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Jb, oY #mAEFHEMNFE. 4, E, § FIN 230 B sl HERF A, KRR ALK

EfEEAgE, N=§XE, 6.,0,,0,, 0, SRAUEERHILEHRAE., RIEXEN
BEBE

E-A=c, A, + e,Ad, + ¢,4, = cosB., (1)
S - A= F . A, + F,4,+ F A, = cosl,, (2)
(S X E)2=(69ﬂ“€9"’)d + (e, — e,F )A, + (e,F, — e,F . )A,
= N - COS@AN, <3)
A
QAN o gr
— 6‘ )‘
e # .
E
N \\ q i}
N 6 9., (T*lt)
N
x\ (‘%T'—-—-).:)
X |14 {) S
A1 OXYZ #iF&K 4, 5, E, NRE B2 Lo AR AR

HEE(1),(2),(3) ., A(4,, 4,, A,) Fl0.n FES, HAZEHAHPENEN
%:m?ﬂlj._;f_h 5. AT H6.,6, R, BIFERIERAE O, FE—EAZK, WA 2.

4, E,S FIN, REBEBBTHRMRE L. N, 5%E SOE BH. XMNME
%ﬁgﬁiﬁfﬂ%; M_EAME 2 iR, BR=ZAF® SE4, B

sin 4,

. sin 6., (4)

sin &,

cos A, ==

E— B iR R 08n8 (B 3),TTHIN 5 08 BikMIRN 4, TRESE

It

sin 4.

A+ N = AN sinB,cos1; = AN sin0, sinB,,
cos 4.,
, (5)
(4),(5) A%
— N * cos@, 4y = sinf,sinf, sin i,,, (6)

B (6) A )RA I, FH(1),(2), )R E R
e

H

Y = HA (7)
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?=(00565 )5 :{=(Ay)3

sin@, sin @, sin .,
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S

H=( . o, o )

¢, F, — e, F, e, —e,F, e,.F,— e,

Y HEFNETIHE, 4 HDEESTIAE, HADENESHTRE.
FE () AIRENE EENENESENEESE. B9 T HENE.. UM
KEEFEY, BY 54 BE—RRR; OH—BHREES %mﬁé%ﬂiﬁﬂ%ﬂﬂﬂﬁﬁ
HREM; YEY |H| =0, BIXELE §S= +E E’J)‘L’TF HIRE, 4 REEHE;
RS E H-BHESA 1., ABRFHRGEITEN—TNEEERB®HT HFELXE. H
ﬁtgé’%ﬁiﬂx_ﬁﬁﬁn%‘%m%%ﬁ 0.5 0,5 ;. JA,FAITH AR —HHAE LEEZR:

A, cos(,
(A,) = H'l(cos&; ) (8)
A. : : :

sinf, « sinf, * sini,.

KOG A PR A A W AR R & 75 A, i R R L 17 5B EIR(9)K

(9)

= sin— _ _

— -1 A.r
o = COs - - -
coss + (A2 + A} + Ai)"z}

HEAR RN E H IR R B 4 ZE REAFRARNRE o RS 5.
ETRER,H (8),09) READEERJLANMGBHE, KBERTHUHEZERM.
B EH8), (DRAHEHNESAYE, A THRMFEERERLHE D ERE.

1) 843+ 43 + 4% = 1 NARREAAEF RN RFATEEE. £4

f.(A4) exAy -+ e, Ay, + e,4, — cosO.
f(A) Fed, + F A, + F A, — cosb,
F(4) = () | 1 (e,F; — e, S, YA, + (6,7, — e, F )A, + (e, 5(10)
— e, .9" A, — sinf. * sinf, * sini,,
f4(A4) AL+ A5+ 43— 1,
L) A EREMR LA RN
min{fi(4) + A(4) + A(4) + fi(4)}, (11)
HA DG B AR
Agr, = Ax + A2K+1, (12)
Adgsy = (Wig W) Wi - F(4x). (13)
A i =1,2,---,N G ERFEDE, k=1, 29 ey n DFEE MR B E AR B
Cx; Cyi €z;
ch — y—*‘f y.’#’f gﬁzi
T (e F— e (e, F— e P (e Fy— e, F )i,
24, 24,, 24,

AA,
AAd = ( AA, )

AA,
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W Ad < e= 10" (MREERME )RS, 7 N k58548,

