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Optimal non-fragile guaranteed cost control

for time-delay systems with structured uncertainties
XIONG Jun-Lin, ZHANG Qing-Ling
( College of Science, Northeastern University , Shenyang Liaoning 110004, China)

Abstract: The problem of optimal non-fragile guaranteed cost control for a class of linear time-delay systems with struc-
tured uncertainties was considered. A sufficient condition is established in terms of linear matrix inequalities for the existence of
the non-fragile guaranteed cost controllers. Also, an optimization procedure is given to select the optimal controller in the sense of
minimizing the upper bound of the quadratic performance index . Finally, numerical examples are used to illustrate the effective-

ness of the theory.
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1 5|5 (Introduction)

AWV R B2 BUE i R AT @ FERE TS
PBALRIRE 2 — R R e ML S B T,
RUEF 3 AR & B8 E R B, XARIE T ZFEAT
FEHES R RS R TERERS PR N T 3 el T R HERE
fedr B R % B R AN RS RE R B LR
A7 —EEENTH ETX-BE, KENEEH
MR ARG T R BRE SRR E
EAAHEHN SRS MARYTR AR ESER
EHRAT LR MM AR s ) B 2
Bl F A E R SR R IER R AN
PEREMYUN — 2 AT

AR RFBARAEEN SIS T T —
R EA G TE TR SRR i R G R AL IEME S
{RYEREIEHIMER . $2 1 T — Fb i X 2l R A L3
AL T B R ) e, BriR (BB 5 R TR
AR —REs .

78 B 1 :2003 - 06 — 23; WA SR H 3B :2004 - 06 - 01 .
EEMA I THE BB BN L AES TR E (124210).

2 [a)H5A (Problem fomulation)

HRHRE T ERMAR AR E LR E RS
i(t) =Ax(t)+Ayx(t—h)+Byw(t)+Bult),
W(t)=Cx(t)+Cyx(t-h)+Dyw(t)+Dyult),
w(t) = A() ¥ (1),

x(t) = $(¢), t € [~ h,0].

(1)
Hep: x(0) € R REEHRE, (1) ER™ZERS
R A v (1) € R? Ml w(e) € RP BRIRIER
REAHENE AQ) BHMNBES ;B > 02 RGNS
() BREFZEH G ARMEF.A,A,,B,B,,C,C,, D,
D, BB A EA S YR NE FEHER. RIE
AHENE AC) BT FHEREHEHE RN RNEHRE
PIAHE RS

BUc: = {A:R—=Rr?, A1) | <1,A(1) € UL
Hep
U: = iblOCk diag(c?llkl,-",&lk ,Al,"',Af):
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A Bk

61' e R,l, = 1,2,"',S,Aj e Rk”jxkﬁl,j = 1,2,'“1f}.
% IR KM RE T T R
J = J:[xT(t)Rlx(t) + UT(t)Rzu(t)]dt. (2)

HAER R, > 0,R, > 0.
R ME S LiCIZ RS AR HI
u” (1) = Gx(1). (3)
HAiERE ¢ € R B e WERERE, FRiEE
HEG)RFWT Mz
u(t) = Gx(1) + Bowe(t),

Heb (1) € R Ml we(r) € R ZARMIRIEHIE
WEh Ac(t) NS S . B, Cc D REHMEER
LR E R IEBERE. BIR Ac() BT TEHE
A RO EMSEHIMARERES

BUg:= IAgle—’quq, | Ac(t) I < 1,A:(1) € Ucf-
Hrh

Ug: =

{ block-diag{ 811&,"',SJSD,AI,"',A;,):

