Tabriz Journal of Electrical Engineering (TJEE), vol. XX, no. X, season X Serial no. XX
DOI: 10.22034/tjee.2025.64184.4912

Brain Tissue Segmentation Using Conditional Spatial Gustafson-Kessel Clustering
Ali Fahmi Jafargholkhanloo®, Mousa Shamsi, Mehdi Bashiri Bawil

Assistant Professor, Department of Engineering Sciences, Faculty of Advanced Technologies, University of Mohaghegh Ardabili, Namin, Iran., E-
mails: a_fahmi@uma.ac.ir
Professor, Faculty of Biomedical Engineering, Sahand University of Technology, Tabriz, Iran, E-mails: shamsi@sut.ac.ir
PhD Student, Faculty of Biomedical Engineering, Sahand University of Technology, Tabriz, Iran, E-mails: m_bashiri99@sut.ac.ir
“means corresponding author

Abstract

The segmentation of brain tissues is a crucial step in evaluating morphological changes in various brain regions for the identification of different
diseases. This process is influenced by factors such as noise and intensity non-uniformity. Fuzzy c-means clustering (FCM) is a widely used method
for image segmentation but is sensitive to noise, and its convergence rate is affected by data distribution. FCM-based approaches typically use Euclidean
distance for clustering, assuming a spherical distribution of data, which overlooks distance variations in similar and compact clusters. Additionally,
varying levels of intensity non-uniformity can impact clustering performance. To address these limitations, this study presents the Conditional Spatial
Gustafson-Kessel (CSGK) algorithm, which performs well in segmenting compact clusters such as cerebrospinal fluid (CSF) by considering data
distribution in an elliptical space. The robustness of the conventional Gustafson-Kessel algorithm is enhanced by incorporating both local and global
spatial information into a weighted membership function. Furthermore, a Wiener filter combined with wavelet transform (WFWT) is applied during
preprocessing to reduce the sensitivity of input data to intensity non-uniformity. Experimental results demonstrate that CSGK is an accurate algorithm
for segmenting multiple brain tissues across different levels of noise and intensity non-uniformity.
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Introduction
The human brain is composed of three primary tissues: cerebrospinal fluid (CSF), gray matter (GM), and white matter (WM). These tissues play a vital
role in quantitative brain analysis during diagnostic processes. The quality of MRI images depends on the gray levels of these tissues, which can help
identify various brain diseases such as multiple sclerosis (MS), schizophrenia, and Alzheimer's disease. Accurately diagnosing these tissues presents a
significant challenge for radiologists, and manual segmentation is often time-consuming. Therefore, there is a need for an accurate and efficient approach
to segment different brain tissues.

Proposed Work and Methodology
This study presents an automatic method for segmenting multiple brain tissues in MRI images using the Conditional Spatial Gustafson-Kessel (CSGK)
algorithm. The proposed approach incorporates spatial information by utilizing the interaction between neighboring pixels in the membership function.
If neighboring pixels have similar features, the central pixel is assigned a higher probability of being grouped into the same cluster. To enhance
robustness against noise and intensity non-uniformity, a Wiener filter combined with wavelet transform (WFWT) is used as a preprocessing step.
Experimental results demonstrate that CSGK is an accurate algorithm for segmenting multiple brain tissues across different levels of noise and intensity
non-uniformity.

Conclusion
FCM-based approaches use Euclidean distance for clustering, which disregards the variation in distances among data points within similar and compact
clusters. CSF, which plays a crucial role in clearing metabolic waste from the brain, is typically considered a compact and small cluster. Using Euclidean
distance can cause this cluster to be misclassified as another tissue type. Additionally, noise and intensity non-uniformity can impact the clustering
process. The proposed CSGK algorithm addresses these issues and improves segmentation accuracy.
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