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EXTENDED ABSTRACT

Introduction

Vitiligo is a complex autoimmune disorder that leads to the destruction of melanocyte
cells, resulting in white patches on the skin. This disease not only creates physical
challenges for patients but also has profound psychological and social impacts. Early and
accurate diagnosis of this disease can significantly improve treatment management and
enhance the quality of life for patients.

Traditional methods, such as clinical examination and Wood's lamp imaging, despite
their acceptable accuracy, depend on the physician’s skill, lighting conditions, and specific
equipment, increasing the likelihood of diagnostic errors. With advancements in artificial
intelligence and machine learning, the ability to analyze clinical and image data accurately
has been established, leading to the development of intelligent systems for diagnosing
skin diseases.

This study introduces an advanced hybrid model based on fuzzy systems and Support
Vector Machine (SVM) that, by optimizing decision-making and extracting critical
features, has achieved a diagnosis accuracy of 93%, enhancing the performance of
traditional methods and opening new avenues for targeted and rapid diagnosis of skin
diseases.

Methodology

Medical data and clinical images were collected from reliable sources and
specialized physician reports, and after a precise preprocessing phase, they were fed
into the fuzzy system.
Three key phases of the hybrid model:

1. Processing and managing uncertain data: Adjusting membership functions
and fuzzy rules to extract vital information from raw data, including the
following stages:

Data Collection:

The first step in this process involves collecting patient data,
including factors such as the patient’s age, number of affected skin
areas, size of the patches, and the changes in skin color intensity. These
data can be collected from medical records, clinical observations, or
direct inputs from the patient.

Designing the Fuzzy System:
The fuzzy system is designed in two main phases:

o Phase 1- Diagnosing the type of vitiligo: In this
phase, the fuzzy system categorizes vitiligo into
three types: focal, segmental, and generalized. This
classification is based on inputs such as the number
of affected areas, the patient’s age, and the size of
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the skin patches. These variables are fuzzified to
make uncertain data processable.

o Phase 2 - Suggesting treatment: After diagnosing
the type of vitiligo, the system proposes suitable
treatment options. These treatments are based on a
set of fuzzy rules derived from expert knowledge
and clinical guidelines. Treatment options include
medications, surgical interventions, and other
therapies.

Fuzzy Rules and Inference:

Fuzzy rules are defined based on clinical features and expert
knowledge that specify the relationships between input variables
(such as patch size, number of patches, etc.) and corresponding
outcomes (diagnosis type and treatment options). The system uses the
Mamdani fuzzy inference method to derive results from fuzzy inputs.
Mamdani’s method was chosen due to its simplicity and wide
applicability in medical decision-making.

Implementation:

The system was implemented using MATLAB software, which
includes the Fuzzy Logic Toolbox. This software facilitates the creation
of fuzzification processes, rule bases, and inference engines. MATLAB
tools also helped simulate and test the system using real patient data.

Validation and Testing:

To wvalidate the performance of the fuzzy system, real
patient data was used. The results of the fuzzy system were
compared with diagnoses and treatment recommendations
provided by specialist doctors. The accuracy and reliability of
the fuzzy system were evaluated to determine its effectiveness
in clinical applications.

In Figure 1, the architecture of the hybrid fuzzy-SVM model is
shown, clearly explaining the data processing and decision-making
process. Figure 2 presents an integrated view of the fuzzy system’s
structure and logic.
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Figure 1. Overall Framework of the Fuzzy System
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Figure 2. Overview of the Components of Fuzzy System 1
2. Advanced Classification with Support Vector Machine (SVM):
Analyzing features extracted by the fuzzy model and optimizing decision-
making based on data boundaries.
3. Precise Parameter Optimization:

Applying grid search and cross-validation methods to  tune C and Gamma
in SVM for achieving maximum accuracy.
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Results and discussion

The results clearly show that the hybrid fuzzy-SVM model has achieved a diagnostic
accuracy of 93%, significantly outperforming traditional methods and even some machine
learning models.

Optimization of fuzzy rules has reduced the impact of incomplete data and enhanced
the interpretability of the model for doctors.

Precise parameter tuning of the SVM has optimized decision boundaries, enabling more
effective differentiation of vitiligo types. In Table 1, the optimal values of these parameters
are presented, along with the role and impact of each on the model's final performance.

Combination of Artificial Intelligence Systems has not only ensured improved diagnostic
accuracy but also provided the ability to manage the disease with greater speed and
efficiency.

Table 1. Optimal Parameter Values and Their Impact on Performance

Model Parameter Optimal Value Description
SVM c 2.0 Balance between accuracy and
model overfitting
SVM Gamma 01 Controls the mﬂl.le.nce of training
samples on decision boundary
SVM Kernel RBF Best perform.ance observed with
this kernel
Fuzzy Model Membel."shlp Gaussian Performed bette.r than trl.angular
Function and trapezoidal functions
Fuzzy Model Fuzzy Threshold 0.6 Best thresholhd.value fo-r inter-
class decision-making
Feature Weight - Most important feature in the
Fuzzy Model Patch Area 05 fuzzy model
Fuzzy Model Fgature Welg}.lt - 03 Influential feature, but less than
Disease Duration patch area
Feature Weight - Least influential feature among
Fuzzy Model Skin Type 0.2 fuzzy model features
Preprocessin Data MinMaxScaler Normalized data within a specific
p J Normalization [0,1] range
Conclusion

This research shows that the hybrid fuzzy-SVM system can be used as a powerful tool
for rapid diagnosis and management of skin diseases. The proposed hybrid model goes
beyond a simple algorithm; it is an intelligent diagnostic framework that is capable of
managing medical data with high accuracy and interpretability.
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For future research, it is recommended that this system be combined with medical
imaging technologies and genetic data to elevate its accuracy and performance to a higher
level. Furthermore, integrating deep learning methods with the fuzzy system could enable
more advanced and automatic diagnosis.
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