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Fig. 1 Shadow feature of lunar concave obstacle under extreme Sun
elevation angle
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sun elevation angle
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Fig. 3 Flow chart of automatic detection method
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Fig. 9 Shadow and highlight matching and sub-images sequence extraction
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Table 2 Shadow matching score of each concave obstacle
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2 0.994 0.382 0.379
3 0.916 0.402 0.368
4 0.986 0.421 0.415
5 0.955 0.554 0.529
6 0.962 0.359 0.345
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Fig. 10 Shadow matching under different sun elevation angle
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Fig. 14 Concave obstacle detection result of sub-image No.1
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(529.637, 173.437) 36.856 33.209 -23.824
(593.578, 429.431) 66.284 49.656 87.691
(800.529, 469.870) 105.237 91.359 -59.759
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Automatic Recognition and Detection of Lunar Concave Obstacles

Based on Shadow Feature

LIU Xiaohui, LIU Shiying, LIU Shaoran, WANG Jia, QIAN Xueru
(Beijing Aerospace Control Center, Beijing 100094, China)

Abstract: The widespread impact craters and other concave obstacles on the lunar surface are the key factors threatening the
safe landing and roving of the lunar rover. Once trapped, it will bring risks of tilt, landslide, and even rollover to the lunar rover.
Therefore, the effective recognition and detection of lunar concave obstacles are conductive to obstacle avoidance, and provide
necessary information reference for the safe landing and roving of the lunar rover. Based on the concave obstacles’ feature that there
is a one-to-one matching between the shadows and the highlights in the sun, an automatic recognition and detection method for the
lunar concave obstacles is proposed. The adaptive dual threshold method is used to automatically separate the shadows and the
highlights of the concave obstacles from the background. Each shadow and highlight are clustered the specific position and one-to-
one matched using the sunlight direction with the prior forecast information involved. Then the rough extraction of every single
concave obstacle are obtained. Finally the original sub-images sequence containing every single concave obstacle is traversed for
edge detection and ellipse fitting, which can avoid mutual interference of multiple obstacles and effectively detect the locations and

ranges of all concave obstacles.

Keywords: concave obstacles; threshold segmentation; cluster analysis; shadow matching; edge detection

Highlights:

e Adaptive dual threshold method is used to automatically separate the shadows and the highlights from the background.

e Prior forecast information is involved to match each shadow and highlight.

e Original sub-images sequence containing every single concave obstacle is traversed for edge detection and ellipse fitting.
e DOM of Chang’e-4 landing zone taken by LRO-NAC is used for simulation experiment.

o All the concave obstacles in the lunar DOM are effectively detected using the method in this paper.
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