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Article history: Skin diseases, having a wide range of symptoms and appearances,
—— has been putting stern challenge in the field of dermatology.
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data of several patients affected with different skin diseases. The test

gkm Dlsegse stud dataset has been reviewed to ensure its perfection and representation
O'T‘p?f?‘“ve tudy among several categories of diseases. Several metaheuristic
Optimizing

algorithms are introduced like Particle Swarm Optimization (PSO),
Genetic Algorithm (GA), Antlion Optimization (ALO) and Ant
Colony Optimization (ACO) in this study. These algorithms are
customized for skin disease diagnosis fulfilling all the requirements.
To examine the performance of the proposed metaheuristic
algorithms, a comparative analysis is conducted. Furthermore,
certain performance metrics such as diagnostic accuracy and results
of standard deviation, mean fitness score, best fitness score, and
worst fitness score are calculated. The initial results of this study
show that the metaheuristic algorithms have high potentials for
effective diagnosing of skin diseases. The obtained results are not
only delivering highest accuracy but computational speed is also
improved. In addition, the conducted comparative analysis also
indicates the variations in selecting different metaheuristic
algorithms. The achieved results showed that the ALO algorithm has
outperformed other algorithms with 93% accuracy level. While the
ACO achived 90%, the GA has 89% and the PSO worked well with
88% accuracy.
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1. lintroduction

Dermatological diseases are conditions that have an impact on our skin, mucus membranes, hair and nails.
They can also include allergies, infections, cancerous tumors, skin diseases that are hereditary and inherited,
as well as skin diseases that result from our environment or lifestyle. The accurate diagnosis of skin diseases
is often challenging due to the wide variety of symptoms and overlapping characteristics among different
conditions[1]. Traditional diagnostic methods rely on manual examination by dermatologists, which can
time-consuming and subjective[2]. There is no dept about the extent of the impact of machine learning
techniques in all aspects of life at the present time, for example in industry, agriculture, the military field,
medicine, and even understanding body language and other sciences[3][4][5]. In this study, we propose the
use of metaheuristic algorithms to optimize the process of diagnosing skin diseases, with the goal of
improving accuracy and reducing diagnostic time[6]. Skin diseases, also known as dermatological conditions,
refer to a wide range of medical conditions that affect the skin. There are numerous types of skin diseases,
each with its own symptoms, causes, and treatments. Here are some common examples: Acne, Eczema,
Psoriasis, Rosacea, Dermatitis, Hives, etc[7][8]. Skin diseases pose a significant challenge in the field of
healthcare, affecting millions of individuals worldwide. For efficient treatment and control of most disorders,
swift and precise diagnosis is necessary. Accurate diagnosis of skin diseases is particularly important, but the
multitude of skin diseases and their numerous manifestations make it a difficult task for dermatologists. To
resolve this problem, scientists came up with Metaheuristics, powerful optimization techniques inspired by
the processes taking place in nature such as neural networks, evolution, and swarm behavior. These
algorithms have garnered a great deal of interest due to their innovative approach to solving complex
problems in various domains, such as the field of medicine[9][10][11][12].

The purpose of this research is to compare and analyze different meta-heuristic algorithms in the context of
skin disease diagnosis, The research aims to overcome limitations of current expert systems by developing a
robust algorithm that optimizes the diagnostic process, ultimately improving the disease detection rate,
minimizing misdiagnosis, and enhancing patient outcomes. During the research, the Comparison and
comprehensive study of Several Meta-heuristic algorithms like Genetic algorithm, Particle swarm
optimization, antlion optimization, and ACO (Ant Colony Optimization) will be performed and their
performance would be analyzed based on the performance metrics like diagnostic accuracy, standard
deviation, mean fitness, best fitness and worst fitness. The study will further explore the possibility of
combining meta-heuristic algorithms with machine learning techniques to propose intelligent decision
support systems for dermatologists. These proposed systems can be used by the dermatologist to deliver a
faster, more accurate diagnosis by analyzing patient data, medical images and other clinical information.

2. Literature Review

This study aims to optimize skin disease diagnosis by using metaheuristic algorithms, aiming at constructing
accurate and effective diagnostic models of skin diseases that can be conducive to clinical detection.
Metaheuristic algorithms are computational techniques that can solve optimization problems in an efficient
way through iterative exploration and improvement[13]. Research in this space over the years serves as
strong evidence that this study will contribute to the overall progress in the field of skin diseases diagnosis
using metaheuristic algorithms to optimize the performance of these diagnostic models by enhancing their
accuracy, efficiency, and interpretability. In addition, by overcoming the challenge on what needs to be
selected, which algorithms to apply and whether or not to hybridize, and the problem of optimizing deep
learning models, our study will contribute to developing a robust tool that can be used for accurate and
effective clinical detection of skin diseases[14]. In the field of skin disease diagnosis, many researches have
been carried out to improve the accuracy and efficiency. Below, detailed explanation of several
representative studies.

