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Abstract

A lot of studies of control highlight fractional calculus in modeling systems and designing controllers have been
carried out. More recently, a lot of chaotic behaviors have been found in fractional-order systems. Then, controlling the
fractional-order systems, especially controlling nonlinear fractional-order systems has become a hot research subject. The
design of state estimators is one of the essential points in control theory. Time delays are often considered as the sources
of complex behaviors in dynamical systems. A lot progress has been made in the research of time delay systems with
real variables. In recent years, fractional-order time-delay chaotic synchronization and chaotic secure communication
have received ever-increasing attention. In this paper we focus our study on the synchronization of fractional-order
time-delay chaotic systems and its application in secure communication. Firstly, based on the Lipschitz condition, the
nonlinear fractional-order time-delay system is proposed. Secondly, the fractional-order time-delay observer for the
system is constructed. The necessary and sufficient conditions for the existence of the fractional-order observer are given
by some lemmas. Thirdly, the synchronous controller is designed based on the state observer and the stability theory
of fractional-order system. Instead of the state variables, the output variables of drive system and response system are
used to design the synchronous controller, which makes the design much more simple and practical. With the Lyapunov
stability theory and fractional order matrix inequalities, the method of how to obtain the parameters of the controller is
presented. The sufficient conditions for asymptotical stability of the state error dynamical system are derived. After that,
with the Chen fractional-order time-delay chaotic system, the synchronous controller is designed to make the system run
synchronously. Finally, the proposed approach is then applied to secure communications, where the information signal
is injected into the transmitter and simultaneously transmitted to the receiver. With the observer design technique,
a chaotic receiver is then derived to recover the information signal at the receiving end of the communication. In the
conventional chaotic masking method, the receiver is driven by the sum of the information signal and the output of the
transmitter, whose dynamics is autonomous. The simulation results show that the design of the synchronous controller
works effectively and efficiently, which implies that the proposed fractional order time-delay observer in this paper runs
effectively. The proposed method is able to be applied to other fractional order time-delay chaos systems, and also to

chaotic secure communication system.

Keywords: chaotic synchronization, fractional-order time-delay chaotic system, fractional state observe

controller, linear matrix inequality
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