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2 EPRE

ETHAGRWIE A X ehEAREE R T. FIARKIMEUR SR A #0752 A
AN EAONA M DR ZEHIRE TS, HHBOKEE DEAGLIRRT KA F
B H 75 AT LAR E b AR P AL AR R B TR AR AR R F B RE (BMRPEEERS); AR
ORI DREAGRIR RO RREEE, T DR AR MO E.

S O R E R AR R DR AR AR R I B AR Cei A EE, BE
BZRBENRUIRR S DEA KL RMEES.

R A PR AR AR ALK S MBUR AR X TR, Bk, AERMWME(E, TUSHT A, b,
BAAMREE T EAEAGRRP E AR Uwsp, UweB, Uwmb; HE SR ATLIRE DA
PERY M ER K R R H; RIS H A ST H0E T LA KB, A BRR & 70 3O ol R P AR
AP IR Test, Tem-

TESRERERILFTRALAE L

Sun

Earth

1 DERSREAHILFIX R

Fig.1 Geometrical relationship of satellite and celestial bodies

FREDRAGUIRRT, R\UTEXTUGLAERTEMA RE remp:

o = cos™ (UwmB * UweB), (1)

TweB = (Re + H)uweB, (2)

|remB| = |remI', (3)
sina sinf _ sin(m —a — ) (a)
IremBl IrweBl |’"me‘ ’

TwmB = TweB 1+ TemB- (5)

Hi, R, AWBERFCEFE¥E FAE, AMERPBHKE res AT LIRS
RO RPEAFR RS, SR A KRR rom FIHLH K& reor, 78 H H AT W —E R
17, EMEDEAGLRRPHEIA rens F rep. BIENEREETEH B B, ATLIKRBA
B AR R B TR A AR R K 845 R Crr, Wil T2 R OB AR R P AT &
KEH
= —(Re + H)C L ten. (6)



2 FMME: M IERRLAFEREEHEHR 129

XAE,  BEURAS AT R RT BB TR RO B R R O R R AR AR R R R AR
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B EESREAE HETHE, AER 6) wHEZ et BHTRESELE
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(ERIN) EERERER, IRTELMA B AWM E, ZA L RREERY
S 5 TR ZE ML O AR 2 PP B B AT
3.1 DENEEHHRSHIE

TRAESFZEHERPZHEENRERS| 1, AXERETR, BEEERF.L3|
F14h, BEEIEHRT Jo, Jo, Jo. BURASRAY X =(c v 2z v, v, v.]7, X,
r=[z y 2" v=[v, v, v]T HRAHTEMEREERE, N TEHREREHE
A

X=fX)+W. (7)

Hef, W ONBEh HERNRE, f(X)=(h fo 5 fo f5 fol', BHEA

f1 =z, f?.:Uyl f3 = .,
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=S 3 () (052 55 (65 75)
- eh(B) (-5 r0k)]
fs =faz,
o2 (B -55) + 3 () 65 )
2

)
—§J4(%-)4(15—70j—2 +637 )] (8)

R, = v, p AHERT| IR L
3.2 IWmAEE
DAE B A6 DA B UM, ALy R

Z=h(X)+V=r+V, (9)

He, V OMBRE, WA
Oh(X)
0X

BHCRAMSAIRE W R V B A EHEEIaWA, B E{W (k)W ()T} =
Qikj, E{V(k)V(4)T} = Ridy;.

H = = [I3x3 O3xa). (10)
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3.3 "X FRBEEFEERB

BT ARA SRR AL A2 AR R E S A AR, BIRA T X R/R BB TR
RABREBEMT. BHEREHBRERSERBMUMAIHE X FELRA AR T #17
etEL, HEHULE TR Ltk B TR

60X = P16 X1+ We_1. (11)

& t= ey, SREHBIEN Bupor = Tovo + LT, TLIGEI I TR B O

((Pyji—y = Prp—1Pr19D 5y + Qi—1,

Xkﬁc—d = X1+ f(Xk—l)T‘

Ki =Py Hi [H Py Hf + R 7Y,

§Xi = Ki{Zi — h(Xijx-1)},

Py =(I-PyH)Py/ (I - KiH)" + K Ry K,
\ Xi= jfk,xk—x +6X k.

(12)

A5k, DREFSEHIR CITHIE, FEXBIEMRSR. EEME, KHERSR
ROMBUBRBR R LM, BAZYETN B AWNEE, RGEdPEBmT #TLE
K. BT 2 EBE, oTLLEREEFEsh IaIER, RIHuE BiRsh 2 AR
X (7) BT, WX H, AREFATR, T HIREBRRN, rEEgE, tnr LI PuE B
AT AT LK EH.

4 LRI E

RIE B A A AHE R RAREE Cer flA X S8 E 0 2R HUE B R E
BE, B LA E D2 & AR Cso.

.
PUE LR R
4 ERE

/R BRI ENESY|

B2 PEAFENEELR

Fig.2 The process of the satellite autonomous orbit and attitude determination
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R A E e e i) TR AL E r FERE v, LU ¢ TR HUE 6 84 q, i, ¢,
Q, w, f, HHPUEASR RO BIEAPR R ATE 3-1-3 BRIP4 3 ik, A

Cio = R, (-Q)R:(—)R.(—w - f)Cpo, (13)

Hr, Cro AXYHIPUEALYR R B O HUE AR R HAERE. WA Y HHEALIRRE T
BAEAGR R IFEHIERE Cpo (R EARREEE) B

Cpo = CpiClo, (14)
M a] L e TR ES. RAHAGEM# T LR FEMeL P RILA 2.

