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Tab.1 Specific parameters of GRACE-FO, SWARM and SENTINEL satellites
PR BUIE R/ km BB /) K&k PCO/mm
GRACE-C 192.0 89.10 —6.30,253.90, —476.97
GRACE-D 192.0 89.10 —1.07,260.04, —476.18
SWARM-A 480.0 87.40 —7.82,330.50,—471.00
SWARM-B 530.0 87.80 —7.98,319.40, —471.00
SWARM-C 480.0 87.40 —9.82,322.00,—471.00
SENTINEL-3A 814.5 98.65 —413.00,1 372.00, —870.00
SENTINEL-3B 814.5 98.65 —416.00,1 378.00, —870.00
SENTINEL-6A 1 336.0 65.90 7.00,942.00,—1 185.00

B TR 35 RO FORS 5 B0 7 T A RR U
fit K J= 19 3 3% B s SENTINEL-3 Al SENTINEL-
6 F I TLE A KOs . B 4% A 8 GPS I Galileo W
DN ESCHE | TR 2 25 B L BOKS % U TE 7 i, AT A
AF e B 25 ] AR S R G0 AR,
22 TR

S48 GNSS WL o % Bk AR A hacs 1Y 07 23
ST 7 N A TTIRGTA A 11 S IR ol R VARG ST
(mean antenna phase center, MAPC){E iy H 5
PIRAE . MAPC 5 LA 2 2% 5 (19 [ % B 25 Bk
KA O Jf 22 (phase center offset, PCO),
M H: 55 15 B AH A7 0 19 728 Ak 5 ) S R ZeAH

GRACE-C
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180°

SENTINEL-3A
00

315 45° 315¢,

270°% a0 90° 270°f

225 . 135° 22598 135°
180° 180°

Fig.1

A SCHEX 8 T LEO T JE 4745 2% 52 Bk,
KT — B E B L AR O B g — 1k
ST B 2 A A S A B T L B3 T RO K
2R PANDA 358 . P &5 9 GNSS T
FRE B EIE B0 22 LU K OSB 7 it 249 T RO 5
B0 (CODE) % A B e & 7= i . B %t L,

90° 270°

90° 270°

fir #1028 {1k (phase center variation, PCV)#!,
ARCHETF TR PCO {H I 5% 25 357 X 4800k 48 47
ST A P 56 i 3 22 AT A TR 30 e 22 ok AR AR
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J5 2 RERE A RORE IE K £ AR A7 0 I A% T B k2
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fiitiy 8 B LEO LA PCV BRI 45 F, vl LU FH
H.GRACE-FO £%I1y 2 B TLEM PCV L3 &
FH A 6 LR, M SWARM 5 SENTINEL %
S DR PCV BN, Ui W HAE 12 17 o 7 rh K4
AR 07 B IR S, AT DU R0 D R B iR 25
i kA 0N

3152
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180° 180°
SENTINEL-3B

OO
315¢ 4-10

SENTINEL-6A

. -30
2259

180° 180°
K1 fti# GRACE.SWARM.SENTINEL T & PCV ##l
Estimated PCV models for GRACE, SWARM and SENTINEL satellites
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Tab.2 Antenna PCO correction value of LEO satellites
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TINEL-3A =B EAREHEW T A, #17H T
PCV BiIE Ry R S8, 45 R ANK 3 s, " LLE
L S0 PCVBRIE BB % A7 204 FHIR B T & 1Y e
MUK BE 0 2 78 AR B [ e A rh ROR TSl B
#. LI SENTINEL-3A TL& i, 76 i J] PCV
BRSO GRS 2.4 em 427 2 2.2 cm.,
FEMEEMMN 1.0 cm & 0.9 cm, N T
GRACE-C TLA , HC 8 7€ fif ks B2 45 3 B W 003
M 1.7 em $BTFZE 1.5 em, i SWARM-A T A )
FEFKG BEAE PCV BUIE T 5 & A 2k, X £ 2 2
Tz LA A S REAMN 0O &R RE,
HPCV {EA F & /N & 2) , H I 47 80 IE BT >k
s LT AT DL 2 . ZRGOR A, LR 45 R IR
TASC AR PCV AR A (19 A %0k, TiE RS
1) R Z AR B IE S22 em GOk % € B ]
B — 2,

