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Abstract: Therobust faul@tolerant control is studied for a class of uncertain switched systems. When actuator failures
or partial failures, a sufficient condition for the existence of hybrid state feedback faul2tolerant controllers for closed
loop switched systems is obtained based on Lyapunov function method. Then by linear matrix inequlities ( LMI)
approach, the design of robust faul@tolerant controllers is transformed into the feasible problem of some certain LMI

system. The controllers can be efficiently solved by means of Matlab LMI toolbox. Finally, a numerical example

2009 4 6 F
Jun. 2009

shows the effectiveness of the proposed design method.

Key words: Switched systems; Faul@tolerant control; Actuator failure; Linear matrix inequlities

1 5] E

Pl RGNE IR 28N A R e R — Pl ik
A LA AT IR KR 2 20 AT, FR S T
FHI R X TR 2T RAE MR R k4,
FL T D)0, 0 B S AT 8 A SR
R AR, B2 R, T ER G AR R AL, B
BATEE. I, BFFT DI 250 (02 R4 il e @i 2L A7
0508

AR, DI 2250 2565 465 1l ) /R F 9 2 48 1L
TV R TR R A s BT T2 KA
W 2R GER AT 28 531 R B 58 4% JRAURH AN IR R 348
5. THATIAER G AT e KA R %%, B
KAATES R A VB AGTE T 0 284 8 o n)
H AT AR WEAH SR, Ak, AR —E Rk 1

1 2008204221 : 2000806.

AN D) G, IR R AT B AR )
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(t) = (Ar+ $AR)X(t) + (Br+
$Br)u(t) + Drfr(X), (1)
x(0) = Xo.
Hi:ROBR y M= {1,2,, ,m} N¥I#fsS,
x(t) T R" PR, u(t) T R NAAE. Fid
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TEAEAERE G, X AR x T R,

+fi(x)+ [ +Gx+. (2)
$ A FI $Bi g R G5 AN s S {E AR, HLEA
N et

[$Ai, $B] = HFi(t)[Eu,Ea]. (3)
HrpHi, BEu fVEx 9B AIE A4 501 H R Fi( t)
ARG P pg 2, HowiAe

Fi(t)Fi(t) [ 1. (4)

WHVIIARGE(1) FEA TR GPIRES AT
g u(o = Kix(t),i I M, ERFRZ(1) KBH AR
£y

K(t) = (Ai+ $A)x(t) + Dfi(x), (5
WL AsE . X

Ai = A+ BiKi, $A = HFi(t)(Ei + ExKi).
F REE AT RE AT A R AL XM T R G 1 GIAN
AT 3 RS WA FE M, LT 0 Y
M = diag[ mi, mi2, , ,mq],
M = diag[ mai, miar, , , ma],
M = diag[ min, mion, , , Min .
A0 mp [ my [ mn [ LI[Ti[ m1[j]
q. AR, M T Min 6 1707351 O B M AH B 76 3%
HI_E TR A, 0T 455 BT &R GE, M FIM a7 E K
Mrmi = 00, R MHATE ARG Ymy =
LI, R85 ) AN PUT S IEH LA 20< my < 1,
TR AT AR B AL
ERGH(1) 4 Mi JEAEBi+ $Bi 545l u( 1)
), J 8 A AT A W AR T AR
u'(t) = Miu(t). id

Mo = diag[ moit, moz, ,

Ji= diag[ji,ji, , ,ja],

Li= diag[| la |, | L2 |,, , | La|].
Hor:moij = (myji+ min)/2,ji = (min- mi )/ ( myn
+ my1), 15 = (my - moj)/ moj . ¥ ZHIE

M= Moi(I+ L), LLi [ i [ . (6)
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SERE, FFE Mi A5 Li 255 ASSCHIH 2 1
WAE RV E A BE L F, Afe IR 1)
RS E T T/ RS, B8 AT 45 2K 280 PR R G0IR

, Mog ] ,

K(t) = (Ad+ S$A)X(t) + Dif i(x),
(7
x(0) = xo.
HH:As = A+ BMiKi, $As = HFi(t)(Eu +
E:iMiKi) .
3 EEER

