51 % % 4 4 r X ¥ #® Vol.51 No.4
2010 4£ 10 A ACTA ASTRONOMICA SINICA Oct., 2010

T/ o th #0022 [ 4% 1Y T &2 $h = Tl
MERE ST

HAFET BTh

(TR RS B TR B AR 5Tt U 611731)

TR HTAROBIET RS TR T A R TR B2, R T T
B rRIPR M2 4 B BUR S REDR L TP EM TR, JFa i TE T/ Mg
0] 2R % (Radial Basis Function, RBF) 22 24T TLEPhZ TR A9 A BAE, Bl
BRI IR, KA W %, AR 2R B0 /N o A 25 R 1 Bl 22
FFHIEIERR, R AR P 22 P8 SR TR A S n A A LA, DT S 4 Ml sl b 22 7 371
NRUEZIR & PR W AT HERA 2, A GPS TLEMZ BRI T B Z TR B0
B, IR R RGN P2 W R ALHEAT B T, (T EA R BN, SHEERAR
SFETRREBE, ISRt GPS Shaors i B s e AL (B g BERY TLE B 2.

X#iE KBhz: AEDE, HE, Hk BEMT
PESES: P128; XERIRE: A

1 5|8

T B ER 2 AL B R 3R 4e Ry, BrAE LR S AU AL, AL E I 2
LIRS B B )0 2 O B vy SR RS BE BB, TLR S R 2 SR A T RE S5 B
FRE R S S A . R TR B 2 Y AR — AR B AR, T S i ok
BESUE A A BB N, B SA Bl A5 mok B s AL s e — PO

R Bh 2 BRAEE 2T U RR G R G B (R, X R Y
A —E iR E O T R BT e B R, WSRRSNR R S
W, R R B bR, STk [7] #5iH, — PR B ARL
P, AT R BE LT SUARME S f— B A AT 2B BT

ST, ASCEM PRSI, R/ TR T/ SHEM 41 TLEMZF
FNRA PR, SOK, R SR AT Bk MBS B, BUS T 8m i PR
B, "o TEMEFSITREMEEMSE.

2009-11-16 WEIJFEAY, 2009-12-02 WRE U
* iRl 4 (20090580013) ¥EBh
T gcjedn-007@163.com



396 X X % #® 51 #&

2 SeEMRAERIRIT

BT /N AR 22 25 (9 B2 P S BRI ALY N 4 BB 5 1 BrBOW Bh = 751
RN M o SR IR R BB BUR L5 28 2 BrBO R — 2 8 RBUY /MR R EBR KA
MABRER AR 26 3 B Befs A0 2 R 4530 45 2 R EGHAT TN, 56 4 By Boxd & = R R B
JPEIREAT /NI A, AP E TR, TR A B ZE TR B R SRR AN A 1 PR,

CIOCk_ bias Analysis Denoising Prediction Reconstruction
series
X, Wavelet Neural
’ ' denoising ™ network
X, W
avelet - Neural
¢ ’ denoising network
Wavelet ° Wavelet
. B
analysis reconstruction
Wavelet | Neural
denoising network
X
Wavelet Neural Clock bias
X b L L .
N denoising network prediction series

K1 R
Fig.1 Flow chart of clock bias prediction

BT /N TR M 45 IR S AL, /N R B B R S RSN R SRR By
AR ZF IR B BT, @ X £ B5 SR RB AR, P4
A ] B R AR P S SR R A B A R, AT B U s 2 A, R
B Y Bh 2 PR

3 ET/NEEVEELIE

/NP AR S — TR TR RIS A Ry 8 A e, REAA 8 A B 8] 47 PR A R, i o e
W2 I REX PRI T 2 R AL A, L, @ /MR AR BB G 18 mn it 2K
W2 AR, DTHT 58 4 s Ab T I 08 (8.

3.1 /N4 iR

/N AR A SRR 2 R, LU (R S TE — R F R K 25 1H]
LHEAT O, X TRE S R BE T REHE 25 Rl S UE — B B AN R SR A IR 5 15 50
AR R 155



4 34 RARZESE T /NPT RI 2R P 4% i T B 22 TR AR 4 A 397

N R — IS 5 R — R AR, AN 38 1 /] AR HE 5 5 1
BN, HEEE S AT ARR N 7672 B PR HE IE S HRAR B AR E i 26 (4, (5 SR IESCHE
JETF PR IESC R BT R K i . Bl AW bl 12, RS 5 A 2R R
oy B, ANEASER L T AR 2 BER T E SRR B E R SR T/ N AR DU
BE, XFRRMR/ NS (T PR R R AR L, FE R B /M 2R R RE A5 4R U 5 Y FFAE.

BEAb, /N AR AN [ AR TR A 35 B ORE D A R A R, BRI A0 o (g e 1]
OIPRRELZE, MRS PERE D MRS 0 PR E R, MR PERER. X
FEE 15 SRR GG T B AL R 45 L, DRI T /MR BE 5 5 B B 1.

3.2 NEBIEER

/INIBE (R M A 2k 2 MR Y T BB AR S /M AR R (R IE S/ MR AR ) RATRIRAY
FARRME, REGE(R TR RE ISR AP /MBI — BRI R B, T R Y RE B 0 A
THEA/NSRN. I, SRR, (558 /MNICRBOR (2R T A B9 REUEE. 18
(B FCECR /N R IR LME 50 2, TR (E B M REBER AR LR Pl g
FBME R I0E AT AR B A5 5 R B, TR A R B X

N BRI AT N (1) SoXEBRES f(k) /MRS, B8 —4/MER
Bowje (G ANPRR, & AFINBAERE); (2) B /NERE ;e ETRELHE, 5§
G REC w0, BEAF 00 — wiel| RATREH/D  (3) R w0 #EAT/NEEN, [EIfL
WES f(k), BN ERZ RS

B ERIEEIR—DEERN A ENBRE, BET A BNERE w0 (FZEA
WA TIR) BOAE, MTRET A wx (EEBFESEHE), T PR E S04, A5
INBREL e, ERTABRRROYEA LA SRR, RIEX 0 HATER, AT
FEMURHES.

