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Abstract Because of its dynamical features, orbit parameters of the Geostationary satellite (GEO)
are strongly correlated with clock offset parameters in Precise Orbit Determination (POD) when using
the L-band pseudorange data. In order to solve this problem, clock offsets of the satellite clock as
well as the receiver clock are introduced, which are obtained by unattached observation technology.
Therefore, the pseudorange data could be converted to ranging data. This paper discussed the GEO
POD principle based on pseudorange data with the support of clock offsets, and analyzed the POD

accuracy using simulation data from China regional tracking network. Influences from the clock
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offsets as item and errors of the satellite clock offset, stations’ clock offsets and systematic errors

were analyzed both theoretically and quantitatively.

Key words Satellite navigation, Precise orbit determination, Time offset,

Time transfer, Pseudorange

0 5|7

GEO TLE & YL2Hs 5 B Sl R s B s 7]
B, ) GEO D E PR LN RKAH 7.
— % L TR A AT R B A% 52 3] 5 R 1Y R
i, GEO TLE MR R IR B LU L T ANE, Hh
T BEM S 2R R 55 2R 2
KA GEO BB ARBAKBEN R IRE.

HHl GEO TLEW AR HENNEARLEZGW
i, BREE  CMIBE R OB BE I B X T2 T h R
¥ GEO TLEE ¥, 75 Ui ook B4 & 3h
ZEHATAE A, T AL s R] [ A A0 T e ] 2
SRR, R, TR ShZE RN h 2 e 2493 GEO
PEEYHEEE. BR, REMTERY, TEIREG BEAM
BATETE N 25 RS FIIEBR GEO LRSI ESH Y
BB R MR ST, (2, M1 HA GEO #
PRy RN, ZET (hEER GEO TR L
s A 25 A 176,

CHk [3] % GEO ILEE#H, #HiE4 SLR
5 C BBEERMEMEP TS BT C HKE
BRI SR B AR M, HHUEM S EY
9 0.133m, L ERSEELT 5m, LI T BASER GEO
PRYENE. (L2 ZuEMAFRRRE, C ik
Bt RAMBERARTCIRTESM T RS Z N, 1
MBS R BEAR AL 548 2 GEO TUR I E $Ay
HIEBA.

AT VI GEO TR EHHE, 4
At T GEO TR @ HLoRHS, IR1E T 472 IR,
BRI RI2ERE B .l (e B[ [R] 25K B N R G 22 %6
PRl 3% 8 UK BE R s, R T RE 444 T GEO
TEMERTE

1 HARFE

1.1 fHEEEHRE
L 352 B O REATL A e 0] B o 2o X e WL By A

A5 5 LRGS0 O BEALAD AT AH G AL, Skl =& 15
SN EEF BB AR i, AR
T

P;r =R+ c(Tsta — Tsat)'i‘
CTdelay + ADtrop + A-Dion + ADrel+
ADant =+ ADtide + €. (1)

XA, R B UAIBEES; 7oea A1 752 2351 4 MG B0
M TR Tacay AHRAFABE, H1E TEZ S
SEFTIM S BEW I HE; A Dyvop M1 ADion 73 AX IR
M BRER; ADra N SCHXIRIIE; ADane 4
TEFIM G REAOL O ZE; ADviae AHERIAY
BUE; e ARRIRE.

TE_LRIRZE T A, 4% B HE R A AS T 2 BT i
W, BEEILE 2B TR MEERRE
RN GRRFMMERESEAGR, @A
HATBIE, HERA KRG, T hENE, &R
Fl Sasstamoinen %Y BB R IERIRZEET] DIK AL
RSB EO0UR O BE SR T B B A AT 1
LA R AR AL U 22 ] AR PR LR T~ 24
HATRARUEIE, T SRR B E T H BRI 97 B iR
ZIB AR A TB .

1.2 FhEER

XT38 F1%4 5 LR, S R R IR S SR
TG FE J2000 BiEFRT, FEA T REMI A
IR T T 2 g o =848, BB LE M .0
5177 Atworbody TRSESHD) Agray FIARRSF F71H5
3 Anon-grav, B

A= Atwo—body + Agrav + Anon—gravv (2)
Gme
Atwo—body = - 3 r, (3)

Agrav = An + Ans + Atide + Aro + Arel; (4>
Anon—grav = Adrag + As + Ae + Arad~ (5)

A, Gume HHERTITTHEG r W DEMERE; A,
BN KRGS Ans AMERIFEREES; Avae FIWHE



I OAEF LZHREAEIHBLEMH T GEO L EMHELH

3, WA ERE . DD Ay AR5,
YT GEO TLE, Z#3h Wil LIZRE; As AKHE
SRS EED): A BRI RS B Aa K
BEAEES ). Hri, #ERT 3R A 10 x 10
B JGM-3 #iAY, fTEHFE KA JPL DE403 &3, &
HAADR ] TAUSO ALY, K RH Y AT 3R I R 4 5
AR A T AT 5AT Box-Wing L8, B f43 J) >R
T IERS96 7.

o TR 1 PUE ERRETR, IR
BAAE B2 DA LI 5 3 B 2 A7 L DS AR FRATRE BE . 7%
BRI 2 REBIAL R 2258, X TR T Db IR GEO
BEEHEA, BEMAGsZEEARIT, FEE
it Fof (7] ] 25l () s RD [R] 20 B9 Sk, R, RS2
MG Sh 2 24 2 CEO TR EHRE L.

