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PIEU KHIEN BAM TU THE VE TINH V31 NHIEU THAM SO BAT DINH

PHAM MINH TUAN

Vien Cong nghé Thong tin, Vién Khoa hoc va Cong nghé Viét Nam

Tém tit. Bai bdo dé xuat mot phwong phap diéu khién bam tir thé vé tinh khi khong biét 1o gid
tri cia ma trdn mémen qudn tinh cda vé tinh va cdc moémen nhiéu tdc dong lén hé dong lyc vé tinh.
Phwrong phéap dé xuédt cé sit dung mot mang noron nhan tao véi céc trong s6 hoc on-line dé tao ra
tin hiéu xap xi tdc dong cla cdc thanh phin bat dinh va bdo dam sai léch bam luén bi triét tiéu khi
c6 nhiéu téc dong vao hé thong. Do 6n dinh tiém can cia hé thong dieu khién st dung mang noron
dwrge chirng minh chét ché vé mit toan hoc str dung 1y thuyét 6n dinh Lyapunov.

Abstract. This paper proposes a tracking control method of the satellite attitude with the satellite’s
inertial moment matrix and the noise moments acting on the satellite dynamics and being not precisely
known. The proposed methodology uses an artificial neural network with its weight coefficients being
online trained to generate the approximation signal of the uncertain parameters and to ensure that
the tracking error converges to zero when the noise is acting on the satellite system. The asymptotical
stability of the control system using the neural network is strictly mathematically proven by applying
the Lyapunov stability theory.

1. PAT VAN PE

Vé tinh ngay cang dwoc timg dung rong rai trong cdc nganh thong tin truyén thong, gidm
sat phong chdng thién tai va an ninh qudc phong. Viéc diéu chinh tw thé vé tinh ¢6 tAm quan
trong dic biét trong sudt qué trinh hoat dong cia vé tinh vi né dam bao cho céc thiét bi trén
vé tinh nhir camera quan sét, ang ten thong tin vé tinh, cdc tAm pin méit trod thu ndng lwong
cho hoat dong cia vé tinh c6 hiréng hoat dong chinh xéc trén quy dao chuyén dong lién tuc
cia vé tinh. Hé dong lwc cia vé tinh 14 mot hé phi tuyén véi nhiéu tdc dong xuyén chéo,
c6 nhiéu tham s6 bat dinh nhir mémen quédn tinh, vi tr{ trong tam cia vé tinh. Ngoai ra ¢
nhiéu mémen nhiéu khong biét chinh xéc tdc dong lén vé tinh nhir mémen nhiéu birc xa méit
trod, momen nhiéu khi quyén, moémen nhiéu tir trieomg v.v. PE don gidn triede day cdc mo
hinh hé dong hoc va dong lre hoc tw thé vé tinh thwomg dwoce tuyén tinh hod va cdc vong
diéu khién phan hoi tuyén tinh nhw dieu khién PID, diéu khién t6i wu toan phrrong LQR
dwoc 4p dung dé on dinh tw thé vé tinh [1, 2, 3]. V&i sw phét trién cla cong nghé vé tinh
cac phirong phép diéu khién phi tuyén [4, 5, 6], diéu khién twr thich nghi [7, 8, 9, 14] da dwoc
nghién citu va dp dung. Hién nay cdc phwong phap diéu khién thong minh cé sir tham gia

cia mang noron, hé m& va thuat gen dang duge chi y vi né cho kha nang tiwr hoc trong qua
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trinh hoat dong ctia vé tinh dam bao khic phuc diroe nhirng anh hirdng cia sir thay doi cia
cac thong s6 va nhieu tac dong lén vé tinh [10, 11, 12, 13].

Bai bdo dé xuat mot phirong phap dieu khién twr thé vé tinh c¢é tinh bén ving va tir thich
nghi cao st dung mang noron hoc on-line dé b céc tdc dong cia sy bat dinh va moémen
nhiéu khong biét tride trong hé phwong trinh mo ta chuyén dong cia tw thé vé tinh. Bai
bdo gom 4 phan. Sau phan mé dau 1a phan mo td mo6 hinh cia hé diéu khién bam tir thé vé
tinh. Tiép dén, Muc 3 dé xuat phirong phap diéu khién bén ving st dung mang noron nhan

tao va chitng minh tinh 6n dinh toan cuc cia phrong phép. Cudi 1a phan két luan.

