HEMZE: MEFE hFE RXF

20115 % 41% % 581596 ~601

SCIENTIA SINICA Phys, Mech & Astron

www.scichina.com phys.scichina.com

O 2/ SCIENCE CHINA PRESS

GPS TAEpEpHr #BEIHE

BA, i

AERHUR AR K2 T H B LR BE, JEst 100191
* Bk & N\, E-mail: buaakyh@126.com

WoRR H 1 2011-03-11; #2252 H iH: 2011-04-14

WE ITEHZRIERMAATHN—TELRZZRE, RSURYE IGS I IE 247 GPS T2 4o dp Fust 47 iy
RN, A EMEEMTAESAGE. AERAGE Allan F Z XA T GPS TE FRREMERET
PR AN AERETRDN RO BUGHET LEHZHEM,ENRZ, £, AWHES
B, FEZRAMETORER 2, FIFENGEF RAEEEAZT THENEr EREHA; REAAGE
Allan 77 2 FUE B 7 kA 5 4 7 &% 5 0 B W S L HEALT U R AT ARG XE BT 7 5 R 3R 24T T 2t

b AT DA e A BT 9 AR 5 {7 7 £ B9 IE A 1

77 2281 Hadamard J5 2225 sk LA EAT RS E Fa g

KR TEWHE, B Allan 7 £, ZRABE, FEE, 7 ERE
PACS:  91.10.Fc, 95.55. Sh, 02.70.Uu, 02.60.Cb
1 55

AR T A SH RS, K FE 2 & 5L by b
e R A IsF 1) ) T e ) M A P B AR R e R X
FEMOHL I | 52 A7 N2 R 5 R ] S 3 LR 1
. DEMZEZTESMARGTH EERERLZ
e, R UE T AL P O SR A 1 R e e A
R, SR A 5 1E EL R A B vk R
WL SCFN R G g s 90 HA B2 i

PR SCHR RS, AE T A TR AR Bl b o eT AW
I3 22 Fh 52720 o A A BEAL G R, e 3 SAE
JH ) A2 )8 A AL 90 S 1 5 (RWRM) - AT A A e s
(FFM). 45 (4 e 75 (WEM) I A A 22 i 75 (FPM) Fil
WA AH 18RS (WPM) TP R S R L g T X Se 6
TR 5 LA AN AL P RS 7 4 1F, e AT AR e iy 2
SEARISL, A B Allan 7 22, & 1F Allan

B TR Bl 22 I BEALRE M o] DU IX LR 7 22 B
U b 52 e HE A

ASCRHE IE Allan J5 72 K50 1T GPS 1AL Jt 1~
PURREE, ONMEIE Allan J5 Z AN 5 T SR BT
AR, HL S TR R 2 S
S AR I Ml I A& 1E Allan J7 ZZ X 4 H K, 560 T Allan
5 ZEASBE DX 23 FRAE 1 Ve 7 R0 ARV DR) A e 7 g i g .
BATHe TR Bh 22 4 M b R oy BRI BE LY 70 i, AR
S o 0 0 o A AR ZE HEAT A0 AT . AR 2
B SEAR 4 IGS(International GNSS Service)#2{L 1] GPS
K ms PR B ZE 40, R T 5/ 3 oy BUU G
JiiE, K v R OR O — B G s i B
Gl Femh 2 X, foe TIE2ZE,. Sie. gtk
RS HUE; W T2 IAIUE G IR o, T H

SRR 1, EHA. GPS TR 2T, BRI, PIEERE: WHI%: Ji% RICH, 2011, 41: 596-601
Jiao Y, Kou Y H. Analysis, modeling and simulation of GPS satellite clock errors (in Chinese). Sci Sin Phys Mech Astron, 2011, 41: 596-601,

doi: 10.1360/132011-287




R P it ORI

20114 4148 HS5M

Tl S AL PR R AL R A R, SR IE
Allan J5 22701 T 45 5 FORE [R] B T 25 Fh e 75 73 S ) £
FEL o ARG DL T RESAE GE v R S 1 Fb AR A
PR DR ZERR A, ARSI T P T 22 RN TS
TERBH S E 5 FHEEALEE P81, HfES TEIE Allan
Jr 2N AW e A I 22 8 3K, IRl X — &R
B ox B A T 25 W 5 70 2 (R A ST BB 210 3t
ITE R fe, 07 O s A LI i 3
P, UEH T Z R B IR AT

