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Fig.2 Time Series of the Inter-Satellite Ranging Errors
for C24-C37
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Tab.2 Accuracy of the AOD in Different Initial Orbits

kS R/m A/m C/m URE pys/m
1 0.237 1.477 1.431 0.472
2 0.248 1.479 1.430 0.478
3 0.344 1.882 2.123 0.660
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Tab.3 Accuracy of the AOD in Different Filtering

Frequencies for 18 Satellites

ES R/m A/m C/m URE gys/m
4 0.27 1.50 1.52 0.50
5 0.39 1.52 1.54 0.58
6 0.60 2.04 2.16 0.80
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Fig.3 Accuracy of the AOD in Different Filtering
Frequencies for C24 Satellite
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Tab.4 Long-Term Accuracy of the AOD of 18 Satellites
TR R/m A/m C/m URE gys/m
C25 0.14 2.11 0.89 0.48
C26 0.14 2.04 1.24 0.50
Cc27 0.12 0.71 1.60 0.37
C28 0.16 0.95 1.80 0.44
C29 0.12 0.83 1.90 0.43
C30 0.11 0.72 1.64 0.38
C19 0.14 1.03 1.15 0.34
C20 0.15 0.93 1.37 0.36
C21 0.17 0.95 1.48 0.39
C22 0.15 1.02 1.57 0.40
C23 0.52 2.64 1.27 0.78
C24 0.14 2.06 1.19 0.50
C32 0.65 1.52 1.36 0.75
C33 0.22 1.22 1.23 0.41
C34 0.11 0.78 1.81 0.41
C35 0.10 0.64 1.36 0.32
C36 0.13 2.05 1.03 0.48
C37 0.15 1.98 1.41 0.51
Y 0.24 1.5 1.4 0.48
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Feasibility Analysis of Autonomous Orbit Determination of BDS Satellites
with Inter-Satellite Links

LI Zigiang' XIN Jie? GUO Rui® LI Xiaojie> TANG Chengpan® TIAN Yijun’
1 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China
2 Troops 32021, Beijing 100094, China
3 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China

Abstract: Objectives: The BeiDou-3 navigation satellite system (BDS-3) has designed and implemented a
high-speed broadband inter-satellite link (ISL) network on the basis of the BDS-2 to carry out integrated
navigation and communication and accumulate valuable measured data for the autonomous orbit determina-
tion (AOD) of the satellites. With ISL. data, navigation satellite systems can achieve AOD that enables
satellites to update their ephemeris on-orbit without the support of the operational control segment. Howev-
er, the key technologies of the AOD system of global positioning system have not been disclosed. In the
last few years, some domestic scholars have carried out some useful research and exploration into AOD
with simulation data. But the results of applying the ISL to AOD are still relatively few.Methods: The AOD
processing model was briefly reviewed on the basis of inter-satellite ranging observations, and a distributed
AOD model was built with ISL. data. Then, the link building efficiency, constellation geometry, and
inter-satellite measurement noise of the 18 medium Earth orbit (MEQ) satellites in the BDS-3 constellation
were analyzed, and the influences of the initial orbit accuracy and filtering processing interval on the AOD
process were also analyzed. Finally, the AOD results obtained via the measured inter-satellite ranging data
on the 18 MEO satellites were given and compared with the results of the precision orbit for evaluation and
analysis.Results: AOD processing and performance analysis are conducted. The analysis results are as fol-
lows: (1) The BDS-3 ISLs are rather stable, with about 9 inter-satellite two-way ranging links for each sat-
ellite, and the effective ISLs and the constellation geometry could support the AOD of the distributed navi-
gation constellation. (2) The initial orbit accuracy and the filtering interval affect the state evaluation accura-
cy and convergence velocity. (3) When the initial orbit accuracy is 0.1 m and the filtering interval is 60 s,
the user ranging error accuracy of AOD for 30 days 1s 0.48 m.Conclusions: The results confirm the validity
of the proposed distributed AOD algorithm.

Key words: BeiDou-3 navigation satellite system (BDS-3); inter-satellite link (ISL.); autonomous orbit de-

termination
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