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Abstract Aiming at the accuracy of the GPS satellite clock bias service the real-time precise point positioning

(PPP) currently, a method for real-time estimating the satellite clock bias based on the basis of IGU (IGS Ulira-

rapid) predicted orbits is put forward. In this method the un-differenced carrier phase observations of global refer-

ence stations is used to estimate the real-time clock bias. Numerical calculation results show that most of deviations

between the estimated satellite clock bias and the IGS final product are less than 0.3 ns, and the average accuracy

is better than 0.2 ns; with the real — time estimated satellite clock bias, the static accuracy of PPP can achieve 1 —

2 cm, but also the accuracy of zenith tropospheric delay (ZTD) ,can reach to millimeter level.
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Tab.1 IGU orbit and clock products
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Fig. 1 Diagram of application of IGU orbit product
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Fig.2  Flow chart of near calculation real-time of satellite

clock bias
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Tab.2 Error correction models for un — difference data

processing
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Tab.3 Settings for priori standard deviation and process

noise
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Tab.4 RMS of deviations between the positioning results
from three kinds of sat. clock bias and SINEX

product (unit:m)

—_ TR
Bk 1GS it 1GU
Jt(North)  0.001  0.006  0.008
BIFS  Z(Fast)  0.002  0.011  0.030
B(Up)  0.004  0.009  0.018
Jt(North)  0.005  0.008  0.025
KUNM % (East)  0.011  0.008  0.081
B(Up)  0.003  0.021  0.049
Jt(North)  0.004  0.008  0.007
LHAZ  %(East)  0.002  0.009  0.022
B(Up)  0.006  0.017  0.011
Jt(North)  0.004  0.009  0.007
SHAO  Zi(East)  0.002  0.008  0.020
B (Up)  0.005  0.007  0.023
Jt(North)  0.012  0.016  0.005
WUHN  Z(Fast)  0.016  0.021  0.031
®(Up)  0.010  0.005  0.012
Jt(North)  0.004  0.008  0.019
¥ #(Fast)  0.006  0.011  0.033
B(Up)  0.008  0.016  0.025

3.3 7ZTD BFEL®

B7 g5 T AT AL T 22 1A URUM 2 —
K ZTD LR 2k 1GS-ZTD 3R 1GS A i
ZTD j7 iy, 2R IGF-ZTD IR H] IGS FeZ )™ ik T
PPP {1551 ZTD , i1 £k EST-ZTD i 5 T Ak 18P 2511
B ZTD 2553, 2k IGU-ZTD AT IGU 7 it 5
() ZTD, MW 7 ANHEF H, IGS fie 287 S iH 5 1
(IGF-ZTD) Fifliit#h 2271151 (EST-ZTD ) 45 45 1k
BFEEAR 3, BN 1GS A Ky ZTD 7 it A 22
RN AT 5 mm, i IGU 7= 5y 5 0 ZTD A5 fk i
#5 1GS-ZTD AR AH 25 58K, TEAR 22 15t 220 1 3 11
ZEBET 1l em, HE3 em R £, I HH Fohs
AE A BERLYE , 3T 1GU TR 4 22 A7 AR B R 1 Bk
B, Fe 25t i IGU-ZTD A7 AE A0, A Bk 1 Bk
BRI

222
[ EECRCU—— TN SR—
7Z foeweses . : :

DALY W S

§2.18

.....................................

7 ——IGS-ZTD
217 ffememmemees —IGF-ZTD
Al e ——EST-ZTD
——IGU-ZTD
215 b e e
0 2 4 6 8 10 12 14 16 18 20 22 24
t/'h

K7 4 Fh TR 22T Z2TD 45
Fig.7 Calculated ZTD results from the four kinds of satel-

lite clock bias

TP, AR TCU HUR b 22 K5 1 24 3
ns, AT AR A2 0.9 m ({9 BE 2% , (N S50 4% S ]
DT, R (0 ZTD 6B S 3R AT B
2K, 33 S R g 7 A I TR o 22 g el 5
TR AER UL 2 AR BIBORI I 55 550,
i T S0 T AR S , 332 05 WL 2 A (AR
W T AR TR S 22 S

