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Table 1 Perturbations and strategies of orbit determination

Category

Description

Celestial Reference System

Earth Fixed Reference System

Precession Model
Reference Frames

J2000.0 Celestial Reference System
ITRS Earth Fixed Reference System
TAU1976

Read and Interpolate from

and Models Nutation Model
DE405 Planetary Ephemeris
. . Mean Sidereal Time (Kaplan, 1981)
Sidereal Time
Apparent Sidereal Time (McCarthy, 1996)
Gravitational Field JGMT0*70
N-body Perturbation DE405 Planetary Ephemeris
Radiation Pressure Box-Wing
General Relativity Parametric Post-Newtonian Formalism
Perturbation

Earth Tide

Empirical Acceleration

The Tidal Perturbation
Caused by Sun and Moon
Triangular Harmonic Function

and Constants on RTN Directions

Parameter Estimation Method

POD Methods

Wild Value Processing

Integrator

Least Square Batch Processing
Based on QR Decomposition
30 Elimination Rule

KSG Integrator

4 TEHHERS

i BB LEOAL M FI3IE R/ MIFA EUIE, L
BHAMGEO T EYIET JL T EA, AMELER &
F£ 29900 km, W AKE FE 7 3l 25" F137 ) HiE

Ta3/
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Table 2 Initial ephemeris of two LEOs and GEO

i/° w/° Q) M/
LEO1 7278.14 1.1x1077 0.114 282.38 90.08 347.28
LEO2 7278.14 1.1x1077 0.114 102.38 90.08 344.28
GEO 42166.3 1.2x1077 0.114 283.16 90.08 339.52
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Fig.2 POD residuals of stations 1, 2 with 12 h observation
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Table 3 Initial ephemeris of three LEOs and

GEO

a/km

e

i/°

w/° Q) M/

LEO1
LEO2
LEO3
GEO

7278.14 0.6x1077 0.114

7278.14 0.7x1077
7278.14 0.8x107"7
42166.3 0.5x1077

213.36 90.04 56.35

0.114 331.90 90.04 57.80
0.114 112.21 90.04 37.50
0.114 150.90 90.03 146.32
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Fig.5 POD residuals of stations 1, 2, 3 with 12 h observation
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Fig.7 Overlap of GEO POD by three LEOs and simulation orbit under the condition of 3-arcsecond measurement accuracy
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FEMGEO TR MWIPE B UR4FTR. Table 4 Initial ephemeris of four LEOs and GEO
HR A A7 30 2% A A AT 808, R Al L 408 a/km e i/° w/o Q) M/
HEAT B, 7RI AR RE BSOS B LR, 12 hikBE & LEO1 7278.14 1.1x10~7 0.114 282.38 90.08 347.28
Hils B2, BB AR IR WS PTR. LEO2 7278.14 0.4x107 0.114 80.38 90.08 279.28

o2 4B/ M A LEOY- & Xt 7 — 4 GEO L &
IREF s R 505 EHUEERTNAL bR R N L%,
HEIORT LLE H, K RATEE K EL AN, 70 A .
*%E?'ﬂS”B@T%YR—F, %?ﬂéﬁ%%ﬂfﬁﬁ?ﬂﬁﬁﬁ‘]ﬁttﬁﬂ GEO 42166.3 1.2x107" 0.114 283.16 90.08 339.52

LEO3 7278.14 1.1x1077 0.114 102.38 90.08 347.28
LEO4 7278.14 0.4x1077 0.114 260.38 90.08 279.28
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Fig.8 POD residuals of stations 1, 2, 3, 4 with 12 h observation
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Fig.10 Overlap of POD GEO by four LEOs and simulation orbit under the condition of 3-arcsecond measurement accuracy
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Table 5 POD results statistics

Observation
noise/”
Number of 3 g
networking
2 790.4722 m 1312.7864 m
3 340.4384 m 570.3966 m
4 46.8332 m 78.6057 m
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Geostationary Satellite Orbit Determination by LEO Networks
with Small Inclination

SHAO Rui'?  SONG Ye-zhi'  YE Zhao® ZENG Chun-ping®  HU Xiao-gong?

(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 DFH Satellite Co, Ltd, Beijing 100094)

AgstrAacTt In view of the limitation of ground-based Tracking Telemetry and Command (TT & C)
system in covering the geostationary satellite in space and time, the method of determining the orbit of the
geostationary satellite by the LEO (Low Earth Orbit) multi-satellites network with small orbit inclination
was proposed. According to the space environment and optical viewing conditions, the simulation data were
screened to simulate the real observation scene. The precise orbit determination (POD) of geostationary
satellite was calculated by using the optical angle measurement data and the numerical method. By
comparing with the reference orbit, under the condition of platform’s orbit accuracy of 5 m, measurement
accuracy of 5-arcsecond and 12 hours of observation, the POD accuracy of geostationary satellite by two
LEO satellites can reach the order of kilometers, while the POD accuracy by four LEO satellites can reach
the order of 100 meters. Therefore, the POD accuracy has been greatly improved with the increase of the
number of LEO satellites.

Key words spacecraft: geostationary satellite, celestial mechanics: orbit calculation and determination,
methods: space-based optical observation and numerical
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