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Fig. 1 DRO simulation orbit in the Earth-Moon rotation coordination system
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Table 2 Simulation information for observation arcs
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Analysis of Cislunar DRO Orbit Determination Accuracy Using
Earth-Based Simulated Observations

HUANG Yidan', HUANG Yong"“"', FAN Min’, LI Peijia"""

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
2. School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049, China;
3. Shanghai Key Laboratory of Space Navigation and Positioning Techniques, Shanghai Astronomical Observatory, Chinese Academy of Sciences,
Shanghai 200030, China;
4. Key Laboratory of Planetary Sciences, Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
5. Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094, China)

Abstract: Based on the existing tracking and measuring conditions of China’s deep space exploration missions, the orbit
determination accuracy of the DRO probe was simulated and analyzed. For the Cislunar space DRO exploration, the simulation
adopted batch processing orbit determination method, selected celestial bodies centered on the Earth for orbit integration, and
increased non-spherical gravitational perturbation of the moon. Under the current measurement conditions, the position and velocity
accuracy of 2-day short-arc orbit determination using only range tracking data were the order of km and better than 3 cm/s
respectively; for 7-day predictions, the maximum differences in the position and velocity are the order of ten kilometers and 6 cm/s
respectively. When using ranging data combined with VLBI data, the position and velocity accuracy were the order of hundreds of
meters and less than 0.4 cm/s respectively; for 7-day predictions, the maximum differences in the position and velocity were the order
of kilometers and 2 cm/s respectively, which shows that VLBI data significantly improved the accuracy of short-arc orbit
determination and prediction. Moreover, the position and velocity accuracy were better than 1 km and 1cm/s respectively when using
5-day long-arc range tracking data. For 7-day predictions, the maximum differences in the position and velocity were less than 2 km
and lcm/s respectively. This shows that an increase of ranging data significantly contributes to the accuracy of orbit determination
and prediction for DRO.

Keywords: cislunar; Distant Retrograde Orbit (DRO); Very Long Baseline Interferometry (VLBI); orbit determination;
orbit prediction

Highlights:

e DRO, one planar periodic family with great strategic significance in Earth-Moon space, was simulated and analyzed. The results

could provide quantitative reference for China’s future deep space exploration projects.

e The first simulated orbit determination accuracies for the DRO probe based on the tracking and measuring conditions of China’s

deep space exploration missions were presented.

e Based on the previous analysis, an Earth-centered celestial body was selected for orbit integration and the non-spherical

gravitational perturbation of the moon was added to improve the accuracy of the probe’s dynamic model.

WHERE: B, ELFR: KA
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