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u,, filtering for T-S fuzzy complex networks

subject to sensor saturation via delayed
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Abstract: This study addresses a distributed H., filtering problem for discrete-time Takagi-Sugeno fuzzy complex networks with
sensor saturation, where nodes and filters are connected via a shared communication network. It is supposed that each node's
output measurement transmitted to its filter according to Round-Rebin scheduling protocol. Based on a non-parallel distributed
compensation strategy, distributed filters are constructed, where the coupling matrix between filters could be different from the
one between nodes and the parameters of the filters depend on current and delayed membership functions. The augmented
filtering errar system is represented as a discrete-time fuzzy system with time-varying delays. By applying a novel nonguadratic
Lyapunov functional that depends on current and delayed membership functions, and combined with a Abel lemma-based finite-
sum inequality, distributed regional H, filters are designed such that the local and exponential stability of the augmented filtering
error system is ensured and the H,, performance requirement is satisfied. Numerical examples illustrate the effectiveness and

less conservatism of the proposed methed.

1 Introduction

Complex nctworks arc composed of a set of interconnected
dynamical systems and have potential applications to modelling
real systems such as airpert networks, genelic regulatory networks
and social networks [1]. A great number of theoretical results on
synchronisation and state estimation have been developed for
complex networks during the last ten years or so [—4]. Recently,
network-based synchronisation and state estimation problems have
been investigated under consideration of the network
imperfections. such as variable sampling intervals [§], event-trigger
[6], packet dropouts [7]. communication delays [8], quantisation
[9] and scheduling protocols [10]. Twe main estimation approaches
have been used to state estimation for complex networks:
decentralised state estimators [1, 8] and distributed state estimators
[10, 11]. Especially, the state estimation problem was studicd in
10] for a class of non-linear dynamical networks with time-
varying delays under the assumption that only one node was
physically allowed 1o transmit measurement data at each
transmission instant in order to prevent data collisions, where the
Round-Robin protocol was utilised to determine which node
obtains the access to the network at a certain transmission instant
and the dynamics of the estimation error was modelled via a
switch-based approach.

Fuzzy logic control has attracted much attention as an effective
control approach to many complex nen-linear systems [12-14].
Among vatious kinds of fuzzy methods, Takagi—Sugeno (T-S)
fuzzy systems [15] are widely recognised as a useful 1ol for the
analysis and design of non-linear systems. T-S fuzzy modelling
method offers an alternative approach 10 describing non-linear
systems [12, 16]) and complex newworks [17-19]. As an practical
application of T-S complex newwerks, one cxample was he
coupled non-linear stochastic synthetic genetic oscillations [20].
Giobal exponential synchronisation of T-§ fuzzy complex
dynamical networks with muitiple time-varying delays and
stochastic pertutbations was studied [17] via delayed impulsive
distributed control.  Synchronisation in T-8 fuzzy complex
networks via pinning contrel was considered in [18] where both
partia! coupling and discrete-time coupling are taken into account.
Ciuster synchromsation in finite time was studied {19] for a class
of T-5 fuzzy complex networks with discentinuous subsystems

IET Control Theory Appl., 2017, Vol 11 1ss. 14, pp. 2370-2382
®© The Institution of Engineering and Technolegy 2017

and probabilistic coupling delays. All synchronisation contrel
signals in [17-19) were generated by parallel distributed
compensation (PDC)-like fuzzy controlicrs, [t was known that the
premise variables and membership functions play a key role in the
design of fuzzy controller/filter [12, 16]. Recently, a nen-quadratic
Lyapunov function method using delayed membership functions
has been proposed in [21] for design of state estimators and in [22]
for design of controllers. This method shows an advantage of the
proposed results in [22] over the traditienal PDC technique.

Nctworked  control  systeins  have  reccived considerable
attention in recent years (see e.g. {23, 24]). Due to communication
constraints, only one measurement can be transmitted per
transmission. The communication along the communication data
channel is orchestrated by a scheduling pretoced [25-28]. In [25], a
network-based H, filter for a parabolic system was designed when
the sampled in time measurements were sent 1o the observer over a
communication network according to Round-Robin scheduling
protocol. In [26], the stability was analysed for discrete-time
networked control systems with actuater satration under round-
robin  scheduling protocel and weighted try-once-discard
scheduling protocol, respectively. In [27], state estimation for a
class of artificial neural networks with round-robin protocol was
considered. In [28), synchronisation of networked master—sajve
system consisting of a high-order master system and a low-order
slave systein was investigated, wherc a stochastic scheduling
protocel and Round-Robin scheduling protacol were, respectively,
proposed and utilised. However, there are enly a few works on
network-based state estimation of complex dynamical networks
under scheduling [10], not to mention the research on network-
based H,, filtering problem for T-S complex netwarks with sensor
saturation under scheduling.

In view of the above results, we aim to study a distributed Hy
filtering preblem for T-8 fuzzy complex dynamical networks
subject to sensor sawration and Round-Robin scheduling protocol.
The main contributions of this paper can be highlighted as follows:

(1) The distributed H . problem is, for the first ime, investigated

for T-S fuzzy complex networks under scheduling protecol. Due o
communication constraints, only one measurement can be sent per

2370
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Finite-time outer-synchronization for complex
networks with Markov jump topology via hybrid
control and its application to image encryption”
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Abstract

This paper investigates the problem of finite-time outer-synchronization for discrele-time complex
networks with Markov jump topology in the presence of communication delays and possible informa-
tien losses and its application to image encryption. A hybrid control. which is subject to both stochastic
jumps and deterministic switches, is proposed to realize finite-time und stochastic outer-synchronization
for the concerned networks. By utilizing a stochastic Lyapunov functional combined with the aver-
age dwell-time method. sufficient conditions are found such that the synchronization error dynamical
system is stochastically stable in finite-time. Two numerical examples are presented to illustrate the
effectiveness of the proposed method. Finally, the complex newwork consists of four coupled Lorenz
systems are utilized to generate chuotic sequences and a new chaotic image cryplosystem is constructed
to transmit encrypled images based on the synchronized drive-response complex networks, Experiments
are conducted by using numerical simulation. and the security is analyzed in terms of key space, key
sensitivity. histogram distributions. correlation coefficients, information entropy and differential auack
measures. The experimental results show that the proposed chactic image eryplosystem has the advan-
tages of high security against some classical attacks.
© 2018 The Franklin Institute. Published by Elsevier Lid. All rights reserved.
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