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OVERVIEW

GOAL: To improve biomarker segmentation in medical images by addressing 
limitations in decoder design, enabling better feature integration and spatial 
restoration especially in datasets with staining and morphological variability and 
limited training samples.

CHALLENGES:
•Poor transfer of multiscale features from encoder to decoder in existing models.

•Limited decoder capability to preserve spatial detail and context.

•Existing decoders suffer from coarse outputs and weak boundary refinement.
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OVERVIEW

KEY CONTRIBUTIONS:
•MCADS Decoder: A novel Multiscale Convolution Attention with Depth-to-Space 

decoder that integrates features effectively, suppresses noise, and reconstructs 
spatial detail using custom upsampling blocks (DSUB, EUB).

•Novel Attention Modules RLAB AND CASAB. 

•Enhanced U2-Net Encoder: Modified to capture richer multiscale local and global 
features, achieving superior performance when combined with MCADS.

•Extensive Validation: Demonstrated consistent outperformance over SOTA methods 
across four benchmark datasets (MoNuSeg, DSB, EM, TNBC) with up to 4.03% 
gain.
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METHOD

OVERVIEW OF THE PROPOSED ARCHITECTURE: (A) ENCODER FEATURE LEVELS AT DIFFERENT SCALES, (B) MULTISCALE CONVOLUTION ATTENTION
WITH DEPTH-TO-SPACE (MCADS) DECODER, (C) CONVOLUTION BLOCK, (D) DEPTH-TO-SPACE UPSAMPLING BLOCK (DSUB), (E) EFFECTIVE
UPSAMPLING BLOCK (EUB), (F) CHANNEL AND SPATIAL ATTENTION BLOCK (CASAB), AND (G) RESIDUAL LINEAR ATTENTION BLOCK (RLAB) WITH
RESIDUAL BLOCK (RB).
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METHOD

WE ENHANCE THE U2-NET ENCODER BY INTEGRATING ATTENTION MECHANISMS BETWEEN SKIP CONNECTIONS AND UPSAMPLING LAYERS TO
BETTER CAPTURE LONG-RANGE, MULTI-SCALE FEATURES. CASAB IS ADDED AFTER EACH RESIDUAL U-BLOCK TO EMPHASIZE IMPORTANT
CHANNELS AND SPATIAL REGIONS FOR RICHER FEATURE REPRESENTATION.
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EVALUATION

Performance comparison on the MoNuSeg Dataset Performance comparison on the DSB  Dataset
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EVALUATION

Performance comparison on the Electron Microscopy 
Dataset

Performance comparison on the TNBC Dataset
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FUTURE WORK: 

This work can be extended by evaluating the proposed method on a broader range of 
medical imaging datasets, including organs, polyps, lesions, and retinal structures, 
across various modalities such as CT, MRI, fundus photography, and X-ray. Additionally, 
we plan to adapt the architecture for panoptic segmentation tasks to further enhance 
its applicability. 
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