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Delay-dependent robust control for linear time-delay uncertain systems
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Abstract: The delay-dependent robust control for uncertain systems with both state and input delays is discussed. By intro-
ducing the matrix decomposition idea into the synthesis problem, incorporating with the integral inequality and Lyapunov-
Krasovskii functional method, a new delay-dependent condition based on linear matrix inequality is obtained which guarantees
that the system is asymptotically stable via memoryless controller. Neither the model transformation nor the bounding cross-terms

is employed. Some numerical examples demonstrate that the proposed method is efficient.
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1 5|5 (Introduction)

LR REM T SEFIEERZRZX
¥ . 830 Richard' 38 R 4 #b 48 45 73X J7 T AY B BT B
FHR, RET$EH T 4 4~ Open Problems, HH1Z—
R Q0] A R A I A0 T R R R R 4

2(t)=Ax(t)+A;x(t-h)+Bu(t)+Bju(t-h).
(1)

YA, = O EHFIA Arstein BEELRIL T L (Ar-
stein model reduction method)'!, ¥ JF R G5 A5 R ICAT Hif
MRS, AR ORI T X2 R A 42 al, 52
X— 7 AR BRI 85 BAG 2A B ME TSR3

4 A, = OB, SCER[3 ~ 51 Riccati AEATTE
BRI T itz HI 2R, RIE T REE iz = H 3 E A
TR RS R E LR ER BIZ KK T 0t
WER/IN BEVEEFTAN, X A, = 0BT RZE(1) MBS AH
REFA AR D HRAE .

WiHs B 592004 - 03 - 05; WIBH P $1:2004 - 11 - 01,

ASCAE BT 3CER 6 L R A E L 5IASE
M B, BN TR A (DB X R E S
B 18], F| A Lyapunov-Krasovskii ¥ PR 7 ¥, 3K 15
TERGKGTICIRERBEFTHEN T LML/
BTRF AR A A, X — &M FARITIE RS AR
A R SRR AR S EN S A mARES
RSBTH LR R E BT R 8 S 3,
BB — i, Rl 48 3 0 i 8% iciZ il 2% , 45
HIfEi B 5 FSEE.

EIEHAWMTIES: A TR RERE A NEEN
Wy P = PT > OFRAXFRIEER; R, RV 4 5IF R
SEEU B n EF BB S 0 x n HRESS (R 1 R
A & 45000 5 58 [ s diagl A, B, -, C} &R
Bt M i R B RE A = " 3N KRR B I A R I
2  [E]RAHEIA (Problem statements)

X R0 [Rle A RSB A B A BT A AR

E£HH  BRANEFESRBITE (60425310) ; M E B EF FHIFRITH BT E (BA[2002]55).
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ELXERS
2(t) =

(A+DA())x () + (A +D8A,(e))x (e k(1)) +
(B + AB(t))u(t) + Byu(t — h(1)),
x(t) = $(t), ¥t €[~ h,0].
(2)
A x(t) € B HEHERE, u(e) € =™ R
A, () RUIERERNE, R (1) MBTAERT S, 3 2
O<h(t) sh <>, h(t) <d < 1. (3)
AALB,B, N H R IE Y4B R BOSE A R
AA(t),AA,(¢),AB(t) AR RE, RRBTES
BAHEN, RAUTER
[AA(t) AA(t) AB(t)] = DF(t)[E E, E,].
(4)
Heb: DEE, HE B F LR, B A R ML
WRE F()WRE FI(OF(t) < 1,V ¢t.
AHFBEIHE, 5IA T XRS5
u(t) = Kx(t). (5)
AL FEINEAHE RE()ETR () B H
A ER T TR E R R DC T4 251 I, 5
A5,
SIEE 1N (BIAA%ER) | 2(¢) IR LAK
HE—r BRI R, X v M, M, € B,
VR =R">0,Vh(t) =0, HEFAER

—J[ #T(s)Rz(s)ds <
t-h(t)

