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Abstract: In order to realize automatic crack localization, width quantification, and extension
tracking in concrete structure, a methodology for crack localization and tracking in concrete
structures based on three-dimensional (3D) point cloud reconstruction was proposed. Firstly, the
image set of the target building was obtained by an unmanned aerial vehicle (UAV) equipped
with a high-resolution gimbal camera. Image acquisition and 3D reconstruction process were
optimized to obtain an accurate point cloud model of the building structure and restore the camera

space parameters. Secondly, the viewpoint localization algorithm was proposed to obtain the
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camera world coordinates of the cracks based on the restored camera space parameters. After
binding the crack images to the world coordinates of cameras, the 3D coordinates of the crack
were indexed based on the image to realize the automatic localization of the crack in the point
cloud model. Finally, point cloud mapping and the registration algorithm for concrete structures
was proposed to quantitatively track the propagation of crack width. The feasibility and accuracy

The

results show that the average scale error of 3D model reconstruction by the method is less than

of the large concrete building structure in service period were verified by experiments.

3%, and the 3D coordinates of structure cracks can be automatically located. The average
localization time of cracks is 38. 09 ps, and by further registering the whole model with the
updated crack point cloud set, the accurate tracking of crack propagation information (crack
width) can be realized, and the test relative error is less than 8%.

Key words: crack localization; width quantization; crack propagation tracking; 3D point cloud re-
construction; viewpoint localization; point cloud mapping
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Fig. 1 Framework for crack localization and tracking in concrete structures
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Fig.2 Image acquirement of target building structure and cracks
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Fig.3 Flowchart of cack tacking algorithm
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Fig.5 Point cloud model of target building structure
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Table 1 3D model accuracy of target building structure

DA | S R/ | TR/ (R 22 /06 1S B AR X 1R 22/ %
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Faft 3 65.96 67.41 2.19
2.79
1 4 22.38 21.50 —3.93
HyfE 5 19.87 19.11 —3.86
HpE 6 26.09 25. 85 —0.93
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Fig. 6  Visualization of automatic crack localization
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Table 2 Time spent of automatic crack localization
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Table 3 Comparison of calculated width and measured width of wide cracks at different propagation stages
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Fig.7 Different crack propagation stages
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BB 1 1.27 1. 26 0.63 1. 40 1.12 5.98
BBt 2 1. 39 1. 30 6.77 1. 56 1. 25 2.08
BBt 3 2.43 2.23 9.06 2.08 1.82 9.95
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Table 4 Comparison of calculated width and measured width of minute thin cracks at different propagation stages
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