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Abstract: This paper provides a new absolute stability criterion for Lurie type control systems with time delay. Based on
an improved upper bound for the inner product of two veciors, a new delay-dependent absolute stability criterion is derived,
which is shown by an example less conservative than existing criteria.
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1 Introduction

Many researchers have investigated the stability of
feedback systems whose forward path is a linear time-in-
variant system and whose feedback path is a memoryless
nonlinearity!' =3, These feedback systems are called
Luric systems. Laurie type control systems with time-de-
lay is an important system, because time-delay is com-
monly encountered in various engineering systems and
the existence of time-delay makes the stability analysis
mrch more complicated. Popov and Halanay'*!, Somo-
linest®! stndied the stability of this kind of systems and
derived some stability criteria, but the existing criteria
are all delay-independent which do not include the infor-
mation on detay. Generally, abandonment of informa-
tion on the delay causes conservativemess of the criteria
especially when the delay is comparatively small. Re-
cently, a delay-dependent criterion for Lurie type control
systems with time delay in finite sector based on the
Razumikhin theorem has been derived!®! .
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In this paper, a new delay-dependent criterion for
Lurnie type control systems with time delay in infinite
sector is given based on an improved vpper bound for the
inner product of two vectors.

The underlying idea to provide delay-dependent crite-
rion has resorted to the following inequality; given «, b
€ Rr",

-2d"h < m = il:{iaTNa + BTN, (1)
where o” indicates the transpose of ¢. In this case, the
upper bound of { — 2¢75) is always greater than or equal
10 zero. Therefore the upper bound 7 is not a good esti-
mate.

To improve the upper bound of (- 2a™5), [7] gives
another free mamx M so that

-2a"b g =

Jof [(a + MB)'N(a + Mb) + B"N'b + 25" MB),

{2)
where clearly 7, << ». Then we have the following
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Lemma.

Lemma 1 Assume that a{a) € E* and b(a) €
1"y are given for a € {1. Then, for any positive definite
matrix ¥ € E*"" and any matrix M € FE%*", the fol-
lowing inequality holds:

-Zjan(a)a(a)da <

(a) )
jn[:( )] [MTN (2, 2)”:: )

where (2,2) denotes (M™N + 1)N-'(NM + ).
Based on this lexnma, the following section will show
our main results.
2 Main results
Consider Lurie type direct control system with time
delay

£ = Az + Bz(z — h) + bB(y),
{y o (@)

where () E R*, A€ R™**, B ™", bER".c €
R, A =0,8(y) € K[0,=).

K[0,%) = {#(y) 1 $(0) = 0,0 < 3#(y) < =(y = O}

In order to show under what condition the origin is
globally asymptotically stable for the system (4}, we
consider the following Lyapunov function

V=V+Vas Vs, {5)
where

= xTPx + BJ:(:)¢(Q)EIQ’:
V; = J-D-J:wx'r(a)BTNBx(ajdadf;,

V; = Lt_kx'r(a) Oz {(a)da,

B>0,P>0,@ >0, > 0. Then we have the follow-
ing theorem.

Theorem 1 Assume that an uncertain time-invariant
delay lies in [0,R], i.e., A € [0,A]. Then if there
exist P > 0,0 > 0,0 > 0and W such that

Xy Xp &n
X = {X,Tg Xn Xﬁ:| <0, (6)
I X Xy

then the system is absohtely stable. where
Xu=(A+BP+P(A+B)+RXW + PYUN W+

P)+ ATBTUBA + ¢ + W'B + B™W,
X;=-W'B + A"B"UBB,

X = ATBTUBb + Pb + A% + & pc,
Xp =- Q + B"BTUBR,

Xy = BTRTUBb + %BBTC,

Xy = 8"BTURD + A75.

Proof We first note that V(x(t — a),a € [0,k ])
is radially unbound with respect to x{¢). Now consider
its derivative

V=V +Vs Vs
Since it holds that
ey -2t -h) = [ #o)s. (D)

I 1=

Then (4) can be written as
(1) = (A + Bix(s) - B_[:_kx(a)da + b(y),

(8
and thus the derivative of V; satisfies the relation

¥, =267 P(A + B)als) - ZxT(z)PB_r_hx(a)da .

