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Abhstract: This paper deals with the problem of robust absolute stability for uncertam nonlinear Lune control systems with
time-delay. The well-known Bellman-Gronwel inequality and the Lyapunov functional are used to study the robust absolute sta-
bility of Lurie control systerns with time-delay, and the criteria for both delay-dependent and delay-independent stability are ob-
tained. By using these conditions, one can estimate the robust absolute stability bound and the delay bound of uncertam noolin-

ear Lurie contol systems with time-delay directly.
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1 Introduction

Lurie control system is a class of the most important
nonlinear control systems. Uncertainties in a control sys-
tem may be due to modeling errors, measure errors and
lingarization approximations, and such ermors always ex-
ist. The robustness is the most important property con-
sidered in the system design. Many rescarches have been
made on the robust absolute stability of Lurie control
systems!! %), Grujic and Petkovski (1987) presented
robust absolute stability criteria in frequency and algebra-
ic domains for a type of Lurie control system with multi-
ple nonlinearities. Tesi and Vicino (1991) obtained fre-
quency domain criteria of robust absolute stability for
Lurie control systems in parameter space. Nian (1995,
1998,and 1999) investigated the robust stability of Lurie

control system with interval coefficients and obtained
some results. Since time-delay is frequently encountered
in various engineering systems, the absoluie stability of
time-delay Lurie control systems has also been explored
over the past decades. Konishi and Kokame (1999) dis-
cussed the robust absoiute stability of uncertain Lurie
control systems with time-delay by using LMI. More re-
cently, Nian (1999) gave a simple delay-dependent sta-
bility criterion for time-delay Lurie control systems.
However, there are few results on robust absclute stabil-
ity of Lure comtrol systems with time-delay.

In this paper, the robust absolute stability of Lurie
time-delay control systems is stdied and both delay-de-
pendent and delay-independent criteria are presented .
By using these presented conditions, one can immediately
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estimate the robust stability bound and time-delay bound y(8) = sup I 2(:+8)1.
of Lurie control systems with time-delay. Thus, y(0) = [ [[ U;ing
In the sequel, [[ x | denotes the Euclidean norm of I exp(Ae) | < explu(A)t),
vector x and || A || denotes the induced Euclidean norm e have
of matrix . z(A) = 5 Ana(AT + A) is the matix =1l <
measure of A. lep(u(A)0) | 7@+ Il explulA)a- NI -
2 Delay-independent robust absolute sta- (BotBi+ | BI +E 1B 11l e I dy(s)ds. (6)
bility Setting
Consider the following uncertain Lurie control system o(s) = explu{A)(t - s))r{s),
with fime-delay s
2(e) = (A4 + AA(x (e}, 1)) =(t) + 2(0) = exp(p{As)}y(0),
(B + AB{x(¢t),t))x(t = ) + bul(t). we have
o(t) = ¢Tx(2), v(t) <
(1) = fla(2)),f(+) € KLO,k], '
R gy 2@ [ BB 1Bk BT os)as
where x € [R” is the state vector, A, B € R"" are real (7

constant matrices satisfying Re A(4) < 0. b,c € B"
are real constant vectors. AA(x(e}, 1), AB(x(1),¢)
& 270, %) are uncertain nonlinear perturbations,
which are bounded by the following inequalities:
aA(x($),0) | < Bo, B AB(x(s), ) [ < B
(2)
K[0, %] is a sector domain described by
K[0,k] = 1) | F10Y =03 O< of (o) kr* o 5 O
f(+) &€ K[0,k] is a real continuous function.
Theorem 1 System (1) is robust absolute stable if
the following inequality holds.
plA) + Bo+ Bu+ Bl +kltal liel <0
(3)
Proof The solution x(¢) of system (1) fort > Ocan
be expressed as
£(1) = exp(An)x(0) + | exp(ACs = N[Aa(s) +

(B + AB)x(s - ) + bf{a(s))]ds.  (4)
Evaluating the ponm of both sides of (4) yields
I =(e) Ml =

loxplao) 1 12(0) 1+ Il xpACe-sD) Il Lol G 11+

(B +8) Hxls-o) I +k t o lile lll x(s) I Jas,

(5)
where

I xoll = W SUP (FICA
Tt

Applying the Bellman-Gronwel inequality to (7} yields
()l <¥(e) <
y(Oexp (e A) +for P+ I BU +& N 1 T e 1l D2 ).
(8)
It is evident that system (1) is robust absolute stable if
condition (3) holds.

This completes the proof of Theorem 1.

