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Analysis of the ranging systematic error of the FY-4 geostationary satellite
and its influence on orbit determination

Lu Wenqiang" >, Qiu Yi*, Yang Lei’, Huang Yong'"

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences ,Shanghai 200030, China; 2. National Satellite
Meteorological Centre ,Beijing 100081, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract : The ranging systematic error is the main factor that affects the orbit determination accuracy of geostationary earth orbit (GEO)
satellites. The geostationary characteristics of GEO satellites make the ranging data systematic error. Especially for the station systematic
error, it has a strong correlation with the satellite orbit. Therefore, the independent means must be used to solve. The simulation data
are firstly used to analyze the impact characteristics of ground systematic error and on-board systematic error on the orbit. The FY-4B
satellite ranging system is taken as an example to analyze the measured range data. The analysis results show that there is an abnormal
systematic error in the FY-4B ranging system. To determine the source of this system error, a series of schemes are designed. Through
experiments, the systematic error is not from the ground or the satellite. And it is determined that the systematic error of the FY-4B
comes from the satellite. The orbit determination estimation is utilized to calculate the on-board systematic error to calibrate it. The
calibrated observation data are used to achieve orbit determination, and the residual error of each station is reduced from 15 m to 2 m.
The orbit determination accuracy is improved from 800 m to 20 m. The analysis results show that the method of calibrating the systematic
error on the satellite through the orbit determination estimation is practical and effective.
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Table 1 Precision orbit determination strategy
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Fig. 2 Orbits overlap accuracy (pass 1~2)
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Fig. 3  Orbits overlap accuracy (pass 2~3)
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Table 3 Orbits overlap statistics m
[T V2 R T N 3D
1~2 65.580 1 531.710 9 434.462 0 689.764 1
2~3 36. 808 6 292.944 1 255.278 4 390. 305 3
3~4 53.902 3 361.498 8 320.715 9 486.256 7
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Table 4 Observation data simulation setting
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Table 5 Orbit determination accuracy
Hui RGEENE BRI /m
(BJ/IMS/KS/GZ/TC) RMS MAX
2-2-2-2-2 5.88 10. 12
2-2-2-1-1 5. 81 11. 64
2-2-0-1-0 22.49 25.69
1-2-0-1-1 25.67 30. 15
0-1-2-2-1 10. 71 18. 34
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Table 6 Tracking angle of station antennas

REGIREE AR/ (°)
3k -
T it A
Jb5T(B)) 197. 985 42.501
AT (IMS) 213. 490 31.490
%A (KS) 155. 590 36. 700
I (GZ) 201. 590 60. 880
B (TC) 165. 890 60. 880
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Table 7 Observation data simulation setting
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Table 8 Orbit determination accuracy m
. SE UKL
NIERGERE
RMS MAX
1 2.93 5.05
5 14.72 25.25
10 29. 45 50. 74
50 147. 10 252.90
100 294. 20 505. 80
200 584. 60 1 031. 60
10
* Jb5 RMS:0.754
O fEAHT RMS:1.32
VvV BEARFF RMS:1.21
5t & T RMS:0.82
+ B RMS:0.816
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Fig.5 Residual error (with additional 10 m public

systematic error)
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Fig. 6 Residual error (with additional 50 m public

systematic error)
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Fig.9 Residual error (calculation systematic error on

the satellite )
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Fig. 10  Orbit determination accuracy
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Table 9 Observation data simulation setting
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LIEN Rz pus A B ESHE
AR/ (") 0.5
DUFEME 7S /m 0.5
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Table 10 Calculation systematic error
AR R AR as A E R G122/ m

0.01 201.229 11

0.1 212.446 71

0.3 237.372 78

0.5 262.296 17

1 324.592 94
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Table 11 FY-4B satellite ranging equipment indicators
5 H
W3k W HE 15 £ W 155
G/T EIRP . :
ARG FfibL iR 2
bl 16. 60 16. 47 1.40 0. 443
fEARHT 16. 30 60. 76 1.303 0. 396
- 16. 44 60. 59 1.434 0.273
7 16. 39 60. 30 1. 700 0. 350
JH ke 16. 47 60. 10 1. 200 0.113
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Fig. 11 Diagram of FY-4A/FY-4B distance measurement

ground equipment to satellite observation link
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measurement to FY-4A satellite )
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Table 12 Residual error of orbit determination for FY-4B

T35y 52X IR /m PURIIE €/ SR ¥IE/m
Jen 0.787 44 6 945 -0.147 97
o HEART 1.357 18 7079 -0.129 46
N . 5 \ & 1.304 54 7079 —-1.048 96
13 IR 5% 2 (FY-4B BRI 4 %F FY-4A TLA ) i
Fig. 13 Observation data residual error (FY-4B distance JIN 1.574 28 7038 -0.292 25
measurement to FY-4A satellite ) U 1. 906 25 6 735 1.690 72
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Table 14 Residual error of height angle and direction angle
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Table 17 Timetable of POD

) B 2%/ as IRBL FEAf B[] LR ]
i 5 5% £ A 1 2021/08/31 1600 2021/08/31 22.00
2021/08/11 14;06~17:07 0.33 0.20 2 2021/08/31 21:00 2021/09/01 03:00
2021/08/12 14:48~14.54 0.33 0.18 3 2021/09/01 0200 2021/09/01 0800
#ME 0.33 0.19 4 2021/09/01 07:00 2021/09/01 13:00
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Table 16 Residual error of orbit determination

)3k FR2ZEBIITH/m LI A 1 YA/ m
b 0.729 24 16 083 -0. 548 50
TEAHT 0.712 58 15 904 0.336 96
w 0.732 40 15 838 0. 069 76
| 0.729 16 15919 0.216 31
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Fig. 17 Residual error of long arc POD ( correction

systematic error)
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Fig. 18 Arc 1~2 overlap accuracy of corrected data
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Fig. 19  Arc 2~3 overlap accuracy of corrected data
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Table 18 Orbit determination accuracy m
AN R T N 3D
1~2 0.1123 6.773 8 2.173 5 7.076 8
2~3 0.293 5 1.283 7 3.1183 3.3849
3~4 0.632 8 13.616 7 1.556 8 13.720 0
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