#6453 SLE L5 7T Vol.6 No.3
2019 % 5 A Navigation Positioning & Timing May 2019

doi:10. 19306/j. enki. 2095-8110. 2019. 03. 012

GNSS DEHEMITEERESH

ot B FRE

(R BF R 22 55 o BRAE B 22 B, LI 200092)

W OERTTONSSTEEAZMAHHARRE AR FERAMBEALE P — X8R K, A B ALK
56 AN IGS SR 35 35 69 UL S A& AT 4F 246 3H LB o T AP 2 F o 9 B 5 T Ao fE ., vA GPS 2 4
HAERAB LA Z2 725 IGS RAME L Z4P 2 F583F AEK T 0.04ns(25 0.012m) , £ Z % 4F
EMAURIEEZRTEANR, ATHEZZSRITHELER MR E, RBEERAN, £ LK
2 )5, # A5 PPP EA AL K 3G L4 E A 0.0582m.,0. 0466m.0. 1188m;3h & PPP £ & . X
3 ATy LA E A 0.0671m,0. 0640m,0. 3200m, EAz4E R 5 IGS s A5 F4F £ B 2 RAF 6 83F,
KT EZ R E TR T RIE T AR R LR E St B AR,

KB LEHZ/ BT R REMRBE N E L ER

FES3ES.P228. 4 XEkIRERD . A TRl = GAIRERS)FRIRE (OSID) .
XEHE.2095-8110(2019)03-0088-07

Estimation and Result Analysis of GNSS Satellite Clock Error

YE Zhen, LI Hao-jun

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

Abstract: The basic principle, processing method and some key techniques in GNSS satellite clock
error estimation were discussed. The observation data of 56 IGS tracking stations around the world
were used to estimate the satellite clock error, the accuracy and positioning performance of the
clock products were compared and analyzed. Taking the GPS system solution as an example, the
clock product was in good agreement with the final precision satellite clock of IGS, and the accura-
cy was better than 0. 04ns (about 0. 012m) , mutual differences of multi-system clock error results
were better than sub-ns. Based on the satellite clock product, the precise point positioning solution
test was carried out. The test results showed that after the positioning convergence, the accuracies
of static PPP in the three directions of E, N and U were: 0. 0582m, 0. 0466m, and 0. 1188m; the
accuracies of kinematic PPP in the three directions of E, N and U were: 0. 0671m, 0. 0640m, and
0. 3200m. The positioning results were in good agreement with the final precision clock error cal-
culation results of IGS, indicating that the difference between them was small, which further veri-
fied the positioning performance of the calculated satellite clock products.
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Tab. 1 Strategy of the GNSS satellite clock error estimation
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Fig. 1 Distribution of the 56 stations used in

GNSS satellite clock error estimation
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Tab. 2 Comparison of deviation for multi-system satellite clock

(M-STD is Mean STD, M-D is Mean Deviation)

GPS GLONASS Galileo BDS
M-STD/m 0. 0072 0. 0083 0. 0066 0. 0069
M- D /m —0.0097 —0.0114 —0. 0091 —0.0093
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Tab.3 Comparison of convergence time for

GPS satellite clock positioning

N 1GS i 22 /i RIA 2/ min
e ##4 PPP Z% PPP W PPP #)% PPP
BJFS 32 31 36 39
BOGT 11 31 15 31
LHAZ 26 48 30 55
MASI1 16 10 18 14
MDO1 20 27 20 34

NVSK 11 31 13 32
POL2 20 44 25 46

SHAO 36 32 41 31
WILL 24 41 10 43

ZAMB 14 29 16 34
Mean 22 36 22 36
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Fig. 4 Comparison of GPS static PPP

results for BJFS station
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Tab. 4 Comparison of SPP RMS for
GPS satellite clock

RMS/m 1GS 2% ph 22 AR SCAL 4 22
E 0.3516 0. 3808
N 0. 4466 0.5037
U 1. 4750 1.4979
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Tab. 5 Comparison of convergence time
difference for GNSS satellite clock position
(G-GPS.R-GLONASS . E-Galileo,C-BDS)

4 PPP B PPP
I5f 8] /min
R E C G R E C
2017/10/25 3 4 3 5 2 2 3 3
2017/10/26 5 3 4 3 4 4 5 5
2017/10/27 4 6 5 5 4 3 4 7
2017/10/28 2 4 6 6 6 3 3 2
2017/10/29 3 2 3 3 3 4 2 3
Mean 3.4 3.8 4.2 4.4 4.8 3.2 3.4 4.0
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Tab. 6 Comparison of SPP RMS difference for
GNSS satellite clock

RMS/m GPS GLONASS Galileo BDS
E 0.0292 0.0951 0.0542 0.0358
N 0.0571 0. 0344 0.0266 0.0673
u 0.0229 0.0316 0.0382 0.0425
3 i
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