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x(k+1) = (A +AA(k))x(k) +Bu(k) (1)
K x(k) e B u(k) =[u,(k), u(k), ~, u, (k)" e B" I IREMBARE,A B HEMELEE
M, AA(k) R RAH A (k) =HF(k)E;F(k)F" (k) <I MSEAHENE HME FOCMER, iads
AAF AF(k) FHRIZRGERPRE T S5 RE8 EIILI , B XF AT A TE R BB 8, BT s~ &t
i Fn,
ZRREBRB u(k) = Gx(k) % TR M, K RN fohk e Ay
@ (k) =[u/(k), u/(k), -, ul(k), =, u,/(k)]" = Gxf(k) =GL(k)x(k) (2)
KA :L(k) =diagil, (k), Li(k), -, L,(k)}| e ®, FREBBMEREE, 0, ={L(k): L(k)#0, I, <
L(k) 1y, 0<ly<l,00 >1y=1, i=1,-, n| BREERMEES . NSEAFTREHN
x(k+1) =[A +AA + BGL(k) 1x(k) = (Ac + AA)x(k) =Ax(k) (3)

RH:Ac=A +BGL(k) ,Ac =Ac + A, G e R iR HIRA R 838 RE,
é‘\Lo =diﬂgflm. loz-"'v zu,gi ) P=diﬂgiP|, P2y Pnl » D(k) =dlag{dl(k)v dz(k) P dn(k)l ]
ID(k) | =diag{1d, (k) |, 1d, (k) |, , 1d (k) I}, Bl = (L, —1,)/2, p, = (L = 1,) /(L +1,), di(k) =
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[L(k) 1) l, i=1,, n MU ERERE L(E) K5

L(k) =L, +L,D(k),0< ID(k)I<P=<I (4)
44 SE SRR IE EMNAUE R, >0 R, >0, F X3 R R RE R B E 4R 0
J = ;[M)R.x(k) + (& (k)) R/ (k)] (5)

StHAFRLE(3) , A B KR S FEIRAR A (A + AA) C D(q, r) K D(q, r) KR g HELD,
Ar 2RO <r<1HO0 <l gl +r <1, A(A) KR A BFEE WA SHIPFT HARR 5 XHE
RS AL (1) , X T4 E BB ASIERT D (g, r) AURHERERE(S) , FR—RER R R HI#E (k) &
R R G0 RIS @(q, 1), BARVERERRE(S) RARIMM L7

2 FERER

E X | IBAEER I o (k) FIXFRIEEIEARIERE Q > 0878 FAISERE ARG 2N B A A MF AT B
FofE eSS M L(k) RSL,
ATQA. -0 +[R, + (GL)"R,GL] <0 (6)
T SRR T R GE (1) TEMRMERERSN(S) T ROTTHARPERER 5138,
3138 | M FRG(1) FUREREREK(S) , BAEERME G FAERE Q > O, 3R F %
[A} - gI1Q[A; - qI] -PQ + [R, + (GL)"R,GL] <0 (7)
St AT RE GO L(k) #RARaL, MIFAFR RS (3) MR IR @ (¢, ), BE J < x7(0)0x(0),
LERAX FRISE454I58 o = Gx, (k) ,REMERE Q > 0, MAR%ER(7) ML, WA[AL - gI10[A, - qI] -
r'Q <0 Rar.Hik, AFRLE(3) HEEITAE o(q, 1)
MFqg=200<qg+r<1flig<0,-1<gq-r<OBFEMBERIBIMUITE, THAER(7) HAERX
(6) FSLMHBEEN 1, = Gx (k) B— AT SRR 28 B Lyapunov BECH V(k) = x"(k)Qx(k) M
H V(k) #9245 AV(E) <x"(k){Q - [R, + (GL)"R,GL] - Q}x(k) <-x"(k)[R, + (GL)"R,GL]x(k)
<0 A V(k) < V(0) = x"(0)Qx(0) , A EEHITF R 5t MR RE BB

F5 ix'f(k)[k1 + (GL)"R,GL]x(k) < V(0) =x"(0)Qx(0) & J° (8)

1 SCHER(S5] (6] R MERER B E R R J<V(0)/r* =x"(0)Qx(0) /¥ ,iTF 0 <r < 1, 8% AR B
BRFAXMER ", BHR(8) EH THEMRMAERE LR

FIEBRIERE £ R X9 R RE MK, BE RENPHRERFTHEWRELR, WX (8) KWERE LR #H
BEEN

: T=E(J) <E[x"(0)0x(0) ] =trace(Q) (9)

132" A=A" H, FHME REHEN F'F<I, MA% A+ HFE + E'"F'H" <0 37, % H{U%
HEVER e>0F18 A+ ¢HH' + ¢ 'E"E <0 B35,

SIH 3V AHERELELERE X 10 =0" >0, FER [XD(Ok)Q

FEERNAHET LMI BT SRR EBER SRR T E.
EE 1 XFRE) MERERE(S) , BRETEIR @ (¢, 1) EFEERE S >P >0, Y FiGE >0, 154
PEFREREA S

T PQ 0
XD(g)Q ]S[QOQ XPXT]ﬁEE°

-P! - 8 0
0 -5 0 U4

<0 10
S 0 -r's 0 - (10)
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WAL, b g =[Y'B", ¥Y',0,0]", H=[S(A -qI)"+Y'B", Y", S, SE"]", 2 =diag{BHH" - S, -R;",
=R, Bl WX SEAHE VT RERIBLRE L (k) , A AT SE ARt BERE 188 o = Gx, (k) =¥S 'Ly 'x,(k),
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(HB AR R (3) W ISR AT &(q, r), EHEEERE T < trace(S™') o
iEBA . ARAES |38 1, 2R % (7) oL, WIRFF RGWE 4K D(q, r)FJ <x"(0)Qx(0), ¢ Schur #p3|
3 R(7) ST
R, +[GL(K)]"R,GL(k) -r*Q (A% -qI)Q
- ] ]go (11)
QA -gl) Q
St R A BT T M diagi Q7,0 ') SR IR AR A (4) , 6 F 3138 3 LB T8, B4
B Q' >P>0 ETFFIARERMIL, MA%ER(11) BT

-_p -
0 Q' #

Q' 0 ~2Q"!