2 JEF Bl R B I SR 23 A

ST B AR B S (K I SR AL, TR A2 IE Allan
Jr ZEFRIEND

meﬁm%»=%Q%§kxm—xﬂ>, (M
i—0

K () RoRIS T2, 7, T RG, o HUREAS
B, o NIRRT (7 = nz, ), v, 295§ UIBORE A )
B R 7. A IR ) A (L 0] R o ) 2

1 1 n—1 2
2 -
Mod(o (n7,)) = 2—72<{;;x”2n -2x,, + x,} >

1 N-3n | j+n-1 2
= (X2, = 2%, +X)
2n't, (N =3n+1) ; ,Z} : )

(2)

X N O BCRE TR By 7 IR R S5 5, % R i IR
IR S0 53 140 R 1000 AR 358 22

H T TSR GPS AR Al 2 A A e R R
ASCHRAE 2010 4E 8 H 29 HE] 2010 4E 9 H 18 H = )&
(1) TGS A2 1312 A 22 0L W 554t (1F ) (R B >4 30 #0), 1
BT LBU R (4 Bh(Cs £, PRN: 3, 9, 10, 30) 144t
(Rb B, PRN: 2, 11, 12, 22)ZE AR EUREIA] B R (015 1
Allan b#fE22(MDEV), 4558505l un &l 1 F1 2 s,

B T AT BAR H, 6T Cs Bl 4 IUORE [l B £E 30~
3000 s FeAvI, FERIUA RS E YERE (5]
e 10" s BTy RIS LA S IR, A7 46 2 Rl s
5y

HHE 2 a7 W, X Rb Bl IR 30 s HURETR]
i Ak 2 A WA M s 2 B EORE () e 1 388
B Sy R R A DA AR ey 32 S AT 2 EORE [R) B AE

10
— —WPM
----FPM
— WM [

w —FFM

c 107 rwrm

£ ~——-PRN:03

2z ——PRN:09

g | PRN:10,

§ 10 13 PRN:30 ~ Al

3 :

3

b=

o

o 14

2 10

10'¢ il 5 >
10° 10' 102 10° 10¢ 108 108

Averaging interval (s)

B 1 DU Cs 8 EESZEHEEMNBIE Allan FRfEz

Figure 1 MDEYV of four Cs clocks using satellite clock error data.
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Figure 2 MDEYV of four Rb clocks using satellite clock error data.
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Figure 3 MDEYV of the IGS data and residual data.
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Table 2 Parameter /, of modified Allan variance
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Figure 4 Simulated noise sequences and superposed sequence of
the random noise (PRN: 10).
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Figure 5 Simulated noise sequences and superposed sequence of
the random noise (PRN: 22).
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Table 3 Modified Allan deviations at the fixed sample intervals
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Analysis, modeling and simulation of GPS satellite clock errors

JIAO Yue & KOU YanHong*

School of Electronic and Information Engineering, Beihang University, Beijing 100191, China

The satellite clock error is an essential error source for a navigation satellite system. This paper analyses the noise
characteristics of the Rb/Cs clocks onboard GPS satellites based on IGS observations, and establish the model of
clock error simulation. First, different Rb/Cs clocks are characterized and analyzed using modified Allan variance in
the time-domain. Next, the time offset, frequency offset and linear frequency drift parameters are determined using a
piecewise least-square polynomial fitting method. And the residual random noises after the polynomial fitting are
modelled by a power law spectrum. Finally, an Allan variance decomposition and inversion method is proposed to
generate the independent random sequence and then the sequences are superposed together. The synthesized clock
error sequence is compared with the original data to validate the modeling and simulation methodology.

satellite clock error, modified Allan variance, polynomial fitting, power law, variance inversion
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