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R EAENVGEHARE. BMEESHPEANKHEBH EHRRATES 7/, S31E
SPHRC . SRDYZ. SRXYZ, SRDYB., BERNE, BERN1 & BERN2(ECOM) f&
A

KRR A — AR A N R P Bt BESUE RN g iR, Hik, 7
PUREX JUANJ5 1) 8 SCH AR bRl R ETELRL B 8 SCAY AL A4 1] LA BOR B S 30 AN TR
FEALIFBTFMENT, er ey e, HEFERIRLFRMPYBIMEE, K e, 181
HERFL, EXL ep ARKHELREFMMBEMEE, HFHF ey =€, xep, e, = ¢, X e,.
BRSO X MK 1.

¥ 1 HFROKPEEN ERESY
Table 1 Parameters of SRP models

SRP  Frame-axis Number of parameter SRP  Frame-axis Number of parameter

SPHRC ep,ey,e. 3 BERNE ep,ey, e 9
SRDYZ ep,ey, €. 3 BERN1 ep,ey,ep 9
SRXYZ ez, ey, e: 3 BERN2 ep,ey,ep 6
SRDYB ep,ey,en 3
2.1 SPHRC #i&
BRI i AR R
a2
h:l u E Do+ (A-SRP(1) - ep + SRP(2) - e, + SRP(3) - e,), (1)
rs—rT

He, oo REXCBAHKE, rs. r FFARERPREMEENMLE, ) i
HF, SRP(i),(i=1,2,3) A= MmN EN R, ENFESH. Dok ROCK #
AT E H R KPS ST = IR B (E, BAN 1075m/s?, HRES EEAS
YERBAHX.

¥t F Blockl TR, Do=4.54/M

X+F BlockIl, BlockIl A T, Do =8.695/M

XtF BlockIIR BE, Do=1115/M X M R TLEFRE, BAH ke

2.2 SRDYZ ##!

BRUE B E AR
Py = l i 7 [Do- (A-SRP(1) - ep + SRP(2) - e, + SRP(3) - e, )+
rs—7T
A (X(B)-e;+ Z(B)-e;)], 2

H¥, X(B), Z(B) A XMBHETE e, e, LM, HHBAH 1078m/s?, & XM
THiR. Hthsce E L.
XtF Block]l B E,

X (B) = (0.01sin(B) — 0.08sin(2B + 0.9) + 0.06 cos(4B + 0.08) — 80)/M ,
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Z(B) = (~0.2sin(2B — 0.3) + 0.03sin(4B))/M ,
%t F BlockI, BlockII A TLE, |
X(B) = (0.265 sin(B) — 0.16sin(3B) — 0.1sin(5B) + 0.07sin(7B)/M ,
Z(B) = —0.265 cos(B)/M ,
# T Block I R TLE,
X(B) = (~0.15sin(B)0.25in(3B) — 0.2sin(5B))/M ,
Z(B) = (0.15 cos(B) — 0.1 cos(3B) — 0.2 cos(5B))/M ,
A+ BANTDELEHMOSHLOENAE, M ATEFRE
2.3 SRXYZ #KE

REEE A AR

= s 7 (A SRP(1)- X(B) e, + SRP(2) - Dy € +A-SRP(3)- Z(8) ), (3
rs—rT
HHA1, X(B), Z(B) AKMHBH EFE e, e, i LJFHAT, HEAH 1078m/s2, & X
TR HteZ¥E XH L.
*tF Block 1 T &,

a

Ty

X(B) = (~4.55sin(B) + 0.085in(2B + 0.9) — 0.06 cos(4B + 0.08) + 0.08)/M ,
Z(B) = (—4.54 cos(B) + 0.20sin(2B — 0.3) — 0.03sin(4B)/M ;
Xt F BlockII, BlockII A T,
X (B) = (~8.96sin(B) + 0.16sin(B)) + 0.10sin(5B) — 0.07sin(7B)/M ,
Z(B) = —8.43cos(B)/M ;
¥} F BlockII R &,
X(B) = (—11sin(B) + 0.2sin(3B) — 0.2sin(5B)/M ,
Z(B) = (~11.3 cos(B) — 0.10 cos(3B) — 200 cos(5B)/M ;

AF BINIELEHOCSHEOHBHIE, MAITERE. TTUEFH, F BlockIl T
B, A A A E RS SRIED % T10 A4S E4E3h 78R, Xt F BlockII, BlockII
A TE, FwA#AN T20 XHES EEs R,

2.4 SRDYB %
HAMEE T HAXN:
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o ﬁr|2 - Do - [SRP(1) - ep + SRP(2) - €, + SRP(3) - eg] , (4)
g —

a

Ts

K:P’ €B = €p X €y, ﬁﬂh%ﬁ%llﬂi-

2.5 BERNE %)

BERNE #%, BERN1 #iAIDI%& BERN2 #EIZH Bern KFETEMEH+ L
(CODE)1992 4F ARy S B4y 6. b BERNE BIANKHAE 3 Moy LA H
RSN, R SEETE 3 Maior i AR R REUAR 3 MRl R AR 3
S @

AR E T HEAR R

(12

Ty = |_'rg——ur|7 - [D(u)-ep +Y(u)-ey + B(u)-eg], (5)

H,
D(uw) = Dg - [A- SRP(1) + SRP(4) - cos(u) + SRP(5) - sin(u)]

Y (u) = Dg - [SRP(2) + SRP(6) - cos(u) + SRP(7) - sin(u)] ,
B(u) = Dy - [SRP(3) + SRP(8) - cos(u) + SRP(9) - sin(u)] ,

AP, SRP(), (i =1,2...9) HFEESH, « EXCHIEEHETE LEAXSAHALE,
HSHe X L.