1 g e iE MYE SRS Y, DLE, Y

S WFRFE U Y+ DFE+ E'FTD' < 0, 374 3 /&
F'F [ LHIHEREF BT, 24 H Y AEAE ok B> 0
Y+ DD + E'E'E< 0.
U ST O A R I X, Y AT
BIEEMEQ LE> 0,FH
XY+ YX[ K'QX+ E'YQ 'Y.
3 XN 0,Z\ 0, Y[ 0 MfEEn
@n 405 FRIE @ HRE, SAFE NI R", NX 0 i 2
(NN’ - 4NXNN'ZN> 0, WfE7E K> 0 ffif5
KX+ KY+ Z< 0.
4 H55E R, Re A Y 4 H ) SR BUE
B, Y AT BN FR SRR B, SR 2(t) kI AR S5 Ay
B, dse | 2(t) | [ U, AR t> 0013 | 2(t) | =
U, U Ky IEE XA FE, I Y+ Ri2R2+ RI2TRI < 0
oA ARAE B> 0, 175
Y+ BRIURI + B'RIUR: < 0.
WER 1) otk RO AE B> 0, fiif
Y+ BRIUR! + B'RIUR: < 0.
i 512 2 AT %0
Y+ Ri2R:+ R 2'R] |
Y+ BRQR! + B'R2Q ' 2RI .
4 Q= UM 2Q '"2" [ U, I
Y+ Ri2R:+ RE2'R [
Y+ BRIUR! + B'R:UR: < 0.
2) LEME ¥ Y+ Ri 2R+ RI2TRI < 0, W% T
fERx(t) X0,
X ()Y (1) <- x (t)(Ri2R2+ Rz 2'Ri) x(1).
N}
[X"(H)Yx(t)]” > 4max{[x (t)Ri 2R2x(t) ]’} =
4max{[ x" () R1U" U "* Ra2x(1)]°} =
4xT () R, UY2U2RT x () X" () RI 2U V2U V22R,x(t).
PUNAAAE t 4545 | 2= U, fT A
[x" () ¥x(1)]*>
4x" () RiURT x(t)x" () R2URIX(t).
H 5[ BE 3 W40, 4775 B> 0 {13
BR UR! + BY+ R UR: < 0.
PRI A BRLL B 43
Y+ BR/UR{ + B'RITR: < 0. t
1 0T AN e B e A FR R 45 7)), W
BAFAEEEHE P, Bi > 0, 3L N FEA 45 AT
AIATHE:
(Ai+ BMiKi) P+ P(Ai+ BMiKi)+
PHiFi(t)(Eii+ EaMiKi) +
(PHFi(t) (Eii+ EaMiKi))" +
EPDDP+ B'GIGi< 0,1 1 M. (8)
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u(t) = Kix(t) (i I M) Ky HIR A Fen] S .
WEM M Lyapunov B8 4L
V(x(t) = x"(9Px(1),
XAV R A7 Rt) = 1, U
V(x(t)) =
X' (O[(Ai + $A)TP+ P(As+ $As)]x(t) +
f1(x)DIPx(t)+ x (t)PDif i(x).
RN A = A+ BMKi, $As = HiFi(t)(Eu +
E2iMiKi) 15
W(x(1) =
X ()[(Ai + BMiKi) P+ P(Ai+
BiMiKi)+ PHiFi(t)(Eui+ E2MiKi)+
(PHFi(t)(Ei + EaMiKi)) " ]x(t) +
f1 (x) DIPx(t) + x ()PDifi(x).
Hg1 B 2 & 2) A, £ B > 0, flifs
V(x(0) [
x"()[(A+ BMKi)"P+ P(A+
BiMiKi)+ PHiFi(t)(Eui+ E2MiKi)+
(PHFi(t)(Eu + EZiMiKi))T+
EPDDIP + BiGI Gi]x(t).
HaC(8) 41, HIFR RGE(7) WL AE. t
2(8) M MFE Ki Al P (AR LRME AN 54, ANBE
Matlab o LMI THHRAME, B3 A @5 B M,
Fi(t),i I M. Fi& ] Schur ¥ 57 Flds &8 4
R ESRANH E P S 1S LM
TE. TR, 76 LT RE RE T R/ * 0 3R 7 B g 0
FRE 1.

