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Comparison of Erosion Monitoring Methods in the Pisha Sandstone Areas of the
Chinese Loess Plateau Based on UAV-SfM Data
LIU Yilin, LI Pengfei, LI Dou, HU Jinfei , BAI Xiao » YAN Lu ,» DAN Yang

(College of Geomatics+ Xi’an University of Science and Technology» Xi’an 710054, China)

Abstract: [ Objective ] To compare the applicability of terrain change monitoring algorithms in the pisha
sandstone areas of the loess plateau. [ Methods] A branch gully Telagouagou Huangfuchuan was taken as the
research object, including digital elevation model of difference (DoD), cloud to cloud (C2C), cloud to mesh
(C2M), and multiscale model to model cloud comparison (M3C2). Point cloud data employed to operate the
four algorithms were produced using the SfM technique based on images acquired by UAV between July 2022
and March 2023. The impact of point density changes in the accuracy of the employed algorithms was also
investigated. [ Results] (1) All four algorithms were capable of effectively monitoring large surface changes.
Among them, the M3C2 algorithm performed the best with the highest accuracy (R*=0.953, »<C0.01) and
the lowest error (MAE=0.016 1 m, MRE=3.37%, RMSE=0.019 4 m), followed by the C2M algorithm,
DoD algorithm, and C2C algorithm. (2) The DoD algorithm was only suitable for flat areas and yielded
overestimated results for steep sloping areas. (3) The M3C2 and C2C algorithms were sensitive to point cloud
density, while the C2M and DoD algorithms were less sensitive. [ Conclusion] The study provided a useful
reference for the selection of erosion monitoring methods for the Pisha sandstone areas.

Keywords: SfM; terrain change monitoring algorithm; point density; erosion monitoring; loess plateau;

pisha sandstone area
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Fig. 1  The schematic diagram of the research area
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Fig. 2  Principle of multiscale model to model cloud comparison
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Fig. 3  Segmented linear regression relationship graph between surface roughness and standard deviation of elevation errors
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Table 1

Average net change and average cumulative

change per unit area for four algorithms

3

m
Rk PR FHERIHER FERME FEUURE
M3C2 0.048 0.200 0.195 0.203
DoD 0.054 0.303 0.398 0.260
cz2cC 0.032 0.149 0.128 0.165
C2M 0.036 0.163 0.148 0.175

2.2 HBiMBBENEERBETEN

HH 2% 2 AT, 4 PR o Ak i e AR AR Ak 5 S
AL B A AE B FE MR LR (R >0.9, p<
0.01), Hrr,M3C2 Bk & 8R4 (R* =0.953,
»<<0.01); Wk o DoD 53k (R* =0.952, p<<0.01),
C2M R Z (R?=0.949, p<<0.01),C2C B EM4
R 2% (R*=0.945, p<<0.01).,

2 4MEEESTMBEHEEXER

Table 2 Linear relationship between the four algorithms

and the measured data

B BAEHLE T2 R* »

M3C2 y=1.010 72 +0.003 6 0.953 1 <0.01
DoD y=1.063 32 +8.898E—5 0.952 3 <0.01
Cc2C y=1.067 92 —0.001 4 0.944 8 <0.01
C2M y=1.049 72 —1.592E—5 0.949 4 <0.01

P& 7 AT, M3BC2 46 %o 5 22 FIRH X 15 22 35 {H Bt
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WA R T 158 26 24 1 B G158 2 s o 22 DA /N B KR IR Ry
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M3C2 B3 By 25 Mbr 254 5 B2 T B 1 [l
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Fig. 7 Boxplots of absolute and relative errors for the

four algorithms
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Fig. 8 Error variation plots for the four algorithms influenced by point cloud density
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