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Satellites orbit determination based on particle filtering
YANG Xu, CHENG Yang, CAO Xi-bin, YANG Di
( Aerospace Engineering Department , Harbin Institute of Technology, Harbin Heilongjiang, 150001 , China)

Abstract: The great information error of initial estimation and non-Gaussian distribution of state and measurement error
may exist in the satellite orbit determination problem. To solve these two problems, the sampling-importance-resampling { SIR)
particale filter is used to estimate the satellite orbit. The filter measurement information is obtained from the magnetometer’ s
measurement. To avoid the sampling sparse problem of this filter method, a rough method has been used. Finally a simulation is

given to estimate the satellite orbit.
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DESHREAMRAEMANEF XEDLEEY
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T2 B0 75 T 5 M T 0 4% X R0 2 R84 e E
PR ok . DE B £ 410245 TR A i b 1w ]
BN AR AR BREHREACH
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s AFE SN EARRTEA EHS —IEESN
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MYy BRIEMNABE IS FERAAEEZX.

Xt FF w0 &5 B8 EHERE T
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BIF T Unscented /R 2 JE 3 (UKF) LT L2
PLBEMEEMTE, ENHEEETRETEEN
TR BT AR IO B, SR 7528 B 1 29 (A B
HEHTMHEIT MEYREEEN T HEEALEEH

YioFe B #:2003 - 12 - 29; WO BORE H #1:2994 - 11 - 22,
4 10 H :863 - 701 F4EHE S YT BHI H (2002AA717016) .

Sy, IRE AL PR RE SRR 55 Ab, B (62 B
T BRGS0 A0 O 8 B J3 A, oo AR e s P ) e s
AR RS, i TRE PR ARLR N, (LB E
MISEBR R A 2 BT AR . 0 T AR R R AR LR
P L R A 100 2 i 25 2 K 4 0B BB R 1Y 7 T 92 0[]
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HIXT T EKF fl UKF 83k, b0 Ul 5 RE S AL FRAT
e R R BRI B T A, AR5 R A SRR
BRYE o EmEMS TR ER T JLEXR, R
TRE PRI R B TR AR A4 v A, 4] a0
W3 R FIE IR R0 O A R B s e w0
AR A RRL F IR B L R TF Gordon % ATE
20 22 90 AR ) 9 “ R - E R M-FH R A7 SR
(Sampling Importance Resampling ) 3% i & ¥, 5 H {th
NTREREBLmMS, BRAAWE. 5 FLHANR
A8 @ F SIR B AR R MR R
HEM R, R Z a8, AE A U PR A
T /IR Ak 7 3R TE AR AR A Z B
1 DM Hr fih it 89 2 HE R 7R (Recursive

Bayesian estimation )

B —MAER M3 12 R A RS REAN &
HRE N

X = filxe, wi), (1)
i = h(x,ve). (2)

XH: x, ARGEHPREDT R f, WEHCRSEHEN
R, TFhn bk R H AT LU ARG we N 5IRE
EROFHEAMS  y, HIEE, b, HNEHE,
v, NIRSL T RGPS FURAS R B0 e 7S | R ol 2
BRFS w, JUEIRFE v, FIPIERIRE xo ROMER 5 R
WOH X SHEREE REOT LR EE S RAE T
AN B LR AR R R

KT x WEERR g(x,), HENFEELT
IR T B R A

g(m) = E(g(x)| Y =

[gx0pCx] ¥odx, ~
jg(xk)Zwi - 8(x;, - x5) - dx;, =

Z;wig(x};). (3)
He. Y, = {y:i=1,-,k} HEIE y, ERWETA
WEEE,5(-) FIKRITE 6 BH.
M- B AR R R S A R S AR
B R p(xp | Yeor). JoU0HE k758 M pE B B
%, B R — AR o FO R S TR A
BT E#RIT
M HYem AN ERTERE
pdf p(x, | YO B FIFAENRESEREFE() 5t

FRMEFS I GETHFHE p(we) , ATRATURPR & Y AT 30 B
REFE p(xi, | V), BERERH

p (| 1) = [pCrn |5 pxe| Yodxe. ()

R p (x| %) HORELRER, T g RGRE N
BRI E T

P(xk+l | xk) =

Jp(xk+1 | xk,wk)p(wkixk)dwk =

[80x1 = Alxw))p(wddwe.  (5)
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BB R R p(x,,, | YORITBEHAHE
WHEREE p(xe, | Yir), BAER Y

P()’k+1|xk+1)p(xk+l| Yk)
| Y,) . (6)
P(Yiy1 | Vi .

