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Introduction

TESEBRIE Y, FE1E ZOR R ) 2R G0 H A Fe e P ELW 2 A 0 i 1
REFR R , IR IR 2R S AU Y de T2 2 DR R A 436 InH ity RSB 8 1. SR T A
i I HE RGBS, UG TR Z A & g™ . SCiR(4 1348
T—REAAFESTIZ AN R GG 1, P R 73 5]
i T RYEERE H. B A S i 0 A IR A S A A 11
et SCHRES [T LML J5 35 BE 9T 1 — B E I il RS 845 1.,
Btz il g 0 o Mr S B SR R S T IR il R & ik 0, 4%
i AT A Tt R B RO AR, ELI AR — e iy B T
R R BRI T BT RO AN ) R GEANANIE T, {ELAE — 285 s 2
Gt R ARMER & i 3RO A5 1 O B SR SCRRL6 J P98 17— 28
AN E AR I R ST S PR AR IE S H ), g T B H, T
] AT R 55 ) e AR B 5 0 IO T AN SR I e ) R
PR S R 3

R T B X0 — PR A AN 1l i A (] I 77 AN A L ) e
A AR Y 2R G, 3 i 2 SOBT Y Lyapunov pR %3, 6 FHSCHR [ 6 ] 1Y
LMI 7 ik s Rl B, S sl g i o e 5t 45 By Ho, 40
R H, 45 R SRR — D IE 00 250 FF 5 AL S T AT Matlab >R
IAOEE el o NS W a7 2 i AT S W R SR T N A r -
PR SRR S, A BT Rl R 5 (s T R Y
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Description of the problem
LB ANHE AR i R G
x(1) = (Ag +A4y)x(t) + (A, + A )x(t - d, (1)) +
(B, + ABy)u(t) + (B, + AB)u(t - d,(t)) + Dye(t),

z(t) = Cx(t) + Bu(t) + Dew(t), (1)
y(1) = Cx(1) + D o(t),
x(t) = (1), te[-max(d, ,d,),0].

Hrfx (1) e R" ERGERRE M u () e R™ ZEEF 5 A 1 & ;
o(t) e REATIHA, H w(1) € L,[0, + o) ;2(1) e R" gz il
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[k 5y () e RY i ik o 1) ks BEAE o, (0) (i = 1,
)AL E A AR, Bl 0 <d, (1) <d, <=
(i=1,2);4,,A,,B,,B,,D,,C,B,D,C, #1 D, 2t
FIRATE S AR E WA (1) e C[ - max(d,,
dy) ,0 ] A 1 S (E R 4R R KL (BUE (A, B, C)) 2 REFR
RERLI B, AAg, AA,, AB,, AB, J7 33| g AN 5 I 22
el

TBOE SO B T 1 R DE P A oh 5 461
Hoi 2

[AA, AB, AA, AB,]

[AA,(t) AB,(t) AA (1) AB, ()]

HF(t)(E, E, E, E,). (2)

Hrh:H E, E, E, E, 2C HHAE S4B H

Ml F (1) e R JE—AHA Lebesgue 1]l G H) A
i L O LG A

F'()F(t) <1. (3)

ATCI H &% T 45 78 1R 8Ly, Bt Joid i
RS S s il

u(t) = Kx(t). (4)
Hrp K e R™ "2 —ANEBUERE 38 (1) X r g /o
VFIIATENE, T R A R S5
x(t) = Ax(t) +Ax(t —d, (1)) +
Bx(t -d,(t)) +Dyew(t), (5)
z(t) = (C + BK)x(t) + Dw(t)
HA H, PERE y, Hr:
A=A, +AA, + (B, + AB,)K;

A =A +AA; B, =B, +AB,.
DRI (4) PRI R GE (1) B9 —A> y-IRIDIRZS
Rt H, ¥ il .

SIE1Y XMW EAEE N >0 M o >
0, &K x (1) : [0,0 ] >R" AIRL, WA T I 1A
Ui_ax(s)ds]INUj_[’x(s)ds] <
O'JZ x"(s)Nx(s)ds.

[7] P, Sll S12
simm2” sl RsEREs = [0
Slz S22
Hrfr S, e R IR 3 AN A455 4
1) S <0;
2) S11 <O,Szz _S|T251711S12 <0§
3) Szz <O,Su _51252;]S1T2 <0.
SI3 3™ WMEEWEE F'F<I (i Y4508
WE F LLSGE SRR M =M, S FI N, R 2 =X

e
1) M+SFN +N'FS <0;
M pS N'
2) i1 p <0,1§1%{ps‘ -pl 0 }0
N 0 -pl
AT w AR A RIIRHE B XL 7
JLER AR X >0(X <0) BIHFF X N EE ().

