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Abstract; Using linear matrix inequality approach, this paper deals with a class of uncertain dynamic systems. The class of

systems under consideration is described by a continuous-time uncertain model with multiple time-varying delays in both states

and controls. The uncertainties are unknown but norm-bounded. A sufficient condition for a class of uncertain delay system to be

stabilizable is obtained. It is shown that the construction of the stabilizing controller involves solving several linear matrix in-

equalities. Finally, an example is given both to illustrate the proposed approach’s effectiveness and to show the proposed ap-

proach’ s advantages over Riccati equation approach.
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1 5|5 (Introduction)

B R, RS R REE R E TR
SR EFEIR 2 ScHR AR gk L. B RN RSB
MR REZ WA =2 R &N, %
BREMBFRR-1 4406 Sehk[7]36 0, VS AT 4 14152
A S B BRI, H A 1R L A E TR A BRI
PR A RT R A 5 48 . CHR(5,7 ~ 4R T A
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] P B SCRR AR 20 B AH JC AR T8 . AR STOR SR R 4R
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— R M R G TR R RE W T4 &4
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2 BAGHATMEE IR (System description
and preliminaries)
ZRTANHEARHELRS .,
x(t) = (4o + Ao(1))x(2) +

D (4 + B2 = d(D)) +
(By + ABy(t)) u(t) + (1)
SY(By + ABU() uls — dy(1)),

C2(t) =0,t < 0,2(0) = x,.
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Hex € B BRENE, u € k™ ZEH#EANE,
A (i =0,,N)F B (Ll =0, , M) BF & L4
V) (R O B R B O

{ dy(1),dy(t)

|du1|S;’ful<1,

$E< ooandldxils;lxi<1s

(2)
HREAGEW AR EERE TARE AW EHAE R &
i
{ AA;(+) = HF(t)E;, i =0,1,,N,
AB/(+) = Hy o F(t)En,1,0y | = 0,1, M.
(3)
Hrp H,E, BH¥EEER, FIREMPWIEM B . A%k
— M,
IF() | <1, (4)
F(t) TR 28 TSI .
AR F3E LT R TIEIZARTS SRl 45«
u(t) = Kx(t). (5)
Horb KR RER 0 S5 25 46 4
R ERR, RIIZIAUTHS .
A = A+ AA(t), i = 0, ,N;
B, = B, +AB,(t), 1 =0,,M.
513 1) % U, v R W R B A E MR )
BN, WSHEEER «,8 > 0, 8L A FAZER
UV + VU < aU'U + %VTV,

QWY < BWTW 4 LYV

B
I 2 Wz HEMFG) BEAAE NS
BELHEE B F() Il <1, WSHEZIESRe > 0,
18 I - ¢EE" > 0, BSL UL AR,

(Z+ HF(O)EI[Z + HF(1)E]" <
Z(I - eEEM'Z" ¢
3 FEL5E (Main results)
B H— I R
W A NP LMIfEFEIEE X FR® P,
PAo(t) + AJP+ 1 PBy, 2K' LT~

Lo,
[

Bip ! < 0.
2K -21
L -G
(6)
Hrp
L™ = [PA, - PAyPB, - PBy],

G = diag( (1 - xl) axns ’N(l - xN) ‘nxn

_(1 = d) mxmy ’_(1 _duM)Imxm) ’

U2 (5) 22 AN 5 P 36 5 (1) 0 2% 0RO e
488
HE RFZ(S) 4 RO P28, X 1 9 P 5
B RRA
2(t) = (Ao + Ado(1)) x(2) +
20 (Ai + D (1)) x (e - (1)) +
(Bo + ABy(1)) K (1) +

E(Bl + AR () Kx(t - dy(1)).
BT % O
V(x(1)) = TP + L EJ

i=1 1-d

T(r)x(r)dr +

ﬁ;j #1(r) KK (7)de.

dul

R A 30 R Gt B [ ) R 40l TR A .
V(x,t) =

T (e)PAG(1)x(t) + 2 (e)AJPx(t) +
xT(t)PE’OKx(t) + xT(t)KTBng(t) +

xTPZ;lL(t)x(t = dm(l:)) +
xT(t - dxi(t))Zﬁf(t)Px(t) +
xT(t)PZBl(t)Kx(t —dy(8)) +

«T(t - d,d(t))ZKTE?(t)x(t) + 2T () x(t) -

N

I‘Z(l i dxi)xT(t = dxi)x(t - dm) + xT(t)KT .

