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Abstract: Multi-global navigation satellite system (GNSS) ultra-rapid precise orbit determination
provides high-precision space reference for GNSS real-time applications. The multi-GNSS ultra-
rapid precise orbit determination at space-ground collaborative positioning, navigation and timing
(PNT) network service center is implemented and the accuracy of the orbit determination results
are evaluated. The conceptual essence of the space-ground collaborative PNT network, and the ar-
chitecture and detailed functions of the ultra-rapid precise orbit determination software deployed on
the network service center are introduced. Additionally, a two-thread sliding window ultra-rapid
orbit determination strategy is proposed to meet real-time application requirements. Finally, the

accuracy of the orbit determination results is evaluated in three ways: through overlapping orbit
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comparison, comparison with other precise orbit products, and satellite laser ranging(SLLR) chec-

king. The results show that the root mean square(RMS) error of multi-GNSS medium-Earth or-

biting(MEQ) satellites in the radial direction ranges between 2 and 5 cm during a 6-hour predicted

arc, and the minimum one-dimensional RMS error of the BDS2 IGSO satellite is at the level of 10~

15 cm, when compared with the final orbit products from the analysis center of Wuhan University.

The mean value and standard deviation of SLR residuals for the GPS and Galileo satellites are at

1~3 cm and 3~6 cm, respectively. The results meet the accuracy requirements of the space refer-

ence for centimeter-level real-time applications.

Key words: Ultra-rapid precise orbit determination; Multi-GNSS satellites; Space-ground collabo-

rative PNT network; Root mean square error
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Fig. 1 GNSS ultra-rapid precise orbit determination software architecture
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Tab. 1 Models and setup strategy for GNSS satellites ultra-rapid precise orbit determination
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Fig. 7 Average orbit errors of GNSS satellites for post-process overlapping arcs during DOY 151~180 in 2023
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Fig. 8 Average orbit errors of GNSS satellites for predicted overlapping arcs during DOY 151~180 in 2023
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Tab. 2 Average orbit errors of GNSS satellites for overlapping arc cm
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Fig. 9 Average orbit errors of GNSS satellites for comparison with precise orbit products during the

post-process arcs of DOY 151~180 in 2023
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Tab.3 Average orbit errors of GNSS satellites for comparison with precise orbit products cm
B PE iR G R E C21 C2M C3M
Wik CA) 2.41 7.75 1. 66 8. 26 4. 40 3.24
B0 (O) 1. 98 6. 41 1. 40 10. 32 4.51 3.13
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=4k (3D) 3.45 10. 53 2.74 16. 47 6.76 5. 24
Wk (A 5. 00 12. 24 8. 04 22.39 8. 00 9.13
%I (O 3.02 7.57 3.27 15. 06 7.52 5. 00
T 90 Bt
(R 2. 14 4.29 3.00 22. 44 5.01 3.57
=4 (3D) 6.22 15.01 9.19 35.10 12.07 11. 00
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