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FRMT AR ERRERNTERE:

x(t) = (A, +AA4,(t))x(t) +(A, +AA,(2))x(¢ -
7,(t)) + (B, +AB,(¢) )u(t) + (B, +AB,(¢t) Yu(t -
7,(8)) +G(x(2) x(t —7,(2) ) ,u(t) u(t -7,(¢)));

x(t) =p(t),tel -7,0]. (1)

KH:x(1) eR" BRGEHREME;u(t) eR™ B
BERHEARE ;7 ()., )R AERERE
MBARRE, BXFAR ¢, 2

{OST,(t) <7,7,(t) <p, <1;

(2)

OSTZ(t)sr,'fz(t)spzsl.

A, eR™ A, eR™ B eR”"F B, e R""
REABLEPIER;AA, . AA, AB, #1 AB, 2
RAESEBEAHELREERE, BHE

[AA, () AA,(r) AB,(r) AB,(1))

=HF(t){E, E, E, E,]. (3)
AH:HE E,.E, ME, RBEAWREEYEM
BISEH B/ F (1) 2 B 5 Lebesgue 7] M JTHI K
MEMRELCEWE FI(OF() <L, EP IR
TE M AR AL A

G(x(t),x(t-7,(2)),u(t),u(t-7,(t)))
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e AL RR S, H— A — e B ARk,
BI%EaVYeie[0, +),
G'G <x"(¢)H[Hx(¢) +x"(t —-7,(:))H,H, -
x(t-7,(2)) +u" (:)H Hu(t) +
W (t-7,(t))H,Hu(t-7,(t)). (4)
He H (i=1,2,3,4) JERNWEFESEHY
SEHEBOERE.
() eC[ -7, 0] REZMEBERHE, X7 R
N0k oY R T u
MFRGEQ) , ARHaEREE, H(A,
B ]BB#¥, RIt— 1M XL RER R 6 &
u(t) =Kx()FEBNIMAEAGTHAHEYRE, BH
AR RS
x(t) =[A, +B,K+HF (1) (E, +E,K) ]x(1) +
(A, +HF()E,)x(t-7,(t)) + (B,K +
HF()E,K)x(t-7,(t)) +G(x(t),
Cx(e-m () w0 u(t-1,(1)))
x(t) =(t),te[ -7,0].

(5)
REBEHERERN.
it A=A, +BK+HF(t)(E, +E,K),

B=A, +HF(:)E,,C =B,K + HF (t)E K.
MA(S) TE R
x(t) =Ax(t) +Bx(t-7,(1)) +Cx (¢t -1,(1) ) +

G(x(1) ,x(t—7,(2)) ,u(t) ,u(t-7,(t))).

AMRBERENEGBEHEE, SIATAS
H,mF .

BIE1M S X,Y,Z NIE MR EAE R
HZ'Z<IL,HTREMNFE >0, THARER
BT

XZY+Y'Z'X ' <eXX" +&7'Y"Y.
SIER 2 EAEXIARIEEERE X, Y fxt
R EEE 2,8
(a'Za)’ ~4a"Xaa'Ya >0,
NHFERE A >0,H75
AMX+AZ +Y <0.

2 FEHR

2.1 XEERZRBBRIW

B ARG (S) , EEES T ELMEERE
B EA B, HBET T TR, BB TR A £
TRASHERBRENTEEE XM EHEFT TH
N 64 31 B .

BT ERERAETERRES R . O®BE

WA KR B Lyapunov B8, F#TRF; Q%
A5 1 &M (4) , FRALEEREARFR (LMD
MRS BT R G — N S AR HRE YA %
MEBRHERENRESFB, FAET —MUE
RSB EHHE R E RR S R R H .

EoAEHMIIATERRESB.EER L
R L, FESI 12X ER I #— SRS, 5
4 Schur 51 H , B -1 HENEBBEHIRED
T EBEMRER BiEm .
2.2 FELRRIEH

EHE2.1 WRFEERE Ke R, FX R
EEERE P ,P,,P, e R"E/BMEBAFHA
BWEEF(1) , REGS)HE:

P P(A,+HF()E,)  P,(BK +HF(1)EK)
(4, +HF(1)E,)"P, H,"H,-(1-p))P, 0 <0.

(B,K +HF(tYE,K)"P, 0 K'HHK - (1 -p,)P,

(6)
MER(S)REEHAREN, H u(r) =Kx (1)
RAZK()W—MRERBERE. K,
P=P (A, +BK) +(A, +B,K)'P, +P,HF (1) (E, +
E.,K) + (HF(t) (E, +E,K))'P, + PP, +
P,+P,+HH +K'H H K.

iEB]  HX Lyapunov e& ¥
V(t) =V, (1) +V,(t) +V,(t).

