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Fig. 1. Hysteresis loop of memristor.
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Fig. 2. Phase portraits of chaotic attractor: (a) z-y plane; (b) z-z plane; (¢) y-z plane; (d) y-w plane.
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Fig. 3. Time domain waveforms and Poincaré cross section of the system: (a) Time domain waveforms; (b) Poincaré map on z=0 plane.
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Fig. 4. Chaotic dynamics varying with system parameters a: (a) Bifurcation diagram; (b) Lyapunov exponential spectra.
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Fig. 6. Chaotic dynamics varying with system parameters b: (a) Bifurcation diagram; (b) Lyapunov exponential spectrum.
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Fig. 10. Phase diagram of different values of parameter a1 on z-y plane.
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Fig. 11. Error convergence curve of chaotic synchronization: (a) e1; (b) e2; (c) e3; (d) es.
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Fig. 12. FPGA implementation equipment.
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Dynamic analysis and FPGA implementation of a fourth-
order chaotic system with coexisting attractor”

Quan Xu Qiu Da  Sun Zhi-Peng  Zhang Gui-Zhong  Liu Song

(College of Intelligent Systems Science and Engineering, Hubei Minzu University, Enshi 445000, China)

( Received 16 May 2023; revised manuscript received 7 August 2023 )

Abstract

To further explore the complex dynamical behaviors in coexisting attractors, a fourth-order chaotic system
with four types of coexisting attractors and four unstable equilibrium points is constructed in this paper. The
dynamic behavior of the new system is analyzed by means of phase trajectory diagram, time domain waveform
diagram, Poincaré map, Lyapunov exponent spectrum and bifurcation diagram. The experimental results show
that as the parameters change, the system exhibits rich dynamic behaviors such as stable points, period-
doubling bifurcations, coexisting bifurcation modes, and chaotic crises. When the system parameters and
memristive parameters change, it is found that the system has different types of coexisting attractors, such as
the coexistence of two periodic attractors, the coexistence of two single-scroll chaotic attractors, the coexistence
of two double-scroll chaotic attractors, the coexistence of two point attractors. In particular, the system also has
the rotation phenomenon of coexisting attractors. Finally, a nonlinear feedback controller is designed, which can
make the new system achieve chaos synchronization in a short time. The phase diagram captured by the field-
programmable gate array (FPGA) hardware platform is consistent with the numerical simulation results, which

proves the feasibility of the system.
Keywords: chaotic system, coexistence attractor, rotating attractor, field-programmable gate array
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