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An approach for monitoring landslide deformation
using least-square matching algorithm

: 1 1 . . 1.2 . 1
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(1. School of Earth Sciences and Engineering, Hohai University, Nanjing, Jiangsu 210098, China;
2. School of Surveying &Land information Engineering, Henan Polytechnic University, Jiaozuo, Henan 454003, China)

Abstract: In application of the current Terrestrial Laser Scanning (TLS) technique suffers several limitations, such as its 1-D nature
in monitoring the deformation and insensitivity to infinitesimal deformation. Here a new approach based on the data obtained from
repeatedly scanning is proposed for monitoring the slope deformation. The new approach includes three main steps: sampling the raw
TLS data, registering the obtained TLS data, and computing the deformation based on the subareas matching method. Central to the
proposed procedure is a 3D matching algorithm (a generalized concept of the least-squares 2D image matching). Taking advantage of
the high redundancy of TLS data, the procedure can be used to monitor the full 3-D deformations with high resolution, yielding the
transitional and rotational displacements of the monitored objects, while possessing high flexibility in application. The performance
and advantage of the approach are illustrated through a designed simulation experiment. In addition, a case study is performed based
on the proposed approach, further confirming the result of the simulation experiment. This procedure is applicable to the deformation
monitoring, especially for the remote areas, helping promote the transition of the current deformation monitoring method from
pointwise to morphological monitoring.
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fr %A /cm

BEHEAL/ ()

XTLS XTer. XErr. YTLS YTer. YErr. ZTLS ZTer

Z Err.

Rot-X  Rot-X Rot-X Rot-Y Rot-Y Rot-Y Rot-Z Rot-Z Rot-Z

TLS Ter. Err. TLS Ter. Err. TLS Ter. Err.

T1 -24 -30 05 197 19.1 05 -02 -06 02
T2 -194 -19.1 -03 -322 -327 05 -02 -06 04
T3 -32.0 -322 07 81 83 01 -18 -1.1 -07
T4 233 238 -04 -207 -200 -07 0.0 04 -04
TS5 -6.1 6.3 02 213 203 1.0 1.0 2.1 -12
T6 8.6 97 -10 -212 -221 0.8 45 -42 -02
T7 212 233 21 90 101 -10 -02 -1.0 0.6
T8 150 154 -04 -195 -180 ~-15 .1 -1.1 23
T9 -13 -14 00 -472 -470 -01 -27 -46 18
TI0 59.1 585 0.5 9.5 8.2 1.2 06 09 02

045 063 -0.09 0.0 0.09 -0.09 0.54 0.18  0.27
387 396 -0.09 -0.09 -0.63 054 1.89 1.8 0.09
-0.18 -0.54 027 -432 -54 09 -144 -135 -0.09
099 054 036 0.09 027 -0.18 1044 1089 -0.27
0.99 09 009 027 045 -0.09 2.07 1.8 0.27
2.25 2.7 -0.36 27  1.89  0.63 -10.17 -10.17 0.0
-099 -036 -045 1.08 1.8 -0.54 2.43 324 -0.72
-243  -18 -063 -153 -135 -0.18 6.12 6.57 -036
036 063 -0.18 036 027 0.09 7.92 7.83  0.09
1.17  1.53 -027 4.05 3.69 027 2.25 198  0.27

W HWWIERRA T =1 10), TLS (& HHE (0 XTLS), Aui{CEASTHE (0 X Ter), EAMSHEZ MMIZEE (40 X Err.); Rot K ligh .

£2 200 m FIFEBIE
Table 2 Validation of data set at 200 m distance
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Table 3 Validation of the monitored deformations at three sites shown in Fig.2
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