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Fig. 1 Illustration of the coordinate systems
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Fig. 3 Illustration of landing trajectory using fifth-order Bezier curve
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Rapid Trajectory Planning with Collision and Obstacle Avoidance for

Landing on Small Celestial Body

LYU Chang"*, LIANG Zixuan"“, ZHU Shengying"’, GE Dantong"”

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Key Laboratory of Autonomous Technology for Deep Space Exploration, Ministry of Industry and
Information Technology, Beijing 100081, China)

Abstract: A rapid trajectory planning method of collision avoidance and obstacle avoidance is proposed to address the problem

of landing on irregular small celestial body. An analytic form of landing trajectory is constructed using Bézier curve, and the

collision avoidance and obstacle avoidance schemes are proposed. The guiding point of collision avoidance is set to prevent

occlusion from the small celestial body, and the guiding point of obstacle avoidance is set to ensure landing along the normal

direction of the landing plane. Considering the geometrical relationship between the lander and the small celestial body, and the

monotonicity of height of the guidance point, constraints are established for the parameters of the collision avoidance point and the

obstacle avoidance point. Under these constraints, the parameters are rapidly solved with the objective of combustion consumption.

Additionally, the minimum landing time is investigated, with the thrust constraint determining the feasible range of landing time.

Finally, the proposed trajectory planning method is simulated in a landing scenario of 433 Eros. Results show that the planned

trajectory satisfies the constraints of collision avoidance, obstacle avoidance, and thrust control under various initial conditions,

while maintaining high computational efficiency.

Keywords: small celestial body; landing trajectory; trajectory planning; obstacle avoidance; Bézier curve

Highlights:

e A rapid trajectory planning method for small celestial body landing is proposed, which can rapidly generate collision and
obstacle avoidance trajectory according to dynamically obtained environmental information.

e The landing trajectory characterization based on Bézier curves is proposed, so that the key geometric features of the trajectory to
be adjusted through a small number of parameters.

e The landing trajectory is adjusted by setting the collision avoidance guide point and the obstacle avoidance guide point enabling
the capabilities of collision avoidance and vertical landing.

e The guide point constraints based on the geometric relationship between the lander and the small celestial body are constructed to

restrict the feasible parameter region and improve the efficiency of parameter search.
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