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Assessment and improvement of the empirical solar radiation pressure models

for BDS-3 satellites
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Abstract: Solar radiation pressure (SRP) is the largest non-gravitational perturbation for GNSS satellites,
and is the main error source of GNSS precise orbit determination (POD). Currently, two empirical SRP
models, namely the extended CODE orbit model (ECOM) and the updated ECOM (ECOM2) model, are
widely used in GNSS POD, However, these two models are not suitable for BDS-3 satellites, as they are
designed for GPS and GLONASS satellites. The five-parameter ECOM model exhibits large orbit
discontinuities in low 3 periods. By introducing the first-order harmonic D. parameter, the orbit overlapping
RMS values of CAST satellites can be reduced by 60%, 52%, and 29% in the along-track, cross-track,
and radial components, respectively. As for the ECOM2 model, strong correlations are observed between
D,. and D, parameters as well as that between D,, and B, parameters, Based on the strong correlations,
the eight-parameter ECOM2 model and the seven-parameter ECOM2 model are proposed, where the
parameters D,. and D,. / D,, are not estimated, respectively. The results show that the radial overlapping
RMS values can be reduced by about 18% and 27% for CAST and SECM satellites when using the eight-
parameter ECOM2 model. In addition, a further reduction of 5.2% ~8.5% in the radial overlapping RMS
values can be achieved when applying seven-parameter ECOM2 model. By considering both the accuracy of
overlapping orbit and SLR residuals, we conclude that the seven-parameter ECOM2 model without D,. and
D, is more applicable for BDS-3 POD. The orbit overlapping RMS values are (5.0, 3.4, 1.4) cm and (5.4,
3.5, 1.5) cm for CAST and SECM satellites in the along-track, cross-track, and radial components,
respectively. The standard deviation values of SLR residuals are 3.1~3.2 cm and 4.4~4.7 cm for CAST and
SECM satellites.
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ECOM model for CAST and SECM satellites

(The shaded areas are the eclipse periods)
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Fig.9 Overlapping results of different ECOM2

models
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Tab.5 Average 24 h overlapping results of different models for BDS-3 satellites cm
ECOM ECOM2 SECOM2 TECOM2
A
I %17 1 ik 21m I N ] 11 ik 1
CAST MEO 5.8 3.4 1.8 5.2 3.6 1.8 5.0 3.5 1.5 5.0 3.4 1.4
CAST MEO
. 8.1 5.3 2.2 8.2 6.3 2.5 8.2 5.7 2.2 7.9 5.5 2.0
(C41/C42)
CAST MEO _
_ 10.4 7.2 2.9 10.1 9.4 3.4 10.4 7.5 2.9 10.5 7.4 2.8
(C45/C46)
SECM-A 5.4 3.5 1.5 5.6 4.0 2.2 5.5 3.6 1.6 5.4 3.5 1.5
SECM-B 9.5 5.7 2.4 9.5 7.0 3.9 9.5 5.7 2.8 9.5 5.7 2.5

3.2 SLR ##%
B E S P R 2200 AR SCIE R T SLR K 4% 1Y

JrkxF BDS-3 12 #UIE K B 947 A . SLR AR
Sy g N7 B B AR 1S RPN O e T
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BEYUESME AR EITE. BT A BDS-3 T A
PIRE 8T WO OB e B, b 4 TR (C20/
C21/C29/C30) #¢ & Fr ¥ O W BB ARk 55 4H 2L
(international laser ranging service, ILRS) £f £:
ML), R AR R AR SCIE T 3 d LR
Byl 24 h T SLR ##%, JF 8 4 X K T
50 cm Py 25V R 22 511

[FREEE T 2020 4F DOY 211—DOY 238 Fl
DOY 270—DOY 305 =Z [a] i) W8I0 %5 4 » X ek it 5
) H 25 ECOM f R 1T SLR Ke % 50 0E . 3R 6