Since matrix A is asymptotically stable, for a given
positive definite matrix @, there exists a unique positive
definite matrix P satisfying the following matrix equation

ATP + PA = - Q. (9)

Theorem 2 System (1) is robust absolute stable if
the following inequality holds:

R T TR

(10)

Proof Denotey = ({l Bl + &) |l Pl and define

the Lyapunov fumctional as

V(e(t)) = 2(e) Pe(z) + yj #T(8)x(s)ds.
The derivative of ¥{x) along (1) is given by
d¥F{zx)

dt [ =
- xT()0x(2) + 2T()[AATP + PAA]x(2) +

%ﬁT(t)(B + AB)'PY(B + AB)x(1) +

yaT(t-7)xle—)a y[xT()a(e)-x"(t-7)x(z-7) ]+
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BTPx(e)f(e) + () Ph(a) <
- [Amal Q) - 7 - % I Bll+p)* 1 P

28l P -2kl a0 el p I (X112 =
~[Amal @) - 2N BUN P -2kl 60N INPI -

268+ SO PN () 12
I condition {10} holds, there exists a real mumber . >
0, such that
dv(x)

& | S # I xed 12,

This deduces that system (1) is robust absolute stable.
The proof of this theorem is completed .
3 Delay-dependent robust absolute sta-
bility
Consider the uncertain Lurie control system (1) . Sup-
pose matrix 4 + B is asymptotically stable. For a given
positive definite matrix (, there exists a unique positive
definite matrix P satisfying the following matrix equation
(A+B)'P+ P(A+B)=-Q. (11)
Theorem 3 System (1) is robust absolute stable if
the following inequality holds.
T«
Aminl @) -2fo+ By + kGBI Nci)N P
2a( T BT +8}  Bo+ B+ TAT+ N BL+kT 8N e}l PE”
(12)

A P)
Aminl P)
Proof System (1) can be rewritten as

(1) =(A + B + AA + AB)x(¢) + bf(a(2)) -

where a =

= 1.

(B + AB)I:_ ({4 + Ad)x(s) +

(B + AB)x(s — ) + bf(a(s)) 1ds.

(13)
Let V{x) = x"Px. The derivative of ¥{x) along (13)
is given by
avin)|
di (m

()~ Q0 +(ad + ABY'P 4+
P{AA + AB)1x(2) +2xT(1) Ptf(a(e)) ~

zj' «T(:)P(B + ABY(A + AA)x(s)ds -
zj’_ £Y(1)P(B + ABY(B + AB)x(s - r)ds -

zj (PB4 AB)bf(als))s <

T

- 2T ()Qx(t) + ="(2)[(AA + ABYTP 4
P(AA + ABY]x(e) + 22" () Phf(a(e)) +
157 (t)P(B + AB)'(B + AB)Px(t) +

rllx’f(el)(a +84)(4 + A)x(8) +

r¥,x (t)P({B + AB)"(B + AB)Px(t) +

. ?isz(ea)(B + AB)IY(B + AB)x (&) +

t73xT(t)(B + AB)TP*(B + AB)Yx(s) +
. }l;b’fbﬁ(a(ea}),

where

-1 < 8,6 <t,t-2rcbr<t~-T.
Suppose

V(e + 8) < ¢*V(e)(g > 1,6 € [~ 7,0]).
By using Razumikhin’s technique, we get

hates0) 1l <gall =1, (as el ) >1).

d¥(x)

dt (13) =
A (@) -[A B+ BN PN 42k 6 N N PN ]-
iy + 72+ X LPUACU BN + B +

PN+ 87 (BN + 84
1 72

?Lkl Tl eI =(ed 12
3

Let

gl Al + B ga
=BT + 80P 2= P

okl el
PTCIB + PN
we have

d¥(x)

At |apn S
Ll Q-2 B+ B+ KN BTN X PN -
2ega( | Bl + 8)(Bo+ B+ 1Al + I BIl +
kel ct Yl PHIN2Ce)N? =
~wll=(e) 2,
where
w= A Q)-2(Bo+ B + kBN NN P -
2vga( | Bl + B1){Bo+ B+ 1Al +
B +&lallllc)lph]
If condition (12) holds, there exists a real number g >
1, such that »w > O. This completes the proof of this
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theorem .
4 Conclusion

The robust absolute stability of Lurie control system
with time-delay has been studied. By using Lyapunov
method, both delay-independent and delay-dependent
criteria have been given. The presented results are useful
to estimate the robust stability bound and delay bound of
uncertain Lurie control systern with time-delay .
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