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Table 1 Non-geometric hazard perception of unmanned planetary rover
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Fig. 1 Estimation of wheel sinkage based on wheel-ground

interaction image"
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Fig. 2 Most common slippage estimation approaches for rovers™”
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Table 3 Research on soil parameter online identification based on classic wheel-soil interaction mechanics model
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Fig. 5 Slip vs. slope curves for three terrain classes
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Fig. 6 Conception of slip prediction framework based on star soil parameter identification
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Research Progress of Non-geometric Hazard Perception for

Unmanned Planetary Rover

ZHANG Tianyi"*, PENG Song', TIAN He"*

(1. Institute of Spacecraft System Engineering, Beijing 100094, China;
2. School of Mechanical Engineering and Automation, Jilin University, Changchun 130025, China)

Abstract: Improving the environment perception ability is a prerequisite for improving the intelligence and autonomy of the
rover. Non-geometric hazard perception is the key part of autonomous navigation. Reviewing the development of the non-geometric
hazard perception of the rover, it shows that the key aspects of the non-geometric hazard perception are hazard estimation and
hazard prediction. Non-geometric hazard estimation and prediction include wheel-soil model, wheel sinkage estimation, slip ratio
estimation, identification of soil parameters and terrain classification, and the relevant research on theses aspects are introduced
and analyzed. The future research on non-geometric hazard perception should focus on the optimization of wheel-soil interaction
mechanics model, multi-source information fusion and the application of artificial intelligence technology. Finally, a slip ratio

prediction method based on soil parameter identification is described.

Keywords: planectary rover; environment perception; non-geometric hazard; slip prediction

Highlights:

e Non-geometric hazard perception is divided into two categories: hazard estimation and hazard prediction.

e Future research on non-geometric obstacles should focus on the following aspects, including the optimization of wheel-soil
interaction mechanics model, multi-source information fusion and the application of artificial intelligence technology.

e A slip ratio prediction method based on soil parameter identification is described.
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