In the study [15], the authors introduce a discussion to compare and evaluate different metaheuristic
algorithms such as genetic algorithms, particle swarm optimization, etc. of their working to diagnose a skin
disease. It evaluates the degree of accuracy, convergence rate and efficiency of the algorithm to have the
ideal diagnosis on the disease. Research [16] feature selection method based on metaheuristics algorithm is
very important for diseases diagnosis, and the main aim of feature selection is to maintain the best accuracy
and reduce the dimensionality of the data by selecting the informative feature set. Using the metaheuristic
algorithms for feature selection is widely discussed in study [17], where a wide range of recent methods
discussed for selecting the feature set that mostly generated nature-inspired characteristics and using classical
methods including the ants colony algorithm and the genetic algorithm in the diagnosis field. In research
[18], the authors hybridize the Sine Cosine Algorithm (SCA) for improving results in the diagnosis of skin
diseases.
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The hybrid system has shown optimum performance. In the article [19], there are several hybridization
techniques are discussed by combining two or more metaheuristic algorithms for improving disease
diagnosis. This paper discusses the synergistic effects of hybridizing algorithms like genetic algorithms with
ant colony optimization or Grey Wolf Optimizer (GWO), to exploit the strengths of such algorithms to
overcome the others. Furthermore, the proposed method in the research [20], emphasizes on the successful
tuning of deep learning models for skin disease diagnosis utilizing metaheuristic algorithms. It explores how
metaheuristic algorithms can be employed to fine-tune hyperparameters, architecture, and training processes
of deep learning models, resulting in improved diagnostic accuracy. Table 1 below, summarizes the most
effective used algorithms for the detection of skin diseases.

Table 1 Breif description of most used algorithms for skin diseases

Brief Description

Evaluated accuracy, convergence rate, and efficiency
of metaheuristic algorithms for skin disease

Metaheuristic-

1 | [15] | Genetic Algorithm based diagnosis

diagnosis.
Multiple Emphasized importance of feature selection for
2 | [16] Metaheuristic Feature Selection disease diagnosis, aiming to maintain accuracy and
Algorithms reduce dimensionality using metaheuristics.
Ant Colony Discussed various methods for selecting feature sets
3 | [17] | Algorithm, Genetic Feature Selection | in diagnosis, including nature-inspired characteristics
Algorithm and classical methods.

Sine Cosine
Algorithm

Hybridized SCA for improving skin disease
diagnosis, demonstrating optimum performance.
Explored combining metaheuristic algorithms like
5 | [19] | Grey wolf optimizer | Disease Diagnosis | Genetic Algorithm with Ant Colony Optimization or

Grey Wolf Optimizer for improved diagnosis.
Explored using metaheuristic algorithms for tuning

hyper parameters, architecture, and training
processes of deep learning models for diagnosis.

4 | [18] Hybridization

Whale Optimization Deep Learning

6 | [20] algorithm Model Tuning

3. Rresearch Methodology

This research conducted a simple methodology to perform the typical par tof this project. It involves
sequential actions starting with collecting a comprehensive dataset of skin disease images and associated
clinical information. Also, the research trained various metaheuristic algorithms, such as PSO, ALO, GA, and
ACO which are practically implemented and compared to determine their effectiveness in diagnosing skin
diseases. The used algorithms are trained using a subset of the dataset and evaluated on a separate testing set
to assess their performances. Below, a full description of the most important followed steps.

a. Data Collection
The source of the dermatology data used in this study is from  Kaggle,
https://www.kaggle.com/datasets/kmader/skin-cancer-mnist-ham10000/discussion/183083. The number of

samples is (10015), features are (64), and the classes is seven. Table 2 shows the details of the dataset.

