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Abstract: Cell segmentation is a fundamental task in biomedical image analysis, holding significant
application value in pathological diagnosis and cell biology. Accurate nuclear segmentation is crucial for
disease screening, tumor microenvironment analysis, and treatment planning. However, the high

morphological heterogeneity and frequent overlapping of cells in tissue images, coupled with noise and
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uneven illumination, significantly increase the difficulty of automated segmentation. Despite advances in
traditional and deep learning methods, they still face notable limitations under complex conditions such as
cell overlap and blurred boundaries. To address these challenges, this study proposes NucleiViT,
a Vision Transformer(ViT)-based model designed for efficient and accurate cell detection and
segmentation. The core innovation of the proposed model lies in the integration of a sliding-window
dilated attention mechanism, which enables feature interaction among different task branches within a
shared module, thereby maximizing the advantages of multi-task learning. Additionally, a joint boundary-
aware loss function is introduced to enhance sensitivity to cell boundary delineation. Experimental results
demonstrate that NucleiViT outperforms existing state-of-the-art methods in terms of segmentation
accuracy and computational efficiency, exhibiting superior robustness in densely packed and overlapping

cellular regions. This approach provides an efficient and reliable solution for clinical pathological image

analysis.
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Fig. 1 Overall architecture diagram of NucleiViT
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Tab.1 Hyperparameters for all training runs
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Fig.4 Demonstration of partial datasets
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Tab.2 Results of NucleiViTyg,, compared with existing methods
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Fig. 5 Experimental results of different tissues in Pannuke dataset 1
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Fig. 6 Experimental results of different tissues in Pannuke dataset 2
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Fig. 7 Experimental results of different tissues in Pannuke dataset 3
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Fig.8 Clustering results of cell types and tissue images
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