2) B E LSRG RABIR —R I EBEER LKA, BILRS ST RERK
/N SR T R A
EIERMEER 1.(4) = 0 AR THRB/N

min {A(D) + (D + DY (14
W AR R R RI AN S5 R ()RR S H SRS TIRE MA(A4) #RB/Ne R
min{fi(4) + fi(4) + fi(4) + Mfi(4)}. (15)
H(15) S EARE
AM;) = AM;—) + 2A(M;), (16)
AAM;) = (Wi(M;) - WM™ WiM;) » F(A(M;-0)). (17)
Etl‘; M %E%ﬁ: . M;'—1<Mfa f= 1,2, -m,
W (M) . ‘9?1-'5 yi‘r’i ‘Cfﬂ':’
f o (61,.9'92. “ fﬂgy)f (fzyx — exyz)f (ex'gy - eyg.r)i )
ZMfo(Mf—q) ZMiAy(M:'—l') ZMfAz(.Mf—l)

1S

[f(A4)] <& (ABEERMEINEN, B4k E, A—dENERITREIGE
R (B e = L073){NER, LB S B EG), O EEHEERERS 2—4 &
(3 1).

= 1
pit: ; [ e
~ i 2(A i ; =R/
TEL 3 g gt (8)s DAWELEAR |min ,ZJ: 1i(4) (HEBES ,«f?l'k'lr-t}—'n ’_ZI J(A) (REES
ad, 0.8902085 - 103 0.2994686 « 103 0.304598 « 10~2
S RIRE aA, l 0.3455802 - 10~ 0.1117369 - 102 0.1129506 - 10-*
~ Aad, | 0.2231524- 10-7 0.1918088 - 102 | 0.1913769 + 10-?
‘ Ax 0.156776925° 0.126118961° 0.126332748°
ﬁ%ﬁ%ﬁ§ - - o o Q
AS 0.05222222 0.027347124 0.027229166
IR E AlA] 3.6027 - 103 0.8 10 -4 <10-°

JEREEB AN 1000 - ar SRR,

=3B E S

5 D5 IR TR 22, W U &A1 E M 5 | R0 B A B E MR

o = t,[(H'G)R(H™'G)"], (18)
A HT 988 S 805 R,
/ —sin0, 0 0

G = k 0 — sinf, 0 )
b

sind, * sind,cosd., sinf,.sinl,.cosO, sinf.sinf,cosi,.
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e
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2 9
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2
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sl

FHIREE; o HHIERMER A, v AY

RasZER, H9)—Q1)XF[FH 63,5 0k, o3

52 = sin’0,( sin*r sin’6, — cos®7 cos’8, + 2cos7 cospcosf,— cos’p)
? o

sin?6,.(sin?7 sin’0, — cos’r cos}, + 2cos¥ cospcosf, — cos?p)

sin®@,(ctg?X — ctgzﬁs)ﬂ' 15

+ — sin

2% (6,, 8,) EHKE
FESNT, FNE—IEYEZ ST 30 RN LE
NiREH (6., 6,) BZEIHTE T (LK 4). Grubin FEthg =
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HEERE (6., 6,) BEAMHEAE.

AT ERREXRE

1
2

16(cosr — cospcosB, )’
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'J%ﬂ', (19)
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Bl 4 (0., 05) M (0, 055 A) BREFARITHESERE
R = 0,03315762, Ar=1,71428 %
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AEH S ERNESAHERE., BTHE
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Ao, 5. EIL, FTEELERFRHR AN FUAN TR EAR AR LR «, v IR0
BIRRADTIRE, HRILEL, B 0., TRESKBERIE oo, 00, 01 HHE
*> y B LB RMEARHERI LR, TRETFI—AREHE

00 = F-dg, * sind,
Ox
39,_., — id@c * CGSIH
Oy
08, _ 0
Ox
24
0, _ o4, : (24)
Oy
e _ 34, - sindy,
Ox
Ods = +d,; * cosp,
Oy

N do,» do> dy AMERZEL; bas da AMEFRA, ETTWHA . “—" 54 BIF N ESAL
T 4, = 0—180° ¥ ERFT 1, = 180—360° p IR, 1REWT ZERILN

1 0 o 08, 00,

00. 00, 0, \/[ 0}, Ox Oy

ﬁ Pt T el Ox Ox Ox 0 1 ] 68, 86,
08, 06, 01, T, Ox Oy

dy 0Oy Oy 0 0 1 )| 04,, 0i,

gi / \ Ox Oy

0.\ 1 0.\ 1 01,.\* 1
(Zx)_c%:_l—(gx)oﬁ_l—(@x)az
00. 00. 1 L 96, 06, 1 , 0i. Ok, 1

