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Weighting Method of Orbit Determination for Multiple

Orbit Measurement Data Fusion in Satellite Injection Phase

MAO Yongxing, NI Xiaoqiu,ZHONG Dean, XIANG Jie

( China Satellite Maritime Tracking and Control Department, Jiangyin 214431, China)

Abstract ; In injection of satellite launch task ,the precision and type of the obtained multiple orbit measurement
data such as telemetry data,exterior measuerment data ,on-board GPS/GNSS real-time position data are differ-
ent. To realize rationally weighting in orbit determination using those multiple orbit measurement data together,

according to the theory of differential orbit improvement ,dynamics equations are deduced for the different types
of data,and the weighting method is introduced to fuse the multi—source data with different precision and form
according to the root mean square (RMS) of condition function associated to different data. The results of simu-

lations and real data processing show that the method makes full use of the high precise measurement data of
different orbit measurement and the orbit determination precision is improved obviously.
orbit determination
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®1 HEANERE(KELE)

Table 1 Orbital elements for simulation ( large eccentricity orbit)

a/km e i/(°) /(°) w/(°) M/(°)
24 291.712 0.728 569 24.172 95. 609 180. 605 1.011
*2 HEAHERK(EHIEE)
Table 2 Orbital elements for simulation (low eccentricity LEO)
a/km i/(°) O/ (°) 13 n A/(°)
6642.708 42.364 194.062 0.009 9 -0.004 1 124.288

®3 BMHNFEESSHRBIIRE

Table 3 Random error in accordance with normal distribution

" ; Va/ Vy/ Vz/ A I E

EAC /eS| X/m ¥/m Zm e (m-ys_l) (-5 ﬁ/{fﬁ)’ ﬂﬁj(ﬂﬁ)’ *J‘/EIEP
ik LT 14.5 14.5 14.5 0.15 0.15 0.15

LD A5 30.0 30.0 30.0 0.20 0.20 0.20

FERT 40.0 40.0 40.0 0.25 0.25 0.25

ks 36 36 10
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x4 HEER(KXBOEHE,A=EYER-HERE)
Table 4 Result of Simulation 1 (large eccentricity orbit,the delta equals orbital elements
difference of orbit determination result and simulation)

HalE Sk IR Aa/km Ae Ai/(°) AV (°) Aw/(°) AM/(°)
FHERAT 2.560 0.000 028  0.000 0007  0.000 069 0.000 51 —0.000 22
(E R R -5.262 -0.000 059 0.000 074 7  0.000 315 -0.001 03 0.000 43

[ 2.558 0.000 028 -0.000 091 0 —0.000 059  -0.000 00  -0.000 16

Epuy Nl 44.747 0.000232 0.001 1830  0.000 343 0.022 08 0.001 04

ERC S 0.844 0.000 007  0.000 0227  0.000 053 0.000 16 0.000 05
5+ + A+ ARl 0.545 0.000 005  0.000 021 3  0.000 018 0.000 13 0.000 05
x5 HEER2(EHEEMNE,A-EHER-HERE)
Table 5 Result of Simulation 2 (low eccentricity LEO, the delta equals orbital elements
difference of orbit determination result and simulation)

Bl A IR Aa/km Ai/(°) ALY (°) A¢ An AL/ (°)
FHERAT 0.241 —0.000 288  0.000 794  -0.000 023 -0.000 024  —0.002 034
(E R RV 0.200 -0.000 419  0.000 746 -0.000 042  —0.000 002  0.001 224

[ 0. 147 0.000 104  —0.000 251  —0.000 029  —0.000 003  0.000 643

IR AN 10.243 0.011 141 0.062 224  0.000 611 0.001 096 0.078 397

ERC S 0.055 0.000052  0.000088  0.000024  0.000 017  0.000 311
V-5 R AL+ DR+ AN RS 0.003 0.000 013 0.000 020  0.000 014 0.000 017 0.000 109

5.2 ESHIEESG

FAT Ml 22 MR AT 55 A LBESE I A
PEATIS AR R Bl AR AR E , R

Ferp R R SAT 55 SR B9 72 LA SR (O alk B K i
R ZEXTHUE B2, O /0 B RT1S s B PR 28

PN

any

RATBEIER) , R T BT 4 REERRG E R

M ITHIAUE B

RS (IR0 %N 0. 75 Zidy) NELBRWI U 2 6
FECERS o IRZE)BREE2 kmAN, £ 6 HHT

xo FESEZITNBBENER(KFEOERHE,A=ERER-BUREY)
Table 6 The result of measured data in a task (large eccentricity orbit,the delta equals orbital elements
difference of orbit determination result and precise orbit)

HdlE S IR Aa/(km) Ae Ai/(°) ALY/ (°) Aw/(°) AM/(°)
FERAT -61.8601  -0.000 730  -0.070 64 0.094 75 -0.119 07 0.009 77
TRAAADT 20.046 7 0.000 175 -0.018 79  —0.181 32 0.159 84 0.002 78
[ 1.271 6 -0.000 023  -0.04197  -0.012 99 0.023 17 0.002 88
THIRAM 33.770 3 0.000 215 -0.001 34 0.009 69 -0.004 83  -0.011 14
ERC S e 0.271 6 -0.000 023  -0.04197  -0.012 99 0.023 17 0.002 88
-5+ R+ D S+HMIES 0.266 2 -0.000 023  -0.04196  -0.012 99 0.023 15 0.002 89
x7 FE+BRA+ISHMIBREERSNTHA—LRNERE
Table 7 Weight of measurement data for fusion orbit determination using telemetry data,
exterior measuerment data,on—board GPS/GNSS real-time position data together
B il S AT ST @GS L O ik (R )
¥ z Vx Vy Vz
PRIk €1 0.201 0.009 0.013
ARy RV SEl 0.010 0.010 0.010 0.016 0.016 0.016
(E R RST STEl 0.011 0.011 0.011 0.019 0.019 0.019
T H B 0.172 0.172 0.172 0.031 0.031 0.031
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