theoretical Foundations

In the realm of Microsoft terminology, a user interface serves as the connection point
between different components, facilitating seamless interaction and collaboration. It
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showing improved -classification accuracy for
congenital heart disease. In addition, researchers
have proposed a layered neuron-fuzzy method to
predict the occurrence of coronary heart disease
using MATLAB software. Implementing this
integrated neuro-fuzzy approach has resulted in
low error rates and high performance in outcome
analysis for coronary artery disease events.

3- Research Methodology

Initially, data is collected through a structured
questionnaire from a sample of 100 patients,
including medical records. The data undergoes a
rigorous process of cleaning and normalization,
followed by feature extraction algorithms to
select and weigh the relevant features. Data
preprocessing involves three key steps: data
recognition, cleaning, and conversion. The
correlation matrix is utilized for data recognition
and cleaning, while the Min-Max algorithm is
employed for data conversion.

Subsequently, the preprocessed data is utilized
to build a diagnostic model and establish
relationships between diseases. Graph mining
and memetic algorithm are separately utilized for
data extraction and training. Both algorithms are
recognized in the field, and utilizing both allows
for a thorough comparison to determine the best
model. In the evaluation phase, the accuracy and
time complexity of the two methods are compared
to ascertain the most effective approach.

4- Conclusion

Initially, data is gathered through a survey
questionnaire containing information and

] Vol.3 | No.8 | Spring 2023

medical records of 100 patients. Subsequently,
this data was analyzed using MATLAB and
Visual Studio simulators. The effectiveness of
the proposed method was evaluated against a
standard reference through accuracy criteria,
ROC curve, and mean squared error. The results
of the study indicate that the proposed methods
outperformed the standard reference. Specifically,
the genetic-memetic method achieved an accuracy
of 93%, while the graph mining-genetic method
achieved 91%, compared to the 86% accuracy of
the standard reference. The proposed methods
also exhibited superior coverage in the ROC curve
analysis. In terms of TPR values, the memetic-
genetic method reached TPR=0.38, and the graph
mining-genetic method reached TPR=0.2 at the
zero point, whereas the standard reference had
TPR=0 at that point. Additionally, the memetic-
genetic method reached TPR=1 at the point of
0.4 more quickly than the other methods. The
mean squared error of the proposed methods
was also lower compared to the standard
reference, with values of 11% and 15% for the
combined memetic-genetic and graph mining-
genetic methods, respectively. Given that both
memetic and genetic methods are meta-heuristic
approaches, their combination yielded improved
performance. For future research, incorporating
other meta-heuristic methods such as the gray
wolf optimization algorithm could be considered.
Keywords: Intelligent Decision Support System,
Fog Computing, Information Systems, Diagnosis
of Cardiovascular Diseases.

Journal of the Science of Ferdows Institute of Higher Education
1 incollabration with the Scientific Association knowledge Managment of Iran |* ° 4'




Journal of Intelligent Knowledge Exploration and
p r 0 C e s s i n g Vol.3 | No.8 | Spring 2023

Research Article

Improving the Diagnosis of Cardiovascular Diseases
Using an Intelligent Decision Support System with
Fog Computing Approach

Doi: 10.30508/kdip.2023.368618.1061
Hojjat Azadravesh! | Hamid Tabatabaee®

Abstract

1- Introduction

Cardiovascular diseases are a significant global health concern, surpassing deaths
caused by a first heart attack. In addition to heart attacks, these diseases also pose
risks for breast, lung, and ventricular cancer. Consuming dairy products, among
other preventive measures, can help reduce the prevalence of cardiovascular diseases.
Currently, cardiovascular diseases are the leading cause of mortality worldwide.
Factors such as smoking contribute to the increased risk of heart disease, particularly
among men. Lifestyle changes are evident in the rising incidence of cardiovascular
disease in Iran. Common types of heart disease include congenital heart disease,
heart failure, hypertension, cardiomyopathy, rheumatic heart disease, pulmonary
stenosis, coronary artery disease, and vascular disease. Prompt diagnosis is crucial,
as heart issues can have cascading effects on other bodily systems.

2- Theoretical Foundations

Kaya and their team have developed a decision support system utilizing machine
learning to predict cardiovascular disease risk in Indian patients. They employed a
geneticalgorithmto determine the optimal pattern of high effectand value. Theoretical
methods were utilized to implement the machine learning algorithm. Florence and
their colleagues utilized a fuzzy rule-based classifier to diagnose congenital heart
disease, determining both structural and functional issues. The weighted voting
method and single winner method were employed, with the weighted voting method

1-2- Computer Engineering Department, Islamic Azad University, Mashhad Branch, Mashhad, Iran

Journal of the Science of Ferdows Institute of Higher Education
|* \oq 4' in collabration with the Scientific Association knowledge Managment of Iran I 4 e




In His Name

Editor-in-Chief's Message

The social, economic, and scientific dynamics of a society are
reflected in the territorial dynamics of its publishing sectors. In the
fields of science, education, and business, the impact of scientific
research and the expansion of publications can be observed through
the publication of scientific journals and books. As we present the 8th
issue of “Intelligent Knowledge Exploration and Processing” we would
like to take this opportunity to acknowledge the continuous efforts
of the esteemed professors who supported Ferdows Institute of Higher
Education, the reviewers who evaluated and scientifically assessed the
submitted articles, and the authors who contributed their work. This
journal aims to compile research and scientific activities in the fields
of management and computer science, and we are pleased to present
this 8th issue to our esteemed professors and researchers. Our goal is
to create a quality platform that leverages our considerable resources
and fosters ongoing communication with experts and thought leaders
while encouraging the submission of scientific articles and insights.
We warmly invite the contributions and valuable perspectives
of respected researchers. It is our hope that, through our sincere
dedication and diligence, we can make meaningful progress in our
scientific endeavors.