JETR TR PH = BE A B A 4 8T AL C20.C21,
C29.C30 KM L% ECOM £ %, ECOM_D, #
B ECOM_D, %1}z ECOM_D,D, ¥ SLR
WESGITER ., SHSH ECOM BRIM L .7 D
75 1 K5 | A—I0E 10, CAST A ) SLR 5% 2
(95 24 i 22 98/ T 0.2~ 0.6 cm, b ifE 22 g A5 44
K,SECM T2 SLR 58 2= 09 #5 fE 22 W /N 4
0.2 em; 7€ D Jy M [E B 5] A #I D, #1D, ,SLR
Bk 2 °F- 359 Ml 2 FAR U 22 Y546 AS TR A R 3

* 6 FHS#H ECOM.ECOM_D..ECOM D, #1 ECOM_D.D, # %! SLR iZ & R

Tab.6 SLR results for ECOM, ECOM_D.., ECOM_D, and ECOM_D_ D, models cm
ECOM ECOM_D. ECOM_D; ECOM_D.D;
PRN #NP A A - -
A b 22 A brifE 22 T brifE 22 R brifE 22
CAST C20 265 3.4 3.9 3.2 3.5 2.8 3.5 7.4 4.4
CAST C21 221 3.6 4.4 3.4 4.9 3.0 4.9 7.0 5.3
SECM (C29 169 —4.8 3.3 —4.6 3.1 —4.8 3.3 —4.8 3.8
SECM (C30 184 —5.0 3.5 —o.1 3.3 —9.5 3.4 —5.2 3.6

27 G THEHGE ) H S ECOM BLAL
ECOM2 7 SECOM2 #iHY ) Kz TECOM2 #5 A
SLR#EZ G455, nTLLE R, i A B A SLR
5% 25 10 °F- 24 0 2% 5 bR i 22 4R FE 5.0 em DAY, M
B HZH ECOM L, LS4 ECOM2 f RIS
MRZW/NT 0.5~1.0 cm, FRfEZE W /N T 0.1~
0.4 cm, MEISE ECOM2 ¥R, A1 D,
D., %5 . SECM T A SLR 5% 22 1 °F ¥ s 2%
JAR 25 B 14 O, HORS B2 A H 280 ECOM #5784 A

M CAST TR K AN AR 26 BT T
R o 33X AT RE R HY T oA 4 W AT 1% b 3ok s R L R
LM FD IR EFH . R 8 Gt T HisE
ANRZE ECOM2 BRI [ SLR K 8% 85 . 25
R R A TECOM2 BRI A] DL — g 72 B 1 B IK M
SR SLR 5k 22 19 45 i 22 . XF T SECM T E #5
WEZ RIS 1.1~ 1.2 cm, X 382 H b 7R K
IR BH i 1 30 e 2 80K e BE AR G DDA 3
SHRCEA R T .

F7 AEEERE SLR K4 R

Tab.7 SLR residuals for different SRP models cm
ECOM ECOM2 SECOM2 7TECOM2
PRN £ NP A A - -
FHE bR 22 FHME bR 22 M brifE 22 T Frif 22
CAST C20 3245 4.8 3.3 4.3 3.2 4.8 3.3 4.8 3.1
CAST C21 3407 4.8 3.5 4.3 3.3 4.9 3.3 4.9 3.2
SECM (C29 2216 —4.6 4.7 —3.7 4.3 —4.5 4.9 —4.6 4.7
SECM C30 2117 —4.9 4.4 —3.9 4.0 —4.9 4.6 —5.0 4.4
X8 HEHASH ECOM2,.8ECOM2,7ECOM # 8 SLR 1% 4 B
Tab.8 SLR results for ECOM2, S8ECOM2 and 7TECOM2 models cm
ECOM2 SECOM?2 7TECOM2
PRN # NP
FHME FrifE 22 A bR FHME bR
CAST C20 265 2.2 3.4 0.7 3.7 2.5 3.2
CAST C21 221 2.8 3.4 2.1 4.4 3.3 3.7
SECM C29 169 —2.5 4.3 —2.6 4.2 —3.7 3.2
SECM C30 184 —3.6 4.5 —3.5 4.0 —4.7 3.3
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