2 R Ko i

2.1 HEEH

KRN 3T TR ph 22 R0 I ol Bh 2 R A T
¥ GEO TLEE BRI, X 84°E GEO T E iy Dy A
I IR] o] 20 B HEA T O FOTH S, B i) ] e BR B vl e 5 L
IR WA BEL SESTIRUR . BRI TR 7
AHUE R ER. 2o, B/ 4 Dl R S, FHm
WRPECH, )5 3 el dEmIEE . R ER 5 E
RERTRAGE RS TR 1, KW, a0, ar Ml az 2710H
PhzE. PhE S E

RS, R EEShE#EITE, HS
¥ oap = —1000m, a; = —1.0 x 10719571, ay =
—1.0 x 10~ s-s72, 24 TR 55 3 1 S2 BUR ] [R5 )5,
TR FT LI HER RS

®1 (HIEIRERUGIZER

Table 1 Information of pseudorange
tracking stations
g HE ao/m ar/(ssTl) az/(ss72) EEMERE /m
1021 Jb=E 0 0 0 0.2
1041 FE 200 1.3x10~' 1.3x10°18 0.2
1061  Mgff+ 300 1.4x 107! 1.4x10718 0.2
1071 BB 400 1.5x107' 15x 10718 0.2
1091 FF¥FFME/R 500 1.2 x 10710 1.2 x 10~17 0.2
1101 JFE/R¥1 600 1.3x 1070 1.3x10~17 0.2
1111 T 700 1.4 x 10710 1.4 x 1017 0.2

407

2.2 TDEENSSESHFREME T hIEKE
# GEO T

EHEF IR GEO 3, 4 D ulilal et e
] 25 3 1) DR BE R 102 A 25 Rl b 225 )5, R
w3t RSB AT, A VE R Hofth Oy EE s b 224
ARSI hrmE, B, TR S 2RI 4P 22 0k B &
B GEO LR EHINGEE.

TP 2 W] ok AR ] R 25 BORE B 3K .
XA R WA B B, s b 22 4 mT
PAIE et A ERE ] 25 B AR . DRI, R Oh
PR B 2 B AR, 1 S T B A O BE TR A 3L
TEBNZEREW, AR5 XTI [ 250k 69 OhBE T Rl h 22
BT R, 33K AP o ) ] 205 0 SR A8 s WL
2.2.1 $EBEMNEHRENZ TS

T EShEFph Z R E EHE GEO T
EEYRE. ZRASHREME A TR FH &R
HIRE I, 7E LSRG S22 LA B AR] E %
HIRZE, RIGHITEHIRE, BHINK R 34, S
TS TEVPKHICESE (FHMMEHMN),
DARSHR] ] 25 vl AR R 22 e 5 2 R 448, 29RBLAE
— 4 BRI A2 B E S (a0, a1, a2). T 2 FIH
T 4 ForE, HorE A-1~A-3 43 B125 8 T AR B
ZREBLTHEYREE, TR A-4 5T G
HEEMERWEPRE.

NFE 2 FREYRBIETTLLE ), BT HERN
Ry ETERER M, 3ns PP22IRZES A GEO LEHIE
RIREMALEIRZE S F4 1.113m Al 11.744m, 4
Bkt RS ZMAGTE, PEARME EERHE
P, HALER AR . HI, 5 R sem s
W HAR I A B R, SRR EEESRILT 2ns.
2.2.2 $EEZRIMMEMRBENZ ST

EHEFOUIER) GEO @i, A0 Rt H]
A 25 Sl B D P A A T, DL, o 2 LA g
SR E R YRS

HT AR W5 B AR, EEIRAR R 34,
EAZHAE TR, KEGESE (F 0T
PEI), PR E R AR5 TR 3.

R T G AS [ o 22 g S SR X 2 IR P
R R A I EEIR T R A, K HA K 0, £ 3
BT MR RSP E LR, 14T A
T E R

ME 1 FIR 3 MZERUEL, F%£ B1 5



408

F%R B-2 MRS 22 FAE T X Bh 22 R T A
i, FE B-2 RN EMALERES AN 8.280m
M 28.812m, EHFREN 21.016m, H 2B H AL
R . G5 RFH, P2 KT GEO LA
EPREEARAREM, Y a =12x 10 7ss72, —R
B IRIRE] 26.86 m, RAYEMILE] 107.42m, =
BRI E] 241.70m, RIIL, AT LA .

Chin. J. Space Sci. =TRAFFR 2012, 32(3)

2.2.3 JEEHEIRS R E SRR
AETET DOBEH) GEO S, BRI 453 6t
TURGUBHEFT T HREIH, 2 AR L5 Oy
HURI TR A WA 71, T Adkr el
S S BE S BB AR T 5 .
RS A TR, SR T i
EPRARSLATAT, R 3 d, it SRt

® 2 SHEIREMNENREHRE

Table 2 Influences of the clock offset errors on the POD precision
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Fig.1 Precise Orbit Determination residuals of strategy B-2
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Table 4 Precise Orbit Determination(POD) precision results of different strategies
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Table 6 Precise Orbit Determination (POD)
precision of different system errors

in Beijing station
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Table 7 Precise Orbit Determination (POD) precision results with the

support of station clock offsets
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