Ka(t) - 12(1- du)x"(t - d) KK (1 - dyy).
%‘Uﬁ]%liﬂl‘ﬂ%
xT(t) PBoKx(t) + x"(t)K'BYPx(t) <

x"(t) PBoBPx(t) + xT(t)K"Kx(t).
ic

X =[4T(e) 2"(s - dyy) -

't — d )K" -

MR 2L

xT(t . de)
x"(t - du)KT]7,



Vix,t) < QA A
“A(t) PA, PAy
A}‘P _(1 . dx])lnxn
" 1 .
{7 ATVP - W(l - de)In,xn
BTP
| BP

Hea A = PAy(t) + Ag(t)P + PByBY(1) P + 2K'K
+ AR Q <0, WAFRRGEHERE . Schur #b
. Q < 05 LMI(6)% 4.  iEHE,

LR , RITRE R REH AT . D)
TERATAL I FR G0 B A s, 53 — R T B B
IR 28 T 2R G IR A B R % e

i Schur #h501 . LMI(6) % b’r?T AKX

AP + MZ —L_map <0,
1=1 I

dy
(7

. dxi

FIFHSIHE 1 vJ 15
P;lo(t) + Agp =
PAg + ASP + PHyF(1)Ep + EEFT(t)HEP <

PAy + ASP + agPH HLP + — (t)E;{EO (8)

MG 3 2 745
PAA'P < PA(I - «EE,) T ATP +
iPHiHTP’ i= 1,2, N; (9)
PBBIP < PB(I - ay,1y ENo1siEnein1) ' BIP +
. Pf]/vH”HT[;/H”P, 1 =0,-,M.
N+1l+1
(10)
MR, i
N__; M
l_ﬁxi = Cyis l_mul = Cy. (11)
MARGER(T) ~ (1) T R FRRER R L

1

PAy + ALP + oy PH,HIP + — ETEO +2K"K +

N
I+ 2 eal PAT - BT 4% + LPHATP) &

i=] ;
M

25,,1[PB,(1 ~ 1B N s By ) T BIP +
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. ]%4(1 - dul)]mxm

_(1 = duM) mxm |

PHN+1+1HN+1+IP] + PBy(I -

AN+ 1+

1
ay ENer Eyo) ™! BOP+_ PHN+1HN+1P<O

(12)

NWATEMRGE () DRA IR E .

B LR RAS BRI T REHE B/ T
— B A R 28 B R 8 DR S R E
ooy .

EE CHAHEBRZ(). BBREFELETERK
a;(i =0,1,, N+ M+ 1) FIFENRERE X, 56
Y R R R MR AR R R L

S XEf 2" x [T L
EgX - agl
2Y -2
¥ w <0,
5 = G
£y - Gy
I-aEE, >0,i=1,2,,N+M+1.
Hrp
S = AoX + XA} + agHoH),
Ly = [c44, e,y By 4B, - cuBu ]’

Gy = diag[ ¢, (I - o ETE)),
ev(I - ayERVEY) , (1 - an ENeiEng) s
u{l = ays2ENs2Enya),
Cur(I = anyrumENarsmEniism) ],

S 500 /5 = o 5 T
Ly = [euH  eaHy  Hy,y ¢uHy, CaHy ]

Gg = diag[éxlall, ‘ ’ExNaNI’aN+119

curansads = s Curan 1],

WA TR G (1) FURAS BBV , L4528 0
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A 3

_l:j‘

B A

16 %

u(t) = Ko(t) = YX'2(2).
£ 4 X =P, Y = KX, f1 Schur #MFIAE K
(2)BMEMSL. B,
E1 EAETERERAHE LN, ATIE2
] A48 S AR SR BT DA A SCHR R T e A TR L
FEAL AR 2 RO T AR R 2R A B 1 T
4 {HEEB](Simulation example)
S T EM T RRTNEERREERR.
% (1) = (Ag + Ao(£))x(t) + (A + DA(2))
x(t — di(¢)) + (By + ABo(2))ulz) +
(By + AB(£))ults - da(2)).

Hrp
0 1 0.2 0.5
w=" ] a=lpy oa
_3 =2 0.5 0.3
[0.5] [0.1]
By = it B, = e H
M) = HF()E;, i = 0,15
AB;(+) = Hy,1 . F(t)Eys140s 1 = 0,15
Ho = Hi=Hy={, |- H2=1g,]"
By = [0 11,E = [1 01,E = E; = 0.1,

F(t) = sin(t), di(t) = 0.3 + 0. 1sint,
dy(t) = 0.2 + 0.1cost.
£ LMITOOL 338 T 7] — Wk MR #8458 B2l 2%
u =—-2.5975x; — 0.8084x,.

F2 BRFAERXEHHEEANSH,BEE M-
TOOL 35 TR MR, I %, ERRABLXN S
BOVEAT (] A B B B R B AR LA A SR LMI
i, O BT — YR P 5 T A A L 3R LML 7 B BB
KR H BT BB,

5 £5& (Conclusion)

it B A 2 Feb 2 bR 2 Bk Y 22 A 4 6
WREBERAWERRLE, AR R T —MHN
A R R AR T vl — R AR LA
45 R R e =X, 37 BV AT 1B 48 A B A0 R 0 Y R A . LM
FHEBRERF B EARKOMRBRE. FlFEHE
2445 16 0, 4 7 S PR o) R AR S FT AL R R SR RN 4
AR EH N EBER N
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