M+ M, - M+ M,

T ]é(t)+
* -M; - M,

GT(t)[

MY
h(t)éT(t)[ T}R-I[Ml My]1e(t).  (6)
M;

HA e(e) = [2"(e) "¢ - h(2))].
S1E 2170 AEmM @ = QF, LA KGE M4ERm
M H, L, N
Q+ HFL + L'F'H" < 0.
MEBHRE FTF < I F LR ELABRER
e > 0, #75
Q+e'HH" + eL"L < 0.
3 FE4HE (Main results)

X—, R EES . g e A H
WIBRE Q)RR AEL (R F(¢) = 0)B Tl
8 (5)VE R S #ni R 8 IR HF AR R 7800 251 . LI
EiEZ ¥4

()= (A+BK)x(t)+(A;+ B K)x(t—h(t)).

(7)

HIRBIRG(T)BHE RS E AR T LMI BB 7 A
RFE4AF, BT B AR HE K, BN RLE ()
VEREFHE 5] ASCHR8, 9] B AR RS I FE RS A,
ﬂEﬁu—Fi‘}’ﬁ:Al = A+ Alz,ﬁqn Ay, An FHEEEE
. TRAG(T)AIRRN

£(t) =(A + BK)x(t) + Aux(t — k(1)) +

(A + BiK)x(t - h(1)). (8)
WA = A+ BK,Ax = Ap + BIK, RI5%
() =[x"(e) 2T(e-h(£)) {Ax(e-h()IT],
(9)
HEH(3),753
£(t) = [AK Au 1]§(t) (10)

FASIE 1,830 e
EE1 AEFER>0,d< L.UIRFEX >
0,R >0,0 >0,lA% M,Z € amxn y € Rmxn fgifa
LITF LMI 57 :
_Pu £n (-? O14 0 me
* pp 0 N hR 0

0
<0,
¥ % % _ hR 0 0
* * * * _ER 0
L* * * * * _O_
(11)

H
ou=AX+XA"+ A, Z+Z Al +BY + Y'BT,

o = X + AuM - Z", pig = XAL, + Y'BT,
o = h(XAT + Y'BT + ZTAT)),

pp == M- M", o) = R(M"AT)),
-(1-4d)Q,

£33
(12)

WFARRE(DEERE,IFH K = vx-\.

iE  HX Lyapunov-Krasovskii & B§

0 [t
V() =2 (O Pe(e) + | |1 4TI Re(s)dsdd +

J;-h([)xT(s)AlTKQAIKx(S)ds. (13)

HFEP>0,R>0,0 >0 V() IFRE(DHH
ZHREH

V(t) =

heT(t)Rx(t) + x"(2)ATxQA g (t) —

(1 - R(e))x"(t = h(t))ATKQA g (t — h(2)) -

J:_ExT(s)Rx(s)ds £ 2xT () Pi(1). (14)
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BAG)H r(t) < h, TEA
—Jl 2T(s)Rx(s)ds s—Jl #T(s)Rx(s)ds.

t—h t-h(t)

(15)

RS BMA BN AT 1, HFRAR(14), R F
AR (9)E XK £(1) kX (10),183]

V(t) < €"(¢)[Z + TR, + RCIRM,]E(1).
H

e + AlTKQAlk P12 P
S = * Pn 0 .
3

* * §03
r=1[4 Ay I],T=1[M M, 0],

P = PAK+A;<P+M1T+M1, P2 = PAll—M1T+M2’
o =-M; - My, oy =~ (1 -d)Q.
M Schur #5138, R I F LM E RS R BT

_9011 Y P ’_lA% ’_lMlT Alk
* on 0 hAT, RM] O
. = A N 0 0 <0,
* % x _hR' 0 0
* % % * — hR 0
L % * * * * — Q‘l_

(16)

A V(1) < 0, F&H Lyapunov-Krasovskii £ € M &
HOHMARG()REEREN.