0 BGL,O' (A+AA+BGL,-¢)Q"' -Q' <0
0 GL,Q "' . GLQ 0 -R;

Lo 0 Q' 0 0 -R"

A AFIH 2 Hl Schur #b, Xt EXS% AA H#HITHH ,J4 S=0"", ¥ = GL,S, WX FEMFE >0, LXEH
F(10) ., G555 1 F(9) , EHEIFIE,
EE2 M TRE) FARIERERE(S) , SBETEIR (g, r) , RFFEHEES>P >0, Y MIFREB>0,1F
BLAT AL a1 3R
5§1_iyr,lMtrace(M ) | (12)

s.t. LMIs (10),[;” Sl] >0 (13)

BBy, oo My F1 Yy, WX SHORBEE VERTT BEAIBRE L (k) AP E AL A AT AR BB IR G 3R o = Gx (k) =
YoS 'Ly x (k) (EEEBFTI R R GE (3) W R AIEAT @ (g, 1), ERBARKIPATRIERE LR T <trace(M,) o

E2: ROB)FEHTF M >SS AT trace(M) BT AMULARIE T trace(S ™) f98/Mb, BB HERE B R J<
trace (S, ' ) Btk

3 ARES

EEINTSWEL(1):A =diag| -0.85, 1.1} ,B=[0.6,0.5]",E=[0.6, 0.03; 0.01,0.6],,,,.H =
diag{ 0.1, 0.1} ,R, =0.51,,,, R, =1, ERFARERAREN . REX AR IIERARN H(0. 1,
0.9) , S EEAS B RS BN 1, =0.749 1, =1.10(i =1,2) ,P =0. 191,,, L, =0. 9241, ,, RIEEE 2 K&
iR SRS SR B, =2. 231,85, =[0.292, -0.055; -0.055, 0.224],,,, ¥, =[0.194,
-0. 165], MMISEI RE KA AT AR R HIAR o/ (k) =Gx, (k) =[0.594, -0.651]x,(k), BT, ¥

HIFR RGEARALIE BPERE L R b J <8. 26,
SE 3k

[1] DongZ, You Z. Optimal Guaranteed Cost Control of a Class of Nonlinear Uncertain Discrete — Time Systems; an LMI Approach
[ A]. In Proceedings of the American Control Conference[ CJ. Minneapolis, USA, 2006,5039 - 5042,

[2} ZuoZQ, Wang Y J. Relaxed LMI Conditions for Output Feedback Guaranteed Cost Control of Uncertain Discrete ~ Time Sys-
tems[J]. Journal of Optimization Theory and Applications, 2005, 127(1) ; 207 217.

(3] EHE KW BAPTRM R ERATREERI]. KILKFER, 2003, 24(7); 616 -619.

(4] 3 M, EPdR. KUERHTHHREMTREREBHI[I]. EH T8, 2005, 12(4) ; 361 -364.

(5] & 3. &HEH - KUNEEAERAETEIM]. db5 Fe H s, 2002,

[6] Garcia G. Quadratic Guaranteed Cost and Disc Pole Location Control for Discrete — Time Uncertain Systems[ J]. IEE Proceed-
ings on Control Theory and Applications, 1997, 144(6) ; 545 — 548. (THFE2 W)



22 TETBRAFFR(BARER) 2007 &

1994,
(7] BRE.HEE FREELREHEE H/H, B[], #H 50K, 2007, 22(3) : 318 -321
(445 . Bephid)

Guaranteed Cost Reliable Control for Uncertain Discrete Fuzzy Systems

MA Qing - liang' , CAO Xiao — ping’
(1. Department of Automation, The Second Artillery Engineering College, Xi’an 710025, China; 2. College of
Mechanical and Electrical Engineering and Automation, National Defence University of Science and Technology,
Changsha 410073, Hunan, Chian)

Abstract: The design problem of guaranteed cost reliable controller for a class of uncertain discrete fuzzy systems
with actuator failures is considered. Based on a more general continuous model of actuator failure, the sufficient
condition for the existence of state — feedback guaranteed reliable controller is derived from using fuzzy Lyapunov
function and linear matrix inequality ( LMI) technique. Furthermore, the optimal reliable controller design problem
is formulated as a quasi — convex optimization problem.
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Optimal Reliable Guaranteed Cost Control with Regional Poles Constraints

ZHANG Deng - feng', WANG Zhi - Quan®, SU Hong - ye'
(1. Institute of Advanced Process Control, Zhejiang University, Hangzhou 310027, China; 2. School of Automa-
tion, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: The problem of optimal reliable guaranteed cost control with regional poles constraints is investigated for
a class of uncertain discrete — time systems subject to sensor failures. The sufficient conditions are derived for the
faulty closed — loop systems meeting such performance requirements by using matrix inequalities. The existing re-
sult on the upper bound of guaranteed cost function is improved. Based on linear matrix inequalities ( LMI) ap-
preach, the reliable state - feedback controller is designed to guarantee, for possible sensor failures, the closed -
loop system satisfying the pre — specified regional pole index and having the optimal quadratic cost performance. Fi-
nally , the simulative example demonstrates the validity of the proposed method.
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