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New design approach of delay-dependent robust stabilizing control

for uncertain time-delay systems
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Abstract: A new design approach of delay-dependent robust stabilizing control for a class of uncertain time-delay systems
with time-delay in both state and control variables is provided. A new linear state transformation is first proposed to separate the
delay-dependent factors out. The sufficient condition of delay-dependent robust stabilizability is then derived by the Lyapunov-
Krasovskii functional method . The results are given in terms of LMI. Numerical examples are presented to show that the proposed
results can be less conservative and can be used to deal with small or large delay problems.
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1 5|5 (Introduction)
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1A SCHE SCER[ 2136 | 42 T —Fh R Ay AR B
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2 [} 7 # iR (System description and prelimi-
naries )

BT RN W E B A R

x(t) = [A+DA(e)Ix(t) + [Ag +
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AA () ]x(e = dy) + [B + AB(t)Ju(t) +
[By+ ABs(t)]u(t - dy), (1)
x(t) = &(1), Ve € [-d,0]. (2)
Hep, 2(¢) € 2 FoRRERE, u (1) € R FTREE
HHWA,d, €[0,d,],d, € [0,d,] FBIFRRITH, d
= max {d,,dy},P(t) "RAWEIIKRE,A,4,,B, B,
HE BRI O ANERRE,AA(2),044(1) ,AB(t),
AB,(t) FHEHELE R, Ton RA MRS
AHEN AR AFEE R U AR R I TR
[AA DA, AB AB;] =
HF()E, Eu E, Eul. (3)
H, H,E,,Ey, Ey, Epy RIELERHICHELE
B, F(1) € 379 FaRKRFMEPLENERERE, HooE
Lebesgue A HH %, B
F(O)'F(t) <1, ¥t=0. (4)
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A BN RSB E il
u(t) = Kx(t), K € 7%, (5)
THEARERRL,C
A=A+AA, B=B+AB,A; = A;+ AA,
B, = B, +AB;, A = A + BK.
5118 B X>0,Y<0.Z=0K84EMn
xR EERE, X FIEFEEmnE € =, &
(£7ye)? > 4&Txee" ze,
WEARE A > 0, {#18
AX +AY + Z < 0.

3188 21 if o Fiy REAE SERIRE, Q

NIE YR BOEER, N
2xTy < xTQx + yTQ_ly.
3 FEZiL(Main results)

ER 1 XMNAFERERAL() . (2), B REA
RIFEREG) TG AT R RMRFEAE
[EE K]JE/SEX"J'WIEE Pval!QZleszﬁ*/i%a >0,
R T REEREA%ER
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Hep

M = PA" + AP, + KTB" &+ BK, + 2mP, +

Qi+ Q.+ R, + R, + aHH",

G =[A/L, BK, mdAL, mdBK,],

L=diag-Q, -0, -R -RI,

E =

[EP) + EK, E P, EyK, md.E Py mdEK,].
FHEMMNEEEEEREN

u(t) = K, Py'x(t).
i ALHERIIAWTRE TR
y(t) = (1 + mt)x(t), t > 0.

HF0<m< | YETHHXEERT BB 4, = 4,,
dy = dy BTEE A RRAT RS TE U B = (D BT R R
REERE(5)B

y(t) = mx(t) + x(1) + mx(t) =

ma(t)+md,Agx(t—d,)+md,BKx(t-dy)+

Ay(t) + Agy(t — d,) + BKy(t — dy). (7)

BN T ) Lyapunov-Krasovskii 7 bR

V() =y DRy (D) + | 3T Qur()ds +

!
t -

S = <0. (6)

{
-

jll_dbyT(s ) Quy(s)ds +j duxT( s)Rx(s)ds +

JI de(s)R[,x(s)ds.

t~d,

H4, P,Q..0s, R, Ry, HIEEXFREE .
|
mxT(t)Py(t) + my"(t) Px(t) +
()R (1) + x"()Rx (1) =

oy (D Q@mP)y (1) +

(1+ mt)zyT(t)(Ra + R)y(1) <

(1) (2mP + R, + R)y(1), (8)
WJi% Lyapunov-Krasovskii PRI E S (7) % T
AfiE] ¢ hSECH
V(1) < X'SX.