2 FEHR

Main conclusions

FE1 X FHRRGEN(S) AP P >
0,0>0,R>0,M>0 L) JAif4 K FEE y >0, i3
T T AR RS A T

N, P;l1 +0 PB1 +R A'™M PD, (C +BK)T'
-0 0 AM 0 0
s * -R BM 0 0
< 0.
* * * N, MD, 0
* * * ¥ —yl D'
= ok * * * * —y] - (6>
Hrr

N, =A'"P +PA -Q -R;
N, = d;Q + &R - 2M.
IR AAAEIRZS R il g2 (4) 1 RGUEHT AR
SENY, FLf 2 H PEREsEE, B0 2], <y el
IERR SR INERSE(S) RIS [ L. A3k A~
Lyapunov 2 p§|
Vix,t) = Vi(x,t) +V,(x,t) +Vy(x,0). (7)
Hor
Vi(x,t) =x"(t)Px(t);

V,(x,t) =d, f:-z (s —1t+ dl)x'T(s)Q.f(s)ds;

V,(x,0) = d, f (s —t +dy)*"(s)Rx(s)ds.

Ve, ) WEHLER R G (5) 1 4F 2Bk , & i i £
S5

Vix,0) | = Vi(x,0) 4 Vy(x,0) + Valx,0), (8)

(5)
Vi) | o= X (0 Px() +x"(1)PE() =
x"(t)A"Px(t) +x"(t)PAx(1) +
x'(t —d, (t))APx(t) +x" (t)PAx(t —d, (1)) +
x'(t =d,(¢))B/Px(t) +x"(t)PBx(t —d, (1)) +
®"(1)DiPx(t) +x"(t)PDyw(1). (9)
HO0<d(1)<d <o (i=1,2) %5314
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ACHIR

EET(1) 0% (1) - d, jd £1(5) 0% (s)ds

N

N

£ (1) 0%(1) - d, jl 08y

df,gT(t)QJém_(ﬁ_d ([;,;.T(s)ds)Q(J’t (5)ds)

t=dy(t)
dx"(1)Qx(t) -x"(1)Qx(1) -
x'(t=d ())Qx(t —d, (1)) +

x'()Qx(t —d,(t)) +x'(t —d,(¢))0Ox(t), (10)

V3(x9t) ‘(5) =

EET (0% (1) - d, f £ () RE(s)ds <
EXT(ORE(1) - d j ST (5 RE(s)ds <
t=dy(t)

B (ORE( [ M;\?T(s)ds)R(f

:— t—d. (z;x.j(S)dS ) -
dox"(t)Rx(t) —x"(t)Rx(t) -
x"(t —d,(1))Rx(t —d, (1)) +

x"(ORx(t —dy(t)) +x"(t —d,(t))Rx(t). (11)

HEC(S) W HERE M >0, 5 11T 1 4 U8

0 =x"()M(Ax(1) +Ax(t-d, (1)) +
Bix(t-dy(1)) +Dyew(t) —2(1) ) +
(Ax(t) +Ax(t-d, (1)) +Bx(t—dy(1)) +

Dyw(t) - ¥(1) ) ME(1). (12)
]
W) | =Wn | b | +hean | +0s
X"(1) (AP + PA - Q —R)x(1) +
X'(1) (PA, + Q)x(t —d, (1)) +
x'(t —d, (1)) (PA, + Q) "x(t) +
X"(1) (PB, + R)x(1 - d, (1)) +
x"(t -d,(t))(PB, + R)"x(t) -
x'(1=d (1))Qx(t —d (1)) -
x'(t —d,(t))Rx(t —d,(1t)) +
x"(1)(d;Q + 3R -2M)x(t) +
x"()A"™Mx(t) +x"(t)MAx(t) +
x'(t—d, (1))AMx(t) +x" (t)MA,x(t —d, (1)) +
x'(t -d,(t))BiMx(t) +x"(t)MB,x(t —d,(1)) +
@ (1)DIMx(t) + X' (1)MDyw (1) + o' (t)DiPx(t) +
x'(1)PDyw(t). (13)