2 APAEIE EHFE P AVHERE K, A1 XS AT
ARV A E I Mi, Fi(t),i T M, 5 FEAR %
(8) WO HAMAEEBi > 0,Bi > 0,Bi > 0, Hif%F
Wi FIIE 50 e X, Al

(EiX+ ExMgW) T+

E:B;MoJ MJE] (GX)T WiTr
* - Byl + BExMoJ MEE]; 0 0 |<o.
* * - Bl 0
* * 0 - Bl
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0= AX+ BMaWi+ (AiX+ BMaW)" +
EiHH{ + BD:D{ + EBiMaJiMiB! .
i, AR FFEAER(9) 71— AT (B, Bi, Bi,
W, X),i T M, u(t) = Kix(t)(i 1 M) IRZG(1)
MR A E Al H K= WiX .
W Xfa0(8) M S 1, WAIAFAE B> Offf

&3

(A + BMiKi)"P+ P(Ai+ BMiKi) +
EPHH P+ Bi(Ei+ E2MiKi)" (Eii+
ExMiKi) + BPDiDIP + B/GIGi< 0.
Hi Schur #M4E T, I 3
(A+ BMKi)"P+ P(A+

BMK,) + E;PHHP + (Ei+ ExMK;)T

B:PD,DIP + B/'G/G; =0
Ei + ExMK; - Eil
xR e e A e e diag[ P, 1], FF4
X= P',Wi= KX,
b CARA

(AX+ BM;W)T+ (AX+
BM;W,) + E;HHT +
EDD! + B/'XG G X
EiX+ ExM; W -
1 Schur M5, 7T 15
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E;HHT + ED.DT +
EiX+ ExMy W - Bl 0
GX 0

(EiiX+ EaM;W)T
< 0.
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(AX+ BMgW,) T +
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% 6

FFFE — KA AR NGEE G 919

[ (AX+ BMaW) T+

(AX+ BMgW)) +  (E;uX+ ExM;W) "+
E:HH! + ED;DI + EiBMyJ; M§EJ,
E;B:MoJ i M§BY +

(GX)"

E]iX+ EZiMOiWi+ - Elil+ O
BEExMgJ MB! BE»MeJ MGEJ;
L GX 0 - Bl |
W-
E!'l 0T [W, 0 0]<o0.
0

4 0= AX+ BMoWi+ (AX+ BMaiWi) +
EiHiH! + BDD{ + EiBiMoaJMtB! , iz Schur #p
PERRRIAT 2 (9) . b diiE W R s — 2D 4%
v nl s g5 o t
4 PiESA)

ZBHMAAN T REH VIR RG (1), B
arr:

-1 1 07 -2 0 17
A= I 0|, A= 1 -1 0

L 1 - L 0 0o - 1

i 0 0.1 (0.4 0.1 27
B,=1]1.2 -1 0|,B,=1]07 0 0

L 0 05 0% L 0 02 0.U

[0.2 0 07 0.1 0 0
D, = 0 02 0|, D= [ 0 02 0;|,

L 0 0 0.2 0 0 0.

0. Isinx1(t) 0. Icosxi(t)
fi(x)= [OA 1sinxz(ti| , T2(x) = lo.lcosxz(t)] ,

0. Isinx;(t 0. Icos x5 ( t)
[0.5 1 07
En= Ea= 0O 0.5 0],
L 0 0.3l
0.3 0]
En= Ex= 0o 0.2 0],
L 0 0 0.4

0 0 o. 0.1 0 0
H=|0 02 0|,H=|0 02 o0,
0.2 0 0 0 0 o

[sint 0 0
Fi= 0 cost O,
L 0 0 sin
[cost 0 0
F.= 0 sint 0 |,
L 0 0  cos

0.4 0 0 0.3 0 0
G = 0 04 0],G-= 0 03 0].
0 0 0. 0 0 0.

I Min = diag[1,1,1], Ma = diag[0,0,0],i=

1,2, M Mor= Mo2= diag[0.5,0.5,0.5],J1= J.=
1. M T B B M R M PG ERTE 0, 1] [T
fli. % E= E=01(i= 1,2 3) 5, A~%L09) A1
AT A, BE T TT SR H R Aol B A
(- 0.030042 - 0.52949 - 0.090143
Ki= | 0.0013482 0.055864 - 0.071779|,
[- 0.018592 0.0094477 - 0.11814
(- 0.25207 - 0.54034 0.0094493
Ko= |- 0.018324 - 0.058519 - 0.031439|.
L- 0.16177 - 0.67027 - 0.17666

HEWIR S x0 = [- 1 2 4], MFsEsE B M
1 M. 4y 9 B diag[0, 0,1], diag[ 1,0, 0] I
diag[0.1,0.3,0.5], diag[ 0.5, 0.1,0.1]. ¥ $ 4
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