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Abstract

In this paper, the problem of control for a class of uncertain interconnected time-delay systems is studied. The
interconnections of the system possess time-varying delay characteristics, and the bounds of uncertainties are not
precisely known. A decentralized adaptive feedback controller is designed, which is independent of the delays.
Lyapunov–Krasovskii approach is employed to show that the corresponding closed-loop system is asymptotically
stable. A simulation example is given to demonstrate the potential of the proposed techniques.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Various engineering systems, such as electrical networks, turbojet engines, microwave oscillators,
nuclear reactors, and hydraulic systems have the characteristics of time-delay. Due to the effect of time
delay, these systems may possess instability, and the control performance of these systems are hardly
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assured. In the past 20 years, a great amount of effort has been devoted to the problems of stability analysis
and robust control for time-delay systems, see for example,[1–5,8,9,11,12] and references therein.

On another research front line, many practical systems are found to be large-scale systems that are
composed of a set of interconnected subsystems, such as power systems, digital communication networks,
economic systems and urban traffic networks. Robust control for large-scale time-delay systems have been
one of the hot study topics in the past years, and a lot of achievements have been made, see for example
[6,7,10,13,14,17–19]. In [7], the problem of robust control for a class of interconnected systems with
bounded uncertainties was considered. The same system was further discussed by using the decentralized
sliding mode control method in [6]. The problem of stabilization of large-scale stochastic systems with
time delay was studied in [19], while stabilization of a class of time-varying large scale systems subject
to multiple time-varying delays in the interconnections was investigated in [10]. In the work of [18],
the robust control problem was investigated by using a linear function as a bound for the uncertain
interconnections.

In this paper, we will consider the control problem of a class of nonlinear interconnected time-delay
systems, the uncertain interconnections of which are bounded by nonlinear functions. Motivated by the
results in [17], from which, the adaptive fuzzy logic system can approximate the nonlinear functions
to arbitrary precision, we employ fuzzy approach to approximate the bounds of interconnections in this
paper, which has more advantages over the methods developed in [15,16]. Then a decentralized feedback
controller independent of time delays is designed. Based on Lyapunov–Krasovskii function, we show
that the resulting closed-loop control system is asymptotically stable. Finally, a simulation example is
employed to verify the effect of the proposed techniques.

2. System formulation

Consider a class of interconnected time-delay systems whoseith (i = 1,2, . . . , N) subsystem is
described by

ẋi = Aixi + Biui +
N∑

j=1

Hij

(
xj , xj

(
t − dij (t)

))
, (1)

wherexi ∈ Rni andui ∈ Rmi represent the state and control vectors, respectively, of the subsystem.
Ai andBi are constant matrices with compatible dimensions.Hij

(
xj , xj

(
t − dij (t)

)
, t
)

are uncertain
nonlinear interconnections, which indicate the interconnections among the current states and the delayed
states of subsystemsSi andSj ,whiledij (t) are bounded time-varying delays and differentiable satisfying

0�dij (t) �dij < ∞, ḋij (t) �d∗
ij < 1, (2)

wheredij , d∗
ij are positive scalars, and initial conditions are given as follows:

xi (t) = �i (t) , t ∈ [t0 − dij , t0
]
, i = 1,2, . . . , N,

where�i (t) are continuous functions.
For system (1), we introduce the following assumptions.
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