2xT(e )P (y) + By (s)é(y),
and using Lemma 1 will supply
Vl =
£ (e}{(A + BYP + P(A+ B)Y+ WP(IM"N +
DNNM + DPa(e) + sz(;)mej 2(a)de +

J'_th(aJBTNBx(a)da +227() Po(y) +

Bl Ax + Bx(t - h) + 8 (y)]12(y).
Since V, and Vs vield the relation
V, = haT(s)BT VB2 (s) _j‘_hﬂ(ajswm(a)aa,

Vi = a7(e)Qx(e) = 2T(s - AYQx(z - &),
Choosing W = NMP and U = AN will yield
V=V +V+ ag
(e (A + B)TP 4+ P(A + B) + A3 (WT 4
PYU (W + Piix(e) + 2<T(2) PoA(y) +

ZxT(z}WTBLr_kx(a)da + 2B UB: (¢) +

BAx + Bt - ) + B(y)18(y) + 2T} Qx(2) -
21— R)Qx(t - k) + pyb(y) — iy (y) =
ETXE — pyb(y).
Here €7 = [27(s) 2™(s - &) $(y}]", with some ef-
forts, we can show that (6) guarantees the negativeness
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of ¥, which immediately implies the absolute stability of
the system.
Consider Lurie type indirect control system with time
Ax + Bx(t — h) + b$(y),

delay
{x
¥ = 'z - pb(y).
Using the same Lyapunov function as (5). Then calcu-
lating the derivative, ome obtains
f" = ‘."’|+ V;_+ Vs = ETX'E;

{9}

where
g = [&T(y "1 - k) #(p]T,
Xy Xp X
X=|X; Xz Xn|,
Xh X5 Xa

Xn=(A+B)"P+P(A+B)+
RUAWT & PYUY(W + P) &+
ATBUBA + ¢ + W'B + B™W,

X, =- W'B + A"B"UBB,

Xy = Pb+ ATBUBD + e,
Xy =- @+ B"B"UBB,

X» = B'BTUBD,

Xy = b"BTUBb - Ro.

Then we have the following theorem.

Theorem 2  Assume that an uncertain time-invariant
delay lies in [0,k], i.e., & € [0,k ]. Then if there
exist P >0,¢ > 0,0 > Oand Wsuch that X < 0, then
system (9) is absolutely stable .

3 Example

We shall illustrate the results by psing an example.

Consider the system!®!

%1(t) (-2 0 % (1)
[xz(t)]zL_l _2”5;2“)]*
- 0.2 -0-5”x.(t-h) ]
0.5 -o02lg-m 17
-0.2
e 2SI
y(t) = 0.6x,(t) + 0.82,(¢), ¢(+) € K[0,0.5].
00
LetM: 0 0],N=P= Q:I,,8=0.4,;1:1.

2, we have kb < 1.268, when we choose M = M, =

-1 0.3
-0.2 -1.1
=05, = 1,M = M, we have b < 2.055, the
largest bound is 0.3053 and $(-) € K[0,0.5] via the
result of (6]. Based on our result, the bound can be
further improved to 2.055 and $( - ) satisfying the infi-
nite sector condition i.e. #(+) € K[0, = ).
4 Conclusion

By using a new vector inequality, this paper obtained
a new delay-dependent absohute stability criterionm for
Lurie type control systems with time delay. An example
shows that this criterion performs much better than sever-
al existing criteria.

],menobmmwﬁsl.szs.Andletp

References

111 Wu Yoogxian and Zhao Suxia. Absclute stability of control systems
with several nonlinear stationary eiements in the case of an infinite
sectar (1], Automatika 1 Telemekhanilca, 1991.,52(1):34 —42

[2] Vidyasagar M. Nonlinear Systems Analysis [M]. London: Prentioe-
hall, 1993

[3] Pak P. A tevisited Popov critezion for nonlinear Lurie systems with
sector-restrictions [J], Tot. I. Contrcl, 1997,68(2):461 — 469

4] Popov ¥ M and Halanay A, Abcwn sability of nonlinear contlled
systemns with delay [J]. Automarion and Remote Control, 1962.23
(7):849-851

[5] Somclines A. Stabitity of Lurie type functional equations [I]. J.
Diff. Eqs.,1997,26{1):191 - 199

[6] M Xiachong. Delay dependent conditicns for sbsolute siability of
Lurie type control systems [ J]. Acta Automatica Simica, 1999, 25
(4):564 - 556

[7] PakP. A delay-dependent siability criterion for systems with uncer-
tain time-mvariant delays [J]. TEEE Trans. Awtormat. Contr. 1999,
44(4) :875 - 877

[] Hale ], Theory of Functional Differential Equation [M] . New York:
Springer-Verag, 1997

[9] Kelmenonskii V B. Stability of Funcsional Differential Equations
[M]. London: Academic Press, INC,19%6

A AR A WA
# B POFEE B ETFLRFREBLSRHIRS
WML EL 2000 FFEPHRER RV ES T RIEEE KD
B AZARBTAZ AP LRRER. L RFEF TR S
BRRES —REANATELS TSRS,
BAE 1997 5% FPREKFRARESIRARE. N
TSN . ERARFA N . KEEANE WAL RER. - RELY
W, R,


http://www.cqvip.com