8;€ER,i=1,2,"",0,A; € RE/®y,j=1,2,-,h.}.
HE R (3) 2 RA s RS BRI 2 (4) BIAR

We(t) = Cox(t) + Dowe(t), (4) PR
welt) = Bex(t) + Pelt). e (D)X (4),BEHHRR
w(t)
200 = (44 By6)x() + s = 1) + (8, Bl ],
G
V(i) C+ DG C, D, Dy;Berr w(t)
J [‘I’G(t)]=[ Co ]x(t)+[0]x(t—h)+[0 Dc”wc(t) , 5)
[w(t) ) [/_\. OH T(x)]
welt) 0 Adlw. ()’
U x(t) = $(t), t € [~ h,0].
EX 1 ZBEAHENHELZRG (1) MR Qc: = {block-diag(S,+,S,, 51, ysuly )

BREL(2), MEXT A M EGZAHEY A € BU: Al
BERENEI A € BU:, FE—MeFRiERIE3)
—MES T FRHAF R (S) BERE, HIEER
BQMANMEER J < 1" 2R EHEO) 2
AHENHEERR() B— R RIEEEE S
&#,3H5R ) AR RGN R LR

R T H AR EENEWFS SIALTHE
ANEXRE B RS

Q: = |block-diag(S;, ", S, SIIk,+I T stk”f) :

S € R"-’X"-,Si >0,i =1,2,,s,
SjER,Sj > O’] = 1721“.’f-};

A * * *
(4T -—Y  x *
(B 0 -V *
(ByBgV)™ 0 0 S
CX+D,W C,Y - D,V D,BcVe
CeX 0 0 DeVe

X 0 0 0
w 0 0 BcV,

L X 0 0 0

S; € R&*&,S; > 0,i = 1,2,-,0,
55 € R,s; > 0,7 =1,2,,h.}.
3 RYEsEE F 28 A& A 4 (Design and
optimization of guaranteed cost controllers)

THEMEE 1A TR EER SRR HIE
(3)HI—ANFEAF SR AE.

R 1 EZEAHENEELS RS ()M
PREL(2), MRFEEEO < X = XTE€ R™",Y =
YTE R, VE R,V € Qe M1 WeE R W REH
HEREAEA

* M x M
M * M *
* * M *
* * * *
V% * * * | <0, (6)
—V, = M x
0 —R' x  x
0 0 - R;!  x
0 0 0 - Y
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ﬁq:‘ A = (AX + Bzw)T + (AX + Bzw), '}—]JJ_‘/IKE’E
e REEE IR R R TR S

u (1) = WX 'x(1), (7)
I HAERERE R A

J = ng‘le+J0th(r)Y‘1x(r)dr. (8)

iE ZEHARREG). %
£(e) = [«"(1) 2"t -h) w'(s) WwL(o)]T,
REEEEP =P'>0,0=0">0,S€ oM
S¢ € Q¢ FBRAEFR

[((A+B6)Px PA, PB, PByB,|
P(A+B,6)+Q : booTRre
ATP ~Q 0 0 |+
BTP 0 -5 0
L BIBIP 0 0 - S; |
[(C+Dy6)" Ch (C+D,6)" CEY'
ct 0|rs o cT 0
DT 0 [0 SGJ D ol "
L (DyBe)" DG (D2Bg)" D%
-7 GT
0 0
ORI[I 0 0 0]+ 0 R[G 0 0 B;]<0
Lo BY

WL . % 2R ERARES AR, G
eT(1)Ze(t) <0, ye(t) 0.
¥ R, B RAARE AT, B3
2T ) Pe(t) + 2T (1) Pe(t) + x"(e)Qu(t) -
27t - h)Qx(t - h) + x"()Rx(t) +
w"(t)Ru(t) < 0.
# M Lyapunov %
V(x): = 20 P(e) + | x(e) Qale)dr,
]
xR x(t) + u™(e)Ru(e) + V(x) <0, (9)
EHHE V(x) > 0,yx = 0F0
V() <= [2"()Rx(t) + u"(t)Ru(2)] < 0O,
¥V x(t) =0,

