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Construction and DSP Implementation of Fractional-Order
Multi-directional Multi-scroll Jerk System
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Abstract: Existing fractional-order multi-scroll chaotic systems are mainly confined to
unidirectional or two-dimensional grid extensions, making it difficult to achieve uniform multi-
scroll structure expansion in multiple state variable directions and to verify their hardware
implementation. To address this issue, a design method for fractional-order multi-directional
multi-scroll Jerk chaotic systems based on translation transformation functions was proposed. The
fractional-order differential operator was introduced into the integer-order Jerk system, and
continuous nonlinear functions were constructed to generate fractional-order unidirectional multi-
scroll attractors. The multi-directional multi-scroll structure expansion was achieved by
introducing translation transformation functions into multiple state variables. System dynamical
characteristics were analyzed using attractor phase portraits, maximum Lyapunov exponent,
multiscale permutation entropy, and Poincaré sections. Digital signal processor (DSP) hardware
implementation was completed. The results indicate that the system exhibits rich dynamical
behaviors, and the DSP implementation results are consistent with numerical simulations,
verifying the physical realizability of the proposed system.
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Multiscale complexity of Jerk system
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