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A Study of the Optimal Displacement Analysis Algorithm for Retaining Wall
Displacement Measurement System Based on 2D LiDAR Sensor
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Abstract : Inclinometer has several problems of 1)difficulty installing inclinometer casing, 2) measuring 2D local lateral
displacement of retaining wall, 3) measurement by manpower. To solve such problems, a 2D LiDAR sensor-based retaining wall
displacement measurement system was developed in previous studies. The purpose of this study is to select a displacement
analysis algorithm to be applied in the retaining wall displacement measurement system. As a result of the displacement
analysis algorithm selection, the M3C2 (Multiple Model to Model Cloud Comparison) algorithm with a displacement estimation
error of 2mm was selected as the displacement analysis algorithm. If the M3C2 algorithm is applied in the system and the
reliability of the displacement analysis result is secured through several field experiments. Convenient management of the
displacement for the retaining wall is possible in comparison with the current measurement management.
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Fig. 1. Retaining wall displacement measurement system
(Kim et al., 2022b)
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[ 1) Installation of retaining wall displacement measurement ]
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[ 2) Collecting the initial point cloud data of the retaining wall ]
v

[ 3) Collecting the n-th point cloud data of the retaining wall ]
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[ 4) Displacement analysis using retaining wall ]

displacement algorithm
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[ 5) Visual indication of displacement generation area ]

Fig. 2. Process of measuring the displacement of the retaining wall
(Kim et al., 2022a)
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Table 2. Error analysis results by algorithm for retaining wall deformation type

Algorithm c2C C2C_HF M M3C2
Number of point cloud data neighbors 0 N=5 N=23 N=47 N=5 N=23 N=47 N=5 N=23 N=47
(90mm) | (180mm) | (270mm) | (90mm) | (180mm) | (270mm) | (90mm) | (180mm) | (270mm)
 Wsgerdeimeiion 4144 | 2881 | 1759 | 1654 | 2591 | 2396 | 2348 9.30 2.01 0.99
(Maximum deformation 14.13mm)
Central deformation
RMSE | (Maximum deformation 7.46mm) 42.86 23.59 24.73 24.71 23.96 2213 21.68 8.49 1.80 0.87
(mm)  lswraiemeion 3799 | 2699 | 2815 | 2810 | 2586 | 2386 | 2343 | 931 198 | 097
(Maximum deformation 10.64mm)
Compound deformation
(et e etien 27,80 40.23 27.22 27.45 2743 22.66 20.90 20.50 8.18 1.76 0.88
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Fig. 10. Results of estimation of deformation by algorithm for deformation type of retaining wall (contour graph)
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Fig. 11. Result of estimating displacement at the maximum displacement point for each type of retaining wall deformation
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