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Abstract: To enhance the intelligent segmentation performance of Piping and Instrumentation
Diagrams (P&ID), a lightweight segmentation network named P&IDSeg-Net is proposed in this paper.
First, a half-channel Non-local Attention Module is designed to establish global dependencies in deep
feature space, addressing the structural ambiguities between pipelines and instruments. Second, feature
addition fusion is employed instead of channel concatenation for skip connections to further reduce
parameter count, making it suitable for small-scale datasets. Then, leveraging the low-grayscale

characteristics of pipeline regions in P&IDs, a visual prompt inspired grayscale mask weighted loss is
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introduced to focus the network on key foreground regions. The P&ID Pipe dataset is collected and

manually annotated, and extensive experiments are conducted on it. The results demonstrate that the

proposed P&IDSeg-Net requires only 21.81 million parameters, highlighting its lightweight advantages.

Simultaneously, it achieves a Mean Intersection over Union (MloU) of 77.40%, outperforming

mainstream segmentation methods.
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Fig.7 Segmentation results example by proposed model
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Table 3 Results of different methods
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Fig.8 Visual results of different methods
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