4 ik

GPS S AR 2 P gt 78 (37 H R 5 B el 1 S st
TAREBIE B 22 B . BAR IGU 4R ™ & i) 3
A DL AR SEET PPP T (U2 H R TR B 22 4D
T R SR PPP RS ISR . B FRATT4E T
—FE SR I GPS TR Bh 22 A0 5 i - il A AE2E
HL 0 2 B I A 7 2L A ORI, 31 TGU Bl 7= i A
S5 i X 28 B3 ST ST AR IR B ) TL A 2, 5K
B ABR 13 A5 5345 1 1GS S 25 3l W 44k
SRBUR TR B0 22 5 1GS Fe 257 (M EL , D 22 FE AR
/NTF 0.3 ns P T 0.2 ns, 35 E] T IGU 7 kil
W RIS NG R . UE— AT R I, T AR S
MG T BT A5 A T3 o 22 ] DA R R K 2 A5 S e
PPP 5 (i 23R, [a] I 7T 3845 22 K 90K B2 1) PPP-
ZTD Z5 5% WA, 32y TR 776 W 69 H 8] ( day-
boundary ) # 2 Bk BR 91 42, 3% £ B2 A B R 24K
( HL BRI ) oI, 3 — [n) A R B R 2 Y
S HTIESE
Bt R 1GS AR 69 A sE AL K 4% Ao IGU 7
RZBARFT B KT SN T &R0
HxH,

1 Gao Y, et al. Point real — time kinematic positioning[ A ]
Sanso F. A window on the future of geodesy[ C]. Berlin;
Springer, 2005, 77 - 82.

2 Bar-Sever Y, et al. Space applications of the NASA global



116

R 5 R Bl ) o

31 %

differential GPS system [ A ].

Portland, Oregon, USA, 2003.
Agrotis L, et al. Real time GNSS processing at ESOC ; Infra-
IGS Workshop 2008 [ C ].

Institute of navigation [ C ].

structure and initial results [ A].
Miami, Florida, USA, 2008.
Hauschild A and Montenbruck O. Kalman - filter — based
GPS clock estimation for near real — time positioning [ J].
GPS Solutions, 2009, 13(3) . 173 - 182.

TG, ZER, 2B GPS TR AR R 5 TR A 5T
[J]. M2zRl~=, 2010, 35 (2): 36 —39. ( Wang Qianxin,
Li Li and Gong Youxing. Study of GPS satellite clock’ s be-
haviors and prediction [ J ]. Science of Surveying and Map-
ping,2010,25(2) :36 -39)

Zheng 7., Chen Y and Yi Z. A Study on the prediction of
GPS satellite clock bias with IGS ultra-rapid products-prelim-
inary results [ A]. FIG working week [ C]. Hong Kong,
China, 2007.

FKANEL, G TR 22 5 P o022 0 P ARG TR o T
B2 85 43 #7 [ EB/OL]. 2009 [ 2010 ]. http://
www. paper. edu. cn/index. php/default/releasepaper/down-
Paper/200908 — 237. ( Zhang Xiaohong, et al. Comparison
and analysis of estimations of precise satellite clock error
based on non-difference model and the epoch differential
model[ EB/OL]J. 2009[ 2010 ]. http ://www. paper. edu. cn/
index. php/default/releasepaper/downPaper/200908 —237)
T3], 55 ) IS R 4 LR R G AP AE R [T ]
BB 4l (fF BB RO, 2009, 34 (11) ¢ 1271 -
1 274. (Shi Chuang,et al. A wide area real-time differential
GPS prototype system and the initial results[ J]. Geomatics
and Information Science of Wuhan University, 2009, 34

10

11

12

14

16

(11):1271 -1274)
Ray J and Griffiths J. Status of IGS ultra-rapid products for
real — time applications[ A]. 2008 AGU fall meeting[ C].
San Francisco, 2008.
Takasu T and Kasai S. Precise orbit determination of GPS
satellites using carrier phase measurements[ A |. The 15th
workshop on JAXA astrodynamics and flight mechanics
[C]. Japan, 2005.
Kouba J. A guide to using International GNSS Service
(1GS) products[ EB/OL]. 2009 [ 2010 ] http://acc. igs.
org/ Usingl GSProductsVer21. pdf.
Abdel-salam M A T. Precise point positioning using un-
differenced code and carrier phase observations[ D ]. Cal-
gary, Alberta: University of Calgary, 2005.
Bar-Sever Y E |, Kroger P M and Borjesson J A. Estimating
horizontal gradients of tropospheric path delay with a single
GPS receiver[ J]. Journal of Geophysical Research, 1998,
103(B3): 5019 -5 035.
Welch G and Bishop G. An introduction to the Kalman fil-
ter[ EB/OL]. 2006[2010]. http://citeseerx. ist. psu. edu/
viewdoc/download? doi = 10. 1. 1. 79. 6578&rep =
repl &type = pdf.
Sedlak J. Comparison of Kalman filter and optimal smoother
estimates of spacecraft attitude[ EB/OL]. 1994[2010]. ht-
tp://ntrs. nasa. gov/archive/nasa/casi. ntrs. nasa. gov/
19940031131_1994031131. pdf.
M-S, GPS 220K % B E (L IR 5L D .
I K2#, 2002, ( Ye Shirong. Theory and its realization of
GPS precise point positioning using un-differenced phase

observation[ D ]. Wuhan University,2002 )