FRUABEAREZE(S)REEREN, HH
limV(x) = 0. XER(9)18F]

t—> o

R () + u™(8) Ryult) < - %vu).
xt FEARERFAM ¢ = 08 ¢ = o F4HEF

J=J:[xT(t)Rlx(t)+uT(t)R2u(t):|dtS V(xo);:‘]*,

Hit Z < 0 RFEIENSFE AL HEN—
F5r 4% R A Schur 3hEHE, FHTEERH X =
Py, = QWLv: = S, V;: = Sz M w. =
GP . G Z < 0 %M TF(6). H(7) BEEFTK
PAENESS (RIERBIEHIE. BGHR J = Via) AR
#7:0(8).  iEEE,

THRER2 ST ER/IMEERRE R
B)MEXLT It w7 NE .

EE 2 FEAWERMEL RS (1) MG
PRE(2) , a0R T E A9 Ak T B

min a + tr( M)
XYWV V0 M

(i) A(6) BT,

[ - a ¢7(0) (10)
1 05

( )[¢<o> _xi1©

{(iii)[ _NM NT] <0

XY, W, V, Ve, a AIM FBAR(T) ERER/D
ferEBE s 3 B A K (8) ME X T IR K, IF
HEAME o + (M) REMERERB ERE J° B/b

.3 ()T ()de = NN
iE  53CER(3]E R 3 AYTIERA ML, MRS .
4 B+ (Example)
BIB EBIT BR R E I 5 R 5
£(t) =(A+r(t)Ag)x(t) + (A1 +s(t) A x(e-h)+
(B + q(t)By)u(t)

(11)
MYERETE AR (2) , Hp
A= _(1) :)]’A‘= ?).1 ?).1 ’B2=[(1)]’
ey oIy e[

Lr(t) 1< 0.1, 1 5(e) 1< 0.1, | ¢(t) I<O.1,h =1,
Rl = I,R2 = l,xl(t) = e“l,xg(t) =0,t L [— 1,0].

oy
~

1 1 0 0

B—O'IO O-I]C—OOC—OO
1 - 0 01 0 ’ = s ] = L]

0 1 1

0 r(t) 0O 0
D, = I:ﬂ,A(t) = 10><|: 0 q(t) O },Dl =0,
0 0 ()


http://www.cqvip.com

506 £ & B w 5 m A BENE
ﬂl{/z\%%( II)WUEEEE:EQ(I) By = N € F control and filtering foruncer(mi)n linear systems [J]. IEEE Trans on
. N /B Py e Automaric Control ,1994,39(9) :1991 - 1997.
Lﬁﬁﬁﬁ{iﬂ’ﬂﬁﬁﬁklﬂ@( 10), 13RI E R R A (3] YU L. CHU 1. LM approch to guarteed cost control o linea

u (t) = [_ 0.7597 - 3'4601:|x(t)’ uncertain time-delay systems [ J1. Automatica,1999,35(6):1155 -
M HERE RS E R A J° = 33.8702, XR—1EL 1159,
iﬁ['}]ﬁ‘_‘,ﬁm%%, Kﬁ([3]ﬂ’ﬂ%%j‘] J* = [4) DOYLE J C. Analysis of feedback systems with structured uncertain-
45.4437. ties[ J]. IEE Proceedings: Control Theory and Applications, 1982,
. . 129(6):242 - 250.
5 % (Conclusion) . [5] SKELTON R,IQASAKI T,GRIGORISDIS K M. A Unified Algebra-
AR AN E E‘J%m,‘%:'lﬁf R T_.;é% ic Approach to Linear Control Design [M]. London: Taylor & Fran-
PR R AR AR 0 3E e 55 4R M RE 4 i [R) BB BT 4R 1 cis, 1998:84 - 86.
BB LB TARLRE, RESFHECAMI (6] BOYDS P,GHAOUI L, FERON E, et al. Linear Marrix Inequalities
HENARERES R FERETEENAG in Systems and Control Theory [ M]. Pholadelphia: SIAM, 1994
e 7-36.
(N

£:%8 3 8K (References )

[1] CHANG S S L,PENG T K C. Adaptive guaranteed cost control of
systems with uncertain parameters [ J]. IEEE Trans on Automatic
Control ,1972,17(4) : 474 - 483.

