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Abstract This paper i1s concerned with delay-dependent abso.ute stability for a class of uncertain
l.ur'e systems with multiple time-delays. By using a descriptor model transformation of the sys-
tem and by applying a recent resuit on bounding of cross products of vectors, a new type of Lya-
punov- Krasovskii functional 1s constructed. Based on the new functional, delay-dependent suffi-
cient conditions for absolute stability are derived 1in terms of linear matrix inequalities. These con-
ditions do not require any parameter tuning, and can be solvec numerically using the sottware LMI
[Lab. A numerical example 1s presented which shows that the proposed method can substantially
improve the delay bound for absolute stability of Lur'e system with time-delays, compared to the
eX1StIng ones,
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1 Introduction

Recently, several authors considered the problem of delay-dependent stability of Lur’
e system with time-delay'' ™. In[1,2], the Razumilkin's approach was applied to the de-
lay-dependent stability analysis of Lur'e system with time-delay, based on the construction
of Lyapunov function. However, this approach does not utilize adequately the property of
the nonlinearity of Lur'e system, so the results in [1,2] may be conservative. In [ 3], the
Krasovskii's approach was applied to the same problem and a delay-dependent sufficient
condition was obtained ir. terms of matrix inequality. However, the matrix inequality 1s
not convex, so 1t is difficult to check the sufficient condition given in [ 3] in practice. In
this paper, inspired by the idea of Fridman in [ 4 ], we introduce a new type of L.yapunov-
Krasovskii functional to study the problem of delay-dependent stability of Lur e system
with time-delays, which 1s based on the equivalent descriptor form of the original system.
New delay-dependent sufficient conditions are derived in terms of linear matrix inequali-
ties, These conditions can be solved etficiently using the software LMI Lab and are essen-
tially less conservative than the existing ones.

2 Main results
Consider the following uncertain Lur e system with multiple time-delays

£() = > A(Dx(t— 1) + bf (6(8)) (1)
t = ()
o(t)=c x(t) (2)

where x(t)ER",z7,=0, v, >0, { =1,2,+*.m, denote time-delays., vectors b, ¢ R". For
each 1€ {0, 1, »«y,m's A, (t) =A,+AA. (), A, are known matrices, AA,;(t) are unknown
matrices representing time-varying parameter uncertainties in the system model. We assume
that the uncertainties are norm-bounded and can be described as AA,;(¢t) =F.F.(¢t)H,, in
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which E, and H, are known constant matrices and F,;(¢) is an unknown matrix function sat-
isfying F/ (0)F, (¢)<1I.

In the proot of our main results, we will need the following two lemmas.

Lemma 1'%, If D, E, F are properly dimensioned matrices with FTF<(I, for any sca-
lar €0, then DFE+ETF'D'< e 'DD' +¢E'E.

Lemma 2'°). For any properly dimensioned vectors a,b and matrices N, X, Y, Z, if
- - . -
}}2 127 >0, then —2a"Nb < g YTXNT Y_Z_N rz :

Theorem 1. Let f& Fyy. m]---—{f( Y f (0) =0, 0 <of (6)<lco, 67 0}. If there exist
scalars =0, ¢, >0, : =0,l,+*,m, and matrices P >0, P,, P,, W,, M,, Q .>=0, S.>0,

i=1,++,m, such that the following matrix inequalities hold

II; = _I\“;; g:_;.o, 1 = lyeeym, A= _ﬁ; f;_<0
where
¥ Gt [0 Af]T — M, - G [O ATV —M, L,
* a, HT H, — §, 0 0
Ag = | oo cee e
% 0 a, H'H — S, 0
% 0 0 L,
Pb+Bc
G — - P 0~ L, — tﬁ I :ch-’—Zm]TbTQ-b
P, Pz_, c/2+ EfiQib ’ G i=1 | |
i=1

L, =[G'[0 EIT" - G'[0 EIT"], &= diaglaol, =, a,l)
- 0 I 7. 10 A, - "H;H, O ~

el
V=G A, __IJ"“ B --I_G+a0_ 0 0:)+;{riwi+[Mf 0 ]+

I:M:' O]T + diag{Sf ,  T.Q; } }
then the system described by (1) and (2) is absolutely stable.

