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Table 3 Filter parameters for star angle navigation
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Table 6 Impact of Jupiter ephemeris error on
integrated navigation
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Table 7 Mean position error and velocity error of integrated
navigation under different star angle measurement noise
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Table 8 Mean position error and mean velocity error of
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Fig. 9 Results of integrated navigation under different inter-star
angle measurement noises
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A Star Angle/StarNAYV Integrated Navigation Method for Jupiter Exploration

GUI Mingzhen"?, ZHANG Zhanhe"’, XIONG Kai’, NING Xiaolin'

(1. School of Automation, Central South University, Changsha 410083, China;
2. Hunan Provincial Key Laboratory of Optic-Electronic Intelligent Measurement and Control, Changsha 410083, China;
3. Beijing Institute of Control Engineering, Beijing 100094, China;

4. School of Instrumentation Science and Optoelectronics Engineering, Beihang University, Beijing 100191, China)

Abstract: Due to Jupiter’s long distance from us, the positional error of Jupiter can reach hundreds of kilometers, posing
significant challenges to autonomous navigation for spacecraft. To address this issue, a star angle/StarNAYV integrated navigation
method was proposed. By analyzing the impact of ephemeris error of Jupiter on StarNAV, it was observed that velocity error of
Jupiter had a greater influence on StarNAV, while positional error had a relatively smaller effect. Considering that Jupiter's
positional error is relatively large while its velocity error was small, the integration of star angle navigation and StarNAV was
applied to Jupiter exploration. In this method, Star Angle navigation provides the spacecraft's position relative to Jupiter, while
StarNAV primarily supplies the velocity information of the spacecraft's relative to Jupiter. Simulation results demonstrate that the
proposed integrated navigation method is nearly unaffected by Jupiter's ephemeris error and achieves significantly higher accuracy
than Star Angle navigation or StarNAV alone, providing high-precision autonomous navigation information for Jupiter exploration.

Keywords: Jupiter exploration; autonomous navigation; ephemeris error; integrated navigation

Highlights:

e The proposed integrated navigation method is less affected by the ephemeris error of Jupiter.

e The star angle/StarNAYV integrated navigation method improves position accuracy and velocity accuracy by 87.24% and 83.02%,

respectively, compared to the star angle navigation method.

e The influence of measurement error on navigation is analyzed.
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