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Analysis of the Orbit Determination Accuracy of the
Quegqiao-2 in the Lunar Highly Elliptical Orbit

MA Yunlong'?, HUANG Yong'>*#, LI Peijia’"**, HUANG Yidan'?,
ZHANG Zhenghao!?, YUAN Jiachen's
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University of Chinese Academy of Sciences, Beijing 100049, China; 3. Shanghai Key Laboratory of Space Navigation and Positioning
Techniques, Shanghai 200030, China; 4. Key Laboratory of Planetary Sciences, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: This paper addresses the orbit determination problem for the Queqiao-2 relay satellite in its
24-hour retrograde circumlunar highly elliptical orbit. Based on actual measurement data from dif-
ferent mission phases, the analysis investigates the influence of several factors on orbit determination
accuracy, including the volume of observational data, the number of ranging stations, the inclusion of
VLBI data, and the geometric observing configuration between the spacecraft and ground stations for
the first time. The results indicate that the observing configuration is a critical factor affecting accu-
racy. When the spacecraft is in a line-of-sight (face-on) state, the position and velocity accuracies are
approximately 41 m and 0.28 cm/s, respectively. In contrast, when in a non-line-of-sight (edge-on)
state, the accuracy degrades significantly to approximately 155 m and 0.93 cm/s. Further analysis
reveals distinct characteristics compared to circumlunar circular orbits. For this highly elliptical or-
bit, the magnitudes of the orbit error components in the radial, tangential, and normal directions are
comparable. Furthermore, the orbit determination accuracy exhibits a non-uniform distribution along
the orbital path: position accuracy is lower near the apolune, while velocity accuracy is lower near
the perilune. The findings of this study provide a valuable reference for the orbit determination and

mission design of highly elliptical orbits in future lunar and deep-space exploration missions.

Key words: orbit determination; Queqiao-2; Lunar highly elliptical orbit; VLBI
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