P(xk+l | Yk+l) =

A
P(Yes | Xi,1) =

Ja(Yk+1 = b1 (X 1 V1)) p (Vi) dve,y, (7)
p(yk+l | Yk) =

Jp(yk+l | xk+l)P(xk+1 | Yk)dxk+1 =

ﬂa()’kn - hk+l(xk+l’vk+l))P(vk+l) .

p(xpoi | Yi)dvy, dx,, . (8)
RA_E Ry i D0 o S R O 20 3K, X TR i
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fhit AT ULl R/R 2B EAA R, WXt FIELMY JEm i
FRGE, WG g o0R 15 b R 1 2R o 1 R B 0 b i1
e, TEFHRE TEEZ LI RGN ARRESEER
HE RPN RCR A . PR PR Ny —fE
B
2 SIR #BIFI#K 7% (SIR particle filtering)
i 25 10 FERTEIRLR M DL WAl TH A Ak - %
BT JLAPRL T 8 J5 1 , 451 20 : SIS( Sequential Impor-
tance Sampling) & ¥ DA R IR A SIR ( Sampling Impor-
tance Resampling) & 1 . ASIR ( Auxiliary Sampling Im-
portance Resampling )% . RPF(Regularized Partial Fil-
ter) B2 AR X FEERT SIR B 5 K H 5 R A
R, HEAFHENBMT .
REFTFRTEMTE, EREREFEK
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p(x, | Y, Al By —HE B 8 R RE S Ll wil TR,
i= 1, N, B xi BRART, wi R xi N AIAL

E}ﬂm_lTﬁkﬁ%WﬂMn“WEﬁk

B’Jﬁﬂfﬁ — M p(x, | Y) AT RAE R AT

Mi7E SR B R TR R TEE f&?k#ﬁ(zt
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1) ¥iRit.

Xt p(xo) BEATHURE, AL N, DIRM p(x0) S+ H
RIBEHUREA {xb, i = 1,2,3,, N, p(xo) HTHHE
HRIEEREL B xh ~ p(x).

2) .

A N, IR p (wy) 53 I RERLAE & wid, 352
BREH B xi,) = filxh, wh) HAITHINEE] xi,, ~
P(«Wn‘xi) Jio= 1, N 3R xh i b — etz
BHER, NEME. £ TR T xi,, XN ARUE N
w”zlﬂW{ﬁmﬁjJ=1;mN”ﬁM%%
p(xy, ‘ Y,).

3) MRIAUEMTHE .

ft SR B &% 9, | ZE M R I H
pCx | X)) PR RAE y,,, B xi,,, REBW
TR AT EE — I BUE :

Wit = P(yk+l‘x§v+l)’ (9)
w

wk+] = N, k+] (10)
Ewkn

I, 15 3 4xk+1,wzc+1f(z = 1,,N,) R
(x| Yo )WY 3T LR R, H AR &K
P(ykn‘xin) TR

piat [ Xhe) = po(yiyr = h(xb)). (1)
Hrh p, (+) s B MRS LR 25 R AT

4) BRFE.

MBI {xiy 1, wha 1 (i = 1, N,) HgkfT
N, WRERFE: BUE R KHY xi,, BEE 2K, BUETR
AN xi, BEETE BB XL N AR
P(xk+1‘ Y1) BRI

5) W IE4L (roughening) .