Ox Oy a3, Ox 0y ap, Ox Qdy o

89, 80, 1 , 06, 00, 1 , Ok, 0h, 1 | (25)

4 . YA L
Ox Oy 03 Ox Oy 0}, Ox Oy o3

) (5 (35
Oy / op, Oy / 0% 3y / o3
FRGH

0*(6,8,2,.) = t,P

2 2 4 2 2 2
—— _ _ 0,0, + 09,0} ~1- Jﬁegﬁsdl
2 . 2 2 2 2 = . 2 ’ .
(oi+0}, 2) 31n21.,¢+(0'9£d;+0'§c 1205, isind,, )sin?p—20% d5 + singgsind,, © cosi,,

_F.r: %Hﬂl (6::: 6:: 15:) ﬁigﬁ ufﬁﬁ%% E]@i:ﬁﬁ | T15 ¥ﬁ§ g %njjﬁ A E@%ﬁ_ﬁ:

of = ";_ [0% + o} + &/ (0% — 03 )*+ 4 CL,0l03], (27)
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o§=-;- (02 + 03 — 4/ (6% — 02)? + 4 C,,0%0% 1, (28)
2 gL — 03 -
Hrh
”t — —é—[oﬁ : sinzl_;,-l—za'%:di . sinzﬂf’;x] , (30)
05,0
) 1 [ O%EO'%COSEIM —+ O'gfffi —+ o'ﬁfo'ﬁsdicosquﬂ ] (31)
T A 05,040, ’
1 [Uﬁcosl” v sind.. + Jéedisinqb_;;,cosq')ﬂ |
nya'xay — Z cho_i d o (32)
A = [(0F + 0} d%)sind,, + (03,4} + o} .d5 — 20} d%sin®i,,)
Ueﬁe o3
« singh.; — ZUﬁﬂi + sing,;cos,;sin . .cosl,. |, (33)

E . ]

2§ 09, = 09, = 03, = 0y B, IFEERFH: B EERRX (26) S@E1]1PREN =
ERIREREN(ISBDRITESRFITHR, (6., 0, A,.) GRIRE/NTHENEER
R, HEQORSHE[ 114 (11-32) R EE R IETHE, (6., 60, 1,.) HEiRE—
B/ANTHENBERNRE, BHEE SRR, & 6., 6, 2,.) EE5RNENEERIR
EWEE R MFETIER, (6., 0,, 1,.) ERNREHEERHMNT (RET) RENEEN
R 2= M E2E R R,

0, BB AET

AT H (6, 6,5 A,.) BAERE M50 0., 0,, 1, TN SRS AZE dnns
Pors P> 12 JFEFRARICHIKARL.
PA AL IR BURES LR bos» s TIHIERA 6. KRR ILE 5. KPR A 6, Ao AR
BUR e RS TE ¢ RARN

dn | bs
3
I
E]
el
2N ( -
1/ 1
76 3 ¥5 §6.3 90 93.7 95 103.7 6. { ]

B 5 MERA 0, SHMEE Pon, One KRR

— cosrcost COS
1. cﬂs(pN‘* cos Psh _. — 2ctgrotgd, 2. COS PNp _ ¢ “‘"+ ad 4 .
2 2 sinf,sinY
3. cos PNA - cog P — Sl 4. cos Psh _ cosPNE 2ctgretgf,
2 2 sin?”

2 sin 8, sinr
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, = ctg ctgX + sin(p, — Pg)] (34)

1‘5: *ﬂ ¢’1 ;é%xft%
l.rr: = b3 — Bns. (35)

R gy Xy B NBURRER LR A

ﬁﬁ%ﬁﬁ”%ﬁi%§$ﬁﬁ?ﬂﬂ? fi’.,_“fﬁjbﬁﬁ%{ﬁﬁﬁ’ﬁﬂfﬁﬁﬁﬁﬂ%{uﬁ‘kﬂ FEs 45
AAEEHRE. DNER FH, BESBRAGEHHESE 4., 4,, 4. H é, 5, BEEERRK
R Axos Ayos Az Bl > 8 Hﬁ%(ﬁ&)mﬁfu HZREERNNEENARERE, 2 AL
MAER(LE2), AXHHRE IL 10, V AR R/RSEES N vV AR/NRER 5
HitRis T

