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a b s t r a c t

We present a 4-dimensional electrical model for realizing a multiplierless hyperchaotic
system using two Duffing oscillators with a nonlinear resistive coupling. The corresponding
hyperchaotic attractor is not only numerically verified through investigating phase
portraits and Lyapunov exponents spectra, but also realized experimentally by a simple
electronic circuit.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

During the last two decades, hyperchaos has been intensively studied by the researchers in the science and engineering
communities. Hyperchaos has been successfully applied in the field of secure communication, control, nonlinear circuits, etc.
A system is considered to be hyperchaotic if there exists at least two positive Lyapunov exponents. Hyperchaos has the pref-
erence over ordinary low dimension chaos in practical applications like broadband signal generation, encryption and secure
communication [1]. Due to its significant applications, there has been considerable interest in the design, study and circuit
realization of complex hyperchaotic systems [2–8]. Designing of hyperchaotic oscillator by using lower dimension oscillator
is a challenging task. Some examples of practical design have been proposed in literature [1,9–11] but most of them are
extremely complex as they include multiplier circuits for the realization of the nonlinear element. Moreover, most of them
are based on the extension of a 3-dimensional oscillator to a 4-dimensional oscillator [1,9,10,12]. To the best of authors
knowledge there is no autonomous circuit which generates hyperchaos with a basic 2-dimensional system like the Duffing
oscillator exclusively.

It has been shown that the Duffing oscillator can be used as a reference model to build complex dynamical systems [13].
Thus it is important to design and realize a hyperchaotic system using exclusively Duffing oscillators coupling.

In literature, the linear coupling of Duffing oscillator has been reported that shows complex behaviors. The transition
between chaos and hyperchaos has been studied in a theoretical chain of N unidirectionally chaotically forced coupled Duf-
fing oscillators [14]. Recently it is reported that, the linear coupling of 2-dimensional Duffing systems with no forcing term
does not exhibit hyperchaos even for more than two coupling oscillators [13]. Given such importance of the Duffing system
and hyperchaos, this letter presents a simple electronic circuit of an autonomous hyperchaotic oscillator constructed by
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using two Duffing oscillators. Such a system can be useful for laboratory experiments as no forcing source is required. Our
approach is based on an electrical model [15,16] where the nonlinear term was implemented using exclusively resistances
and diodes. In the proposed design, first a Duffing–Duffing oscillator was designed with resistive coupling, then an electrical
model was developed for such oscillator. Further stability and Lyapunov exponents spectra analysis were carried out to
ensure that the circuit is hyperchaotic. At the end the phase plot of electronic circuits were analysed and confirmed that
the system exhibits hyperchaotic behavior.

The rest of the paper is organized as follows: Section 2 presents the electrical model and the state space equations of the
developed system, Section 3 presents the comparison between simulation and practical results while Section 4 gives some
concluding remarks.

2. The coupled Duffing–Duffing hyperchaotic system

2.1. Proposed hyperchaotic circuit

The proposed Duffing–Duffing oscillator uses the basic electrical model given in [16]. Using the same model as feedback
element, with some coupling resistances, the electronic circuit of the hyperchaotic system is shown in Fig. 1. The Resistance

Fig. 1. Electrical model of the autonomous hyperchaotic Duffing oscillator.
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