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Fig. 1  Celestial navigation using angle measurement
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Fig. 2 Celestial navigation using distance measurement
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The Progress of Autonomous Celestial Navigation for Deep Space Spacecraft

NING Xiaolin', YANG Yuging', FANG Jiancheng', WU Weiren™’

(1. School of Instrumentation Science & Opto-Electronics Engineering, Beihang University , Beijing 100191, China;
2. School of Future Aerospace Technology, Beihang University, Beijing 100191, China;
3. Lunar Exploration and Space Program Center, China National Space Administration, Beijing 100037, China)

Abstract: In response to the urgent needs of deep space explorer for autonomous celestial navigation, this paper briefly

introduces the research status of autonomous celestial navigation methods and summarizes the problems faced by current

autonomous celestial navigation methods. As the error sources of the celestial navigation system is multiple and time-varying, two

error suppression technologies based on augmented filtering and differential are expound in detail. In view of the limitations of the

existing autonomous celestial navigation methods, the autonomous celestial integrated navigation methods are introduced in detail.

Finally, the future development trend of the celestial navigation method for the deep space spacecraft is prospected.

Keywords: deep space exploration; autonomous navigation; celestial navigation; time difference; time delay

Highlights:

e The research status of autonomous celestial navigation methods is introduced and two problems faced by the celestial navigation
method are summarized in this paper.

e Two error suppression technologies are expounded in detail, including the augmented filtering method and method using
differential measurements.

e A new celestial navigation method based on the Doppler velocity differences of different points on the solar disk and a novel

celestial navigation method based on solar oscillation time delay are introduced, which can be seen as a supplement to the existing
celestial navigation.
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