% 2
TR RER R £ A
. (Prs Boh P P2’ rm BWEEX 1, REEBHERREIERE.
_ T
I (6c8: %) | (Sna®end: ) | REHBEARN L, RWGEHH AL,
I (ady 4 | Conn b et | AR 1, BN 6,
N P PRV I ———

(1) GRINRREEESEHIT

FEGEEILE 6. BT 6., 0, 1,, RAFECIRNHE BRI, fEE—
FREMD> T EE R, REFERTETT ARPREE, RKBREE 0.0, 1. NEE
a2

0.(K +2) — 20K+ 1) + 6.(K)
6.(K + 1) — 6.(K)

6(K + 2) —20,(K + 1) + 8,(K)
8.(K +1) —6,K)

1(K 4+ 2) — 22, (K+1) + 4. (K)
1. (K + 1) — A.(K)

1 +

o.(K + 1,K)
P(K + 1, K)=(@I(K+ I,K)) 1 -+

0.(K + 1,K)

. (36)

1 -+

(3 \ ﬁﬁﬁ% (f.t Cy cz‘)t (

Be6 HRIRREFERSGITERGRE
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A 0(K +i), 0(K+i), L,(K+i), i=1,2, IHMESHESFENREN T EH
HEAMHETAEITE.
KB 5 F1(34), B35 ) AN EFR ST EER S RBEF , B— K G ER B
c(K)
C(K) = ( S(K)).
c;,(K)

(37)

A c(K) = ena(K) — ca(K).
RAIME R HI/MERTHRE /M ER &

i 6,
0).-6).
A 2

re K1 se K+1

HNEEBUE K+ 1), u(K+1), s(K+1), H(K+1) 6.(K + 1),

0K + 1), 1 (K+ 1) BMATERAREE.

thHEFE Py 4
(P;(+1(6¢)) (CDE-(K + 1, K) - PK(Q.-,-)) ( 0K + 1) )

Peri(6:) | =|P(K + 1, K) - P(6,)}+| O(K + 1) (39)
Per(Ae) QUK + 1,K) - Pe(A,) 0w (K+1)

WA Kpn A
Kg+,(6.)" P ;:-1-1(95)5 ./ [P %4-1(5.«:)6 2+ RK-H(G.:)] "
Kx+,(6;) ) = | Px+1(0,)¢s/ [ P1(6,)c% + Rg+,(6;)] ). (40)
Kg+:(2g) Peti(As e/ [ Pxii(Aee) et + Rysy(2y.) ]

Pr+i BERA
Pg+,(6.) \ (1 — Kg+:(Oe) * ) + Px+i(6.)
Pr+,(6;) ) = ((1 — Kx1(6,) * ¢;) - P’Kﬂ(ﬁ,)) (41)
Prs(A,) (1—Kxsa(2) * ¢) * Pe(as)]

R

0.(K + 1) 0K + 1) + Kgir(6)[ Y gai(bwn — ben) — (bn— Pin)icss]
6(K+1) |= (éj(K + 1) + Kg (0 Y gii(s) — (K + 1)1 ) (42)
b (K + 1) V(K + 1) 4 Kgni(u) [ Y gea(Ree) — V(K + 1)] !
(2) FRIMPFRE B EMGEIT
r-“—-—-—-———*;—,-z ——————— -

Kip1=PF"441Cq [CoP 441 CHHR) !
> P'&+1=P&+Q
Y(¢-I.' ¢i #’_1 )-&"'1 P*i—l:[IHK&.‘,ICB]—-P,**__I

7 FRIU-F/RSBHEHEE H A,



__CNp T Csp 0 0
sin .
1
C, = U = 0
sin’0, V4 ctg’X — ctg’l;
— sini,, * cos0. sinl,. * cosO, 1
sin’6, + cosl,, sinf, * cosl,. sin@. * sinf, * cosi,,
/ €., e, é.

"ufy-cfz T eﬂgﬁy ez'gﬂ.r T ex’gﬂz efgﬂ’ T Eyyx

Ci A Co WEE., HIMERE (4 4y 42)k+ HEEBNS S #fT: (D H

BESERRSHIT SN ER 7 A H.
(3) FEVHRR=ZERE ST
R e TR 8 BEfT.

— " e e e e i
i
!