Hr,
V,(t) =x"()P,x(t) ;
V,(t) = f x(s)Pyx(s)ds;
-1 (1)
V,(1) = j X (s)Px(s)ds .

(B2 710))]

WRES) MERRE, X V()RS
V(t) =x"()A"P,x(t) +x" ()P Ax(t) +
x"(t-7,(2))B"P,x(s) +x"(1)P,Bx(t - 7,(t)) +
x"(t-71,(2))C"Px(2) +x" (1) P,Cx(t -1,(2)) +
x"(t) (P, +P,)x(t) +G"P,x(1) +x"(+)P,G -
(M =7, ()X (t=7,(1))Px(t -7,(2)) -
(1-7,(e))x" (2 =7, (8) YPx (2t —7,(1)).

M (4)FI51 38 1 A1,
G'Px(t) +x"(:)P,G<
x"(t)[P,P, +H"H, + K'H,"H,Kx(t) +
x"(t-7,(t))H,"H,x(t -7,(t)) +
x"(t-7,(t))K"H,"H,Kx(t -1,(t)).
T&, BHX(2)H:
V(:)<x"(¢:)[A"P, +P,A +PP, +P, +P, +
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H'H +K'H"H,K]x(t) +

x" (¢t -7,(t))B"Px(t) +x" (t)PBx(t —7,(t)) +
X (t-1,(1))C'Px(2) +x" ()P,Cx(s —-1,(2)) +
x'(t-7,(¢))[H,"H, - (1 -p,)P,)x(t —7,(1)) +
" (t-1,(¢))[K'H,"HK-(1-p,)P,] -
x(t-1,(0)).
HEEFERENEXNH, RE(5) %

ERENTESFMHFRR(6) B, B u(t) =K - x
(HERF(D) - TRERBEH R Kb ,P=
PA + A'P, + PP, + P, + P, + H'H +
K'H,"H,K jF:.

EE2.2 MRFEEEY<R JMNKIE
EHEE X,Q,,0, e R HEEE s >0 FHB RS
G)HERTR(T):

rS, AX B,Y XE;+Y'El X XH Y'H, 0 0 7
XA; -(1-p,)Q, 0 XE, 0 0 0 XH, 0
Y'B] 0 -(t-p,)0, Y'E, 0 0 0 0 Y'H
EX+E)Y E,X E.Y —&l 6 0 0 0 0
X 0 0 0 -1 0 0 0 0 [<0, (7)
H X 0 0 0 o -I 0 0 0
HY 0 0 0 0 0 -1 0 0
0 H,X 0 0 0 0 -1 0
L0 0 HY 0 0 0 —I_'
MEG(S) REBEHEREN, Hu(t) =¥YX"'x 8RR
(O RRF()H—MREEHE Hp, PH
S,=XA] +A X+Y'B] +B,Y+Q, +Q, +cHH". aTAla=2aT|i 0 }F(t)[(E, +E,K) E, EK]a,
W BETEHE1,BR,RN(6)ATER 0
L +AL <0 (8) mHFRE
L R N [PH 0 Olao" [ (E,+E,K) E, EK]|'
> Fids hB:K FO=VIPE 0 Ol [[E+EK E EXa|
L=| AR HH - (-pR: 0 } B BB, X F M F (), RS R (9) B
K'B,P, 0 K'HIH.K - (1 -p,)P,

S, =P (A, +BK)+(A, +BK)'P, +P P +P,
+P, +HH, + K'H;H K.

TR
r M P,HF(1)E, P HF(:)EK
AL={ (HF(1)E,)"P, 0 0
| (HF(1)E,K)"P, 0 0
'P,H“
:L 0 J.\‘,[(E1+E3K) E, EK]+
0

PH T
H 0 :\F(t)[(E1+E3K) E, EAK]}_
0

M=P HF(:)(E, +E,K) + (E, +E.K)" -
F'(1)H'P,.

AEXE)EM T EBRAE LA

ZuEa B

a'La+a"ALa <0,

(9)

2, B

a'La +2./a' AL aa’ AL,a <0. (10)
Hr,
P.H
AL, =[ 0 }[HTP 0 0],
0
(E, +E,K)"
AL, = E; [(E, +E,K) E, EK].
K'E]
BARA(10) B, 94 L<0,H
(a'La)’ +4a"AL aa"AL,a >0.
B2 ML, AR £ >0 15
L+sALl+%ALZ<0, (11)
BHHIIE LM, X TFhiEe>0#48
a'ALa<ga’'AL,a + %aTALZa. (12)

B (11),(12) LA & Schur 5| BHE I A, R~
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FRO)HHMTFA(13).
S, +eP HH'P, PA, PB,K (E, +E,K)"
A,"P, N, 0 E’

’ <0,
K'B,"P, 0 N, K'E,"
(E,+E,K) E, EK - ¢l

(13)

He$ N, =HH,-(1-p,)P,,N, =K'H,H,K -
(1-p,) P;.

ieX=P ', Y=KX, Q, =XP,X,Q, = XP.,X.
TR (13) FBT A4 T diag| X, X, X, 1}, 556
Schur 5|3, £ 8 # , 83K (7), K (13) %4
FR(7).

