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Fig. 1 Asteroid images captured by navigation camera at different distances
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Fig. 2 Extracted centers of target asteroid under different distances
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Autonomous Navigation and Guidance for Asteroid Kinetic Impact Mission

HUANG Xiangyu"“, XU Chao"’, HU Ronghai"’, GUO Minwen"”

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

Abstract: According to the requirements of near-Earth Asteroid kinetic impact mission, an autonomous GNC scheme is
proposed, which contains the high-precision extraction method for the line of sight (LOS) of the asteroid center, high-precision
autonomous relative navigation based on LOS measurement of the asteroid center, and iterative prediction guidance method. In this
scheme, the LOS measurement of the asteroid center is used to estimate the relative position and velocity between the impactor and
the asteroid in the direction perpendicular to the LOS. Although the elative position and velocity errors along the LOS are not
estimated, the high-precision impact can be realized by the iterative prediction guidance method. The mathematical simulation
shows that the proposed scheme can ensure the impactor to hit a near-Earth asteroid with the diameter 50 meter, the impact accuracy
is better than 4 meter, which meets the mission requirements.

Keywords: asteroid defense; kinetic impact; GNC; hutonomous navigation

Highlights:

e An autonomous GNC scheme is proposed for near-Earth Asteroid kinetic impact mission, which can realize the impact accuracy is

better than 10 meter when the relative velocity is up to 10 km/s.

e The observability analysis is performed for the relative navigation based on the line of sight (LOS) of the asteroid center, which

gives the unobservable direction of the navigation system. Based on the observability analysis result, the relative position and velocity

in the direction perpendicular to the LOS are separated and estimated to ensure a high-precision impact.

e An iterative prediction guidance method is adopted with incompletely estimated states for a high-precision impact and the effect of

the guidance correction timing is analyzed.
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