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Abstract: Objectives: The ultra-rapid satellite clock product is the premise of high-precision Precise Point Posi-

tioning (PPP) service for users with limited network. The satellite clock stability affected by the clock datum is cru-
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cial for the positioning accuracy of PPP. The traditional clock datums fix an individual receiver clock for satellite
clock batch estimation. However, the reference receiver clock is unstable caused by clock noise, which will reduce
the stability of batch estimated satellite clock. Methods: By constructing quasi-stable constraints weighted by the
receiver clock model accuracy, an optimized clock datum is constructed based on the robust partial barycenter datum
for receiver clock group to improve the stability of satellite clock batch estimation. Results: One-month GPS satel-
lite clock batch estimation experiments based on global network observation data have been implemented. By com-
paring with the traditional and the proposed clock datums, for different satellite types of BLOCK IIF Rb, BLOCK
IIF Cs, BLOCK IIR Rb, BLOCK IIR-M Rb and BLOCK III Rb, the stability evaluation results have revealed that
the satellite clock model accuracy is improved by 43.10%, 1.73%, 23.47%, 16.34% and 47.49%, respectively. The
frequency stability of 1,000 seconds is improved by 9.59%, 0.04%, 0.35%, 0.33% and 11.22%, respectively. The
frequency stability of 10,000 seconds is improved by 11.53%, 0.60%, 7.62%, 4.83% and 18.21%, respectively. Con-
clusions: The proposed method can effectively reduce the impact of unstable reference receiver clock on the stabil-
ity of satellite clock batch estimation, and improve the stability of ultra-rapid satellite clock product. The accuracy of
satellite clock prediction and PPP are then improved, respectively.

Key words: satellite clock; batch estimation; clock datum; stability
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Tab.2 Satellite types and atomic clocks of onboard satellites
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BLOCK IIF Cs G08 G10
BLOCK IIR Rb G02 G13 G16 G19 G20 G21 G22
BLOCK IIR-M Rb G05 G07 G12 G15 G17 G29 G31
BLOCK 111 Rb G04 G14 G18 G23
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Fig.3 Satellite clock batch estimation accuracy before and after the clock combination
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Tab.3 Satellite clock batch estimation accuracy for different satellite types

TBRBNEREE RMS(ns) PREZREEE STD(ns)
TR JE R
DERE 1 IR 2 5 3 S1 R 1 TR 2 MR 3 S1
BLOCK IIF Rb 0.14 0.14 0.14 0.12 0.06 0.06 0.06 0.05
BLOCK IIF Cs 0.21 0.18 0.18 0.17 0.09 0.09 0.09 0.08
BLOCK IIR Rb 0.35 0.33 0.33 0.32 0.05 0.06 0.06 0.05
BLOCK IIR-M Rb 0.10 0.13 0.13 0.09 0.05 0.05 0.05 0.04
BLOCK 111 Rb 0.33 0.23 0.23 0.22 0.17 0.17 0.17 0.17

MK 3 Mk 3 AN, MEHAMETRE AR TERBE PR Z RMS /23T 11.12%.
5.62%- 4.43%- 16.10%H1 13.76%, STD K&E 3 l#EFt 15.37%- 3.39%- 11.39%- 12.29%F1 0.28%. i#
I A A F S A A T TR B 22, R eh 2 B o iE s —ph = 5, e dR T AT 2
EA TR RN ZE RMS F1 STD FEEE . X2 B T S 22 20 A Al v T A AR BRI T2 B 22 (M ) i el 22
ZEFAHO P 2w 22, FEm SR R AP 2 1) RMS A1 STD K B .
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A5tes‘st,ref (I) = Aé‘tesst,ref (IO) + zASt:st,ref (I) - z Dest,ref (I) (13)
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Fig.4 Single-differenced satellite clock sequence for different clock datums
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Fig.5 Satellite clock model accuracy for different clock datums
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Tab.4 Satellite clock model accuracy for different satellite types
BB ZERIKS £ RMS(ns)
REbSE it JEF A
S1 S2 S3
BLOCK IIF Rb 0.38 0.21 0.21
BLOCK IIF Cs 1.37 1.34 1.34
BLOCK IIR Rb 0.42 0.32 0.32
BLOCK IIR-M Rb 0.45 0.37 0.37
BLOCK III Rb 0.39 0.20 0.20
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M Ak, SR RS B R 25 . MIEL T ST, S3 AN [A) AR SR AL I TR Bh 2= ALK 43 5]
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FERZWCH Ut A Jo 355 B 0 FEE vHE AL G ] s BRI LAk e () TR b 2 R e MK BB B, 5 B e O LB AR
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Fig.6 Frequency stability of 1,000 and 10,000 seconds for different clock datums
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Tab.5 Frequency stability of 1,000 and 10,000 seconds for different satellite types