(EEH 110 R)

8

10

11

12

13

14

15

16

Niell, et al. Comparison of measurements of atmospheric wet
delay by radiosonde,water vapor, radiometer, GPS and VL-
BI[ J]. Journal of Atmospheric and Technology, 2000, 8.
830 - 850.
Flores A, Ruffini G and Rius A. 4D tropospheric tomography
using GPS slant wet delays [ J]. Annales Geophyssicae,
2000, 18 223 -234.
Pany T, Pesec P and Stangl G. Atmospheric GPS slant path
delays and ray tracing through numerical weather models, a
comparison[ J ]. Physics and Chemistry of the Earth, Part
A;Solid Earth and Geodesy,2001,26(3); 183 —188.
Vedel H and Huang X. Impact of ground based GPS data on
numerical weather prediction[ J]. Journal of the Meteoro-
logical Society of Japan, 2004, 82(1B) ; 459 —472.
Nillson T and Gradinarsky L. Water vapor tomography using
GPS phase observations; simulation results [ J ]. IEEE
Transactions on Geoscience and Remotes Sensing, 2006,
44(10) ;2927 -2 941.
Bender M and Raabe A. Preconditions to ground based GPS
water vapour tomography[ J]. Annales Geophysicae, 2007 ,
25(8): 1727 -1 734.
Galina D, Gerd G and Christoph R. First experience with
near real-time water vapor estimation in a German GPS
nertwork[ J]. Journal of Atmospheric and Solar — Terrestial
Physics, 2001, 63, 1 295 -1 304.
PRI 55 . Mk GPS 1& R UKIR & R AR Z /T[T ]
22417, 1998, 27(2) ; 113 - 118. ( Chen Junyong. On
the error analysis for the remote sensing of atmospheric wa-
ter vapor by ground based GPS[J]. Acta Geodaetica et
Cartographica Sinica,1998,27(2); 113 -118)
e, GPS MR HR MBI S AT D], &
WK, 2005. (Qu Jianguang. Theory and application of

17

18

19

20

21

22

23

GPS meteorological remote sensing[ D]. Wuhan University,
2005)

L F e GPS Bl fili i R AUnI ek 0 [ D] i
K2, 2003. ( Zhang Hongping. Estimation of PWV using
ground-based GPS data[ D]. Wuhan University,2003)
L5 4F. M GPS B B H [ Bk AR LT ] 5
DURSA 24 (fF B4R , 2007, 32(2) @ 152 - 155.
(Wang Yong,et al. Retrieving change of precipitable water
vapor in Chinese mainland by GPS technique[ J]. Geomat-
ics and Information Science of Wuhan University,2007 ,32
(2). 152 -155)

B, BRkd, ZE0AE. GPS e KA 4 X 1 Ei 2k
JPERTFE LT ]. AR 24, 2006, 27(6) : 1 132 -
1 135. (Cao Yunchang, Chen Yongqi and Li Binghua. De-
termining atmospheric absolute humidity by GPS[J]. Chi-
nese Journal of Scientific Instrument,2006,27(6) ;1 132 -
1135)

ERBIFE A HERG GPS RN IR 2 7K YR8 £ A9 1 56 F
L] MRS F 41 ,2008,19(4) ; 412 -419. (Bi Yan-
meng, et al. Tropospheric water vapor profiles using GPS
network in Hainan [ J]. Journal of Applied Meteorological
Science ,2008,19(4) . 412 -419.)

Niell A E. Global mapping functions for the atmosphere de-
lay at radiowave lengths [ J]. J. Geophys. Res., 1996,
101 3 227 -3 246.

Davis J L, et al. Ground-based measurement of gradients in
the “wet” radio refractivity of air[ J]. Radio Sci. , 2003,
28. 1003 -1 018.

it 2 Bl 2/ 25 B SE AR TeiP P FELS T 20
K*,2009. (User’ s Manual Precise of Dynamic. Static
point positioning software trip [ S]. Wuhan University,
2009. )