é\

£1) = (¢ () x"(1 =dy (1)) ,x" (1 =dy (1)) %' ()"

W4 w(t) =0 i,

N, PA, +Q PB, +R A'M
ol x -0 0 AM
Vx|, <€ e £
* * - 1
* * * N, (14)

TREE A PR (6) BT R,
Vx|, < 0(w(r) =0),

W] Lyapunov £ M B 0T 1, IR RG220 (5) #i

THEFERS(5) 1 H,, )8,

EENRFET BB

J = f;(y*‘z%)z(t) o' (Da(1) )di, (15)
NXHE ZIEZ 1SR 3]
w(t) e L,[0, + o ],

FI ] Lyapunov 32 B (7) , A LS

J = f; (2" )z(t) —yo' (Wet) +Wx ) ) dt = V(x,r) <

[(y'2 (0200) =o' (Deo(t) +Vw.0) ) i, (16)
id
{0 = (") xX" (- () X" (1 = dy(0)) X (1) ' (1))
Hi (13) AT A

"N, PA, +Q PB, +R A'M PD, "
) 0 AM 0
Vix,) sUO| & s -R BM 0 [{0),
* * * N, MD,
- % * * * 0 - (17)
X
y ' ()z(1) - yo' () ew(t) =
y ' x" () WWx (1) +
y ' x" () W'Dw (1) +
y " (1)D"Wx (1) +
y '@ (1)D'Dw(t) - yo' (1)w(t) =
y'W'WwW 0 0 0 y W'D
* 0 0 O 0
C'(1) * x 0 0 0 (),
® * % 0 0
* x % x y 'D'D-yId (18)

H.W=C +BK.
3
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J=[ (700 6 Ott) +1e) )k = [£0) -

N, +y"'W'W G, G, A'M PD, +vy 'W'D7
* -0 0 AM 0
x * -R B/M 0 £(t)de.
* * ¥ N, MD,

L i} s x o+ 4D Doy (19

\':F':
W=C+BK; G, =PA, +Q; G,=PB, +R;

N, =A"P+PA-Q -R;
N,=d:Q +d:R -2M.

15138 2 (Schur #b) , FEFFEASE(6) S50 T

N, +y'W'W G, G, A'M PD, +y 'W'D7

* -0 0 AM 0

% * -R BM 0

MD,
y'D'D - I -

N

<0,

5 * % N,

(20)

- * k * *
W=C+BK; G, =PA, +Q; G,=PB, +R.

LA

M

f;zT(t)z(t)dt <
¥ j;wm)w(z)dt <

v [ (e
XA B 7 BT A BAHIE.
EFE2 XNTHHRGEX(S) MBE y>0,451F
E%EIE‘AX>0’Q1 >09R1 >0 u&%ﬁ@ Y*ﬂf%’ﬁp >
O, {75 T TH 1) 2 P20 BEAS S5 = aT

N, G, G, N, D, N, pH N, 7

« -Q 0 XA 0 0 0 XE

x x -R YB 0 0 0 YE|

% * N, D, 0 pH 0 |_g

* * * * -y D' 0 0

* * * * # -yl 0 0

* * * * * * —-pl 0
-k * * * * * ¥ —pl- (21)
Hrp

N, = (A X +B)Y)" + (A X +B,)Y) -Q, -R,;
N, = (A X +B)Y)",;
N, = (CX +BY)";
N, = (EX +E)Y)",;

N, = d;&°Q, + ;&'R, - 2&X;
G, =AX+0,; G, =BY+R,.
A AAFAE RS B i 4 3 (4) , A5 P 30 R G2
(S)Wrinta e, B e H, TERETE bR, JF H R 154 4

HibEh K=YX™"
iR %
2 G, G, G/'M PD, W'
x -Q 0 AM 0 0
-] * * -R K'BM 0 0
* * * N, MD,
* * * * -~I D"
- % * * * * - ~I-

o T T
m=[HP 0 0 HM 0 0],

m = |E,+E,K E, EK 0 0 0].
Hrr
2= (A, +BK)'P + P(A, + BK) —Q -R;
G, =PA +Q; G, =PBK+R;
G, =A, +B,K; W =C + BK;
N, = d:Q + &R - 2M.
M= (6) A REH

a+aF()m +mF (1)@ <O0. (22)
H15 13 3, /276 p >0, ffif5
2 G G, G'M PD, W pPH (E, +E,K)""
x -Q 0 AM 0 0 0 E;
*« « -RKBIM 0 0 0 K'E;
= % % N, MD, 0 pMH 0 <0,
* % % ¥ =yl D" 0 0
x k% % « -y 0 0
* ok % * * *  —pl 0
S ok % % % % * -pl 1(23)
XF 2 (23 ) T 3 ol 2 3fe A A e
diag{P™ P P' M' I I I I
Ifid
X=P', Y=KP', Q =P'QP",
R, =P'RP™', M =P,

R AT A5 2SN AR BEAN G (21).

