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Design of fractional-order memristive multi-scroll systems and

analysis of their dynamical behaviors
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2. Key Laboratory of Electromechanical Control in Inner Mongolia Autonomous Region, Hohhot 010051, China)
Abstract: [ Objective] The purpose is to investigate the enhancement mechanism of fractional-order
memristive coupling on the dynamical behaviors of neural networks, and to construct a new chaotic system
capable of generating multi-scroll attractors with tunable topological structures, thereby providing a
theoretical model foundation with high complexity and controllability for fields such as information security.
[Method] A novel fractional-order memristor model was designed based on a class of activation-like
functions and introduced as a synaptic element into the classical Hopfield neural network to construct the
FOMHNN. Numerical simulation methods, utilizing tools such as phase portraits, bifurcation diagrams,
and Lyapunov exponents, were employed to systematically study the effects of the fractional order, coupling
strength, and internal memristor parameters on the system dynamics. [Result] Experimental results

demonstrate that the proposed FOMHNN can generate multi-scroll chaotic attractors whose quantity and
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parity are controllable via the memristor parameters. The system exhibits rich dynamical behaviors with
variations in the fractional order and coupling strength, including periodic, chaotic, and transient chaotic
states, as well as various types of coexisting attractors. Compared to its integer-order counterpart, the
fractional-order system shows significantly superior dynamical complexity and sensitivity to initial
conditions. [Conclusion] By revealing the enhancement mechanism of fractional-order and memristive
coupling on dynamical behaviors, this work lays a theoretical foundation for subsequent practical
applications in image encryption and secure communication.

Key words: fractional-order; memristor; multi-scroll chaotic system; Hopfield neural network; coexisting

attractors
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Tab. 1 The number of multi-scroll attractors when n is different
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Tab.3 Comparison of dynamical behaviors with existing fractional-order memristive HNN models
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