(2 2 )’t+l ’

| 4
4,
\7-
( IA 21’:)*4.1 | Ia
2! b B KQ+1—P&+1[P&+I+R]" + : - (3) |
Prn=Ft+ 0 Zafg -
+ Pgyr=[I—Kg41 JP *
Y(Ae A, A)E D

R4

L.

K8 FHRVERERESGHFEETRA.

(4) FREVEE/N_"FEES1HIT

B 2 i =00
4. A, A4, A,
A, et A, | + Cxedl 4,1 — | 4,
1;: K+1 -,,xiz K Az K-+1 ffz K} »
B
Crg€
C oy = -
o l+ CKL’B’
C'1=1
j&" A.T
‘;y =\ A4,
fi.ﬂ 1 Az 1 ‘

I\ B TR BN A1, B 8 = 0.001,

EAMBEFRT, FREUAEHENEBNERRSE, LRLF

14

FE 75 {

8 &

(43)

(4. A,
A Dkn BB RMEE (K + 1), e(K +1) VAK+1); (i) B 0K+ 1), 8(K+
1): l'.rc(K + 1) ?Af‘%: d’Nﬁ(K + 1): ‘i’:h(K + 1): ‘be(K + 1)? R(K + 1)- wj\j%]ﬁw

il

. 7]
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), MMEFEHERARZRENE

%3, 4 %HFE I, U #fRREMESRTESER. R5SETE VRN FERKS
TRZER. B 9,10,11,12,13 558 T, Il Ay RRZIEREREFT R VEE/NZFE
IR AR Axs Ays Az a5 § IRETTRHIE.

4 2

jﬁﬁlﬁj 20X A2 200X A 1000X Az

%%E;*; o J_;’R o o/R o /R
R ‘\\H

1..8}(1_.(-]““3 1009% 0.26:%.10—3 ) 15;}4;. O.SXTE]“" 2% 0.6X10~* 4%
1.8X10? &100% 0:13%10—; 769, 0.16)41[]“3 9% 0.6)210“4. 1%
1.-_8><10‘3 1009 | 0.25% 102 | 1479% —0.3‘;{10"? 18% “0.15>(10“‘3 9%
o) 0.1° 100% - 0.16: 16025 0.02° 20% 0.;)09” | 9%
T—TWI 05_2:“ 209% 0.001° 195 0.003° 3%

2% 4
A, | 1.8%10~° | 1009% | 0.2%10~* | 119p |0.12%10- | 69% | 0.4%10~* | 29
4, | 1.8X10-° | 1009% | 0.9%10- | 509 | 0.2x10-° | 11% | 0.4x10- | 229%
[ 4, | 1.8%10-° | 100% | 0.12%10-2 | 679 | 0.43%10-> | 249 | 0.8%10~¢ | 4%
s 0.1° 100% | 0.01° | 109 0.022 | 209% | 0.015° | 159
"« | o0.1° | 1000 | 0.015° | 15% | 0.004° | 4% | 0.005° Sz,

== 5
4. | L.8%10- | 10096 | 0.22% 10~ | 129% | 0.86% 10— | 5% | 0.9%10~ | 59

M 4, | 1.8%10- | 100% | 0.18x10- | 100% | 0.3%10~* | 17% | 0.86x10~* | 505

) 4, | 1.8w10 | 100% | 0.1%x10~ | 569 |0.5%10 | 289 | 0.2%10~ | 19
% 5 0.1° | 100% | 0.08° 809 0.02° 20% | 0.002° | 2%
' 0.1° 100% | 0.045° | 4505 | 0.002° | 29 | 0.004° 49

Ar=1,71428 3
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AN ATTITUDE DETERMINATION METHOD OF SPIN-
STABILIZED GEOSTATIONARY SATELLITE

ZH0U WENZOHONG Hu ZHICAI

(Betjing Institute of Conirol Engineering)

ABSTRACT

In this paper a method 1s presented, in which the rotation angle from sun-earth
midscan 1, 1n addition to the earth angle 6, and sun angle 8, are simultaneously used
for determinating spinstabilized geostationary satellite attitude.

This method gives uniquely one unambiguous attitude. Solution, simplifies the algo-
rithm, eliminates regions of high correlation and low measurement density occuring
when using two attitude measurements, and provides geometric condition where singu-
larity occures only if the earth and sun vectors are co-linear. By this method, the
angle A, 1s conveniently incorporated into the kalman or least square filter.

Digital simulation showed that better accuracy of attitude determination and filter
estimation can be obtained by this method.