2. MO HINH TOAN HOC HE PIEU KHIEN BAM TU THE VE TINH

Hé phwong trinh dong luc tw thé vé tinh ¢6 dang [3]:
JIQ=-QXI0+7+d (1)

trong do:

J ma tran hang 3 x 3 1& ma tran mémen quan tinh cia vé tinh déi xiing xdc dinh dwong
tinh trong hé toa do vé tinh Fp,

Q 14 véc to toc do quay Q = [wy, ws, wg]T cua hé toa do vé tinh Fy, so véi hé toa Ao quén
tinh F; nhin trong hé toa do vé tinh Fy,

7 véc to momen didu khién 7 = [r1, 72, 73",

d véc to mémen nhiéu d = [dy, do, ds]”

0 —We Wy
Q=1 ws 0 —w; | la ma tran déi ximg léch cia vée to Q.
—Ww?2 w1 0

Hé phwong trinh dong hoc vé tinh ding cdc tham s6 MRP (Modified Rodrigues Parame-
ters) 3 = [o1, 09, 03] chi tw thé cla vé tinh dwoe mo ta nhwr sau [3]:

™
I
QR

(2)2

1/1-XTxy
GXZ) = 5 (Tlg +3% 4+ 22T> , (3)

1 00
trong @6, Is=| 0 1 0
0 0 1

Xay dung phuong trinh hé bam tw thé vé tinh

Ky hiéu X4 1a tw thé mong mudn cia hé toa do quy chiéu F, so véi hé toa do quan tinh
Fi. B¢ lasai lech tw thé vé tinh dwoce tinh theo dang hiéu ¥, = 3 — 3;. Ma tran quay tinh
dwoc tir tir thé X ¢ dang

41+ ETE)EX 8
(1-3T%)? (1-3Tx:)?

R(Z) =1, — DB, (4)
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Q. sai léch bam téc do quay cua vé tinh dwoc tinh bdi
Q. =02 —R(X,)Qy, (5)

trong do, g 14 téc do quay mong mudn cia hé toa do quy chiéu F, so véi hé toa do quan
tinh ;. Tir cdc phwong trinh (1)-(5) va stt dung R(Z.) = —QXR(X,) ta c6

I = —(Q+R(Z)N2)* T (2 + R(3)Q)
+3 (R R(Z) R — R(S)S%) + 7+, (6)
e = G(Z,)Q. (7)

Phwong trinh (6), (7) mo ta sai léch bdm vé t6c do quay €2, va sai léch tw thé X.. Nhuw
vay bai toan diéu khién 1a tim diroc mémen diéu khién 7 sao cho dwa céc sai lech 3, va Q.
vé 0 trong khi khong biét ro méomen qudn tinh vé tinh J vA momen nhiéu d. Lay dao ham

phwong trinh (7) va nhan 2 vé véi ma tran JF véi F = G71(X,) ta dwoc
JFE, = JFG(Z,)Q. + IQ,. (8)

Tiép tuc nhan 2 v& phwong trinh (8) véi FT 16i thay thé Q. = G71(2.)3, va Q tir (6)

ta co

M3, +C3. +g=F7 + FTq, 9)
trong do,
M = FIJF, (10)
c = —F7 [JF(’;(ze) 4 (JFS)X| F 4+ FT [JRyi(2.) Q)
+ [Rpi(Ze)Ba] ™ T — [JRyi(Xe) B4) * F, (11)
g = FT [(Rbi(Ee)Ed)X IR, (Z0) Sy + TRy (20)24] - (12)

Do ma tran moémen quén tinh J vi momen nhiéu d khong biét chinh xac, ta ¢é thé mo ta

do bat dinh nay nhir sau

J = J+A7, (13)
d = d+Ad, (14)

trong d6 J, d 1 thanh phin biét vA AJ, Ad 1 phan khong biét.
Thay thé(13) vao cdc phwong trinh (10), (11), (12) ta c6 thé xic dinh dwge

