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Abstract: Targeting the problems of low efficiency, poor coverage, and insufficient accuracy in shield tunnel segment
misalignment measurement, an automatic measurement algorithm integrating laser point cloud grayscale conversion with deep
learning is proposed. This method can accurately measure segment misalignment, effectively reduce the risk of water leakage
caused by misalignment, and maintain the service performance of tunnel structures. First, the collected three-dimensional laser
point cloud is converted into grayscale images with enhanced edge features. Then, the lightweight EfficientNet network is utilized
to efficiently identify the bounding boxes of inter-ring and intra-ring joints of segments. The bounding box coordinates are
mapped to the three-dimensional point-cloud space to achieve precise segmentation and extraction of point clouds on both
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sides of segment joints. Finally, the average radial distances from the point clouds on both sides of joints to the center of the

fitted ellipse of the tunnel segment structure are calculated respectively, with their difference representing the segment

misalignment, enabling non-contact, high-precision measurement of shield tunnel segment misalignment. A tunnel structure

inspection vehicle equipped with a three-dimensional laser scanner was developed, with the above algorithm integrated and

supporting data acquisition and processing software developed. An engineering pilot application was conducted in a shield tunnel

section of Hangzhou Metro Line 1, with laser scanning at a moving speed of 20 km/h. Comparative analysis between the inspection

vehicle measurement results and manual measurement results shows that the two measurement results are close, with a maximum

absolute deviation of 1.6 mm. This method can maintain high measurement accuracy even under high-speed movement conditions,

meeting the industry demand for rapid, comprehensive detection of shield tunnel segment misalignment.

Keywords: urban rail transit; shield tunnel; segment misalignment; laser point cloud; mobile measurement; deep learning
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Figure 1 Mobile data acquisition system
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Figure 4 EfficientNet-based positioning model for inter-ring and intra-ring joint detection of shield tunnel segments
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Figure 6 Tunnel laser scanning noise points
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Figure 7 Distance from laser scanning points to the tunnel center
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Figure 9 Schematic diagram of circumferential

misalignment calculation
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Table 1 Inter-ring misalignment

measurement deviation mm
A5 AeE i %
TDV-SD AT F
1. 1.4 1.1 0.3
2. 2.4 33 -0.9
3. 5.0 4.1 0.9
4. 5.6 5.7 0.1
5. 4.7 52 -0.5
6. 2.0 1.7 0.3
7. 6.5 5.2 1.3
8. 2.7 42 -1.5
9. 2.5 0.9 1.6
10. -3.0 3.1 0.1
*2 TAEEERE
Table 2 Intra-ring misalignment
measurement deviation mm
i ae 12
TDV-S AL E
1. 0.5 1.4 -0.9
2. 1.2 1.3 0.1
3. 0.7 1.5 —0.8
4. 0.6 0.2 0.4
5. 0.2 -0.2 0.4
6. 1.0 0.2 0.8
7. 0.7 0.1 0.6
8. 0.2 0.2 0.0
9. 1.4 22 -0.8
10. 1.5 2.2 —0.7
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Figure 13 Inter-ring misalignment comparison results
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