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PD state feedback controller criterion is derived in terms of linear matrix inequalities (LMIs) that can be easily solved by
Sector/slope restricted nonlinearities various convex optimization techniques. Several examples show the effectiveness of the
LMIs proposed methods.
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1. Introduction

In recent years, Lur’e systems with a sector bound which was introduced by Lur’e in [ 1] have been extensively studied, in
[2-7]. Since time delays are frequently encountered in many industrial and practical systems such as nuclear reactors, many
researchers have focused on the stability of the time delay systems. For details, see the works [8-15] and references therein.
In particular, the problem of stability for time delay Lur’e systems has been investigated [16-19]. In [16], Lee et al. studied
the absolute stability for a time delay Lur’e system by using sector bound and slope bound information for the nonlinear
function. In [17], Cao obtained a delay-dependent condition of stability of a Lur’e system by utilizing the descriptor system
approach. On the other hand, one is often faced with model uncertainties and a lack of statistical information on the signals
in real physical systems. This had led to an interest in min-max control, with the belief that #,, control is more robust
and less sensitive to disturbance variances and model uncertainties. During the past few years, #,, control analysis and
synthesis of control systems have received considerable attention, and a large number of excellent results such as [20-23]
have been reported.

Proportional-integral-derivative (PID) control has a long history in control engineering. Its simplicity in architecture
makes it much easier for the control engineer to understand and use than advanced controllers. But the full PID controller is
not often used in the literature on stabilization for control systems. Hua and Guan [24] transformed chaotic systems with PI
controllers into an augmented proportional control system. However, their methodology is not applicable to Lur’e systems

* This work was supported by the National Basic Research Program of China (2010CB732501) and the National Natural Science Foundation of China
(NSFC-60873102).
* Corresponding author at: School of Mathematics Science, University of Electronic Science and Technology of China, Chengdu 611731, PR China.
Tel.: +86 13880488086.
E-mail address: yinchun.86416@163.com (C. Yin).

1468-1218/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.nonrwa.2010.06.035


http://dx.doi.org/10.1016/j.nonrwa.2010.06.035
http://www.elsevier.com/locate/nonrwa
http://www.elsevier.com/locate/nonrwa
mailto:yinchun.86416@163.com
http://dx.doi.org/10.1016/j.nonrwa.2010.06.035

502 C. Yin et al. / Nonlinear Analysis: Real World Applications 12 (2011) 501-512

with PD or PID controllers. In the area of PID controllers, it is well known that the derivative control is to enhance the
stability. This implies that the derivative control is desirable for increasing stabilization of speed for control systems.

In this work, we deal with the problem of robust #, control for uncertain Lur’e systems with sector and slope restricted
nonlinearities by PD state feedback. The proposed controller design technique is based on a PD control and its gain matrices
K, Kq are obtained by solving LMIs that are derived from a stability condition and the #., norm bound of uncertain Lur’e
systems. The nonlinear function is written as a convex representation of sector bounds and slope bounds, so the equality
constraint is derived by using convex properties of the nonlinearities. A novel robust #, criterion is obtained via LMIs by
applying Finsler’s Lemma [25]. Some examples show the effectiveness of the proposed method.

Notation: R" denotes n-dimensional Euclidean space, and R™™ is the set of all n x m real matrices. N is the set of
all positive integers. A < 0 means a real symmetric negative definitive matrix. I is the identity matrix with appropriate
dimensions. diag{- - -} denotes the block diagonal matrix.

2. Preliminaries

Consider the following uncertain time delay Lur’e system with sector and slope restricted nonlinearities and a PD
controller:

System :

x(t) = (A+ SA(t))x(t) + (B+ 8B(t))x(t — t) + (F + 8F(t))f (v(t)) + Cu(t) + Dw(t),

v(t) = Hx(1), (1)
Controller :

u(t) = Kpx(t) + Kgx(t), (2)

where x(t) € R" is the state vector, u(t) € R" is a control input, which will be appropriately designed such that the specific

control objective is achieved, K, € R"™*", K; € R™*" are the gain matrices for the PD controller, w(t) € R! is the external

disturbance. A € R™", B € R™" F € R™™M C € R™" D € R™!and H € R™" are constant matrices. v(t) € R™ is the

output vector. The time delay 7 is constant. §A(t), §B(t), §F(t) are time-varying uncertainties with appropriate dimensions.
The uncertainties §A(t), 6B(t), 8F(t) are assumed to be of the following form:

[8A(t) 6B(t) OF(t)] = WG(t)[N1 N Ns], (3)

where W, N1, N, and N3 are known real constant matrices with appropriate dimensions and G(t) is an unknown real
time-varying matrix satisfying

GOl <1, V. (4)
We assume that f(v) = [fi(v1(t)), f(a(t)), ..., fu(um(t))]" is restricted by the sector bounds [b;, a;] and the
slope bounds [E,-, a;], ie.
by < fiCvi(t)) <a. 5)
vi(t)
o d(fi(ui(©)) ., 4 N
bi < W—fl (v;(t)) <a, 1= 1,2,...m. (6)

Remark 1. The constants a;, b; are allowed to be positive, negative or zero. Hence, the resulting condition is more general
than the usual sector condition in [17].

The nonlinear function f;(-) can be written as a convex combination of the sector bounds such as a;, b;:

fivi(®)) = (A¥(v)b; + Al(v)ay)vi(t), (7)
where
1 fiui®) = bivi(0) g @vi(t) — fi(vi(0))
A= T huo o T T bwo
Since Aﬁ(vi(t)) + Al(vi(t)) = 1, A¥(vi(t)) > 0and Aﬁ(v,'(t)) > 0, the nonlinearity f;(-) can be rewritten as
fiw(©) = Ai(vi(©)vi(t), (8)

where A;(v;(t)) is an element of a convex hull Co{b;, a;}.
Similarly, the nonlinearity can also be expressed as a convex combination of the slope bounds such as d;, b;:

fitv(®) = Ai(wi(®))Di(8), 9)
where A;(v;(t)) € Co{b, a;}.
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