
Joint Topology-preserving and Feature-refinement Network 
for Curvilinear Structure Segmentation

Mingfei Cheng1*, Kaili Zhao1*, Xuhong Guo2, Yajing Xu1, Jun Guo1

1Beijing University of Posts and Telecommunications, Beijing, China, 2DOCOMO Beijing Communications Laboratories Co., Ltd.

Image

Roads Cracks Vessels

Mask

    Curvilinear Structure Segmentation (CSS) is to
segment binary masks of curvilinear objects such as:

Problem

     Two critical aspects: 
     (1)  preserve topology for connected structures;
     (2)  refine features for rendering details.

    Observation: most semantic segmentation 
methods only focus on enhancing features while 
existing CSS techniques emphasize preserving 
topology alone.
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Joint Topology-preserving and Feature-refinement Network (JTFN) Experiment

(a) JTFN architecture (b) FIM (c) GAU

 Feature Interactive Module (FIM): 
(1) topology and boundary connectivity are related;
(2) reciprocates features between boundary detection & CSS. 

 Gated Attention Unit (GAU): supplements & enhances
saliencies during feature refinement.
 JTFN iteratively refines predictions.

     Datasets: 
(1) Cracks: CrackTree200, Crack500
(2) Vessel: DRIVE
(3) Road: Roads

     Ablation study: 
Base: UNet-like network
BO: boundary detection only

Take-away: JTFN jointly refines 
features and preserves 
topology, achieving SoTA 
results.

 *All references can be referred to our published paper.

Code and model are available online: https://github.com/zkl20061823

Summary 1: The proposed FIM and GAU both help improve results.

Summary 2: JTFN consistently achieves best results compared 
to SoTA alternatives on three datasets of different applications.

Comparisons with SoTA CSS methods on Cracks, DRIVE, and Roads.

Comparisons with SoTA on DRIVE Comparisons on CrackTree200

Comparisons on Roads

    Metrics:
Pixel-wise: F1/Precision/Recall
Topology--wise: 
Correctness/Completeness/ Quality.

Segmentations.        and       indicate connectivity and rendering details.
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