Table 2 details of the dataset

Name of disease code Clizes . No. of
code instances

Actinic keratoses and intraepithelial carcinomae akiec 0 327
basal cell carcinoma bcc 1 514
benign keratosis-like lesions bkl 2 1099
Dermatofibroma df 3 115
melanocytic nevi nv 4 6705
pyogenic granulomas and hemorrhage vasc 5 142
Melanoma mel 6 1113
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SKIN DATASET

Hakiec Wbcc Wbkl mdf Env Evasc Emel

Figure 1 the general distribution of the dataset

3.2. Preprocessing

We performed a number of pre-processing steps to clean and prepare the dermatological data for analysis.
The techniques for feature extraction and selection are using to reduce dimensionality and enhance algorithm
performance.

3.3. Metaheuristic Algorithms:

The algorithms (GA, PSO, ALO, and ACO) are using to improve the diagnosis of skin diseases based on
their efficiency in various applications and we will give a brief explanation of each algorithm. Figure 2 shows
the general classification of the metaheuristic algorithms.

Metaheuristic
Algorithms

Particle Swarm Antlion Ant Colony
Optimization Optimization Optimization
(PSO) (ALO) (ACO)

Genetic
Algorithms (GA)

Figure 2 the general classification of the metaheuristic algorithms

3.3.1. Genetic Algorithms (GA)

Genetic algorithms are inspired by the principles of natural selection and genetics. They involve the
iterative generation of potential solutions represented as chromosomes, which undergo crossover,
mutation, and selection operations to evolve towards optimal solutions. Several studies have employed
GA for feature selection, classification, and decision-making in skin disease diagnosis. These
approaches have demonstrated promising results in terms of accuracy, sensitivity, and specificity[21].
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3.3.2. Particle Swarm Optimization (PSO)

Particle swarm optimization is a population-based optimization method inspired by the movement of a swarm
of particles in the search space. Each particle updates its position according to its own learning history and
the knowledge accumulated by swarm. PSO has also been used to many related aspects of skin disease
diagnosis, such as feature selection, parameter optimization and image segmentation. The resulting results
show that using PSO leads to better diagnosis performance as well as less computational cost[22].

3.3.3. Ant Colony Optimization (ACO)

As the foraging behavior of ants, which communicate by pheromone trails to discover the shortest path
between a nest and food sources. The methodology mimics the ant behavior and is used to solve optimization
problems. In skin disease diagnosis, the ACO approach has been adopted for feature determination, lesion
segmentation, and classification. Various studies show that the use of ACO methods has resulted in improved
diagnosis accuracy and robustness[23].

3.3.4. Antlion Optimization (ALO)

Antlion optimization is inspired by antlions' predation; they capture prey by digging pits to trap them in a
systematic manner. Antlion larvae adjust their pit over time while they wait for a prey to approach the crater.
When food is detected, it falls into the pit, where they are easily devoured by antlion larvae. Antlion
optimization works in a similar fashion as the pits get modified in many possible places. ALO is
comparatively newer to GA and PSO and has also been widely used in skin cancer diagnosis. ALO is used
mostly in feature selection, parameter tuning, and the classification tasks which yield accurate diagnosis in
less processing time [24].

3.4. Experimental Design

The study is based on the experience of the four algorithms, each separately, and then the results are
compiled and compared based on a set of measures. The data set was separated into two parts first part for
training and second part for testing with a ratio of (70%, 30%) by using k-fold cross validation technique,
ensuring unbiased evaluation. All experiments were carried out using MATLAB program. The evaluation
metrics used to assess the performance of the algorithms such that (1) accuracy, (2) standard deviation, (3)
worst fitness, (4) mean fitness, and (5) best fitness. Each metric is explained in detail below[25].

The accuracy is used to assess the efficiency of the FS operations on the dataset provided to the classifier.
The classification accuracy calculating by equation (1).

Class Acc = %Z}L% N . Mach(Ci, Li) )

M is representing the number of runs the algorithm to choose feature subset N is the number of points in the
test set, Ci is representing the classifier output label for data point i, Li is representing class label reference.

Mean fitness: the average solutions that arose from the entire solutions package collected after executing an
algorithm M of times. Mean Indicates the performance rate of the stochastic optimizer and it is calculated by
the equation (2)

1 .
Mean ==Y g\ 0)
M

M is representing the number of runs the algorithm to choose feature subset, and g'- represent perfect solution
yielded from run number i.

The standard deviation: reflects the variance in the best solutions achieved for M separate stochastic
optimizer runs. It is utilized by optimizers as a standard for robustness and stability. Smaller numbers
indicate that the optimizer converges to the same solution, whereas bigger values indicate a vast number of
random outputs. The standard deviation calculating by equation (3).

Std = \/ﬁ}:(g}; — Mean)? 3)
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M is representing the number of runs the algorithm to choose feature subset, g'- represent perfect solution
yielded from run number i, and Mean is defined in equation (2).