WA ERS R Bl #R X (4) AR 25X
(5)#nEkasE, e H, PERETE AR, O HLIZ i3 35
4R K=YX"

P b e A (21) B— KT X,
Y,0,,R, ,p MR A, /BT LMI TR
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GRS

P, RYE(1) BT IICALHY y-IRIIRZS
Wt H, Pl AR A7 AR 268 (21) 3 o i S MR g LR

LAl s. t.

mind
N, G, G, N, D, N, pH N
*+ -Q, 0 XA 0 0 0 XE;
¥ % - R Y"‘B'l" 0 0 0 YTEI
¥ % * N, D, 0 pH 0 <0
¥ % * * -8 D" 0 0
% * * x« =8 0 0
¥ % * * * #  —pl 0
-k % * * * % * -pl- (24)

AR B R GE (1) 1A H, 55 45
X (24)
N, = (A X +B,)Y)" + (A X +B)Y) -Q, -R,;
G, =AX+0,; G, =BY+R;

N, = (A X +B,)Y)",;

N, = (CX +BY)";

N, = (EX+E)Y)",;

N, = d:&°0, + &:e’R, - 2X;

X>0;, 0 >0; R >0; p>0.

3 &l
Calculation examples
2 ST I i R ST
x(1) = (A, +M)x(@) + (A, +M)x(t —d, (1)) +
(B, + AB))u(t) + (B, + AB, )u(t —d,(t)) +
Dyw(t),
z(t) = Cx(t) + Bu(t) + Dw(t),
y(t) = Cx(1) + Dy(t),
x(t) = (t), te[-max(d, ,d,),0].
Hovps il i [A]
d,(t) =2 +0.1sin¢t, d,(t) =3 +0.1cos ¢,
njd, =2.1,d,=3.1, 8 e=1,

O N B Y BT IR £

1 -2 1 0.1 0.1
0.1 0.1r(z) 0.1r(1)
B[] aa - [0 O,
B 0 _10.1w(e) 0. 1v(t)
B"_[o.ls(t)]’ =1 0 0 |

0 1
B = [o. 1p(t)]’ Do = [0

10 0 0
C_[O 1]’ _[1]’ D = 0]’
[r(e) | Ise) |y lo(e) [ [p(e) | < 0.1
7 X
11
H:O.l[1 0 1 0], E=012 9]
01 0 1 0 0
0 0
0 0 0 0
E =01l B =01 % E =01]°]
0 11 0
0 0 0 1

F =10 x diag{r(t),s(t),v(t),p(t)}
WSHATENE AL (2) 5 (3) i (24) 115
[ 0.730 2 —0.7308]’
-0.7308  1.5637
Y=[-11451 0.4653], 6 =5.3721,

REIRGE(D) FMRAS Bt HL, b 3 S0

K=YX"'=[-2385 -0.8178],
ML f5e /NI B AR B2 DA 5. 372 1.

4 £5iF

Concluding remarks

ARSCHETE T — A2 A Il RGT ) H .
B, 2] T HA H, T IUm R B 45
AL — T3 451, I e AL L T FI AT Mat-
lab SR AL PR R AN AR D736 AN T2 RN i R
B S BUE R, st f ok 75y ok Tl
FHFEIH.
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Abstract

time-delay. A sufficient condition of existence of H, feedback controller is obtained by using integral inequality and

The problem of robust H_ controller design is studied for uncertain time-varying linear systems with

free-weighting matrix method. Then the sufficient condition is transformed to a linear matrix inequality (LMI) pres-
entation. The controller is easily constructed by the feasible solution of the LMI. The obtained controller guarantees
the robust stability and a prescribed H_ performance of the closed-loop system. The stabilization condition depends
on the size of delay but requires no information about the derivate of time delay,which is applicable to the systems
with fast time-varying delay. The example shows the feasibility of the approach.

Key words robust H_ control ;uncertain systems ;delay dependence ;linear matrix inequality



