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研究背景

• Vessels are thin structures with lumen diameters ranging from 1 mm to 5 mm
((a)-(c)), leading to numerous hard-to-segment regions and discontinuous
segmentation.

• The images have a small volume ratio (less than 0.05%, see (d)), which causes a
severe imbalance between vessel and non-vessel pixels.

• The extremely low contrast in some vessel locations makes blood vessel
boundaries ambiguous ( 1(e)).



方法：Framework

We propose a novel 3D deep network for high-quality CA segmentation that
synergistically and comprehensively explores CA feature enhancement from the
perspectives of boundary completeness and trajectory continuity, achieving a
synergistic effect through the carefully orchestrated functioning of fuzzy logic modeling
coupled with a dynamic graph convolutional network.



方法：Boundary Completeness Enhancement Module

We propose a BCE module that integrates fuzzy logic with the attention mechanism to
help the segmentation network focus on the relevant region while reducing
uncertainty and variations in feature representations to improve boundary quality. It
consists of two blocks: the uncertainty estimation block and the fuzzy attention
derivation block.



方法：Boundary Completeness Enhancement Module

Uncertainty map: We believe that the
closer the predicted value is to the
threshold τ, the more uncertain the
prediction of the corresponding position
is.

• Zhang R, et al. Adaptive context selection for polyp segmentation, MICCAI 2020.
• Kim T, Lee H, Kim D. Uacanet: Uncertainty augmented context attention for polyp

segmentation, ACM International Conference on Multimedia. 2021: 2167-2175.
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方法：Fundamentals of Fuzzy Logic

 布尔逻辑的概念：经典布尔逻辑指事物都可以用二元项（0或1，黑或白，是或

否）来表达，而生活中，很多概念都无法用确定性的语言描述，多与少，高于

矮，年轻与年老，这些都无法用具体的数值来进行衡量，具有模糊性。

 模糊逻辑的概念：模糊逻辑（Fuzzy Logic）是一种使用隶属度代替布尔真值

的逻辑。模糊逻辑并不把一个命题直接分为真与假，而对于真与假的归属，可

以用隶属度来进行衡量。隶属度是[0,1]之间的一个取值，用来标识一个程度。

 布尔与模糊逻辑运算对比：

 https://blog.csdn.net/SweeNeil/article/details/86535572

 https://www.jianshu.com/p/b316acff0f02

Boolean Logic Fuzzy Logic
AND(x,y) MIN(x,y)
OR(x,y) MAX(x,y)
NOT(x) 1-x

https://blog.csdn.net/SweeNeil/article/details/86535572
https://www.jianshu.com/p/b316acff0f02


方法：Fuzzy attention derivation block

通过模糊逻辑或（ OR ）运算进行模糊特征表示：
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• For a specific channel c, M membership functions are applied to each feature point
in the channel. It should be noted that M is kept the same for each channel of the
feature map and can vary between different input feature maps.

• We employ the aggregation operator ‘OR’ to construct fuzzy feature
representations, which can preserve the importance of target feature
representations while eliminating irrelevant features.

• The fuzzy degree tensor:
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• The final result of the BCE module:



方法: Trajectory Continuity Enhancement Module 

We propose a TCE module embedded at the bottom of the network, built upon a
3D dynamic GCN with adaptive hyper-parameter optimization, capable of
iteratively improving vessel trajectory continuity.



实验结果：定量结果

Table 1: The mean±std results of CA segmentation performance on the CAS-119 dataset and the
ASOCA dataset by different methods. The best results are in bold, and the second-best results
are underlined.



实验结果：定性结果CAS-119 数据集



实验结果：定性结果ASOCA 数据集



实验结果：其他血管数据集

Table 2: Quantitative comparison of our method with other methods on the PVS-203 and MIDAS
datasets. The best results are in bold.
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