Worst fitness: the worst solution produced from among the solution packages obtained when performing an
algorithm M times. A negative solution is the worst-case scenario, which can be determined using
equation(4)

i “

Wors = Max{‘f
i=1gx«

M is representing the number of runs the algorithm to choose feature subset, and g' represent perfect solution
yielded from run number i.

Best fitness: a reduced fitness(cost) function obtained for an optimizer at each of an algorithm's M
operations. The best solution is the most promising solution discovered, and it can be determined using
equation (5)

Bst = Min]! 1l 5)

M is representing the number of runs the algorithm to choose feature subset, and g' represent perfect solution
yielded from run number i.

3.5. Results Analysis
In the Table 3, a full description of the most relevant parameters employed in this research.

Table 3 setting values to the parameters

PARAMETER VALUE

Number of runs 10
Number of Search agent 5
Number of iteration 100
Number of Features 64
Number of Instances 10015
Dimension Equal to Features humber

Accuracy is an important dimension to consider when applying the algorithm. The higher the accuracy, the
better, the algorithm is. Each algorithm has a different level of accuracy. The algorithms that have been
applied have different accuracy levels. ALO algorithm has the best accuracy, followed by the ACO algorithm
then GA algorithm and the last is the PSO algorithm. Figure 3 shows the accuracy of each metaheuristic
algorithm for a dermatology dataset.
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Accuracy

94
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92
91
90
89
88
87
86
85

ALO; 93

ACO; 90

SKIN DATASET

Figure 3 Accuracy levels of GA, PSO, ALO and ACO algorithms

In statistics, the standard deviation is used to find out the deviation in the values of the data. If the value of
the deviation is low, then it is a great indicator, but if it is high, then it is a poor indicator. In this study, the
observed results indicated the ALO algorithm is the best one while the PSO algorithm has less acuuracy than
ALO algorithm. Figure 4 shows standard deviation of each metaheuristic algorithm for a dermatology
dataset.

Standard deviation

0.035
0.03
0.025
0.02
0.015
0.01
0.005
0

skin dataset

GA PSO ALO ACO
=—@—Standard deviation 0.025 0.032 0.009 0.014

Figure 4 Standard deviation of GA, PSO, ALO and ACO algorithms.

In terms of statistical fitness, the best is always the minimum value. The comparison obtained in terms of
statistical fitness is shown that the ALO algorithm is better than the three other algorithms in all statistical
Fitness (Best, Worst, and Mean). Figure 5 shows mean fitness, worst fitness, and best fitness for each
metaheuristic algorithm of a dermatology dataset.

0.07
k7] 0.06
9 0.05
s 0.04
o 0.03
c 0.02
= 0.01
n 0
GA PSO ALO ACO
M best fitness 0.024 0.031 0.019 0.027
W worst fitness 0.043 0.055 0.043 0.061
B mean fitness 0.035 0.044 0.031 0.045

Figure 5 shows mean fitness, worst fitness GA, PSO, ALO, ACO.
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4. CONCLUSION

This research has investigated the potential of advanced computational techniques for improved diagnosis of
skin diseases. We have conducted a comparative study of several metaheuristic algorithms along with the
traditional diagnosis techniques. Results show that genetic algorithm, particle swarm optimization, antlion
optimization, and ant colony optimization algorithms can be used to increase the diagnostic accuracy of skin
diseases. They result in the complete search of possible diagnosis and selection of the most optimal diagnosis
after a small interval of time. Such comparative study will help dermatologists and health care professionals
in the decision-making process, which will help in getting the correct and timely diagnosis. This will
ultimately lead to early detection and prompt treatment, which will be beneficial for the patient. Nevertheless,
it is crucial to understand that metaheuristic algorithms are still in their early stages, and have some
limitations, such as proper parameter setting, choosing effective algorithms for the task, and suitably adaptive
features of the dataset. Therefore, it is necessary to further examine the potential opportunities and challenges
of metaheuristic algorithms in real-time clinical setups. However, the analysis obtained in this research
suggests the possibility of metaheuristic algorithms being an effective solution for the purpose of skin disease
diagnosis optimization. Their ability to improve accuracy, efficiency, and decision-making processes holds
great potential for enhancing healthcare outcomes in dermatology. As technology continues to advance, it is
expected that these algorithms will play an increasingly significant role in supporting dermatologists and
healthcare practitioners in the diagnosis and treatment of skin diseases.
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