He
X =[y") "t -4d) 't - dy)
*'t—dy) &t - dy)]T,
M G
s=[a ]
M=A"P+PA+2mP + Q,+ Q, + R, + Ry,
G =[P\, PBK md,PA; md,PB)K],

L=diag[-0, -0 -R -R]
AHERH RS (1) . (2) B R AR R H &
ST EBAEN T &R
S < 0. 9)
REESI 1 R 2 3 AEX ) EM T FIA
R

So + aAS, + (1/a)AS, < 0. (10)
Hed o« HEEXTFOWE. B
My Gy
So = [(;3 LO]’

My = (A + BK)"P + P(A + BK) +
2mP + O, + O + R, + R,
Gy = [PA;, PB,K md,PA; md,PBK],
Ly = diagl- Q. -Q, -R. -R]I,
AS, = [PHT0 0 0 0 O]'[PH"0 0 0 0 0],
AS, =
lE, + EK E, E.W mdE,
(E, + EX E, EuK mdE,
iz Fl Schur #h5 | ¥, 3£ 5] A TS #
P, = P, Q, = PQ.P,, Q, = P,Q,P,,
R = P,RP,, R, = P.RP,, K = K, P;".
Ho K WS BERITEER,Q),0:.R R, BiE
MBI XTFRIE EER . B (10) /38 A ER(6).
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F m, AU RS G R AR TFHE. R 2 m = OB, BTTR 4%
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4 FAHITF (Numerical examples)

Bl1 EECEK[L, 2] PR T 0 A 5 E BT i
R4t

-2 0 -1 0
A= [ 1 _3]’ Av = [—0.8 _1]’
" [0.2
0
REEH 148, K8 m =010, HEERR
SEBIZENREXENO0 < d(t) < 6.3480. ML
BE2]RIBLEE R0 < d(t) < 3.0369; 3CHk[ 1] k18
IO < d(1) <0.4428. BIRER m = 0. 1 I},
ARSI PR BIAYESE LU SCHER [ 1 T RISCRER[ 2 1R 45 31
HRTHENMIE.
B2 ZEREMAK() ~ GIWIATERT AR

0
| B = B =1
0.2

(-2 0 -1 0
A: 7Ad=[ ]’
L1 -3 -0.8 -1
[ 1 0.2
)
L1 0.2
(0.2 0
H = ],Ea=Ead=1,
L0 0.2

o 1 I L R
b—O’ bd—l’a—b—~

MG 1 RBEBARIK R ER T m
if, BEAIF BV BRITHF d SRR ] LBLE R RE
FPRESR B S K TR

A1 AXFEGHHATER

Table 1 Robust stabilizing results based on
the method of this paper
m A nay K
1.0 0.74 -[7.7676 26.5809]
0.5 2.00 -[8.0404 31.3958]
0.1 11.74 -[4.1871 1.7988]

R LR RS, BIMELE B, E,, Eyy B34 0B, R
FASCRkl 1] FEoRI8H d = 0.55, MR K = —
(8.2601 6.7979]; K FSCHk[2] Kk, e EEH
Fa =016 ,5K50 d,o = 9.01,HAA K = - [3.
1980 3.0423] x 10°. W24 By, E,, Esy K O BT,
SCERL LRI (21 P B St FE S BN
& FF] Matlab #5 LMI TEBRME  BRA X H %
Z3CRR[ L IASCER (2] e R RkGHE
5 %12 (Conclusion)

ASCER M T —Fp 3 9 B A 51 78 2 W 4 )
BRI R R R — N S R T LLE A
PR AH OC B B FoR A Y v B Bl 2 MO B K AL iRt
HEE R, B A EAUGE AT/ R 4T, i
FAF KAt R8¢ . 1 5L 5 e/ ) et i A 56 B (57 oF
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