5 PiR&RSREISI

51 {HR&%R

WBIEATE A QX SAURE, EBXN A ER T T BRI R, (R EIRLLT &4

(1) S2Br TR P08 30 Jr 2R BR A & HhBR 05| IO, EH BRI J2, Js, Jy, [
AP sl H A B J18Esh, KPRES R,

(2) BURSEROMBAEBE M. KPHBURES UV, RIMEURES 0.02°, FHaAM B 1 km.

(3) MEHESHN: o = R. + 504km, e = 0.0011, i = 97°, 2 = 77°, w = 50°,
f=10°.

(4) #HEH CECY 2002 45 1 H 1 H 12 i, {085 BAIERE S B R46EIRES A

O3y3 O
10km 1 10m/s, Q = {Om Zxa], q = diag[5 x 1074, 1x107%, 2 x 1074], SRHEJH
3x3

T =5s.
PhEE R 3 A1 4.

5000 T . T T _ 20
g 4000"""5 """ ____ ' ' ____ T‘n [T RN EERET R,
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Fig.3 The satellite position estimate error Fig.4 The satellite velocity estimate error

BT, 7EERGEAHT, HEENRREZA: A FIRE 170.1492m, HEIRE
0.2798m/s. S HIRMBENLARME R i TR RIS, (AR KT B
5.2 EHMHEESH

TEM A T EHRE R EURS M B, NRILTRERER 3 N EEFIUE.
BURSR BT RIS L2 AT, BN ROESRERBSH MR RREIRE
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FIBEHLIR S, B LT B SRRy, LA TRMOYUERHE, FrREIL
AT AT LLRR A B R 2 0 BURS B RO S, e Bk B B B, BUEBURAE B
B AR LE A, W (S B AL B ¥, GE Bh AR R R A G D BB S ) B AR S T
BEH A EURE DRI & EEN R SRR .

B, BURBSWBRERE, WehEhamzRs B, £NEdBT, KA
P RUAT RS TR K K B AU 2%, KA MBURR S A1 I8 T v O 0 A,

(1) KRR R m

KR X R/RS UM T BRI, AR DR P R IR E
AHBERW. TR, SERER)D, REREFHMEAD, RZUA. FE,
WRANT SRRER 3, tREDR I T RS B RRMASER, EATREEPRE R 145HTH
ASRAE SRS RAER. B 1A, RERNRE, RECHHER
& BBEE R RN, HHRBS2IUAAREY, RETERTESE.

F 1 REFRERREOKWE
Table 1 The effect of sample period

on orbit determination precision

PBARAM () MEIRE (m) HERE (m/s)

1 105.3892 0.1912
5 170.1492 0.2798
10 186.5703 0.2880
15 238.7348 0.3650
20 289.7189 0.4099
25 309.4245 0.4261
30 356.5124 0.4707

(2) #orPLESE W

XA ] B A A, AEDLE) PR R LR 2. R RTA, DB X PR
BEABRKHIR . X R BT B A B LTS B, i Bud e L 20t i B LR
AKX

F 2 WONESBTENRENKRE

Table 2 The effect of partial orbit parameters on orbit determination precision
fiifh (°) ACERE (m)  HEERE (m/fs) ROLE  HERE (m) HEERE (m/s)

10 334.7141 0.3219 0.0001 183.936 2 0.3148

50 201.7783 0.296 3 0.0005 145.406 6 0.2700

97 170.1492 0.2798 0.0011 170.1492 0.2798

130 168.9502 0.2735 0.0050 155.3159 0.2527

170 174.593 8 0.2877 0.0100 179.4689 0.2760
(3) Bl M AT W

AR BHGE & RO PR A — B, W 3 BoR. BiRATA, TR WiTAR
REBLE b, REUEPRERE, XEHTHEVERERNM, HASIHEshARmE
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SRR, RIS I OO0 R th & T R

&3 HUEEEXEVEESKE
Table 3 The effect of orbit height

on orbit determination precision

Pl R BE (km) (EERE (m) HERE (m/s)

504.7 170.1492 0.2798
1000 185.586 3 0.2834
5000 236.6166 0.2865
10000 307.4325 0.2894

6 &g

AR TETHAGREBK DERLAEFAMEAR, FIFHZRAR L KRSUEE,
FOMBURR, TR M CENE L HO, G, JO5RAORE, ) XR/REIEHK
7 R SE i o i D RAOGL BAESE, RN el DEKXBER. BEAH TH
HAR, FERT T RPN, BUEMA, Pl o g, Bl RS B O E B RE i 5w,

BT ARPEURSS, RIMEURBS M E AN B R E AR, £RE TR, &
L8 (8] [7] 2 1] L.
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A METHOD OF CELESTIAL AUTONOMOUS
ORBIT DETERMINATION AND ATTITUDE
DETERMINATION FOR SATELLITE

LI Linlin SUN Huixian
(Center for Space Science and Applied Research, The Chinese Academy of Sciences, Beijing 100080)

Abstract

An autonomous real-time orbit determination for satellite flying around the
Earth by the extended Kalman filtering is proposed in this paper. The observables
are as follows, Satellite—Sun direction vector measured by Sun sensor, Satellite—
Earth direction vector and Satellite—Moon direction vector measured by ultraviolet
sensor, and the geocentric distance measured by radar altitude. Moreover, the
satellite attitude to the Earth is determined. The simulation results show that
orbit determination precision is better than 200m. By simulation experiments of
autonomous orbit determination, the effects of sample period, orbit inclination,
orbit eccentricity and orbit height on orbit determination precision are analyzed and
compared. The changing law is submitted, which can improve satellite autonomous
orbit determination precision.

Key words  Satellite autonomous navigation, Extended Kalman filtering
method, Sun sensor, Ultraviolet sensor, Radar altitude



