5549 B 4
2021 4% 4 H

A B K “F 2 4 CH A B R0
JOURNAL OF TONGI UNIVERSITY (NATURAL SCIENCE )

Vol. 49 No. 4
Apr. 2021

NEHS: 0253-374X(2021)04-0554-07

DOI: 10. 11908/j. issn. 0253-374x. 20086

FEHIREYFE GPS D ESE AT rIN FH

ERE, ot B
(B2 2z 5 PR AE BL2E B, IR 200092)

WE: DEMNEEZWEREMEZERERZ — §X
AN [FIHZ LTt O R UL S 2, 3 438 R 1o 14 R 5 L 7y
2L A BEPLEL R . R 56 4> IGS (International
GNSS Service ) B vl WL B e e 55 T2 0 22, OF AT 5E (2
IGUE, Z5RFW B2k b 22 AT 4 R SRS Bl 2
ATk A S A R R b 2y 5% . A IGS T2
Pl 2% B BB IR 1 2 A 5R, 10 AN v, 7 /3 sl i
SIS ) 5 78 (SRS B A 0t WSSO AR A TR e e BT
X 1) A7 B8 485 R RO I i ] 98 78 Y0 | A N A T el e v T A
86.55%

KRR TR 2 R s 2L (PPP) ; B HILAE 7R
FEDES: P228.4 NHEAFRERD . A

Application of Stochastic Model in GPS
Satellite Clock Estimation

LI Haojun, YE Zhen

(College of Surveying and Geo-Informatics, Tongji University,
Shanghai 200092, China)

Abstract: Satellite clock affects the positioning accuracy
the most. Based on a study of the pseudorange
different
corresponding phase variance, a reasonable stochastic
model was established. The GPS data from 56 IGS stations

were connected to estimate the satellite clock and to

observation accuracy of receivers and

analyze the positioning performance. The estimation
results of the satellite clock based on this method prove to
the positioning accuracy improve about 5% in comparison
with the traditional clock estimation method. The
stochastic model was employed to the positioning solution
using the IGS satellite clock. Within 10 stations, the
convergence time and positioning accuracy of 7 stations
improved significantly. Compared with the traditional
fixed weight method, the convergence time improves

about 78% the most, and the positioning accuracy
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improves about 86.55% the most.
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Fig.3 Static PPP results using different clock products for AMC2 station
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Tab.2 Static PPP results using different clock products for AMC2 station

il /h r ! 5 URE St/ 2%

N E U URE N E U URE (T 19)
2 0.0159 0.0235 —0.029 1 0.040 6 0.0159 0.0234 —0.029 0 0.040 5 0.19
4 0.0115 0.016 4 —0.0050 0.0207 0.0114 0.016 3 —0.0051 0.020 6 0.42
6 0.009 4 0.016 4 —0.0131 0.0230 0.009 4 0.016 3 —0.013 2 0.0230 0.16
8 0.007 8 0.0209 —0.0156 0.027 2 0.007 7 0.0207 —0.0155 0.0270 0. 66
10 0.006 5 0.019 3 —0.016 4 0.026 1 0.006 5 0.0191 —0.0164 0.026 0 0.67
12 0.005 2 0.0124 —0.0194 0.023 6 0.005 2 0.012 3 —0.0194 0.023 5 0. 30
14 0.004 8 0.016 4 —0.020 3 0.026 5 0.004 7 0.016 2 —0.020 3 0.026 4 0.58
16 0. 000 6 0.007 7 —0.012 3 0.014 6 0. 000 6 0.007 5 —0.0124 0.014 5 0.57
18 —0.000 6 0.007 2 —0.0108 0.0130 —0.0007 0.007 0 —0.0108 0.0129 0.63
20 —0.002 1 0.005 5 —0.0057 0.008 2 —0.002 0 0.005 4 —0.0058 0.008 1 0. 64
22 —0.0016 0.004 9 0.002 5 0.0057 —0.0017 0.004 7 0.002 1 0.0054 5.07
24 —0.0014 0.004 1 0.004 8 0.006 5 —0.0014 0.0040 0.004 4 0.006 1 4.83
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Fig.4 Static PPP results using IGS satellite clock for LCK4 Station
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Tab.3 Static PPP results using IGS satellite clock for LCK4 Station

