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Tab.2 Comparison of the frequency stability of the three selected Galileo satellite clocks
i Bt 1(2024-04—2025-03) B 2(2025-03—04)

PRN

=100 s =1 000 s =10 000 s =100 s =1 000 s =10 000 s
El4 1.45X10°" 2.13X10 " 9.67x10 " 2.50X10° " 6.52>x10 " 9.70xX10 "
E18 6.26 10" 1.83 10" 2.69x10" 5.79x10"" 2.33X10°" 1.87 X107 "
E21 8.61x10 " 1.82x10 " 1.17 X107 " 8.45X10 " 1.75X10° " 1.12x10°"

B A B P A B Ah AR SO R T AR R
BT R A2 B Ar M. T 10 Ca) AT 10 (h) 43 51 R
2025-03-04 F1 03-08 W E Z T8 2245 K . WA
L0 AT L, R4 El4 5 E18 T R H# # PHM
Ji - AR O R AR E VE 22 S W L E14 LA B
FoOE EERUE I E18 M hiE 2 MBS, JFAE100 s
Ja F G S Y B R PR ¥ . 3X 5 0.63 hJE]
WM B AL, M2 T,.E18 A 600 s
ZHTRRE ERAEEMh T ERRHE DR

E21, M7E WA REE |, E21 T AR AT
EE18 TESTE 1 000 s Bl T i B« f 7 4
fELH 1000 s g E N 2.84 X107, HEI10(b)
Al WL EL4 TR B 7E 2025-03 H 2 Bk 4% J5 Fa E
W EUGE PR IR G O B R e R 2 1
MR, (EAEE RS, HAE 4 000 s B L 2
P MPE” G, B 2 )5 F o BE BT 0 B ]38 i i
Wi AR 2% .

1040
107” L
Hd
R 10" i
@
=
\‘4\1[1 107”- -\\-—- \\
HEH \
10" [—=— fia F[—w— E14
—&— EI8 —a— EI8
E21 E21
107" . : = ; j
10' 10° 10° 10* 10' 10° 10’ 10* 10°
U E] /s S EE/s

(2)2025-03-04

(6)2025-03-08

B 10 Frikr 3 i Galileo T EJE FEMES Allan 2%

Fig.10 Overlapping Allan variance of the selected three Galileo satellite clocks
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Tab.3 Statistical results of kinematic PPP for the five selected stations
S1 S2
) 3k
W Bt B / min E/cm N/cm U/cm s S5 Hs) 18] / min E/cm N/cm U/cm
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NANO 234.50 5.20 0.90 23.20 234.50 5.25 0.90 23.18
WILL 31.00 5.00 2.28 21.84 234.00 2.67 1.89 20.73
S 156.70 4.19 2.09 20.08 202.10 3.75 2.63 19.74
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Abstract: In this study, 1 216 consecutive days of ESA precise clock products (January 2022 to April
2025) were analyzed by combining clock-fit parameters, frequency-stability metrics, and spectral
analysis to assess the long-term behavior of the onboard clocks. Results show that E14 experienced
three phase jumps and two frequency jumps during this period, more frequently than nominal
circular-orbit satellites. Following the frequency jump in April 2024, its frequency drift and fitting ac-
curacy deteriorated markedly: residual peaks exceeded 10 ns, and an anomalous periodicity of about
0.63 h emerged with increasing amplitude and no evident secondary component. The frequency stabili-
ty simultaneously worsened, showing oscillatory behavior near 100 s. After another frequency jump in
March 2025, both residuals and stability improved, with stability reaching 2.50 X 10", 6.52X10" ",
and 9.70X10 " at 100 s, 1 000 s, and 10 000 s, respectively. No dominant periodic term was ob-
served afterward, but the drift exhibited a systematic bias, and a “dip” feature appeared near 4 000 s.
In contrast, the co-orbital E18 satellite maintained stable performance throughout the same period,
with fitting residuals confined within £0.2 ns, no significant high-frequency periodic components,
and frequency stability comparable to that of nominal MEO satellites, showing no anomalous behav-
ior.

Key words: Galileo; eccentric-orbit; E14; E18; clock offset polynomial fitting; spectrum analysis