FMIEERMEEAER(16) BHEHS K, &

X
P 0 _ Ay Aq
W:[Ml Mz]’ :[1 _1]‘
IER(16) B, W M, HEAFR, AT W A, B
L, [X o
w- :[ B
Z M

T = diag{W-',Q"',I,R"', 1},
MR(16)EF TN, AR T, R854 Y = KX,Q =
Q™'.R = R7", N LMI(11) B3z, T'ET < 0, A
mE < 0, TRAARRS(7) ik, I Bz 2
WK = YX L UEEE .

1 EEI1ARTREQ) (F(1) = 0) BFiciZR
SRBEFTHEMEHEXES, X—& 4R UERTF
A = 0, WEHT A, =« OMRE, AMEA —KME. Rat, Y
B, = 08}, [SEM LIRS 1 BSCH10, 11]H9FE Y
2L BB B/

E 2 EE AR TRRER A, MR . —
W ETARE MR R TE IM(IDF4 Z = M = X, R

JESIAFRIERTR L = ApX. R IMIOD)A R, W ES
(DFIERE, TREF A, M—F0R A, = A, + Ay, HrP
A, = LX™.

THLITEAHERE Q) WITH AL EEEE
. FIHEHE 1 k5|3 2153

EE2 AEEERRL>0,d < LLIRHFEEX >
O,R>0,0 >0,M,ZER™", YER™ Fe >0
{458 LMI Fo7 :

(o ez Q@ pus 0 pi6 €D p15]
* pn 0 py hR 0 0 px
* % py R0 0 0 O
¥ x x _hR 0 o0 ehD 0O <0,
* % % * —-hR O 0 0
* % ¥ * * - 6 0 0
* % ¥ * * *x -~ 0
L x  x % * * * * — el

(17)
HAH 011,012, 0145020, 01 EXFR(12),
ois = XE' + Z'ET + Y'E},
{ng = MTET,

MRGEQ) R EBEHEW, FHIEH R K =
Yx-i.

iE AHEE 1 K5I 2 BInTES, 7RI K .
4 HEBHF (Numerical examples)

Bil1 BRAEL()U2D), K

T R RV (]
|

1
lvl< ¥, Ay = AA; = 0, B = AB, = 0.

(18)
=y = 10 6, 3XHR([12,13] A8 T AT HE RE(18)
Ao e il 2% , (B A2 4 25 2L A 00 A B, M T
. MRAIT 5,8 04 BRH

AA = [())l]F(t)[l 01, FI(1)F(1) < 1.

X;J- A1 = OﬂfﬁﬂTﬁﬁ@:Al = A11 + A12, ﬁqj
Ay = [— 1.4 -0.2
-7.5 -2.8
i LMI(17) , B BIHEE RE(18) BRI HI 254
u(t) = [-16.0063 - 4.0141]x(2).
B2 FHERG(Q2),HHP

00 -2 -0.5 0
o2 a2 20 0] o
01 0 -1 1

D=02,E=1E =0,E=0,0<hsxh.
(19)

[ r—
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SCHRL6, 10, 111318 T & 4 (19) W1 SUE By i
FR BBNERI TR LM ARIIHE, M A, 1E
MT5E: A = An + Ap, P

A“:[—O.S 0 ]’An:[—l.Z
0 -0.8 0
FIAER 2, BRI RWII TR 1.
A1 RAG(19)TEBHLLHABR R

-0.5
-0.21"

Table 1  Achieved maximum delay stability bounds 4 ,
for system (19)
% R
CER[ 1] E 8 2 0.45
k[ 101E 5 1 0.5865
XER{6]FEH 3.2 0.6352
ASEH 2 0.9498

af L, A S 348 B B e i b A SC ik
[6,10,11 8] B3 K, HmREAB/MICRFHE.
5 452 (Conclusion)

A SCHG S Ry A SE AR TR R R G AR I 48
B, EERAAEX ITIe T it A AR S5 RE
MR RGN E LB, K18 T R L el
RERBEHERER . E T LML B8 i % 4%
BB B TR T AU R R E.
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