Global Navigation Satellite System: Technology Innovation and Application

Simulation on Combined Orbit Determination of
Navigation Satellites with Cross-Link Ranging
Observations and Ground Tracking Observations

LIU Wanke, GONG Xiaoying, LI Zhenghang, WANG Fuhong

School of Geodesy and Geomatics, Wuhan University, 129 Luoyu Road, Wuhan 430079, China
e-mail: wkliu@sgg.whu.edu.cn,smilemeng@126.com, zhhli@sgg.whu.edu.cn, fhwang@sgg.whu.edu.cn

Abstract: This paper discusses the mathematical models, force models and methods of COD (combined orbit
determination) of navigation satellites, which is based on cross-link ranging observations and ground tracking
observations. A variety of simulations are processed with the software developed by ourselves in this paper,
and the results indicate that the method of COD adapted in this paper can not only achieve good precision
equivalent to broadcast ephemeris, but also solve the problem due to the insufficiency and poor distribution
of ground tracking stations, that the accuracy of combined orbit determination with only one ground tracking
station is slightly better than that of traditional orbit determination with 17 ground tracking stations which are
well-distributed in the world, that the effect of adding ground stations and improving their geographical
distribution on improving the accuracy of combined orbit determination is very limited, if 2-4 ground stations
are laid in China, the accuracy and reliability of combined orbit determination can be ensured.
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Table 1. The systematic errors remained in cross-link ranging observations
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Table 2. The resolution strategy used in numerical calculation
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Table 3. Accuracy of orbit determination with 6

ground stations in China
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Figure 1. Geographic distribution map of the 17 IGS ground tracking stations in the world
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Figure 2. Result of traditional orbit determination only using 17 stations and COD with one station
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Table 4. Accuracy of traditional orbit determination with the 17 ground stations in the world

R4 ETER T A EIREE

bR R (cm) A (cm) C (cm) ot (ns) URE (cm)
RMS’ 14.8 324 22.9 1.540 53.1
Max-dif 70.7 147.2 72.9 5.003 193.9
Table 5. Accuracy of COD with one ground station
R 5. B EMBA E S RS
R e b R (cm) A (cm) C (cm) ot (ns) URE (cm)
RMS’ 7.0 40.9 39.3 1.480 47.0
Max-dif 23.6 101.3 80.5 4.290 136.3
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Table 6. Influence of the number of ground stations on the accuracy of COD
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Figure 3. Result of COD with different ground stations
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Table 7. Influence of measurement noises in ranging observation on the accuracy of COD with one ground station
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+5cm 6.0 316 29.9 1.268 39.9
+50cm 7.0 32.3 30.3 1.347 434
+75cm 7.0 40.9 39.3 1.480 47.0
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Figure 4. Result of COD with different measurement noises
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