M = M+ AM, (15)
C = C+AC, (16)
g = §+Ag, (17)

trong d6, M, C, & 1a thanh phan biét va AM, AC, Ad la phan khong biét.
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Thay thé (14)-(17) vao phuong trinh (9) ta ¢é
M3, +C3, + g+ FTd=F'r —f, (18)
trong d6 f 1a phan khong biét
f=—-F'Ad+ AMS, + C3, + Ag. (19)

Nhur vay bai toan diéu khién bam tir thé vé tinh 1 tim moémen dieu khién sao cho phirong
trinh (18) 6n dinh 3., 3, — 0. Khi 3, — 0 thi 2, cing sé dan vé 0 do ma tran G(X,)
trong phwong trinh luén xac dinh dwong.

3. THIET Kf LUAT DIEU KHIEN 7
Ta chon momen diéu khién 7 gom hai thanh phan nhir sau
T =10+ T1, (20)

trong do,
—1 N . ~ e .
70 = (FT) [M(—KDEG —KpXE,) +CX. + g} , (21)

& day, Kp = K% >0, Kp = K£ > 0 (l& cdc ma tran ddi xing xdc dinh dwong) va 7 sé
dwoc xdc dinh sau. Thay thé (20), (21) vao (18) va sau khi rit gon ta c¢6

3.+ Kp3. + KpXE, = NI ([G—l(z)]Tﬁ - f) . (22)

Pit
7= e, (23)
f = MIf, (24)

phwrong trinh (22) sé c6 dang
.+ KpS. +KpX, =7 —f'. (25)

Nhu vay bai todn trd thanh phai tim 7/ sao cho hé (25) 6n dinh tiém can 3., 3. — 0 khi
khong biét /. D& xac dinh 7/ ta can biét dwrge f/. St dung mang noron nhéan tao ta cé thé

xap xi dugce f/. Trude tién ta xdc dinh bién phu s nhur sau
S = 26 + A-Eej (26)

trong dé, A la ma tran déi xiimg xdc dinh dwong A = AT > 0 ¢6 thé chon tir do. Nhur vay
néu ta bao dam dwge s — 0 thi véi A xéc dinh dwong ta ¢6 3. — 0, £, — 0. Ta chon mang
noron dé xap xi £’ nhur sau

~

f'=Ff+e, (27)
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s=E.+ AL,

s

N

—> n:(;‘(:,).\“[[m:;)wr—a

W= —nsI”

o - Y
G'(Z)M|-K,E-K,E_|
\ /

n=

(}’[E‘][ f'f,+f_-]+ﬂ

Figure 1: Hé dieu khién bam twr thé vé tinh véi nhieu tham s6 bat dinh st dung mang noron

trong do, ¢ 1a sai s8 xdp xi, f 1a dau ra cia mang noron,
f = WT, (28)

& day, T' = [y1,72,73]7 1a vecto cdc ham Gauss ¢6 dang

vj = exp (—SJ Aﬁ) j=1,2,3, (29)
J
véi ¢j, Aj la cdce tham s6 cia ham Gauss duge chon twong thich véi ving giGi han cia .
W la ma tran trong s6 lién két 16p an véi dau ra. Ta can xéc dinh luat hoc ciia ma tran
trong s6 nay dé mang hoi tu. Do AJ, Ad la cic dai lirong bi chan nén ta cung sé cé f/ bi
chan [|f']] < fo va [[e]| < co.

Pinh 1y 1. HEé sai léch bdm tw thé vé tinh véi ma tran momen qudn tinh va véc to momen
nhiéu cé nhiéu bat dinh (9) va mang noron RBF (26)-(29) sé 6n dinh tiém can va sai léch

’ A - - A s, .
baim X, — 0, Q. — 0 néu momen diéu khién duwoc xdc dinh nhw sau

r = GI'(=) [M(—KDEG ~KpZ,)+ C3, + g} + 71, (30)
n = GI(S)M [(1 +7)WT — 5||ST||] , (31)
W = —nsI‘T, (32)

trong do, cdc dai heong Kp =D+ A, Kp=DA, D=D7 >0,7>0,§ > ¢.
So d6 hé diéu khién bam tir thé vé tinh dirge moé ta trong Hinh 1.

