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A Navigation Observation-Driven Trajectory Planning Method for Asteroid Landing

SHEN Xinyi"’, GE Dantong"’, LIANG Zixuan"’, ZHU Shengying"’
(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: In asteroid landing and exploration missions, the observation quality of optical navigation features is one of the key
factors that influence the accuracy of autonomous navigation. To enhance the efficiency of navigation observation in asteroid landing
missions, the observation requirements of navigation features were incorporated into the trajectory planning process, and a navigation
observation-driven trajectory planning method for asteroid landing was proposed. The unevenly distribution of navigation features on
asteroid surface was analyzed and a set of trajectory control points were determined by calculating their clustering centers. The
landing trajectory was then redesigned by using Bezier Curve, and a two-dimensional waypoint sequence was obtained to fulfill the
observation requirements. Furthermore, a three-dimensional navigation observation-driven trajectory was established by solving a
trajectory optimization problem with waypoint constraints, revealing the impact of navigation feature distribution and observation
requirements on landing trajectory. Numerical simulation results show that the proposed method can flexibly adjust landing trajectory

and significantly improve the observation quality of navigation features.

Keywords: asteroid exploration; optical navigation; trajectory planning; feature observation.

Highlights:

e By incorporating the need of observing navigation features into the trajectory planning mission, the navigation observation
performance of the lander during the transfer process is improved.

e Based on the K-means clustering method, known surface navigation features are classified and selected. The side with denser
cluster centers is chosen, and these centers are used as control points to design a Bezier curve.

e The path constraints of the optimization problem are designed according to the Bezier curve. The trajectory planning problem is
transformed into an energy-optimal guidance problem with constraints.

® Due to the inclusion of path constraints, the landing trajectory of the lander can be flexibly adjusted. The navigation feature

observation results are enriched by sacrificing a certain amount of fuel consumption.
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