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Abstract

In this study, we propose a PIDNet-based deep learning model for accurate real-time detection of cracks on
concrete surfaces. By incorporating the concept of Proportional-Integral-Derivative(PID) controllers into the network
architecture, PIDNet effectively learns detailed features, contextual information, and boundary data through its three
branches. We trained and evaluated the model using a concrete crack dataset provided by Al-Hub and conducted
comparative experiments with existing segmentation models such as U-Net, Attention U-Net, U-Net++, and Mask
R-CNN under identical workstation conditions. The evaluation results demonstrate that the proposed PIDNet-based
model achieved an IoU of 92.3%, outperforming existing models in crack detection performance. Additionally, with a
processing speed of 25 FPS and a model size of 45MB, it exhibits excellent efficiency in terms of real-time
processing and lightweight design. Therefore, the PIDNet-based model presented in this study is expected to be
effectively applicable to crack monitoring systems for concrete structures.
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Fig. 2. Concrete crack detection results
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Table 1. Performance comparison and analysis of PIDNet
and existing models

Model loU Accuracy | Precision Recall
(%) (%) (%) (%)
PIDNet 89.2 915 915 92.0
U-Net 86.2 875 875 87.0
Attention
UNet 87.3 88.7 88.7 895
U-Net++ 88.0 895 895 90.2
Mask
R-CNN 875 88.0 88.0 89.0
F1-Score Model size| Training
Model 1" o)) FPS (MB) | time
PIDNet 91.7 25 45 3 hours
U-Net 87.2 15 60 4 hours
Attention
Ui-Net 89.1 12 70 5 hours
U-Net++ 89.8 10 75 6 hours
Mask
R-CNN 898.5 8 120 7 hours
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