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Abstract:

Accurate multi-class brain segmentation from MRI data is essential for quantitative analysis 
in neuroscience, clinical diagnosis, and treatment planning. In this study, we present an op-
timized 3D U-Net architecture tailored for the segmentation of multiple brain tissue classes, 
including gray matter, white matter, and cerebrospinal fluid. The proposed model integrates 
advanced preprocessing techniques, data augmentation strategies, and architectural mod-
ifications aimed at enhancing both spatial precision and generalization capability across di-
verse MRI scans.

We trained and evaluated the model using a publicly available brain MRI dataset with ex-
pert annotations. The optimized 3D U-Net achieved high segmentation accuracy, measured 
by Dice similarity coefficient and Hausdorff distance, outperforming baseline methods and 
standard 3D U-Net configurations. Key improvements include deeper encoder-decoder paths, 
enhanced skip connections, and the use of regularization techniques to mitigate overfitting.

This work demonstrates the potential of tailored 3D convolutional neural networks for reliable 
and efficient multi-class brain segmentation, paving the way for their integration into neu-
roimaging analysis pipelines and real-world clinical settings. Future research will explore the 
extension of the model to multi-modal MRI data and additional pathological classes.
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