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Research on Efficient Optimization Method of Navigation Landmarks During

Asteroid Exploration Attachment Section

HOU Bowen', WANG Dayi"’, WANG Jionggi', XU Chao’

(1. College of Science, National University of Defense Technology, Changsha 410073, China;
2. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China;
3. Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract: A navigation system state estimation accuracy evaluation index was proposed based on the geometric relationship
between the landmark and the probe for asteroid exploration attachment section with high precision requirements. Under the
condition of limited resources on board and with a large number of available navigation landmarks for the probe, the index was
derived by analyzing the geometric relationship between the navigation landmarks and the asteroid probe. Combined with the Fisher
information matrix, a scalar calculation method for the lower bound of the system state estimation variance was designed. The
method avoided the complex matrix calculations in the traditional accuracy evaluation process and adopted the “simulated annealing-
enumeration method” to optimize the selection of navigation landmarks, which ensured the system state estimation accuracy and
improved the navigation landmark optimization selection efficiency. The method was applied to the optical navigation scene of the
Eros asteroid probe detachment section. Simulation results show that the method can effectively improve the efficiency of navigation
landmark optimization selection and system state estimation accuracy.

Keywords: asteroids; landing; navigation landmark; optimization

Highlights:

e A detector positioning method based on geometric relations was proposed.

e An analytical quantitative indicator for the lower bound of state estimation errors was constructed.

e An efficient optimization scheme for navigation landmarks of small celestial bodies’ attachment segments was designed.
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