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Abstract: Deformation monitoring with terrestrial 3D laser scanner commonly uses fixed calibration
targets to register point cloud data of multiple periods. Therefore, the accuracy of the target registra-
tion directly affects the measurement error. In order to improve registration accuracy, measurement
errors of different calibration target layout were analyzed. First, the calibration target points
(M1—M8) at different distances (25, 50, 100, 150, 200 m) are registered, and the differences in the
coordinates of eight target points (T1—T8) are obtained by comparing two period data. Finally, the
errors of different calibration target layout and their sources are analyzed. Experimental results show
that optimal distance of calibration target should be about 50 m from the scanner, and when a matc-
hing angle deviation exists, the measurement error will increase in the same direction. In this study,
the matching precisions at different distances are obtained. This, along with other important aspects
detailed in the paper, can be used as a reference for calibration target layouts in practical

slope engineering.
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Fig. 1 Principle of 3D laser scanner
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Fig. 2 Schematic diagram of calibration targets (a)
and measured objects (b)
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Tab. 1 Matching errors of calibration targets (m)
Directions o, oy [ op
M1 0 0. 005 0 0. 005
M2 0.004 0.003 0 0. 005
M3 0. 005 0 0 0. 005
M4 0. 004 0 0.003 0. 005
M5 0.003 0 0. 004 0. 005
M6 0 0.003 0. 004 0. 005
M7 0 0 0. 005 0. 005
MS8 0.003 0.003 0.003 0. 005
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Tab. 2 Measurement errors under different target distances

(m)
Target
) 200m 150m 100 m 50 m 25 m

point

T1 0.003 5 0.0030 0.0037 0.0037 0.005 4

T2 0.003 0 0.0030 0.0028 0.004 7 0.008 6

T3 0.003 0 0.0030 0.0028 0.0030 0.0055

T4 0.003 5 0.003 5 0.0035 0.0035 0.0030

TS 0.0041 0.0041 0.0049 0.006 6 0.008 4

T6 0.004 9 0.0049 0.0057 0.0085 0.013 3

T7 0.0041 0.0049 0.0049 0.0066 0.0104

T8 0.0035 0.0035 0.0041 0.0047 0.004 7
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Fig. 3 Average measurement errors of objects in dif-

ferent directions
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Fig. 4 Measurement errors with different target dis-

tances at range of 100 m
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Fig. 5 Measurement errors with different target dis-

tances at different ranges
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