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Terrain mapping validation method for a hybrid solid-state LIDAR
system based on small celestial body features

ZHANG Qing-Fan', XIE Huan"*, Yan Xiong-Feng', JIN Yan-Min', CHEN Jie', XI Yuan-Ting', XIE
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(1. College of Surveying and Geo—Informatics, Tongji University, Shanghai 200092, China;
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China;
3. Space Optoelectronic Measurement and Perception Lab. , Beijing Institute of Control Engineering, Beijing
100190, China;

4. China Academy of Space Technology, Beijing 100094, China)

Abstract: A hybrid solid-state LIDAR system specifically designed for detecting rapidly rotating small celestial bodies
was introduced. The ranging principle was analyzed and an imaging model was designed based on the characteristics of
the fast steering mirrors and the single photon array detector. To evaluate the performance and stability of the LIDAR
system in small celestial body detection, a mapping validation method based on an outdoor sandbox featuring small ce-
lestial bodies was proposed. The results show that the hybrid solid-state LIDAR system maintains high accuracy under
different operating modes and power levels. In the global terrain mapping mode, the resolution is 1100%1100, and the
imaging time is 0. 86 s. The mapping accuracy is 2. 86 cm at a distance of 100 m. In the step-scanning imaging mode,
the resolution is approximately one-seventh that of the global terrain mapping mode, and the average accuracy reach
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Fig. 4 (a) Point cloud gridding and photon histogram, (b) comparison between the point clouds derived from the hybrid solid-
state LIDAR system and the real point clouds (side view), (c) comparison between the measured point clouds and the real point

clouds (front-view), (d) accuracy comparison of different cases (scatter plot), and (e) accuracy analysis of different cases (box

plot)
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Fig. 5 (a) Point clouds derived from the hybrid solid-state LIDAR system at different distances (side view), (b) comparison be-

tween the measured point clouds and the real point clouds (front view)
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Table 3 Accuracy assessment of point clouds derived
from the hybrid solid—state LiDAR system at

different distances

i D1 D2 D3 D4 D5 D6
SAERMEZ (m) 0.0334 0.0258 0.0284 0.0296 0.029 0.0392
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