MEER (1977—),. B, BRAEF B RF IR L4 07,2003 4
ATBAREREERFSEME T VR L2406, TEMNTRARR
& #¥H , E-mail : jlxiong @ hkusua. hku. hk;

EER  (1956—), B, IR K ¥R &, B+, #i2,

[2] PETERSEN I R, DCFARLANCE D C. Optimal guaranteed cost AR, TREFROENT XRG BB
™ ¥ # H

_ﬁ MISO Hammerstein %\ﬁm%ﬁi%lﬂﬁyj ......................................................... },J\ﬁé, FaH
Mamdani ﬁm%% /O aé/?ﬁ'{; E‘Ji‘%ﬁ'\‘ﬁiﬁ &ﬁﬁtﬂ: ....................................... %&\5’6, %@:’ g&ﬁm
_%Z:Eﬁﬁgﬂa(mqﬂyﬁ%%%mﬁ{ﬁmﬁ%ﬂ ............................................................ Fj‘,K %’ E] gté':
‘m‘ﬂ“‘)‘{[Z:fg]%%ﬁggﬁ'&ﬁ'&ﬁgﬁﬁj%%mﬁff ......................................................... ﬁ'ﬁg’f:, g‘KBEi
N{%;ﬁ:ﬂﬁiﬁjlfﬁilﬁ]i})kﬁ%?ﬁmftﬁ%—ﬁlﬁ]ﬁ%#u% .......................................... E@m, @ »h-’al
gﬁzj'ﬁ% Hopﬁeld #%W%E@%%%féﬁ&%%’lﬁiﬂﬁﬁﬁ .......................................... é %, Fj‘.&{tﬁlﬁ
E TR RS BENRBALBEREE R oo PRAHE, HE T4, BURY
_%jkﬁﬁziﬁiﬂq-%%%ﬂgja%&&ﬁfﬁ ngﬁ%}:fﬁ .......................................... % 72, ﬂ 7=
ﬂ%‘nﬁﬁ&ﬂ%%ﬁ%%:‘:ﬂgmfﬁ ................................................ 1% j’lﬂ’ E *}J, g’%l&:’ *Z, #%
ﬁ*ﬁ#%lﬂl%ﬂ‘ﬂﬁmﬁﬁwﬁﬁéﬁﬁ(%i) ................................................ 1:1]3 ‘%L’ $?¥‘E" g&ﬁm
T Eﬁ%&*m%ﬁﬁ%%m%ﬁjﬁﬁ ............................................................ [ ﬁ’ = %
Qﬁ%ﬁﬁ%ﬁ%ﬁﬂgé%%ﬁ%%:ﬁ ............................................................... gﬁqz, RB—&E
ﬂiﬁ%*ﬁ;&ﬂgﬁﬁﬁlﬁjﬂ”ﬁ%%mr‘iﬁlﬁ%ﬁﬁﬁu .................................... ,H' E’ éﬁ%é’ [;}'Eﬁiﬂfd
EIE@M%&A&&tb%ﬂ%%{jﬁ%%ﬁ .................................... ¥ A, B Pﬁ’ ES ﬁ’ HE
ETRSBEFENNEZRAM _RE L EBBRERIPRT e wfdf, B, RO
é%:&ﬂj]%/%%ﬂ@ﬁf%*ﬁ%%@#}%] ......................................................... = ﬁﬁ’ g.KﬁlaHH’ %%ﬁg
BB BT AT R AT PLOD) I o vrrrer v EIE =, 3 40, AREES

SChr b FRE R R GRS RE M5t R B SRR

-----------

--------------------

XLk, &R, #EF, #fE—


http://www.cqvip.com