Proof. Let y(¢)= EJA,; (£)x(t—7;). Then system (1) can be represented in the equiv-
t =10

alent descriptor form

x(t) = y(¢) +bf(cr(z:)) (3)

=— y(&) + ZA ()x(2) — EA @ | (y(s) 4 bf (s(s)))ds (4)

f— r

Let the Lyapunov—Krasovskn functlonal for system (3) and (4) be

V() =V, (1) + 2{ d€j+ﬁ(y(s) LbF(6(s)))TQ (y(s) + bf (a(s)) )ds +
i=1 v ‘

ol 1)

Jt T(S)Sx(s)ds}—FJ‘

I— I"

" f()ds+ 28] o(9) f(a(5))ds
where V, (¢) —*xT(t)Px(I) Using (4), we get
Vi) =297 (G [y" () 07" +2xT(t)be(o(t)) —
o y(t) _ 0 -
T T m .
20 OGS A () — 5 Z‘ A )y @dsptu® (5

- =7

'l1

L L=

where ' (£) =[x"(2) y" (&) ], y,(t) =y (1) +bf (o (2)), u(t) -—-ZxT(t) Pbf (a(2)).
Using Lemma 2, we get
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"t f - -1 T TOATA -
=2 7 (OG0 A?]Tylmdsséj O T IW M — G AT

J 1t i~ L Y1 (s) 4 L % Q!- JL¥ (s) _ds \g

r,-nT(t)Wl-n(t)—FJ yi(ODQy (Dds+20° (O (M, —G'[0 AT 1H(x(t) —x(t— 1)) (6)

Combining (5) and (6) and using Lemma 1, with some efforts, we get V(£)<CET (1) A, &
(1) shere &' (1) =[11T(t) x'(t—1) -+ x(t—r1,) fG(t))], A is taken from A, by re-

placing ¥ with ¥+ 2 x'G'[0 E!] [0 E!]G . By Schur complement, A<C0 is

equivalent to A, <70, whlch implies that system (1) and (2) 1s absolute stable, The proof
s complete.

Similar to the proof of Theorem 1, we can obtain the following theorem.

Theorem 2. Let f € Fry py={f ()] f (0) =0, 0<lof(o)<ko’, 67 0}. If there exist
scalars 8220, a, >0, i =0,l,+*,m, and matrices P >0,P,, P, ,W.,M,,Q.2=0,8.>0,1=1,
+==ym, such that [I,<0,i=1,++,m, and A, <0, here A, 1s taken from A by replacing L,
with L, —28/k,then system (1) and (2) 1s absolute stable.

3 Numerical example
Consider the following Lur'e system with time-delay

() r—2 D rmd7 —0.2 —0.57TT, (t—1)7 102"
Lz, ()] L—1 —-2__12(2.*)__‘_'_ 0.5 —0.2 Lz, t—1)] _O.B_f(g(t))
o(t) = 0.6x,(t) +90.8x, (), f € Fpy. ..,

By Theorem 1 and using the software package LMI Lab 1t 1s obtained that the system is
absolute stable for any constant time-delay 7<.898999699999., We note that the result of
' 3] guarantees the absolute stability of this system when v<C2. 055, whereas by the meth-
ods of | 1] and [ 2], under the condition of f€& Fr.,.57,» the time-delay r is allowed to be
{ess than 0. 3053 and 0. 3230, respectively. This example shows that the method of this
paper is an improvement of the previous results.

|

4 Conclusion

Through constructing a new type of Lyapunov-Krasovskin functional, new delay-de-
pendent sufficient conditions for absolute stability of uncertain Lur'e systems with multiple
time-delays are derived in terms of linear matrix inequalities. The example has shown that
our results are less conservative than the existing stability criteria.
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