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Study on the Relative Position Estimation Method with LiDAR for
Remote Precision Installation of Bridge Girders
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Department of Structural Engineering Research, Korea Institute of Civil Engineering and Building Technology
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Abstract The construction process of bridges inevitably involves work at elevated sites, leading to an
increased risk of severe accidents for workers. In addition, there are problems such as a decrease in
specialized workers caused by a decreasing population in South Korea. To overcome these problems,
remote construction technology using construction robots is being developed. This study proposes a
method for estimation of the relative position between precast girders and piers or abutments, which
could be applied to a remote robot developed for precise installation in bridge construction. The method
consists of LiDAR (light detection and ranging) and two markers. Point clouds are acquired with LiDAR
to estimate the centers between markers and calculate their relative positions through distances from the
centers. An experiment was conducted to confirm the usability and accuracy of the proposed method
in outdoor conditions. The usability of the proposed method was confirmed, and the optimal number
of cumulative data was selected. The method was applied to a manufactured prototype to verify its
accuracy, and areas requiring improvement were identified. The proposed method could greatly
contribute to reducing industrial accidents at bridge construction sites.
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Relative Position Estimation Method, Remote Bridge Construction
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Fig. 1. Remote precision installation robot
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Where, n denotes the number of point cloud
data; r denotes radius of the marker: =,. ¥,
and z,,. denote coordinate of the point cloud; z,,

Y., and z, denote coordinate of the center,

respectively.
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Table 1. Specification of LiDAR

(Puck Hi-res, Velodyne [17])

Measurement Range 100 m
Range Accuracy Upto £ 3 cm
Field of View(Vertical) +15° ~ -15°
Angular Resolution(Vertical) 2.0°
Field of View(Horizontal) 360°
Angular Resolution 0.1°
(Horizontal/Azimuth)
Rotation Rate 5 Hz ~ 20 Hz
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Fig. 5. Example of point cloud acquisition using LiDAR
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Table 2. Estimated center of each marker according to the number of data accumulation (unit: mm)
Marker #01
The number of 5 10 15 20 25 50 75 100 125 150
data accumulation
X mean -372.34 | -372.28 | -372.40 | -372.40 | -372.46 | -372.41 | -372.40 | -372.45 | -372.46 | -372.43
std 0.42 0.32 0.24 0.16 0.14 0.16 0.07 0.06 0.05 0.04
v mean 1902.97 | 1903.14 | 1903.02 | 1902.95 | 1902.92 | 1902.99 | 1902.99 | 1902.93 | 1902.92 | 1902.95
std 0.43 0.41 0.29 0.17 0.16 0.15 0.09 0.08 0.06 0.05
7 mean 111.75 111.31 111.63 111.78 111.43 111.33 111.27 111.60 111.57 111.43
std 2.68 2.51 1.94 1.75 1.23 0.88 0.51 0.50 0.36 0.34
Marker #02
The number of 5 10 15 20 25 50 75 100 125 150
data accumulation
X mean 296.78 292.76 292.79 292.58 292.50 292.56 292.56 292.51 292.51 292.50
std 5.63 0.39 0.52 0.41 0.23 0.18 0.12 0.10 0.06 0.04
v mean 3582.52 | 3579.58 | 3579.46 | 3579.08 | 3578.95 | 3579.08 | 3579.12 | 3578.82 | 3578.81 | 3578.92
std 4.43 2.39 1.62 1.74 1.06 0.73 0.52 0.38 0.32 0.28
7 mean 1574.90 | 1576.26 | 1576.35 | 1577.11 | 1577.20 | 1576.75 | 1576.73 | 1577.46 | 1577.39 | 1577.15
std 6.06 4.96 3.77 3.57 2.50 1.71 1.22 0.90 0.75 0.62
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Fig. 6. Relative position estimation results according to the number of data accumulations
(a) standard deviation (b) boxplot
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Table 3. Comparison of the lateral direction movement input value and relative position estimation result

(error, difference)

1 2 3 4 5 6 7 8 9 10 11 12 13
Estimation (mm) 0 | -201|-392|-578]|-768]-966| 82 | 316 | 532 | 729 | 924 | 1121 | 18
Input (mm) 0 | 20 | <40 | -60 | -80 | -100 | 0 20 | 40 | 60 | 80 | 100 | 0
Error (%) - | o5 | 20 | 37 | 40 | 34 - | 580 | -33.0 | 215 | <155 | <121 | -
Difference (mm) - -0.1 0.8 22 3.2 34 - 11.6 | 132 129 | 124 | 121 -
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