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Fig. 1 Calculation principle of the eigenvalue ratio of point clouds
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Research on remote sensing identification of dolines with dense vegetation
cover based on point cloud principal component analysis
point cloud principal component analysis

FU Mingjun"?, HE Yang’, DONG Xiujun’, DENG Bo’
( 1. School of Environmental Studies, China University of Geosciences, Wuhan, Hubei 430074, China; 2. Hainan Geological Environment
Monitoring Station, Haikou, Hainan 570106, China; 3. State Key Laboratory of Geological Hazard Prevention and
Geoenvironment Protection, Chengdu University of Technology, Chengdu, Sichuan 610059, China )

Abstract China's karst areas are widely distributed, with a total area of over 3.4 million square kilometers,
accounting for one-third of the country's total land area. Karst engineering geological problems are widespread and
difficult issues in the development of water conservancy and hydropower in Southwest China. In order to achieve the
goals of "carbon peak" and "carbon neutrality", China is currently accelerating the construction of pumped storage
power stations. However, karst leakage is one of the most important engineering geological problems faced by the
construction of pumped storage power stations in areas with carbonate rock development. Therefore, in order to avoid
reservoir leakage, it is of great significance to comprehensively, quickly, and accurately identify locations of dolines in
reservoir and dam areas for water conservancy and hydropower engineering construction.

The traditional investigation of dolines in reservoirs mainly uses the method of manual ground investigation and
drilling. However, in the mountainous areas with dense vegetation cover in Southwest China, manual investigation is
often very inefficient and limited by the strong concealment of dolines, making it difficult to achieve accurate and
efficient investigation of large-scale dolines. To solve the problem of low efficiency in the investigation of dolines in
dense vegetation areas, this article takes a reservoir area of pumped storage power station as a study area and proposes
an automatic identification method for dolines based on point cloud principal component analysis to quickly identify
and extract dolines in the reservoir area.

The study area is located in the northeast of Sichuan Province, with an area of 10 km”. It is situated at the junction
of the Qianlongmen mountains and the northwest of the Sichuan basin, in the tilted core of the Yangtianwo area. The
terrain slope is generally above 30°, and the maximum relative height difference in the area is 1,070 m. The main
vegetation in the area is forest, consisting of evergreen broad-leaved secondary forests and shrubs. In the study area,
carbonate rock formations, such as the Upper Devonian Maoba Formation (Ds;m), Shawozi Formation (D;s), and
Middle Devonian Guanwushan Formation (D,g), are mainly exposed with strong karst development.

Firstly, airborne LiDAR technology was used to obtain ground 3D point cloud data in the study area after
vegetation was filtered out. Then, in response to the strong directional characteristics of the concave shape of dolines, a
preliminary extraction of dolines was achieved by the K-D tree nearest neighbor algorithm and principal component
analysis, and an indicator eigenvalue ratio p was proposed. Finally, three filtering algorithms based on density
clustering algorithm, namely, funnel frequency, length, and direction, were used to filter the background noise of the
initial extraction results. The method used Receiver Operating Curve (ROC) to test the AUC value which was 0.854,
and F-score is 0.859. This method is suitable for identifying and investigating dolines in karst areas with dense

vegetation cover.

Key words airborne LiDAR, doline, point cloud, automatic identification, principal component analysis
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