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Datum Optimization Method for Satellite Clock Batch Estimation

HUANG Weiquan' LI Menghao' ZHANG Jian' WANG Renlong'

1 College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China

Abstract: Objectives: Ultra—rapid satellite clock products constitute the prerequisite for providing high-
precision precise point positioning (PPP) services to users operating under limited or unstable network con-
ditions. The stability of satellite clock estimates, which is strongly influenced by the choice of clock datum,
plays a critical role in determining PPP positioning accuracy. In conventional ultra-rapid satellite clock
batch estimation, a single fixed receiver clock is commonly adopted as the reference datum. However, re-
ceiver clock noise inevitably introduces instability into the reference clock, thereby degrading the stability
and reliability of the estimated satellite clocks. Methods: To address this issue, an optimized clock datum
method based on quasi—stable constraints of receiver clocks is proposed. The method constructs a robust lo-
cal barycentric datum for a group of receiver clocks by introducing quasi—stable constraints weighted according
to the accuracy of receiver clock models. By reducing the dependence on a single reference receiver and miti-
gating the impact of receiver clock noise, the proposed datum enhances the robustness and stability of satel-
lite clock batch estimation. The method is integrated into the satellite clock batch processing framework to
improve the overall quality of ultra—rapid satellite clock products. Results: One month global positioning
system satellite clock batch estimation experiments were conducted using global tracking network observa-
tions. Comparative analyses between the traditional fixed single-receiver clock datum and the proposed opti-
mized datum were performed for different satellite types, including BLOCK IIF Rb, BLOCK IIF Cs,

BLWE . [{KEASTE R (2021YFB3901300) ; F % [ A& R4 3 4 (62373117)
F—EE W DRI B T M N A S0, huangweiquan@hrbeu.edu.cn
BIEES 80 1. Imh950605@qq.com



%551 &5 34 o TAAE . T3 2 Ak TR 0 o DA T i 577

BLOCK IIR Rb, BLOCK IIR-M Rb, and BLOCK III Rb. The results demonstrate that the satellite clock
model fitting accuracy is improved by 43.10%, 1.73%, 23.47%, 16.34% , and 47.49% , respectively. In
addition, the frequency stability at 1 000 s is enhanced by 9.59%, 0.04%, 0.35%, 0.33%, and 11.22%,
while the frequency stability at 10 000 s is improved by 11.53%, 0.60%, 7.62%, 4.83%, and 18.21%,
respectively. Conclusions: The proposed clock datum optimization method effectively suppresses the ad-
verse influence of unstable reference receiver clocks on satellite clock batch estimation, particularly under
unfavorable conditions where receiver clock stability cannot be guaranteed. As a result, the stability of ultra—
rapid satellite clock products is significantly improved, which in turn enhances satellite clock prediction per-

formance and PPP positioning accuracy. This method provides a robust and practical solution for high—preci-

sion PPP applications relying on ultra-rapid satellite clock products.
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Table 1 Strategy for Satellite Clock Batch Estimation
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Fig. 1 Global Network Station Distribution for Satellite Clock Batch Estimation
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Fig. 3 Satellite Clock Batch Estimation Accuracy Before and After Clock Combination
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Table 3  Satellite Clock Batch Estimation Accuracy for Different Satellite Types/ns
. N BEHNZERMS PEHESTD
ML MsERE2 WEGRES S1 bRl MEERE2 WIUGRES 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 III Rb 0.33 0.23 0.23 0.22 0.17 0.17 0.17 0.17

M & 3R 3A A, 8 24 A M ar s 16.10% M1 13.76%, STD 43 4 & J+ 15.37% .
BLOCK IIF Rb, BLOCK IIF Cs.BLOCK IIR 3.39%.11.39% ,12.29% M1 0.28% . it H &4
Rb.BLOCK IIR-M Rb fl BLOCK III Rb ) T & (i) 3000 35 E b Ak BHRAV 1 %) T i 2 R A 2 R
Bl 22 RMS 43 51 48 7+ 11.12% . 5.62% . 4.43% . WA T g —h 25 BRME  RR A AU TR B A K
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Table 4 Satellite Clock Model RMS for Different
Satellite Types/ns

TPRER J T4 e 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

E SR 4nFH,GOSH G10 i) T 4h 2
READRE R T 1 ns, FoH A TR (9 T8 P 2s 55
KB 22, Tk WG T 1 b 25 STD AR F 0.10 ns,
X 32 B PR R X R AR Cs BT, Hopeh 22
Wh R R, RO 2 MR AL A R R 2
AT S1,S83 BLOCK IIF Rb,BLOCK IIF Cs.
BLOCK IIR Rb, BLOCK IIR-M Rb il BLOCK
11 Rb Ay TL B B 22 A5 R0OKS B2 43 5] 48 T+ 43.10% .
1.73% .23.47% . 16.34% H1 47.49% , S2 Fl S3 1y
TR b 2 ARG B R Y o 3 U B AR SCRT R 2k
BILS 1 Jrg 3500 7 O R 7 LU A% 0 [ 7 B0 42 O WL o
E Y T o 22 RRE A T 5 L e A
T8 Y 1Y) TR b 22 R KO AE Y

S Tk — 2 56 UE A ST 4 O VA 4R T TR b
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S BE 2 A A D A i 0 R A7 M S S ) 1Y) D% 3
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Fig. 6 Frequency Stability at 1 000 s and 10 000 s Under Different Clock Datum Strategies
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Table 5 Frequency Stability at 1 000 s and 10 000 s for Different Satellite Types

