
1Tsinghua-Berkeley Shenzhen Institute, Tsinghua University; 
2Peng Cheng Laboratory; 
3Institute of Medical Artificial Intelligence, 

The Second Affiliated Hospital of Xi'an Jiaotong UniversityGuoqing Zhang1,2, Caixia Dong3 and Yang Li1

Topology-Preserving Hard Pixel Mining for 

Tubular Structure Segmentation

Motivation Experiments

Challenges

Proposed Methods

Topologically accurate segmentation of tubular structures is
crucial in many applications, eg. map reconstruction.

➢ How to preserve topological information in tubular
structure segmentation.
▪Find the most topology-relevant hard pixels

➢ How to efficiently extract topologically critical points.
▪Skeleton-based hard pixel mining

Persistent homology-based HPM (PHPM): All critical 
points are considered as hard pixels.

Skeleton-based HPM (SHPM): Thinned structures of the
mis-segmented parts are considered as hard pixels.
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Comparison: extracted hard pixels through different HPM
strategies.
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Overview

➢ We propose to use hard pixel mining (HPM) in image
segmentation model for topology preservation.

➢ We propose persistent homology-based approach and
skeleton-based approach for topology-relevant hard
pixel mining.
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▪SPHM demonstrates high superiority on topology-aware 
metrics while maintaining competitive volumetric accuracy.

▪SHPM has a training speed comparable to original U-Net 
and is more efficient than PHPM.

▪The predictions by SPHM have more consistent topology.

SHPM is implemented through several simple logical and 
morphological operations.