Ching minh
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Chon ham V xac dinh dwong nhw sau

3
1
Vs, w;) = 3 (STS + ZWZTWZ> ,
i=1
& day, w; 1a cot thit ¢ cia ma tran trong s W.
V >0khis,w; #0, V — oo khis,w; — oo vd V = 0 chi khis = w; = 0.
Liy dao ham (33) theo thoi gian, V ¢ dang

3
. Te T
V=s's+ g w; W;.
i=1

Vatt Kp =D+ A, Kp=DA,D=D" >0, ta cé

=3 4+A3. = -KpY, - KpX, +7 —f + AS, =7 — f — Ds.

Thay thé (35) vao (34) ta dwoc
) 3
V=—sDs+sl (7' —f)+ ZWZTWZ
i=1

Véi thuat hoc on-line (32) ta xdc dinh dwge

V.Vi = N8 1= 17 27 37
3 3
Y owlwi = > —nwisy=-ns"WT,
i=1 i=1
V = —s'Ds+sT [T —(1+n)WTL —¢].
Chon
= (1—1—77)WI‘—5||ST||; § >0,
va thay (40) vao (39) thi V ¢6 dang
' T T S
V = —s'Ds+s (—5H—6

—sTDs — §||s|| + [|s|] - ||e]]
—sTDs — d||s|| + ||s||o
—sTDs — (§ — &9)|Is]| < 0.

INIA A

Ta thidy V < 0 vé6imoi s # 0 va V =0 chi khis = 0.

(34)

(36)

(37)
(38)

(39)

(40)

(41)

Nhw vay V 1a ham Lyapunov va ta ¢c6 s — 0 khi t — oo diéu nay dan dén X, — O,

3. — 0 hay hé¢ ditu khién bém tu thé vé tinh 6n dinh tiém can, sai léch tw thé va sai léch

toc do quay sé tién vé 0.
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T (40) va (23) ta suy ra thuat (31)

7 =GT(Z,)M |(1+ 7)WL — 5||ST|| .

Nhu vay dinh 1y da dwgc chirng minh. [ |

4. KET LUAN

Xic dinh va diéu khién twr thé vé tinh déng vai trdo quan trong trong cong nghé vé tinh.
Vi ddce thit phi tuyén manh, ¢ nhiéu tham s6 bat dinh va nhiéu tdc dong cic phuong phap
diéu khién tuyén tinh truyen thong khong dép ng diroc nhu ciu cia cong nghé vé tinh. Xu
thé 4p dung cdc thuat dieu khién ti thich nghi ¢6 tinh bén vimmg cao ngay cang dwoc ap
dung vao diéu khién ngay & céc vé tinh nhd bay trén quy dao thap. Bai bdo nay dé xuét
mot phirong phap dieu khién phi tuyén stt dung mang noron nhan tao dé khic phuc tinh bat
dinh cia hé dong Iwc va nhiéu tdc dong lén vé tinh. Phwong phép dé xuit cé tinh twr thich
nghi va tinh bén vung cao do mang noron cé co ché hoc va tir chinh trong on-line. Thong
thuromg hé diéu khién str dung mang noron dira trén co s& thire nghiém, hoc theo thuat back-
progpagation va tinh 6n dinh cta hé thong it dirgc chitng minh. Mang noron RBF véi thuat
hoc on-line dira trén vecto sai s6 diéu khién va chitng minh tinh 6n dinh tiém can cia toan
hé théng bang phwong phap 6n dinh Lyapunov dwoc trinh bay chi tiét trong bai. Céc thir
nghiém thuat todn bang mé phong bang phan mém va trén vé tinh nhd moé phong ban vat 1y

trong phong thi nghiém sé dwoc thire hién trong nhirng nghién ciru tiép theo.
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