Gt ERAEG, A RES IR T 2 R A9 8

Al R, A X N e H AN TR ESRLT b
— AR TR IR 12
Xi < X550 + ¢ (12)
AXF: ¢ ~ NO,D) NC-, ) | s,
D;,, = m Py jﬂ*ﬁﬁ%ﬁ}ﬁ{xlﬁuwin% it
BRI T 2R
Z LA PR, SR HMNAUE R T, TER T3
B % K a et & 38 AT LA AR el 48 2 6t %) Y
p (x| Vi) FREBEBFMATHHOY KM

18, R
N{ xi. (13)
3 #H = {HE(Simulation)

AT G, B R 0 1358 B 5 ok
it BRI TR ZS (| AT 8 L, s = R
FEREZEBCIPE 6 RE IR AT BLEE
B R L5 B, Z e A48 sh 1, WHE
AREPAKME S IS EBEER, RAAES
A fBEST R ARAL, B SR T E R H S # TR &
HiE S AT s A E ZEp X R R 15845
B 20 B S A, AR R B BB SR BT E
I B B A

X, =

N

E,.. = M+ esinE,, k =0,1,--, (14)
. V1 — e*sinE
sinf = 1 = ccosE (15)

Hp: ERmiESA.M BV RS MA, e HRLDE,f
NEIESA.

HuRg 37 5m BE F00 8 0T I KA T 8 L AVRESR TR
S, HTRAESER, LR S E R
TRAE A /N AT RAT 28 BOBLE , 7E 0 B o (a) 55, I/
i HANE B R I E e R R, &
CE-%V]

g = |0(x)], + v (16)

Har |-, RAREER 2 T8, b BRI, o,

S 152 | IR A R i D AR S5 P 1Y

W AT 375 Wy

lo(x) 2=+ B2(r,0,8)«B3(r,0,8)+B3(r,0,9).
(17)
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k a n+2 Ld m , .
B, =- 2(7) (n+1) >, (grcosmd + : I J
n=! m=0 0151 e v B
hrsinm$ ) pr(cosd), 0.1} — = HE O
k 2.n n '
Nl a\"trtN, . v 005 .
Bg:-Z_T(T) Z_ij(gncosm¢+ 5 L RN
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n=1 m=0 t/min
hicosm$) Pri(cosd). B2 3 HERE R
(18) Fig. 2 Velocity error plot of three axes

ARSI k= 10 (I REHIER, S EHESECN:
a = 6478km,e = 0.01,i = 98°,02 = 60°,w = 60°,
fo = 60°5 HAIA T £ HR:p, = diag([3007,0.017,
0.01°%,0.01°%,0.01°%,60°*]) ; &5 HLil 6 REHIHI
MIRERBE BB EREMEEIRE SN
(976,682, —200] km F1[853, — 597,380 m*s~'; &
AR RS . o, = 50nT. FI) Rk uk %t AR
T ERHE RO E SRR AT A TR B R R o
Xt p(xo) FEATHIEE A A 4000 T ARM p(xo) SHAHHI
BEALRI IR, SR IEARYE Epyy = M + esinE, #4THI
W, A BOET RRT RLAS B RFIE 6 ARE AR B B {E
JE R (10) THEBUE wh,,, B 17E KA IR
1. UL BB T WItERL T B = 4h , R W78
I3 HE AT A5 205 B AT R P9 R B HOAE I BOALE,
B (13) 11545 H R 1E .

X F ERABENSEPIE L LRIEFBYIHR &
14, BB AT E AR FIEE R ITHRZ AV
1,2 FiRChTERER, 8B TGE T v #
Torhek) X FRIZEBES, 3 45 91 86 1R 25 I A1)
AT, WA EY B R/R8 Fikifr B i, &
WSk Bt el A i AR A X 4 R, EEE R A AT

iy 4 G
400 1 T y T T
X —— xR A
300 e TR R
| —— M E IR
200 g
£ \l
> 100} s
E | I, = e -y,
0 —
7100 H —
200, 20 20 %0 80 100
t/min
B 1 3 BEEIHREME
Fig. 1 Position error plot of three axes

4 %51t (Conclusion)
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