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Table 1 Geometric and optical characteristic parameters of BDS-3 satellite

Satellite Type PRN! SV Component®  Area/m? Absorbed (o) Difused (§) Refected (p)
+X3 2.86 0.350 0.000 0.650
C19, C20, C21,
-X 2.86 0.615 0.385 0.000
C22, C23, C24,
4 +Y 3.63 0.135 0.856 0.000
MEO-CAST C32, C33, C36,
+Z 2.18 0.920 0.080 0.000
C37, C41, C42,
-7 2.18 0.350 0.000 0.650
C45, C46
Solar Panels 10.22 x 2 0.920 0.080 0.000
C25, C26, C27, +X 1.25 0.200 0.800 0.000
C28, C29, C30, +Y 3.13 0.200 0.800 0.000
MEO-SECM°®
C34, C35, C43, +7 2.59 0.200 0.800 0.000
C44 Solar Panels 5.40 x 2 0.920 0.080 0.000
+X 8.496 0.350 0.000 0.650
+Y 7.560 0.135 0.865 0.000
IGSO €38, €39, C40
+7Z 4.956 0.870 0.130 0.000
Solar Panels 17.70 x 2 0.920 0.080 0.000

! Pseudorandom noise.

2 Satellite vehicle (including Solar Panels).

3 X,Y and Z are coordinate axes of aster coordinate system.
4 The MEO satellite manufactured by China Academy of Space Technology (CAST).
® The MEO satellite manufactured by Shanghai Engineering Center for Microsatellites (SECM).
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Time sequence diagram of the ECOMC model parameters for the BDS-3 IGSO satellite
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%2 BDS3DERAEERSHKAES
Table 2 The combined SRP model parameters of BDS-3 satellite

Model Name

SRP Parameters

ECOMC
ECOMC-8 (IGSO)
ECOMC-9 (MEO)

ECOMI-5

ECOM1-7

ECOM?2 (D2B1)
ECOM?2 (D4B1)

Do, Yo, Bo, Dc, Ds, Yo, Ys, Bc, Bs, Dac, Das, Dac, Das
Do, Yo, Bo, Dc, Ds, Bc, Bs, Dac
D07 Y07 307 DC, YS7 BC7 B57 D2C7 D4C

Do, Yo, Bo, Bc, Bs

DOa K): B07 DCy DS7 BCa BS
D07 %7 BO7 BC7 BS7 D207 DZS
Do, Yo, Bo, Bc, Bs, Dac, Das, Dac, Das
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Fig.3  The statistical results of orbit fitting residuals for BDS-3 MEO satellite
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Fig.7  The accuracy of 15 d prediction orbit for BDS-3 MEO satellite

#* 3 BDS-3 IGSOLEMHRMEBERITER
Table 3 The statistical results of prediction orbit accuracy of BDS-3 IGSO satellite

1 d prediction/m 7 d prediction/m 15 d prediction/m
Model Type
Radial Along Cross Radial Along  Cross Radial Along Cross

C38 2.267 11.612 0.392 16.522  492.203  9.528 38.066 2304.486 140.588

ECOMC C39 2.038 10.834 0.182 13.132  411.585 11.370 27.472  1953.874 142.261
C40 2.115 10.855 0.195 14.720 444.769 13.108 32.009 2124.860 151.690

Mean 2.142 11.107 0.274 14.856  450.735 11.429 32.804 2132.550 144.929

C38 2.477 12,672 0.363 18.041 532.935 9.709 41.408  2491.409 140.900

ECOMC-8 (€39 1.719 9.120  0.155 11.078 350.222 11.432 23.485 1680.316 142.405
C40 1.976  10.133 0.187 13.733  417.641 13.000 29.805 1999.992 151.490

Mean 2.081 10.746 0.252 14.569 440.114 11.459 32.427 2084.110 145.007

#* 4 BDS-3 MEODZMTRNEEE FITLER
Table 4 The statistical results of prediction orbit accuracy of BDS-3 MEO satellite

Model Type 1 d prediction/m 7 d prediction/m 15 d prediction/m

Radial Along Cross Radial  Along Cross Radial  Along Cross

Min 0.034 0.073  0.046 0.622 5.219  8.205 4.246 48.085 99.504

ECOMC Max 0.089 0.511  0.059 1.749  21.184 7.653 6.424  175.388  94.810
Mean  0.056 0.262  0.062 1.444  13.085 8.356 5.959  106.105 102.597

Min 0.033 0.072  0.046 0.626 5.057  8.204 4.289 48.32 99.526

ECOMC-9  Max 0.088 0.505  0.059 1.724  21.424 7.646 6.437  173.149  94.854
Mean  0.054 0.258  0.062 1.387  13.041 8.353 5.911 105.944 102.594
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A Study of Solar Radiation Pressure Model in BDS-3 Precise
Orbit Determination

LI Peng-jie = ZHANG Han-wei  XIE Meng-xin =~ ZHAO Dong-fang
(School of Surveying and Land Information Engineering, Henan Polytechnic University, Jiaozuo 454000)

Asstract For the BDS (BeiDou Navigation Satellite System) satellites, the solar radiation pressure
is the major non-gravitational perturbation the satellites suffer. Due to the influence of multiple factors,
accurate modeling the solar radiation pressure acting on these satellites is difficult to accomplish. The
solar radiation pressure perturbation is an essential source of error in the precise orbit determination
(POD) and orbit prediction processes of the BDS satellites. As the ECOMC (Empirical CODE Orbit
Model 1 and 2 Combined) model adopts the advantageous features of the ECOM1 (Empirical CODE
Orbit Model 1) model and the ECOM2 (Empirical CODE Orbit Model 2) model, a greater number of
parameters have been introduced into the model, leading to strong correlation between the ECOMC
model parameters. In response to the deficiency of the ECOMC model, the authors collected the BDS-3
satellite precise ephemeris data that was provided by Wuhan University (WHU) from January 2019 to
April 2022. And by these ephemeris data, the ECOMC model’s 13 parameters were obtained through the
dynamic orbit fitting method. By conducting these time sequence diagrams analysis of the ECOMC model
parameters, this thesis affords the selection strategies of the solar radiation pressure parameters of the
ECOMC model for BDS-3 inclined geosynchronous orbit (IGSO) and medium earth orbit (MEO) satellite.
And the rationality of the selection strategies of the solar radiation pressure parameters for the ECOMC
model was verified, by orbit fitting and orbit prediction experiments. The results show that using the
improved ECOMC model gains the best orbit fitting effects for BDS-3 IGSO and MEO satellite and can
also enhance the accuracy of medium and long-term orbit prediction of BDS-3 IGSO and MEO satellite.

Key words solar radiation pressure, precise orbit determination, BDS-3, orbit fitting, orbit prediction
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