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Abstract: The rocky ledge on steep, high slopes is easy to lose stability under the action of gravity, earthquake, excavation and
unloading, etc., which threatens the safety of water conservancy projects. Therefore, the early investigation of rocky ledge is of
great significance. However, due to the large slope area and inconvenient traffic, the manual identification is time-consuming
and dangerous. A rapid identification method for the rock ledge based on unmanned aerial vehicle (UAV) photogrammetry is
proposed in this paper. This method consists of three steps: (1) Generate the point cloud model by UAV photogrammetry; (2)
segment the slopes into smooth areas and non-smooth areas by kernel density estimation (KDE) of the point’ s normal vector,
clustering the points of non-smooth areas by the density-based spatial clustering of applications with noise (DBSCAN); (3)
classify the point clusters representing rocky ledge by the geometric feature. The method can identify possible rocky ledge from

the whole slope, which reduces the artificial workload. The proposed method has been successfully applied to the slopes near
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Lianghekou hydropower station to obtain boundaries and geometric features of rocky ledges which will provide basic data for the

future stability analysis.

Key words: high-steep slope; rocky ledge; aerial photogrammetry; point cloud; kernel density estimation; DBSCAN; engineering

geology; slope stability.
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Fig.5 Stereographic projection of the simplified experimental 3D point datasets (a); poles density of the simplified experimental

3D point datasets (b)
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Table 1 Dip angle and dip direction of each principle pole of
the sand table model
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Fig.6 Points associated with different poles on the surface of
the sand table (y,,., = 30°)
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Fig.7 Clustering results of points on non-smooth areas of the

sand table surface (pcc = 30)
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Fig.9 3D point model of the natural slope
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Fig.10 Calculation of the density of the pole of the natural slope
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Table 2 Dip angle and dip direction of each principle pole of

the natural slope
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Table 4 Geometric parameters calculation results of each

point cluster

by A (m*) F A (m?) SP
pecl 40 351.84 62 096.68 0.09
pc2 1209.49 3455.72 0.16
pe3 59 009.42 15 846.69 0.46
pcd 793.47 1806.27 0.23
pcd 4521.55 9 336.69 0.14
pc6 44.16 311.16 0.19
pc? 25.99 200.06 0.21
pc8 35.01 232.50 0.22
pc9 7.67 133.76 0.14
pclO 28.07 275.10 0.16
pell 35.65 267.43 0.20
pcl2 508.80 1338.01 0.23
pcl3 22.08 205.83 0.18
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Fig.14  Photos of the corresponding locations of the point cluster
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