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Resilient guaranteed cost controller design for
uncertain time-delayed systems
GUAN Xin-ping, WU Jing, LONG Cheng-nian
(Institute of Electrical Engineering, Yanshan University, Hebei Qinhuangdao 066004, China)
Abstract: The problem of guaranteed cost control for a class of uncertain time-delayed systems was addressed. The uncer-
tainties existed both in the systematic matrix, and in the controller gain. And the design methods for resilient guaranteed cost
control under two classes of perturbations, additive and multiplicative, were given respectively. A numerical example illustrates

the effectiveness of the design procedures.
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1 5| & (Introduction)

LR, ¥ E M ATE REORE
fib 6 i I BB REAT T B35 {2 Keel 1 Bhattacharyya
FEBGE B SCRRPIS o, BUA mo & e HliR ik (n
Ho, o, L, FEEATE)VBRRUEBRAESHHR
BasEtE, WA B H 3 R A E M . 2
HESPHEATHF (X EREE LI, M, R5
PIEAT B, e 3% A OR , LA R I Ss tE RE s AT,
HEBRHTL) RS RER T ERALEE
MIBESHYE . T HATMIR K SBIUR T RES K
MRS ERAT & BRI, SRR S EEFHR
HEERE B RN AR BRSNS x6,7)
REHBSEAAEENARERITE T AR
AR AT . P 61 K MR B AR
SRR R BRI, BRESHARE
TBaSE PRI . SO0 7 ] R P Bl A RS 0 i
HIRESAT T RGR, (B A 4 R R vl 2%
AR I B T X B R R SRR v R
MBI BEEFA EERSNZSBRERS.

OHR B 3:2001 - 10 - 24; WCEBR H 39:2002 - 10~ 18.
ESWH AR ARPEES(60174010) 5B H .

BT, A 30K BT 28 28 R A s pat
BATE RGN R IR GIRE, NS EN AT
IEMFPEEFEFIER T, 38 T & 5185 4 8 M0
FEHA L THERGREREHSFENR SV
B &AM, HAFEHAKE T LMIs ] 171#% .

2 18] # iR (Problem formulation)

BRI T AREH RS :

{x(t)=(A+AA)x(t)+(Ad+AAd)x(t—r)+Bu(t),
x(t) = ¢(t), t € [- £,0],
(1)
Hex(1) € R"REREME,u(t) € R™ REHRK
A&, A,4;, B REE B YA EHIER, A4,
M, REEBHEBOAURRRENAHE, B
RN T PR AR
AA = H\F\E,, Ay = HyF,Ey, FYF; < 1,
(2)
XH H\ H,,E, ,E, RAEBHERNERIER,
F.(i = 1,2) B Lebesgue 7 JTH HIK HER .
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SRR RN
5= [TI00x() + w0 Ru(0) )i, (3)

XH Q0 > 0,R > 0 REEWMPUER: M B ERE
(1),®i+— B A BRI ER S
u(t) = (K + AK)x(t) (4)
FRAERGE () BARERESE. Xd K hEH
PRRUIMIS ,AK AT
AICE RTS8
a) fnkk
AK = H3F3E,, F1Fy < I; (5)
b) ek
AK = H,F,E,K, FiF, < I. (6)
Ho Hy,H,,E;,E, REHEBIER, F.(i = 3,4)
JEA Lebesgue 7] Wl 5T MR AR .
3 FEZE (Main results)
HBHAA RN MEERNSFENTESLE
FA%, L BT RERE XL, B+ SARE R T
FRER

A = A+ B(K + AK),
W, = ¥ + e 'EYE,,
W = ETE, + EYE, + 1,
L =1+ E}E,,
W, = W - BR™'B7,
T=ATP+PA+Q+ V¥,
W = AAY + H H] + H,H],
U=R+e'EYE, - RH,HIEJE,.
EX 1 HRREN)REFEREN, RFE—E
EXFRFERE P, XSBMIERE AK, ERES T RRAL
ATP+ PA+ ¥ =
[ p _ W“] < 0. (7

EX 2 BRRZE0N) ~ Q)RAEAREENEE
BE, MRFHE—EENFER P, MEHERHN
AK, #REE T WL :

ZTP+P74+\I’+Q ® *®
P -w! * < 0.
K + AK 0 - R!