3.3 JVEEW

/N AR S RS /N R B e RIATHY, B —RFIAR SR fF R ERER
IR(E SRR, R TAMEOREN. HEE & 3O 16728 MBI TR e IE S HE A BT
BHEHZRMT, ([F9HIERERITH IER R AN A G . B R i
AR, AR RUERRBUR M & R R T d G, WA, EMESHMR
95 557N 25 Rt B R L 4 T A oK.

4 FETEMasay

Fe M 2 BAT A AL AR R R R BT B RE T, R T LB B B e St
%, TEARLRIETTIN 77 T W5 i T B A fult, FR R A R R R B R S
SEBU N N 25 ) B i e s T Y AR AR . B P SI G/ N R i A IR RO
—RARLAMEERBI IS 1A 75, X HEAT B, 525 4R D\ B\ 2 TR F i T Y
LB SC R, HUL, 2RISR IS G LT 30 22 7 5145 AR R A et [a]
JFF BB 1),



398 X X % #® 51 #&

4.1 RBF 2%

RBF #4122 (] 2% 72 DA o $50E i B0 R R A i 1) — SR A 2 M 2% . XM G BA
RUFRyHET /B, BRBCETRE I A EGRBIRE Sy, BB XTIRLRYE. FEHLAEE 20t a5
HATERBIN BN, RN ER R STT. 2T RBF MM &R X SR, A SORHY
TP ZFF 3 /NI it 5 25 T2 ZR E0 R Topm) A

RBF #ZM &M N RE BRI AR IELMER, RBF BIEHR, .0 RAUEXT T
W25 (2 ST I [ M) SR SRA BB A SCOR B IR = i s Ve R s e, UBR
B i AN R A

Ri (@) =exp |- L2280 =12, 0, (1)
Her, x MR, o 2% DERBEMTHonE, 5 e Y o BREEERT
DEBEEE o — el HEE @ — o, GNLEAEN, EAINER, b RRBRRST
by ),

&M NG —1 RBF 4 M40 BB mEold 2], i b ENREME
JCEERBA L, LR R R R AUE X SR B, T AT LA 52 BT R Y
BNE G AL, RO EAR T AR B AR A K& DAL, 58
JICHT 2 N N 25 () B B 2 23 [ A AR SRR Bt T i i 2 A ASU(EL 2 S B DA G 5 () 31 e 14
AR RIEB . RBF MM BWZOZEBRERERIT, FONIBREE S &R IMRA
E5ma RBF W25 i) e A HERE.

EA 2 I HE A TR E MG O 5HUE, 03 T8E T EiRES A,
BT AR e S k. B i/ N 9k1k (OLS) %5, HA, Chen 45 U2 211 A5 OLS 83k,
REPRIE M 28 AL/ IN, G2 TR BER, B AR, B, AR OLS FkRH &
W £ By A D ATALE.

4.2 ETHEZMENHESERETN

Xt Bh 2 PRSIV e B A5 TR AR REAT B Y H B 8 iR SRR N IR
EF S M AME. XERMAFIIR N AR R B EhE, FHORHEBE s M A
5. X M AMESFRIRE ZJFH M A28 T E.

® 1S TR RSB T7E. BB N K AREAN N+ M H—EEE
BB, B EIEBTAM A, WMAE] K =L — (N + M)+ 1 MR, XE
L 8RR BIR R . KR EA B RT NV METESY RBY #MEMBEHEMA, & M MEEN
Hiriih. @2, LBMMAZR RY Blih=m RY pymes, k2w i 5
i)



4 34 RARZESE T /NPT RI 2R P 4% i T B 22 TR AR 4 A 399

®1 HEIIHAX

Table 1 The mode of data compartmentalization
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Fig.2 Data of satellite clock biases
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Fig.3 Prediction errors of neural network model and grey system model
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Performance Analysis of Satellite Clock Bias Based on
Wavelet Analysis and Neural Network

GUO Cheng-jun  TENG Yun-long

(Research Institute of Electronic Science and Technology, University of Electronic Science and Technology
of China, Chengdu 611731)

ABsTRACT In the field of the real-time GPS precise point positioning (PPP), the real-time
and reliable prediction of satellite clock bias (SCB) is one key to realize the real-time GPS
PPP with high accuracy. The satellite borne GPS atomic clock has high frequency, is very
sensitive and extremely easy to be influenced by the outside world and its own factors. So it
is very difficult to master its complicated and detailed law of change. With the above char-
acters, a novel four-stage method for SCB prediction based on wavelet analysis and neural
network is proposed. The basic ideas, prediction models and steps of clock bias prediction
based on wavelet analysis and radial basis function (RBF) network are discussed, respec-
tively. This model adopts “sliding window” to compartmentalize data and utilizes neural
network to prognosticate coefficients of clock bias sequence at each layer after wavelet analy-
sis and wiping off noise. As a result, the intricate and meticulous diversification rule of clock
bias sequence is obtained more accurately and the clock bias sequence is better approached.
Compared with the grey system model and neural network model, a careful precision anal-
ysis of SCB prediction is made to verify the feasibility and validity of this proposed method
by using the performance parameters of GPS satellite clocks. The simulation results show
that the prediction precision of this novel model is much better. This model can afford the
SCB prediction with relatively high precision for real-time GPS PPP.

Key words celestial mechanics: artifical satellites, time, methods: data analysis