A/ « i ¢ I

N E U URE N E U URE (AT o)
2 0.004 0 —0.0095 —0.0322 0.0339 0.0039 —0.006 7 —0.0183  0.0199 41.34
4 0.0025 0.0015 —0.009 7 0.0101 0.002 2 0.003 2 —0.0040  0.0056 44.73
6 0.0021 —0.0006 —0.009 8 0.0101 0.0021 —0.0009 —0.0076  0.0080 20.97
8 —0.0007  —0.0041 —0.017 3 0.017 8 —0.0008  —0.0043 —0.0157  0.0162 8.95
10 0.0007 —0.0051 —0.014 7 0.0156 0.0006 —0.0052 —0.0132  0.0142 9.16
12 —0.0002  —0.0064 —0.0208 0.0217 —0.0003  —0.006 4 —0.0195  0.0205 5.73
14 —0.0014  —0.0053 —0.0254 0.026 0 —0.0014  —0.0053 —0.0243  0.0249 4.25
16 —0.0020  —0.0059 —0.0227 0.0235 —0.0021  —0.0058 —0.0217  0.0226 4.12
18 —0.0029  —0.0057 —0.0201 0.0211 —0.0030  —0.0055 —0.0193  0.0203 3.96
20 —0.0027  —0.0051 —0.0182 0.0191 —0.0027  —0.0050 —0.0174  0.0183 3.88
22 —0.0022  —0.0046 —0.016 6 0.017 4 —0.0022  —0.0046 —0.0160  0.0168 3.70
24 —0.0018  —0.0044 —0.0155 0.016 3 —0.0019  —0.0044 —0.0149  0.0157 3. 64
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Tab5 Static PPP results for 10 stations
j . R URE 2t
i ¢ ¢ /%
N E U URE N E U URE N E U URE (¢ &%)
AMC2 0.0011 —0.0014 0.0231 0.0231 0.0010 —0.0014 0.0234 0.0235 0.0005 —0.0007 0.0081 0.0082 64.77
AUCK —0.0091 0.0318 0.0257 0.0419 —0.0091 0.0319 0.0261 0.0422 —0.0082 0.0237 0.0017 0.0251 40.00
BRMU 0.0006 —0.0097 —0.0087 0.0130 0.0018 —0.0421 —0.0126 0.0440 0.0005 —0.0040 —0.0082 0.009 2 29.46
BRUX 0.0021 —0.0031 0.0044 0.0057 0.0023 —0.0016 0.0033 0.0043 0.0023 —0.0024 0.0030 0.0045 21.65
CHAN —0.0008 0.0237 —0.1026 0.1053 —0.0006 0.0238 —0.1017 0.1045 —0.0023 0.0119 —0.0073 0.0142 86.55
COCO —0.0047 —0.0011 —0.004 3 0.006 4 —0.0049 —0.0021 —0.004 3 0.006 9 —0.0049 —0.0026 —0.004 3 0.007 0 —9. 06
LCK3 —0.0001 —0.0044 —0.0179 0.0184 —0.0001 —0.004 6 —0.016 8 0.0174 —0.0001 —0.0043 —0.0169 0.0174 5.50
LCK4 —0.0018 —0.0044 —0.0155 0.0163 —0.0019 —0.0051 —0.0149 0.0159 —0.001 9 —0.0044 —0.0149 0.0157 3.64
LHAZ —0.0015 0.0030 —0.0092 0.0098 —0.0015 0.0029 —0.0093 0.0099 —0.0015 0.0032 —0.0094 0.0101 —3.36
MATI —0.0020 0.0007 —0.0463 0.0464 —0.0023 0.0091 —0.0465 0.0474 —0.0019 —0.0037 —0.046 2 0.0464 0. 04
F6 10MTEEHEXER
Tab.6 Related information for 10 stations
s Bl KLk RMS
AMC2 ASHTECH Z—XII3T AOAD/M_T NONE 1.137
AUCK TRIMBLE NETR9 TRM57971. 00 NONE 0.978
BRMU LEICA GRX1200GGPRO JAVRINGANT DM NONE 0.348
BRUX SEPT POLARX4TR JAVRINGANT DM NONE 0.514
CHAN ASHTECH UZ—12 ASH701945E_M NONE 1.133
COCO SEPT POLARXS AOAD/M_T NONE 0. 364
LCK3 LEICA GRX1200+GNSS LEIAR25. R3 LEIT 0.412
LCK4 LEICA GRX1200+GNSS LEIAR25. R3 LEIT 0.407
LHAZ LEICA GR25 LEIAR25. R4 LEIT 0.802
MAT1 LEICA GR30 LEIAR20 NONE 0.577
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