) TR RRE /10 7 T RPAR R E E /10 1
TR JE T h 2 1
S1 S2 S3 S1 S2 S3
BLOCK IIF Rb 0.5134 0.469 7 0.464 2 4.240 3.722 3.751
BLOCK IIF Cs 6.017 2 6.017 2 6.0150 18.720 18.607 18.608
BLOCK IIR Rb 2.9514 2.940 8 2.9410 5.651 5.171 5.221
BLOCK IIR-M Rb 2.7711 2.7619 2.7619 6.723 6.394 6.398
BLOCK III Rb 0.440 4 0.397 4 0.390 9 3.150 2.570 2.577

O Bk L AE 16 i O el b 22 SR E D) S 1 R 1 A R e PR A SCR H D G (8] 22 43 6 4 BT B b 22 30
Gl 22 3% S ARG, 1 T B T U0 I 7 AL g T HARN ¥ 28 i 2 (boundary discontinuity bias,
B2z RRCE MR . S VEAR LN B 0 A Ak TR B 25 1 BDB)" % kv Fomh
82’“““"““3(1'(,,1',):% ;liK]ISt"‘““‘(i,i+ 1)+;2§;8t“““”(i,i+ 1)
B Ses  gpsesses, ( i“ i,-)* Bi.\',scsl,scsz ( i” i,-)
i, B2 TR #h 2% BDB ; ses, 42 Aij 1 A9 UL I 7 ; AN B, AT G T A 25 B ) 4 0 T AL 25 AR
ses, F2: Ji T (9 LI B 5 K, S R T W8I 7 6 1 o0 B EPER . £ 6 n F M T S2, S37
B Ko o2 I DU 2 1% g oo BB (7, 0+ 1) 2 i ot BLOCK IIF Rb, BLOCK IIF Cs, BLOCK IIR
] 2 43 5 0> (4, i) 4 WA D 6 i 5L Ak 1) 10 2 e Rb.BLOCK IIR-M Rb #1 BLOCK III Rb T & 2
25 Ji JCIR 28 43 5 08 (d,, i) 2 W 2 3 S Je R AL B 22 BDB 4 5l B AR 5.17 % . 4.05% .
() T2 S 2 I35 1) 22 43 08 5.27% 4.79% F14.96 %6 , iX Ut W A< SC 5 ¥ e 4 T
HR4E TS 20 BDB i 5 ik, a2 4 A 46 L0 i 320 5 Ak o) TR A 22 34 Sk T A UL U
THEE PR ) P 22 KR SR W 119 T AL 22 BDB 51 7 T i1 S AR ) T AL B 25 R KT
Frows A Ta] TR 2R TR 40 22 BDB 48 1145 3 4n 2.5 $hEFN I PPP #E E LM

(15)
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PLAP XS TR B 22 BDB Y520 . HE AL AL FRAL TE T P 22, R T b 2 R MRS R X

B 7 FTE O R B 2 5 o O W 1 AF AE it Ak 38 AL TE A TR P 2% HEAT B 22 BN S0 . AR
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Fig. 7 Satellite Clock BDB Under Different Clock Datum Strategies
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Table 6 Satellite Clock BDB for Different Satellite Types/ns

PR J e e A 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 111 Rb 0.43 0.41

W (prediction, P) . & 8 F1Z& 7 A 1, GOS F1 G10
TR 2N STD ¥ K F 1.5ns, 8 i 7 H

S A3 B W 7 T B S BOph 25 AL B K T
DK B2 Ik . 5 S1-P AH L, S3-P 78 AN [l 1A 2%
A b AP 2 RMS 43 5148 = 23.77%.0.27% .
5.16% . 5.95% M 47.73%, STD 4 4] #2 &
38.89%0.0.34% .12.31% .7.19% #1 57.30% . 5
S2-P #f H , S3-P ) RMS 42 & 3.01% . F F%
0.68% 4 5 5.27% .13.45% F126.17% ,STD ##
B 12.59% .0.01% . 8.57% . 13.63% A1 27.14% .
G5 LW AR SCAE RS 0L I 7 3 B AL TR 25 R
FEME I R , JE— 2D SR T T TR B 25 TONORG B

Bh Z TMIRMS/ns
T

Bl Z TMISTD/ns
T

G01 =1
G2 =
G03
G22I
G2 =
G24
G25 &=
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Fig. 8 Satellite Clock Prediction Accuracy Under Different Clock Datum Strategies
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Table 7 Satellite Clock Prediction Accuracy for Different Satellite Types/ns
) ) RMS STD
TRZER JE T g 2
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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Table 8§ Statistical Results of PPP Positioning 3D RMS
for Different Predicted Satellite Clock Products/m

3k S1-pP S2-p S3-P IGS-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
PIEL 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
S H A 0.73 0.57 0.46 0.43

i 89 f1 3k 8l LLE H, S1-P . S2-P il S3-P
(1) PPP & 0K BE B 78 o0 K G, ik 3 02 R S i
AL B 2 TOUINORG B A, AR 4 Rb BRI AR £ Cs o
14 e 22 TS B2 STD 43 5 7€ 0.2~0.5 ns F1 1.6~
1.7 ns WG Bl . 2% S1-P.S2-P,S3-P #1 IGS-P
(4 43 K 9 PPP 2 0K B i T IE #JE 2 0 A H T
S1-P I S2-P, S3-P #y PPP & i K J& 43 51 4% 7+
35.55%0 F118.70% o 3X i B A= SC T 4 7 vk AE 4 7
R b 2 R M K B R L, RE R T LT
T RS2 PPP E RS
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