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Abstract 

A chaotic model for generating multi-directional multi-scroll attractors via hyperbolic 

tangent function series is proposed in this paper. The dynamical mechanisms of this chaotic 

model are further investigated, including M -scroll, M N -grid scroll, M N L -grid 

scroll chaotic attractors. Moreover, the dynamical behaviors of this system are theoretically 

analyzed and numerically simulated, such as equilibria and their stability, Lyapunov 

exponents and bifurcation diagrams. This system can be widely used in data encryption and 

secure communication. 
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1. Introduction 

Over the past few decades, chaos has been intensively investigated within the mathematics, 

physics, engineering. Since Chua found the Chua’s double-scroll circuit[1–3] in 1984, many 

methods for generating multi-scroll chaotic attractors have been proposed. Recently, study on 

generating multi-scroll attractors has been a hot topic, and gradually become mature research 

direction. So, based on Chua’s circuit, by using piecewise linear function, saw tooth function, 

step wave function, hysteresis series, switching function, sine function and saturated sequence, 

many multi-scroll chaotic attractors is presented. 

Suykens and Vandewalle [4, 5] firstly introduced a family of n-double scroll chaotic 

attractors by application of the quasi-linear function approach. Later Suykens et al.[6] 

presented a piecewise linear (PWL) function method for generating n−scroll chaotic attractors. 

A similar approach [6, 7]was used to generate n-scroll in modifying Chua’s circuit. Lü et al. 

proposed a hysteresis series method [8], a saturated function series approach [9] and 
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