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Feature Interaction Paradigms in Medical Image Segmentation



Motivation, Problem Formulation & Contributions



Architecture Overview

MRF-SE Block (Local Feature Extraction):
● Parallel DW-Conv with k = {3, 5, 7} captures multi-scale local 

patterns.
● SE recalibration: GAP → FC → Sigmoid for channel attention.
● Handles both tiny polyps (5 px) and large vessels (>20 px) 

simultaneously.
● Removing MRF-SE: −5.90% average Dice across 4 datasets.

SSTM Block (Efficient Global Context):
● 2D FFT → retain only K = 32 low-frequency components, just 

0.8% of the spectrum.
● Captures >93% spectral energy across all 8 modalities.
● Sub-quadratic complexity: O(HWC log(HW) + HWC²) vs. O((HW)

²C) self-attention.
● Content-gated spatial branch with bottleneck d = 16.
● Removing SSTM: −6.70% average Dice across 4 datasets

BFD Decoder (Boundary Specialization):
● Dual-stream: region path for smooth interiors + boundary path for edge 

sharpness.
● Soft routing: z = r ⊙ (1 − β) + b ⊙ β.
● β is learned via backpropagation from MASL, with no edge annotations 

needed.
● Removing BFD: −5.06% average Dice across 4 datasets.

Morphology-Aware Adaptive Loss
● Automatically weights five objectives per sample: region, boundary, 

structure, focal, and texture.
● Uses four geometric descriptors: tubularity τ, compactness c, 

irregularity ι, and size s.
● Generalizes across 15 datasets using a single loss formulation, without 

manual tuning.
● Learned weights wᵢ ∈ [0.1, 10] adapt to target structures, e.g., polyps 

→ boundary, vessels → structure.



Results



Results and Ablation Studies



Qualitative Studies
ACDC Multiclass Segmentation

DRIVE Blood Vessel Segmentation

 KVASIR-SEG Polyp Segmentation
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