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Fig.3 Backward/forward correction results of fish-eye hazard avoidance camera
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Parallel Design and Implementation of Stereo Vision

Algorithm of Zhurong Mars Rover

MAO Xiaoyan"’, MIAO Zhifu', CHEN Jianxin', LI Zhiping', TENG Baoyi"’, XING Yan"’

(1. Beijing Institute of Control Engineering, Beijing 100190, China;
2. Science and Technology on Space Intelligent Control Laboratory, Beijing 100190, China)

Abstract: Aiming at the problem that the large amount of environmental perception calculation affects the walking efficiency
in the rover detection task of celestial bodies outside the earth, the scheme selection, the parallel optimization engineering design
and the efficient hardware implementation of stereo vision algorithm were proposed. Through the optimization design of algorithms
suitable for parallel implementation, such as one-time look-up table of forward camera model, omitting redundant calculation, 3D
point cloud generation and fast filtering, the amount of calculation for stereo vision was significantly reduced. Through the parallel
implementation of hardware, the perception efficiency was improved by 8 times compared with that of “Yutu 2” Lunar rover.
“Zhurong” Mars rover extensively used the algorithm for autonomous obstacle avoidance and completed a safe and efficient 1km-
distance walk. The flight verification results show that the design is safe and effective under unknown environments and resource
constraints of celestial bodies outside the earth, and can be used as the cornerstone of subsequent deep space missions.

Keywords: Zhurong Mars rover; stereo vision; parallel design; forward camera model; redundant calculation

Highlights:

® One-time look-up table method for forward model is proposed.

e Redundant calculation during matching window sliding is reduced.

e The corresponding relations of left to right forward and right to left reverse matching are established to reduce the amount of

calculation while guaranteeing the robustness.

e The single point calculation is directly filled into the 2D map and filtered while the output process of 3D dense point cloud is

cancelled.
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