2.6 BERN1 ##/

BERN1 #AENA N KFHE ST ETE ep, ey, es, €, e; §I LFEEE BT EHRIHHRN.
BRI BATE ep . e, . ep3 BF MM KPS EHR3IM RYPLLFGX 3 BT
RETRN R B es, e, B LA ARSI RECRERSHUE T

B B EA R

a?

o = s jf‘lz - [D(u,B) -ep +Y(u,B) - ey + B(u,5) -eg+

(X1(B) - sin(u — up) + X3(B) - sin(3u — ug)) - ez + Z(B) - sin(u — ug) - €z] , (6)

He,

D(u, 8) = A-(SRP(1)- Do+ Dc2 cos(28)+ Dca cos(48))+(SRP(4)-cos(u)+SRP(5)-sin(u))-Do ,
Y (u,8) = SRP(2) - Do + Yo cos(26) + (SRP(6) - cos(u) + SRP(7) - sin(u)) - Do,
B(u,8) = SRP(3) - Do + Bc cos(28) + (SRP(8) - cos(u) + SRP(9) - sin(u)) - Dy,
X1(8) = X10 + X1¢ cos(28) + X1ssin(28),

X3(8B) = Xap + Xac cos(20) + X3ssin(28),
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Z(B) = Zp+ Ze2c0s(28) + Zs2sin(273) + Zcg cos(48) + Zsa sin(45),

K, FEXHKHAMTIENETENEEA, HtSHEeEXFALE RPHERES
PEMEHE, £ 254 T Blockll # Blockll A TE&AMREAE.

%2 AERBEDRHMM
Table 2 Parameter values of BERN1 model

Parameter value(10~°m/s?) Parameter value(10~%m/s?)

Dco ~0.813 Yco 0.067
Dey 0.517 Bc —0.385
X10 -0.015 Zo(Block IT) 1.024
Xic -0.018 Zy(BlockIT A) 0.979
Xi1s -0.033 Zca 0.519
X30 0.004 Zsga 0.125
Xsc —0.046 Zca 0.047
X3s —0.398 Zg4 -0.045

2.7 BERN2 5!
BERN2 S8 X #7 2y ECOM #A, HIANKMEHETE e, e, $1 L AR

7.
PRSI AR
T |1~Ta-27|7 -[D(B) ep +Y(B) - ey + B(B) - ep+
(X1(B) - sin{u — ug) + X3(0) - sin(Bu — ug)) - ez + Z(B) - sin(u — up) - €z] , (7)
H,

D(B) = A+ (SRP(1) - Do + Dc2 cos(28) + Dcy cos(48))
Y(8) = SRP(2) - Dy + Y cos(28),
B(B) = SRP(3) - Do + Bg cos(26),
X1(B) = SRP(4) - Do + X10 + X1c c0s(28) + X15sin(28),
X3(8) = SRP(5) - Do + X30 + X3c cos(26) + X3ssin(24),
Z(B8) = SRP(6) - Do + Zo + Zc2c0s(28) + Zs28in(28) + Zca cos(48) + Zsysin(48)
APEITSHE XA L a9 RYE BERNL $AL

3 HyELiE

MULEHNBETUES, SRS LT KREESEERRN T M LW TR
E, REWKNSHEXURSEANYEIER. AT ARXREN ERBAEGPS T
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Fig.8 Comparison of orbits by different models (absolute value of the difference)

%3 FRHRENHME

Table 3 Performance-evaluation of different models

Model SPHRC SRDYB SRDYZ SRXYZ BERNE BERN1 BERN2
1.61 1.47 3.99 -5.23 -0.05 —0.04 1.26

0.65 0.66 0.01 2.32 0.00 0.04 -0.15
-0.35 -—-032 -104 -041 -0.02 -002 -0.26

Average
value of

difference(cm)

7.19 6.98 7.86 23.25 1.84 1.82 2.20
7.35 6.88 8.32 23.25 2.34 2.33 2.67

X

Y

Z
Standard X 9.96 10.04 10.73 25.34 1.91 1.89 2.39

error of Y

Z

difference (cm)

M ERBGEH R R

(1) BERNE, BERN1, BERN2 3 fiRIBE@RIFNV A TR T ES, HE
BB EE 1-2 MEKRES;

(2) SPHRC ., SRDYB. SRDYZ. SRXYZ 4 FE% 4 a0i6 5 i, 3 HHR
RISMEEARSE, BEREAMARARE, PUENE TRMEHD.

(3) ¥ BERNE . BERN1 W#BBZR S, G- MU BEEMAHEIER /D
(1072 cm B4R), R &N EHEMRULEYE.

(4) B JLRBER T X F MM ZERH —EMNRE, REX 4 FRAFEERK
BIBLRLR 2.
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Solar Radiation Pressure Models for the GPS Satellites

CHEN Jun-ping? WANG Jie-xian!-?
(1 Department of Surveying and Geomatics, Tongji University, Shanghai 200092 )
(2 Key Laboratory of Modern Engineering Surveying, State Bureau of Surveying and Mapping,
Shanghai 200092 )

ABsTRACT The largest error in currently used for GPS orbit models is due to the effect
of solar radiation pressure (SRP). Over the last a few years many improvement were made
in modeling the orbits of GPS satellites within the IGS. One of the most important factors
for the improvement is the perfect of SRP models. The main SRP models currently used
for GPS satellites is presented. Using different models, it can get the performance of the
models in satellite orbit determining. The results show that new models developed by Bern
University gain almost an order of magnitude better than that of the other traditional mod-
els.

Key words GPS, sun radiation pressure, satellite orbit