(8)
EE1 BFHEE-EEXNKER P#HEEAR(B)
AL, W R GEC1) A8 ) ELAR Y RE SR 2 -

7 =[7 G0 ex() + wT(0 Ru())ar <

0
0
xg Pxg +j_ @"(t) Lp(t)dt.
iE HEEAT Lyapunov ¥Z PR
V(1) = 7O Pe(e) + | 57(0) Lx(8)do,

y
V< x"[A"P + PA + ¥ + PWP]x,
AR (8) AT Al
V<-2T0Q0+(K+AK)TR(K + AK)]x =
- (2"Qx + u"Ru) < 0O,
BT A
J =j0 (x7Qx + u"Ru)dt < - Jo Vde =
V(0) = x3Pxo + JO rgoT(t)Lgo(t)dt.

UEEE.

ER2 WAERSQ),Q),WEMBERKE
@) BRAREEEMNENAERME, SHUERF
E—EEXNHRERE P > OMERE e, #EBR)F
(10) BLaL

R, = R™' - eH3HY > 0, 9)
T+ e 'EYE, P

<0, (10)
P - wi!
LAt LR agalbs: )
K =- R 'B"P. (11)

E RAGE0)REFHREEEEEE, WhEX 2
AR (8) oL . h5 3 214 v, R (8) oL BR & #
F IR :

T + e 'EJE, ® ®
P Wit % |<0. (12
1

K+ R'BTP 0 -R
1 Schur #p5 | F AT A
Ay =T + ¢ 'EJE;, + PW,P +
(K+ R'B"P)"TR{"(K + R"'B"P) =
S.(P,e)+(K+R'B"P)"R{'(K+R'B"P) < 0.
(13)

B (12)F(13) AT RS & 3 2 f Bk, H T itk
HEB REHERX QDARAR(13) BIF] .

M2 5 T RIS RN B AN TS
DEFAM, BT ERE P EBRAMEEREE/DER



http://www.cqvip.com

Ham

RARTERE, A SUA T T HIR R AR
‘i
S = {x(i) € R*:2(i) = MN,, x(j) = MN,,
i=0,j<0, NiN, <1, k = 1,2},
DG 3 iRy wtd a8
min (1)
- Al M'P Mt

PM - P 0 < 0.

s. 14

t M 0 - (zL)! (14)
Eq.(9),(10).

Wit 1 F b UL AE) AT, W H B i R

R ERERG)RRLE(D), ()KL LR R
Hils, HARLETERESRIR N 4.
i B AR

0
J < x3Pxo +J o (1) Lo(t)de,
nj
0
J < NTMTPMN, + j NIMTIMN,d: <

Ap (MTPM) + A (eMTIM) = A, (MTIIM),
Heh I = P+ oL Y 2., (MIIM) < AIB,RIAH
Schur 5|38, B AFRMARER diag (I P 1)
BART 78 3= (14) P RIS — 1 LML tL BN R P BE VLR
AR FE—N B/ B R, Br LR #4528 R4k
REEREFERIES .

EEg T BA kR B m R0k
7, T Ve B A T B S sh iR 28 69 ¥ it
AT .

EE 3 MAERRS(D),(2), HEFREANE
()RR ERERBMAESME, SHMNY,
GE—EEWNHREE P > OFMERE R e, F1E8TH
A AL

R, = I - eH{RH, > 0, (15)

o4 — AR
m e e Tt

Xy

X% . AT RS R R R SRR 621
T P
[P W“] <0 (16)
- 2
MRt Pk HIRR A% 2R N
K=-U'B"P, (17)

Hw, = W- B(I - H{HyEJE,)U™'B".
iE B EH 2 IR A
A, =T+ PW,P + (K + U'B"P)"R,(K +
U'B'P) < 0, (18)
B AL EHEARIE . A e B kR 2 2.
E BAREABESINERFZZITHORLT ERE
1.
4 ¥ {EEH(Numerical example)
WERZE()H,

=05 S Gh
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ER SR AEMEAEWE: B, = [0 1]7;

Ey = [1 1]; da#EiR 1 IR R ARB
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RALRYEBEIR AR N A = 17.3475. TR RS HLR
Wl 1R

B R A REARE Wt H, = - 0.75;
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Fig. 1 The state curve under additive perturbation



http://www.cqvip.com

622 E oW OB ® 5 M A E20%
0.4 — I TS 04} — HHITHE
------ T HIE 03 weeees TESPEEGI2E
o 02
A2 AAREAMERKRSHLNE

Fig. 2 The state curves under multiplicative perturbation
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5 #5i(Conclusion)
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