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Obstacle recognition on Mars surface based on
LiDAR data

Chen Haiping, Li Mengyang, Cao Tingfen, Yan Han, Zhang Liang, Zhang Jinli,
Wang Chengcheng’

Laser Fusion Research Center, Chinese Academy of Engineering Physics, Mianyang, Sichuan 621900, China

Abstract: The environment perception ability of the Mars rover is the basis of its intelligent movement and
detection. Obstacle detection is an important aspect of environment perception, which directly determines the
working ability and safety of the Mars rover. In this paper, a method of identifying obstacles on the surface of Mars
based on LiDAR data is proposed. Based on the obtained LiDAR point cloud data, the intensity of the point cloud is
modified according to the distance and angle factors through the intensity compensation theory based on the
analysis of the laser reflection intensity theory, and then the reflection relationship between the lidar intensity value
and the target characteristics is constructed. The global threshold is automatically obtained through the Otsu
method, and the Mars surface point cloud is adaptively classified into an obstacle point cloud and a non-obstacle
point cloud. Then, the obstacle point cloud which does not meet the conditions is removed by curvature constraint.
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Finally, using the connectivity clustering based on Octree-based leaf nodes, the recognition of the obstacle point
cloud on the surface of Mars is realized. Through the simulation experiment, the results show that this method can
effectively extract the obstacles on the surface of Mars from the LIDAR point cloud, and provide a reference for the

related research based on the obstacle monitoring of the Mars rover and environmental perception.

Keywords: Mars surface; LiDAR; point cloud data; obstacle recognition
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Fig. 1 Diagram of the obstacle point cloud octree-based space division
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Fig. 2 Experimental dataset. (a) Two-dimensional scene diagram; (b) Three-dimensional point cloud; (c) Elevation rendering
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Fig. 4 Obstacle point cloud classification results in the experimental area (vertical view)
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Fig. 5 Obstacle point cloud recognition results in the Fig. 6 Representative obstacle recognition results in
experimental area (vertical view) the experimental area (vertical view)

S

A7 SHRERYIFELARE
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Table 1 Accuracy statistics of obstacle recognition
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Obstacle recognition on Mars surface
based on LiDAR data

Chen Haiping, Li Mengyang, Cao Tingfen, Yan Han, Zhang Liang,
Zhang Jinli, Wang Chengcheng’

= ]

Representative obstacle recognition results in the experimental area

Overview: The environment perception ability of the rover is the basis of its intelligent movement and detection, and
obstacle detection and recognition is an important aspect of the environment perception, and the recognition effect
directly determines the work ability and safety of the rover. At present, the obstacle recognition of Mars exploration
vehicles mainly relies on binocular cameras. This passive measurement method based on vision is easy to fail in 3D
reconstruction in weak texture and low brightness areas. As a direct measurement method, lidar has better performance
in the face of the above disadvantage scenarios, so it has attracted more attention in the current hot field of automatic
driving. This paper proposes an automatic obstacle recognition method for the Mars surface based on lidar data. Firstly,
based on the analysis of the laser reflection intensity theory, the point cloud intensity was corrected according to the
distance and angle factors through the intensity compensation theory, so as to eliminate the intensity difference of
homogeneous ground objects caused by the difference in distances and angles, and then the reflection relationship
between the laser radar intensity value and the target feature was accurately constructed. The global threshold was
automatically obtained by the Otsu method, and the point cloud on the Mars surface was adaptively classified into an
obstacle point cloud and a non-obstacle point cloud. Then, the curvature threshold is set, the unqualified obstacle point
cloud is eliminated by curvature constraint, and the obtained point cloud belongs to the obstacle. Finally, the
connectivity clustering based on octree leaf nodes is used to segment the obstacle point cloud into independent
individuals. On this basis, the typical obstacles larger than a specific size are separated from the obstacle point cloud by
setting the obstacle diameter size threshold, so as to realize the automatic recognition of the Martian surface obstacle
point cloud. The size of the simulated Martian surface field tested in this paper is 22 mx16 m, and the main obstacles in
the scene are rocks and other vehicle detectors. The experimental data collection and processing of the simulated field
show that the proposed method can effectively extract the Martian surface obstacles in the lidar point cloud, and the
recognition accuracy of typical obstacles is close to 90%, which can provide a reference for the related research based on
the Martian rover obstacle detection and environmental perception. Of course, the current popular deep learning
method is also a highly intelligent recognition method, so the obstacle point cloud recognition based on deep learning is
also a kind of idea worthy of subsequent discussion and experiment.

Chen HP,LiMY, Cao T F, et al. Obstacle recognition on Mars surface based on LiDAR data[J]. Opto-Electron Eng,
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