BRK=YX",u(t) =YX 'x(1) RRHK (1)
B — RS R R il IR
2.3 HRIR

LR REZHOTHRERELEN—1
)RR, A5 SRR TEE B AR 5 RENHHE
B b, H—-SEETERERINRERESEN
o pris M E5ie. 5 1% B AR LR AR e
WHRAFABEHSERLE, SXhHhEHEL,EH
WEE.

XERL10] &%t — 28 [ b B A R 25 F kg A Bt
WOARE LRE, HREEGE B EH RE,
BET - MrBEWREERGMIBGEERESR
WEHE K, FNEEERIELERITRER
EERER, BE - ERRTHE, MEEREET
HHEE,FBAT - EIENESERERRE
BB u() =YX 'x(t) , XRREET RENRT
P T, W R G BA — E MBI E X

3 WHEGE

ZRAAWT SR AT E LN R
(1)

-2 0 -1 0
P P
0 -1

o 07
AA1=AA2=[05 OS]sm(t);

B, =[1 1]",B,=[0.1 0.1]";
AB, =AB, =[0 0.5]sin(?);
o(t) =[2 2],te[ -7,0];
7,(t) =0.1+0. 1sin(¢) ,7,(2) =0.2 +0. 2cos(t) ;
F(t) =sin(t);E, =E,=[1 1],E, =E, =1;
. 1 0 1 0
H=[0 0.5] ,H,=[ ],H2=[ ];
0.1 1 0.2 1

H,=0.5,H,=0.4;

G=Ex(t) -Ex(t)(E,x(t)) x(t) +x(t -7,(1))
-Bu(t) +B,u(t-1,(t)).
H,

I

1

-10.7753 -0.60967 _ 1 0
"l -11.7753 0. 3904 ]’“2 =[0 o]'
BH#HRERL(S). Bl 7r=0.4,p, =0.2,p, =0.4,§ MAT-
LAB & LMI TE#A"  MAuEmA%ER(7) k5
WRHEMEK=[ -11.7753 -0.609 6], B0 &4 (1)
H— MRS R SR ES .

u(t) =[ -11.7753  -0.609 6]x(z).

AR—tE B 1(a) B 7, (¢) =0.2,7,(2)
=0. 4 ARG RSWNE. B 1(b) HE
() =0.1,7,(t) =0. 2 B F 35 2 45 59 4R 25 i g
B, AT g5 B ATiT BB B

20
1.5
10 |
g% \xig
= 0
=
0.5
-1.0

1567510 15 20 25 30 35 40 45 50
t
(a) 5 (1)=0.2, 7, (1)=0.4
20r

1.5+

x(1)
=3
o

OXl
=
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I
(D)5 (1)=0.1, 7, (1)=0.2
Bl ARRERESMEE

Fig.1 State response figure of closed-loop system
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9 Lyapunov PR, 458 %R 2007 B30 70 8 B 42
it , MR REEEA SR (LMD #5838 T
B R BT E N — &0, 5F
G TERE— MR KRS B E u(e)
=YX 'x(¢2). BJE,ELBEELNRIET HE R
B AT AT PR LA R R
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Robust Control for a Class of Uncertain Nonlinear Systems with Input and State Delays

WANG Kun, ZHU Zuo-jian

(College of Sciences, Yanshan University, Qinhuangdao 066004, China)

Abstract: The robust asymptotic stability probiem and state feedback controller problem for a class of uncer-
tain systems are considered in view of the fact that the system contains input delay, state delay and nonlinear
perturbation. Based on matrix analysis theory and robust stability theory, a sufficient condition of robust as-
ymptotic stability for the system is derived. And in this process, the proper integral form of Lyapunov function
was chosen, the properties of the linear matrix inequality (LMI) and Schur lemma were used . Moreover, a
corresponding state feedback controller for the system was given to ensure the robust asymptotic stability of
such systems. Finally, the feasibility and efficiency of the sufficient condition and controller were verified by
numerical simulation, which was conducted through the LMI toolbox in MATLAB.

Key words: input delay; state delay; nonlinear perturbation; robust control; matrix analysis; linear matrix

inequality ; sufficient condition; controller



