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Fig. 1. Fifth-order voltage-controlled memristor-based

Chua’s chaotic circuit.
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Fig. 2. Equivalent realization circuit of the non-ideal

active voltage-controlled memristor.
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Table 1. Typical circuit element parameters.
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Fig. 3. Numerical simulated phase portraits of chaotic attractors under tiny initial states in four phase planes: (a) In

the v1-v2 plane; (b) in the vo-i2 plane; (¢) in the i1-v1 plane; (d) in the iz-ve plane.
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Fig. 4. PSIM circuit simulated model with tiny initial states.
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Fig. 5. PSIM circuit simulated phase portraits of chaotic attractors under tiny initial states in four phase planes:

(a) In the v1-v2 plane; (b) in the vo-iz plane; (¢) in the i1-v1 plane; (d) in the i2-v2 plane.
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Fig. 6. Numerical simulated phase portraits of periodic limit cycles under special initial states in four phase planes:

(a) In the v1-v2 plane; (b) in the vo-iz plane; (¢) in the i1-v1 plane; (d) in the iz-v2 plane.
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Fig. 7. PSIM circuit simulated phase portraits of periodic limit cycles under special initial states in four phase

planes: (a) In the vi-va plane; (b) in the vo-i2 plane; (¢) in the é1-v1 plane; (d) in the i2-v2 plane.
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Fig. 8. Bifurcation diagram of system variable y with

the variations of initial condition ug.
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(c) £ y-w P k5 (d) % w2 P |

Fig. 9. Numerical simulated phase portraits of coexisting chaotic attractor and periodic limit cycle in different phase

planes: (a) In the z-z plane; (b) in the z-u plane; (¢) in the y-w plane; (d) in the u-z plane.
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Fig. 10. Attraction basin in the wg-up plane when

initial conditions o = 0, yo = 0, 2o = 0.
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Abstract

Generally, the occurrence of multiple attractors indicates that the multi-stability existing in a nonlinear dynamical
system and the long-time motion behavior are essentially different, depending on which basin of attraction the initial
condition belongs to. Up to now, due to the emergence of multi-stability, some particular memristor-based nonlinear
circuits whose dynamical behaviors are extremely related to memristor initial conditions or other initial conditions
have attracted considerable attention. By replacing linear or nonlinear resistors with memristor emulators in some
already-existing oscillating circuits or introducing memristor emulators with different nonlinearities into these oscillating
circuits, various memristor-based nonlinear dynamical circuits have been constructed and broadly investigated. Motivated
by these considerations, we present a novel fifth-order voltage-controlled memristor-based Chua’s chaotic circuit in this
paper, from which a wonderful phenomenon of bi-stability is well demonstrated by numerical simulations and PSIM circuit
simulations. Note that the bi-stability is a special kind of multi-stability, which is rarely reported in the memristor-based
chaotic circuits.

The proposed memristor-based Chua’s chaotic circuit is constructed by inserting an inductor into the coupled resistor
branch in series and substituting the Chua’s diode with a voltage-controlled memristor in the classical Chua’s circuit.
Five-dimensional system model is established, of which the equilibrium point and its stability are investigated. Theoretical
derivation results indicate that the proposed circuit owns one or three equilibrium points related to the circuit parameters.
Especially, unlike the newly reported memristive circuit with bi-stability, the proposed memristor-based Chua’s chaotic
circuit has only one zero equilibrium point under the given parameters, but it can generate coexistent chaotic and periodic
behaviors, and the bi-stability occurs in such a memristive Chua’s circuit. By theoretical analyses, numerical simulations
and PSIM circuit simulations, the bi-stability phenomenon of coexistent chaotic attractors and periodic limit cycles with
different initial conditions and their formation mechanism are revealed and expounded. Besides, with the dimensionless
system equations, the corresponding initial condition-dependent dynamical behaviors are further numerically explored
through bifurcation diagram, Lyapunov exponents, phased portraits and attraction basin. Numerical simulation results
demonstrate that the proposed memristive Chua’s system can generate bi-stability under different initial conditions.
The PSIM circuit simulations and numerical simulations are consistent well with each other, which perfectly verifies the

theoretical analyses.

Keywords: bi-stability, dynamical behaviors, voltage-controlled memristor, Chua’s circuit
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