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◼ Motivations of vessel segmentation

 Accurate diagnosis and surgery planning

 Design medical devices for different patients

Vessel Segmentation

[1] Lin, Fengming, Yan Xia, Shuang Song, Nishant Ravikumar, and Alejandro F. Frangi. "High-throughput 3DRA segmentation of brain vasculature and aneurysms using deep learning." Computer Methods and Programs in Biomedicine 230 (2023): 107355.
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◼ Modalities of cerebral vessel analysis

 3DRA, MRA, DSA, CTA …

◼ Challenges

 Cross modality: domain shift between 3DRA and MRA

2D slice 3D MIP



◼ To deal with domain shift: unsupervised domain adaptation

 Fully-supervised Learning   =>  Train with 𝑥3𝐷𝑅𝐴 , 𝑦3𝐷𝑅𝐴     ; Test with 𝑥3𝐷𝑅𝐴 

 Semi-supervised Learning   =>  Train with 𝑥3𝐷𝑅𝐴 , 𝑦3𝐷𝑅𝐴
𝑝𝑎𝑟𝑡𝑖𝑎𝑙

  ; Test with 𝑥3𝐷𝑅𝐴

 Un-supervised Domain Adaptation =>  Train with 𝑥3𝐷𝑅𝐴 , 𝑦3𝐷𝑅𝐴  , 𝑥𝑀𝑅𝐴 ; Test with 𝑥𝑀𝑅𝐴
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◼ Methods

 Pre-processing: Homocentric Squares Domain Adaptation (image style transfer)

 Network structure: teacher-student

 Loss function: fully-supervised loss + semi-supervised loss + transwarp contrastive loss



[2] Yang, Yanchao, and Stefano Soatto. "Fda: Fourier domain adaptation for semantic segmentation." Proceedings of the IEEE/CVF conference on computer vision and pattern recognition. 2020.

◼ Homocentric Squares Gaussian Kernel: Fourier Transform for style transfer

 Low frequency: style information.

 High frequency: content information.

 Change square kernel into homocentric square kernel 

decaying in Gaussian distribution.



◼ Loss functions

◼ Transwarp Contrastive Learning 

Content

 => Positive pair (time domain features from same patients)

 => Negative pair (time domain features from different patients)

Style

 => Positive pair 

 (Frequency domain features from different modalities)

 (Learning a unified style features across modalities)



◼ Results
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◼ Future works

 Fully-supervised Learning   =>  Train with 𝑥3𝐷𝑅𝐴 , 𝑦3𝐷𝑅𝐴     ; Test with 𝑥3𝐷𝑅𝐴 

 Semi-supervised Learning   =>  Train with 𝑥3𝐷𝑅𝐴 , 𝑦3𝐷𝑅𝐴
𝑝𝑎𝑟𝑡𝑖𝑎𝑙

  ; Test with 𝑥3𝐷𝑅𝐴

 Domain Adaptation    =>  Train with 𝑥3𝐷𝑅𝐴 , 𝑦3𝐷𝑅𝐴  , 𝑥𝑀𝑅𝐴 ; Test with 𝑥𝑀𝑅𝐴

 Domain Generalization   =>  Train with 𝑥3𝐷𝑅𝐴 , 𝑦3𝐷𝑅𝐴  ; Test with 𝑥𝑀𝑅𝐴

 Domain Incremental Learning
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