PERR Rl
S1 S2 S3 S1 S2 S3
BLOCK IIF Rb 5.1342x10°14 4.6968x10°1 4.6420%x10°14 42401101 3.7221x101 3.7510x10°14
BLOCK IIF Cs 6.0172x10°13 6.0172x10°13 6.0150x10°!13 1.8720x10°13 1.8607x10°13 1.8608x10°13
BLOCK IIR Rb 2.9514x10°13 2.9408x10713 2.9410x10713 5.6512x10°14 5.1710x10°* 5.2206x10°*
BLOCK IIR-M Rb 2.7711x10°13 2.7619x10°13 2.7619x10713 6.7226x10°4 6.3941x10°4 6.3982x10°*
BLOCK III Rb 4.4036x10714 3.9742x10°4 3.9094x10°4 3.1502x10°* 2.5701x10°1 2.5765x10°1
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Fig.7 Satellite clock BDBs for different clock datums
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Tab.6 Satellite clock BDBs for different satellite types
PR RPETL FAE LR % (ns)
REVE St JE T2 R
S2 S3”
BLOCK IIF Rb 0.41 0.39

BLOCK IIF Cs 0.49 0.47



BLOCK IIR Rb 0.42 0.40
BLOCK IIR-M Rb 0.44 0.42
BLOCK III Rb 0.43 0.41
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Fig.8 Satellite clock prediction accuracy for different clock datums
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Tab.7 Satellite clock prediction accuracy for different satellite types

TR P ZETONAS B RMS(ns)

PR Z TN EE STD(ns)

PRER JET Bl
S1-P S2-p S3-p S1-P S2-p S3-p
BLOCK IIF Rb 0.62 0.49 0.47 0.48 0.34 0.29
BLOCK IIF Cs 1.84 1.82 1.83 1.68 1.67 1.67
BLOCK IIR Rb 0.66 0.66 0.63 0.46 0.44 0.41
BLOCK IIR-M Rb 0.51 0.56 0.48 0.46 0.50 0.43



BLOCK III Rb 0.46 0.33 0.24 0.42 0.24 0.18
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Fig.9 PPP accuracy for different predict clocks
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Tab.8 Statistical results of PPP accuracy for different predict clocks

PPP & A7A% & 3DRMS(m)

Wk

S1-P S2-p S3-P 1GS-P
CEBR 1.00 0.72 0.60 0.55
CRO1 0.87 0.73 0.54 0.44

HERS 0.62 0.51 0.47 0.44



KOUR 0.53 0.39 0.29 0.26

MGUE 0.54 0.42 0.37 0.36
MKEA 0.98 0.87 0.62 0.57
PIEI 0.97 0.61 0.61 0.54
SPTO 0.54 0.41 0.32 0.33
STJ3 0.70 0.60 0.46 0.44
USN7 0.50 0.48 0.38 0.36
TYME 0.73 0.57 0.46 0.43
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%% 1GS-P, S1-P. S2-P il S3-P 143 K&k PPP ELi K &R T IEH i 2 . AHILT S1-P, S3-P [f] PPP
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3 4B

N T SRTHEE PR TR PP RS E T, ARSI 1T ESL B AR 2 R i B 2 B R AL DTV, 4
5 I R R BRSO L ZE AR FEE AL ) A 2 DU 240 TR RS A () R WSO LB A ) i B0 ik . AR ST
S 22 FEUE LA 7 V2 e PR ARAL G 07 V4 ] 5 Z B R LB AR e v TR S Z A E PERI LI, 4R THttab 2
flitt DR Z R E N, BT R Z RS A PPP EALKEE . 24225 Bl LAE WL & 9 AL
REBANTELEI , AL G TR A ST IR T VL) 5 B S R e s i, 3 B0AS [F) UL T ) b 22 B
KA, B DR ZE AR E . RO R I B R IR A DR E AR M, (XS
EV S LR, S8R S 22 AW B 12 A A AR e MERR AR . AR SRR 0GR e 220 75 )
225 L AR T B T S Z2 A0 PERR A e @, 22 e W DM B AN I 28 51 7 1) 22 B v 1) 46
Xof T e 2 R A AR R

ASCFIFH—A H ABRWEAE AT GPS P AR ZHUAGELAG T35, TR ZEf e a4l RERW,
AT I UEAL T RS TT B R s R et . PR R e MRl S5 BRI, ML T8 E e
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