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Study on Satellite Orbit Tracking Data Reprocessing
with Semi- parametric Regression Model and Based on the Wavelet
De noising Approach

PAN Wang hua'?, WEN Yuar lan', ZHU Jun', LIAO Ying'
(1. College of Aerospace and Material Engineering, National Univ. of Defense Technology, Changsha 410073, Chima;
2. The Second Artillery Engneering Ingitute, X{ an 710025, Chinma)

Abstract: Tradiionally, the satellite otbt measurement data are reprocessed by leas square polynomial fi method. Because of the
nor-linear errors in the satellite tracking, the accuracy of data reprocessing is reduced. The current approach, based on the sem+
parametric regression model, holds that the obsewations can be de-noising via wavelet threshold, and the nonlinear errors can be
estinated and removed from the obsewations. The data reprocessing method with sem+ parametric regression model based on the wavelet
de-nosing approach is proposed to improve the accuracy of data reprocessing. Finaly, the simulation of the reprocessing of a united
S-band (USB) satellite otbit measurement data showed that the method could separate the white noise and nonlinear errors, and greatly
improve the accuracy of data reprocessing.

Key words: least square method; polynomial fit; sem+ parametric regression model; de-noising via wavelet threshold

Donoho =9 Donoho

* :2008— 05— 27
: (10573041)
(1979—), .,



11

(
tr— 1o
Ti= At
Xk
(2)
(2)
(5)
2
2.1
S (1)

f(t') ’ vf( t"')a

1992

2.2

(D

, Donoho

?

Is 5s 10s )
to, L1y «oeylm, X0y X1y =oey Xm,
Xi= aot arTi+ axTi'+ -t auTi" (1)
(k=0,1,2, --.,m), At , m , n
Xk vk,
xr= Xe+ vi, k=0,1,2, -...m (2)
Xp= Ao+t a.Tk+ (Lsz2+ .ot a,,Tk"+ Vi, k= 0, 1,2, cee, M (3)
Ho 1 Tn Ti .. Ti ao X0 vo
H, 1 T» T ... T . A= a L X= X1 = vy (4)
H/z 1 Tm Ti T,:L an Xn, Un
X= HA+ V (5)
A= (H'H) 'H'X (6)
X= HA (7)
[N, N, ] "= X- X (8)
x= HA+ f(t)+ v (9)
’ sV
K05 X1y oy Xy SCt)  to,ti, eyt S (to),
xo— f (o) = HoA+ &
961—f(31):= H\A+ & (10)
.’)Cm—f(tm): HmA'l‘ En
Johnstone ( Wave Shrink) e



12

2008 6
(1) S(k) ) ;13
(2) Wj. k > Wik ”wj.k_ Wj. k I 5
(3) Wk . S(k),
A , A Wj,k( )
, A wi )s ) wi.k,
s /L;}j,k 0
, A= 0 /2eN, , N ,
, Bayes Shrink Bayes Shrink
Bayes reys(2)  Bayes , Bayes
N = argming o pye (1) (11)
>
0
}\Bayw: Oy (12)
2 0 2 0)(
< Jsen(wie) (Twiel = ad), Twjisl >\ 3
k= lwj. il < A ()
,0<a <l
2.3
X0, X1, ooy Xm, A;
o, Th, «eey Mg
r]{)’ rl-la Bt rl’" ’ ’ ’ ’ 5
Daubechies8 ;
; Daubechies8 , (e,
xo— f(to), xi=f(t1), s xu—f(1n) X051, 5 X,
: A
VAC I
3
S (United S-band, USB) USB
1 ( 1Hz) , USB
) , USB
; 31 )
16 2 3 2 ,
1. 5m 1 3 ,
USB )
,  (13) a=0.1 |, 7
4~ 6 , 5 6 1
5 ,
4 , 0. 7m,
15 15 )

15



13

]

—

Fit errors /m
=)

Time /s

1 USB
Fg.1 Range errors of USB equipment

[ 8]

& 1
2 g
Z b
= iz O
1
Time/s Time /s
3 4
Fg. 3 Residuals dfter least square polynomial fit Fig. 4 Fi ewors ater de noising via wavelet threshold
T B 0.4 T ! T T Y
g : : . - & : f f
é e .2
2
: g "
5 0 : : : 5 :
sl 1 : : : :
0 100 200 300 400 500 600
Time /s Time /s
5 6
Fig. 5 Nonlinear erors from residual de-noising Fig. 6 White noises from residual de-noising via
via wavelet threshold wavelet threshold
4
2 b
USB ,
2
2 b
2 2 2
[1] , , . [M]. : ,2002.
(2] (. . 2003, 32(1): 6~ 10.

[3] Domoho D L, Johnstonel M. Ideal Spatial Adaptation by Wavelet Shrinkage[ J]. Bometrka, 1994, 81(3):425- 455.

[4] Domho D L. De-nosing by Soft-thresholding[ J]. IEEE Transactions on Information Theory, 1995, 41(3): 613— 627.

[ 5] Donoho DL, Johnstone IM. Adapting to Unknown Smoothness via Wavelet Shrinkage[J]. Joumal of the American Statistical A ssociation, 1995, 90
(432): 1200- 1224.

[6] Domoho D L, Johnstonel M, Kerkyacharian G, et al. Density Estimation by Wavelet Thresholding] J] . Annals of Statstics, 1996, 24(2):508-

539.