3 #REITR

3.1 EHEEEDH
A3 T UPD 1 OSB W 25 7 i SR 8L 12

%3 PCV3 LEO IEEHEEMHZMT L
Tab.3 Comparison of the impact of PCV on the

POD of LEO satellites

THE J PCV 1 PCV

AR ¥ MU/ om B AR/ om 94U /em B R /om

GRACE-C 1.9 1.7 1.9 1.5
SWARM-A 2.4 1.7 2.4 1.7
SENTINEL-3A 2.4 1.0 2.2 0.9
SR HEAT RO FE 18] 7 43 B, b RO B T E 2
VEWASZOr B RS 8., a3k 4 WTRIAE
Vi, R B2 [#] S A< 4 T 100 06, R B AL

e T 5 25 AR RO B ﬁlmzﬁwxﬁéﬁﬂ“&m
KAV B AFE A — & W 3. KL GRACE-C #
GRACE-D T A N, H 7= 8 B0 B [ 2 <A e
Vi A5 AR 2 [ 2 2k B0 A Ry W] W, 3 el 22 S T R
Z R E LR G5 RSB E
FeE M RZm, (EHASE M, SENTINEL &% 1
BT AR O BE [ E 2 R AL T SWARM
ZY TR, fln, 5T UPD ™ 5B B [ 2 )5
SENTINEL-3A #il SENTINEL-3B K % #& 1 B
B [ 43 5 98.17 %0 1 98.16 %6, B i v T
SWARM £ %1 TR Y 94.92% ~96.37% ., X &£
B SENTINEL £ 41| T8 6 45 4 MO )3 1 22 7 1fi
B
®4 AEFRHOFHEHERERST

Tab.4 Statistics of average ambiguity fixing rate with

different products

TR UPD 0SB

Ak CHEAE /R /% CHEAE /R /%
GRACE-C 96.32/82.97 95.88/82.16
GRACE-D 96.89/81.67 96.50/81.16
SWARM-A 100/94.92 99.96/95.40
SWARM-B 100/96.37 100/96.28
SWARM-C 100/95.87 100/95.13
SENTINEL-3A 99.92/98.17 99.92/98.13
SENTINEL-3B 99.96/98.16 99.96/97.63
SENTINEL-6A 99.49/94.11 99.41/94.73

32 ET UPD FmHIHMESRITMH

SRy e B S RS BE 23 DR I AR 5 T UPD
7 A B Y [ E SR B 2 BUIE (precise
science orbit, PSO) AT ILHL, Kl 2~4 FIk 5 Ji&
RTINS BRI (A) ¥ m (C)  f8 11
(RO FT =4k (3D) J7 [n] L ¥4 J L% 2% (root mean
square, RMS),
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3 GRACE-C GRACE-D ﬁliﬁ&% RMS 23'Ei.‘]'
g 2r r Tab.5 Statistics of average orbit differences RMS for
2 mm_l um_._l float and fixed solutions with UPD products

0 LEO DE RS #X  YIE/em #%A/ecm £27] /em 3D RMS/em

3

TSR 1.6 0.9 1.1 2.1

£ 2t GRACE
S n I [ 1.0 0.7 1.0 1.5

N TTITT R A raanl sam 16 00 12 o

SWARM

3 FEEM 0.9 0.8 1.5 1.5
£ WM 14 0.7 08 1.8
=l I SENTINEL

0

3 FR A — JE N I A BB i RMES F- 34 {8 43
52 A+ 0 52 A 252 T 99 A5 00 1 9 1) A 1

I B N
- o m R RIA B EERT . GRACE-C [&E fi# R

95 96 97 98 99 100 101
DOY

95 96 97 98 99 100101
DOY

Kl 2 %F UPD ™ GRACE-C/D iF it 5
[f] 7 i BLIE 1% 22 RMS {H
Fig.2 The orbit differences RMS of GRACE-C/D float
and fixed solutions with UPD products
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Abstract: Based on the methods of low Earth orbit (LEO) satellite orbit determination and inter-sat-
ellite single-difference ambiguity resolution, this paper utilizes uncalibrated phase delay (UPD) and
observable-specific signal bias (OSB) products to achieve precise orbit determination for eight LEO
satellites, namely GRACE-C/D, SWARM-A/B/C, and SENTINEL-3A/3B/6A, and evaluates the
impact of these two products on orbit determination accuracy. The results indicate that both products
achieve a nearly 100% fixed rate for wide-lane ambiguities; except for the GRACE satellites, which
have a narrow-lane fixed rate of approximately 85% ., the remaining satellites achieve rates close to
95%. Ambiguity resolution significantly enhances orbit determination accuracy, with the fixed solu-
tions obtained using UPD and OSB products showing comparable three-dimensional accuracy,
reaching 1.5 cm, 1.7 cm, and 0.9 cm for the GRACE-FO, SWARM, and SENTINEL series satel-
lites, respectively, representing improvements of up to 50% compared to the float solutions. Addi-
tionally, a multi-system analysis of the SENTINEL-6A satellite reveals that the fixed solution accura-
cy for the combined GPS/Galileo orbit determination is 0.9 c¢m, representing improvements of 10%
and 18% compared to single-GPS and single-Galileo systems, respectively. This study confirms that
ambiguity resolution can effectively improve the orbit determination accuracy of LEO satellites and
provides a reference for future research on orbit determination for large-scale LEO constellations.

Key words: low Earth orbit (LEQ) satellite; precision orbit determination (POD); ambiguity resolu-

tion; uncalibrated phase delay (UPD); observable-specific signal bias (OSB)



