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Abstract

space debris monitoring equipment, how to make full use of the observed data from commercial space-

With the development of domestic commercial spaceflight and the increasing number of

flight has become an important subject worthy of further study. Initial orbit determination of space tar-
gets is not only an important basis for space mission planning and space situational awareness, but also a
prerequisite for key technologies such as satellite operations, collision warning, orbit maintenance, etc.
This study uses data obtained from the Yangwang-1 space-based observatory system and the Zhulong
ground-based observatory network developed by China’s commercial spaceflight companies to conduct
Initial Orbit Determination (IOD) for Geosynchronous Earth Orbit (GEO) targets and Low Earth Orbit
(LEO) targets, respectively. The Yangwang-1 satellite carries advanced electro-optical sensors that en-
able long duration, high precision continuous observations of GEO targets, while the Zhulong ground-
based observation network consists of multiple electro-optical telescopes distributed at various locations
across the country, capable of short arc, high frequency observations of LEO targets. In this study, we
used the method of initial orbit determination based on optical goniometry observations, using the range
searching method and iterative improvement strategy to estimate the initial orbits of GEO and LEO tar-
gets, and used Two-Line Element (TLE) data as a benchmark to evaluate the error of the calculated re-
sults. Experimental results show that for GEO targets, the observed arc length is about 249 s, the semi-
major axis error determined by the initial orbit is 84.4 km, and the inclination error is 0.40°; For LEO
targets, the observed arc is about 40 s, the semi-major axis error of the initial orbit is 26.0 km, and the
inclination error is 0.13°. The results show that the method of initial orbit determination adopted in this

study is feasible in the data processing of commercial spaceflight observations, and the great potential of

2025, 45(5)

space-based electro-optical monitoring equipment in the field of orbit determination is verified.
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H b 5 HbrsaPx R E] R AL /7 JE /e
27954 GALAXY 13 (HORIZONS-1) 2003-10-01 EEs| 35781.6/35806.4
42763 ZHONGXING-9 A 2017-06-18 i 35912.1/35944.7
45344 BEIDOU-3 G2 2020-03-09 i 35774.1/35813.9
® 3 GEO BRMHMENHRIRE
Table 3 Initial orbit determination document and associated errors for GEO objects
b PUNIBELE I /s e
A /km AN i /()
1 27954 1123062202.Dat 290 31.5 -0.00012 0.48
2 27954 1123062203.Dat 290 24.4 0.00026 0.55
3 27954 1123062204.Dat 275 25.5 —-0.00007 0.52
4 42763 _1123061711.Dat 90 —115.1 0.00077 0.11
5 42763 1123061712.Dat 210 -109.1 —-0.00032 0.23
[§ 42763 1123061713.Dat 275 112.6 0.00055 0.42
7 42763 1123061714.Dat 255 159.9 —-0.00046 0.69
8 42763 _1123061715.Dat 185 —105.8 —0.00055 0.40
9 45344 1123061806.Dat 290 22.6 0.00006 0.23
10 45344 1123061807.Dat 290 24.2 0.00005 0.18
11 45344 1123061808.Dat 290 22.4 -0.00015 0.02
S — 249 68.5 0.00031 0.35
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Table 4 Information of LEO objects
H b5 Hbrsa P RYFILR] P GIN| VT /376 b 85 55 BE /km
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49414 STARLINK-3146 2021-11-13 eS| 545.8/548.0
54754 SWOT 2022-12-16 XH 900.0/900.7
54777 STARLINK-5468 2022-12-17 eS| 546.0/547.8
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