Contents

Editor-in-Chief’s Message
3
Improving the Diagnosis of Cardiovascular Diseases Using an Intelligent Decision Support System with
Fog Computing Approach

4
Examining Graphic User Interface Design Rules for Designing Iranian Educational Applications

6
Exploring the correlation between Organizational Culture and Customer Relationship Management,
with a focus on the mediating impact of Employees' Quality of Work Life

8
People's fatness and thinness detection using image processing and machine learning

10
Performance Evaluation of Optimal Feature Selection-Based Machine Learning for Heart Disease
Diagnosis

12

Development of Self-Adaptive Logic of Self-Adaptive Systems Using Deep Reinforcement Learning
14




Journal of Intelligent Knowledge Exploration and

VOL 3-ISSUE 8- Spring 2023
PrintISSN: 2783-3607
OnlineISSN: 2783-3615

B Concessionaire: Ferdows Institute of Higher
Education

Director-in-Charge: Hamid Tabatabaee, Assistant
Professor
Editor-in-Chief: Ebrahim Mahmoudzadeh, Assistant
Professor
Deputy Editor: Saeedeh Babajani Mohammadi,
Assistant  Professor

Internal Manager: Sakineh Ghasemi, Engineer

M Editorial Board

Mahmoud Moghavvemi

Professor, Department of Electrical Engineering, Faculty of
Engineering, UniversitiMalaya, Malaysia.

Mohamed Othman

Professor, Department of Communication Technology and
Network, Faculty of Computer Science and Information
Technology, Universiti Putra Malaysia (UPM).

Raja Syamsul Azmir b. Raja Abdullah

Professor, Department of Computer and Communication
Systems Engineering, Faculty of Engineering, Universiti
Putra Malaysia (UPM).

Logeswaran Rajasvaran

Professor, School of Computing, Asia-Pacific University of
Technology and Innovation, Malaysia.

Bahman Moghimi

Professor, Faculty of Management and Economics,
University of Georgia, Tbilisi, Georgia.

Mehrdad )alali

Associate Professor and Scientist, Karlsruhe Institute of
Technology (KIT), Germany.

Peyman Akhavan

Professor, Ghom University of Technology - President of
the Iranian Knowledge Management Scientific Association,
Iran.

Reza HasnaviAtashgah

Professor, Faculty of Industrial Engineering, Malek Ashtar
University, Tehran, Iran.

Amir Masoud Rahmani

Professor, Faculty of Mechanics, Electrical and Computer
Science, Islamic Azad University, Tehran, Iran.
Mahmoud Rezaei Roknabadi

Professor, Faculty of Science, Ferdowsi University of
Mashhad, Iran.

Ebrahim Mahmoudzadeh

Professor, Malek Ashtar University of Technology, Tehran,
Iran.

Ali Moeini

Professor, Faculty of Engineering, University of Tehran,
Iran.

Mohammad Mehr-Aein

Professor, Faculty of Administrative and Economic

Sciences, Ferdowsi University of Mashhad, Iran.
Amin Jajarmi

Associate Professor, Department of Electrical Engineering,
University of Bojnord, Iran.

Javad Hamidzadeh

Associate Professor, Faculty of Computer and Information
Technology, Sajjad University of Technology, Mashhad,
Iran.

Abbas Ali Rezaei

Associate Professor, Payame Noor University of Mashhad,
Iran.

Morteza Faraji

Associate Professor - National Defense University, Tehran,
Iran.

Mohammad Hossein Moattar

Associate Professor, Islamic Azad University of Mashhad,
Iran.

Saeedeh Babajani Mohammadi

Assistant  Professor, Department of Management,
Ferdows Institute of Higher Education, Mashhad, Iran.
Alireza Rouhani Manesh

Assistant Professor, Department of Electrical Engineering,
Faculty of Engineering, University of Neyshabur, Iran.
Mohammad Hadi Zahedi

Assistant Professor, Khajeh Nasir Toosi University of
Technology, Tehran, Iran.

Seyed Kazem Shekofteh

Assistant Professor, Department of Computer Engineering,
Shandiz Institute of Higher Education, Mashhad, Iran.
Hamid Tabatabaee

Assistant Professor, Department of Computer Engineering,
Islamic Azad University of Mashhad, Iran.

Mojtaba Kafashan Kakhki

Assistant Professor, Department of Information Science
and Knowledge, Ferdowsi University of Mashhad, Iran.
Abbas Mehdizadeh

Assistant Professor, Department of Computer, Ferdows
Institute of Higher Education, Mashhad, Iran.

Persian Editor: Saeedeh Babajani Mohammadi
English Editor: Abbas Mehdizadeh

Headline and Cover Design: Mohammad Mohsen
Khezri

Page Layout and Grid Design: Nima Malekzadeh
Magazine Expert: Ahad Fani Maleki

Address: Ferdows Institute of Higher Education,
Kolahdouz 30, Shahid Kolahdouz Blvd., Mashhad, Iran.
Website: www.kdip.ir

Phone: +98 051337138011- ext. 703 and 716,051-
5-372911114

Email: journal.kdip@gmail.com - 051-372911114-5
Email: journal.kdip@gmail.com

Lithography: Irankohan Press Complex

Press and Binding: No.6, Sanandaj Alley, Near
Sohravardi Intersection, Motahari Street, Tehran, Iran
Phone: 00982133953538



