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Abstract: High-precision real-time orbit and clock error are
the foundation of precise positioning. To address the issue of
instability in real-time products from a single analysis center,
this paper studies and validates a comprehensive method for
multi-GNSS real-time orbit and clock products. Experimen-
tal results show that the integrated product from multiple anal-
ysis centers avoids service discontinuity caused by data inter-
ruptions in a single analysis center, with the completeness rate
of four-system products increasing from 27. 53%~99.10% to
99.13%~100%. The accuracy of the integrated orbit and
clock error products is superior to that of most analysis cen-
ters, with an average improvement in one-dimensional averag-

ing accuracy of the four-system orbit ranging from 43.6% to

55.7%, the average improvement in clock accuracy is in
12. 3% ~24.5%; The convergence time and positioning accu-
racy of the integrated product’ s precise dynamic positioning
are comparable to those of the optimal analysis center. Specifi-
cally, the convergence time is on average 42. 1% shorter than
that of a single analysis center. The positioning accuracies in
the east, north and height directions are 2.4 cm, 3.9 c¢cm and
4.8 cm, respectively, with relative improvements of 32%,
14%, and 24% compared to the positioning results of the
analysis center product. The conclusion indicates that the
method proposed in this paper can provide technical support
for real-time high-precision applications of satellite navigation
systems.
Key words: real-time orbit and clock; precise product combi-
nation; precise point positioning; product completeness rate
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Tab.1 Integrity Rate of Real-Time Products/ %

ifj GPS Galileo GLONASS BDS—3
APM 99.10 99. 06 98. 06 98. 85
BKG 93.14 93.23 85.33 —
CHC 97.81 97.81 97.81 97.7
CNE 92.87 92.99 66. 94 —
GFZ 93.65 93.72 85.92 —
SHA 79. 60 80. 57 75.32 27.53
WHU 91.74 91.91 90.62 88. 90
wcCC 100 100 99.13 100
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G35 2R BE i R T AR 2R WKL T,
HARG 45 R W3 2,

WCC LA HE = MR GPS R4 T WHU, Hiflh
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O F= i, S5 B S I 03 AT DL S I S e b R
O H I, GPS,.GLONASS. Galileo f1 BDS-3 £
B PIE P = YRR 22 ) R BE 430 3.0 em 4. 2
cm.3.5 cm A1 4. 8 cm, AHEE T 43 #1043 53] °F 14 4R
FHT 43.9% .43.6% .55. 7% F148.9%,

APM BKG CHC CNE GFZ SHA WHU WCC
Srprs

Bl DREIEHE=ZHREHNFRYE
Fig.1 Averaging RMS of Orbital Errors for

Four Constellations
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Fig.2 Clock Accuracy Among Four Constellations

VU R Ge s 6 b 22 bR vl 22 P T o HE LK 3.
HIXS R Z 80 B bl 636 B 22 ARSI 3947 A [l e
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BBl 22 R R BT o B bl g B SR B R T T
12.3%,24.5%,13.9% #116.2% .

R2 AHHOCHEESFRONERES T E/em
Tab. 2 Orbital RMS of Four Constellations for Analysis Centers and Combined Solutions/cm

e GPS Galileo GLONASS BDS—3

L W | fE W R WMo W %R Rl W kE B
APM 5.0 5.8 3.0 5.6 5.7 1 6.3 5.6 2.6 8.1 7.1 5.0
BKG 4.7 5.6 4.4 6.8 7.2 6.6 6.9 5.5 3.9 — — —
CHC 4.5 5.2 4.9 7.8 7.7 6.2 5.6 5.4 2.7 8.8 8.2 5.4
CNE 4.8 5.9 4.7 7.7 8.0 7.2 6.5 5.4 3.7 - - -
GFZ 7.8 6.1 4.0 9.8 8.9 6.4 18.8 17.1 13.8 - - -
SHA 7.5 10.9 9.4 14.4 14.7 15.9 11.9 8.3 8.9 20.3 16.8 15.9
WHU 3.1 3.3 1.6 5.2 4.9 2.6 5.3 4.6 2.5 6.0 4.9 5.4
WCC 3.3 3.3 2.4 4.2 3.8 2.4 5.2 4.6 2.4 5.6 4.8 3.9
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Tab.3 Improvement of Combined Clock Compared to the
Individual Products/ %

o3 .
0 GPS GLONASS Galileo BDS—3 YA
APM 11.5 12.0 10.4 1.9 9.0
BKG 9.6 21.5 16.3 — 15.8
CHC —18.1 —1.5 —8.4 18.8 —2.3
CNE 37.5 17.8 33.5 — 29.6
GFZ 44.8 61.4 45.8 — 50.7
SHA 24.1 35.0 16.9 46.2 30.6
WHU —23.2 25.3 —17.0 —2.0 —4.2
HI{E 12.3 24.5 13.9 16.2 18.4
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BE 48K 54> GNSS il 3% : ARHT (F§ % )
BOGT.CHPI(m £ M) .GCGO (LM ) NKLG
CHES ), 10 R 2 SO 3000 8540 1A 3 T oo 25 45 7
) 5E 7 T RE o 5 VA B0 B GPS .GLONASS .
Galileo 5 BDS-3 VU & 48 XU TG ML B 2 4 & (GPS:
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3:B1I/B31) , £ 46 kb 3 18] B% ok 30 s, B 1k = B Mol
7T VR LR M WS SCk (21 ], 1B 3R 48
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= SHA
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Fig.3 Positioning Convergence Time for Real-Time

Products of Analysis Centers
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Fig.4 Positioning Error Sequence of BOGT Station
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Tab.4 Statistics of Positioning Error for Real-Time

Products of Analysis Centers/cm

B .

s & it =

APM 3.3 4.4 5.8
BKG 2.7 4.3 5.4
CHC 2.3 4.2 4.9
CNE 4.2 3.6 5.9
GFZ 9.4 7.2 12.2
SHA 6.3 7.8 12.1
WHU 2.6 3.2 4.7
wCC 2.4 3.9 4.8

SYRT R A AR B T SE R 7 IR S5 0 i b i
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R VB N7 el I g gl L
26.9%~53. 4% , H AT 8038 FLAS 43 A1 o0 S5 7
Bl 4 5 | B 0 5 07 AS o 6 FIORS B RS S e . AR SO
J5 AT R T GNSS 5k B S R 45
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