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Locally active memristors with multiple coexisting pinched hysteresis loops have attracted the
attention of researchers. However, the currently reported multiple coexisting pinched hysteresis
loops memristors are obtained by adding additional piecewise-linear terms into the original Chua
corsage memristor. This paper proposes a novel locally active memristor by introducing a poly-
nomial characteristic function into the state equation. The novel memristor has three coexisting
pinched hysteresis loops, large relative range of active region and simple emulator circuit. The
characteristics of the novel memristor such as power-off plot, coexisting pinched hysteresis loops
and DC V –I plot are studied. The memristor is used in a Chua chaotic system to investigate
the effects of locally active characteristic on the chaotic oscillation system. Furthermore, the
memristor emulator and chaotic system are designed and implemented by commercial circuit
elements. The hardware experiments are consistent with numerical simulations.

Keywords : Locally active; memristor; coexisting pinched hysteresis loops; hardware
implementation.

1. Introduction

Memristor, theoretically postulated in [Chua, 1971],
is a two-terminal nonlinear circuit component asso-
ciated with charge and magnetic flux. In 1976,
Chua and Kang extended the memristor to mem-
ristive system and they performed a detailed analy-
sis of the salient features of memristive system, the
zero-crossing property [Chua & Kang, 1976]. Since
Strukov and his group in HP lab first fabricated
a physical memristor [Strukov et al., 2008], it has
attracted much attention from researchers. Chua
classified memristors into three classes including
ideal memristor, generic memristor and extended
memristor [Chua, 2015]. As a potential technology,

memristor has been applied in various fields, such
as neural networks [Wang et al., 2019; Bao et al.,
2019; Yao et al., 2019; Lin et al., 2020a, 2020b],
chaotic systems [Zhou et al., 2016; Wu & Wang,
2016; Lin et al., 2020; Wang et al., 2017a; Gu et al.,
2020; Li et al., 2018; Yu et al., 2020a, 2020b] and
so on.

Chua uncovered that local activity is the ori-
gin of complexity. Local activity is essential for a
nonlinear dynamical system to maintain oscillations
and amplify small signals [Chua, 2005]. Locally
active memristor was defined as any memristor
that exhibits a negative memductance G(x, V ), or
a negative memristance R(x, I), for at least some
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value of the memristor voltage v, or memristor cur-
rent i by Chua [2014]. And he proposed a first-order
locally-active generic memristor with a shoelace
DC V –I plot (someone called it as Chua corsage
memristor) in [Chua, 2014]. In recent years, the
locally active phenomena and multistate phenom-
ena in generic memristor and extended memristor
have attracted the interest of researchers. In the
same year, a simple voltage-controlled generalized
memristor consisting of a memristive diode bridge
with a first-order parallel RC filter was proposed
[Bao et al., 2014]. In 2015, Ascoli et al. studied the
nonlinear dynamics of a thermally-activated locally-
active memristor and gained a deep insight into the
mechanisms at the origin of the local activity in
the memristor [Ascoli et al., 2015]. In 2016, Ascoli
et al. studied the bistable memristors theoretically
[Ascoli et al., 2016a], and they derived the first real
memristor with bistable stationary dc and ac behav-
ior [Ascoli et al., 2016b]. In the same year, Man-
nan et al. designed an oscillator by connecting an
inductor and a battery with the first-order locally-
active generic memristor proposed by Chua [2014].
And they verified the oscillation of circuit via local
activity, edge of chaos and Hopf bifurcation theo-
rems [Mannan et al., 2016]. In 2017, Mannan et al.

studied the coexisting pinched hysteresis loops in
Chua corsage memristor [Mannan et al., 2017]. In
the same year, Jin et al. proposed a novel locally
active memristor model and analyzed its nonlinear
characteristics. And they designed a chaotic oscil-
lator by connecting the memristor in parallel with
the inductor and capacitor [Jin et al., 2017]. In 2018,
Mannan et al. proposed a 4-lobe Chua corsage mem-
ristor, which has four contiguous lobes in DC V –I
plot, as an extension of the Chua corsage memris-
tor proposed in [Chua, 2014]. And they designed an
oscillator by connecting the memristor in series with
an inductor and a battery [Mannan et al., 2018a].
In the same year, Mannan et al. proposed a 6-lobe
corsage memristor, which has six contiguous lobes
in DC V –I plot, as an extension of Chua corsage
memristor proposed in [Chua, 2014], which has four
asymptotically stable equilibrium points and three
unstable equilibrium points [Mannan et al., 2018b].
Chang et al. proposed a bistable bi-local active
memristor, and they analyzed the memristor and its
associated oscillator system in detail [Chang et al.,
2018]. Bao et al. proposed an improved memristor-
based third-order Wien-bridge oscillator, and an
interesting bistability phenomenon of coexisting

chaotic and point attractors can be found [Bao
et al., 2018]. In 2019, Chen et al. constructed a
third-order dimensionality decreasing flux-charge
model for the fifth-order memristive Chua’s circuit,
and the complex and sensitive initial state-related
extreme multistability phenomenon can be deeply
explored through theoretical analyses and hardware
measurements [Chen et al., 2020].

According to the literature mentioned above,
most of the reported locally active memristors
with coexisting pinched hysteresis loops only have
two stable pinched hysteresis loops. The multiple
coexisting pinched hysteresis loops memristors are
obtained by adding piecewise-linear terms into the
original Chua corsage memristor [Mannan et al.,
2018a; Mannan et al., 2018b]. However, the relative
range of active region (namely, the ratio of volt-
age range of active region to the sum of the total
voltage range of active and passive regions) of the
memristors in [Mannan et al., 2018a] and [Mannan
et al., 2018b] is small. And the emulator circuit pro-
posed in [Mannan et al., 2018b] has a complex struc-
ture. In this paper, we propose a novel locally active
memristor with three coexisting pinched hysteresis
loops, having large relative range of active region
and simple emulator circuit. And the novel memris-
tor is introduced into the Chua chaotic system to
study the effects of locally active characteristics of
the memristor. We implement the memristor emula-
tor on board using commercial hardware elements.
And the chaotic system is implemented using the
memristor emulator.

The rest of the paper is organized as follows:
In Sec. 2, we give out the mathematical model
of the memristor and its analyzed characteristics;
in Sec. 3, we introduce the memristor to a Chua
chaotic system; in Sec. 4, the implementation cir-
cuit of the memristor emulator and chaotic system
is carried out; some conclusions are given in Sec. 5.

2. Mathematical Model and

Characteristic Analysis

According to the definition of generic memristor,
given by Chua [2015], the state-dependent Ohm’s
law and the state equation of voltage controlled
generic memristor are

i = G(x)v, (1)

dx

dt
= g(x, v), (2)
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Locally Active Memristor with Three Coexisting Pinched Hysteresis Loops

where v, i and x denote the voltage, current and
state variable of memristor. Now, we propose a new
generic memristor based on the model

i = W (x)v = (x2 − x − 1)v, (3)

dx

dt
= −(ax − x|x| + bx3) − v, (4)

where a and b are the parameters of state equation.
Equations (3) and (4) respectively are the state-
dependent Ohm’s law and the state equation of the
memristor.

2.1. Power-off plot of memristor

The power-off plot (POP) displays the dynamic
routes of rate of change dx/dt versus state variable
x by setting the input voltage v to zero. The non-
volatile memristor can be derived from the POP,
based on the theorem: A memristor with a scalar
state variable x is nonvolatile if its POP intersects
the x-axis at two or more points with a negative
slope. To get the POP of the novel memristor, we
set a to 0.45 and b to 0.5 in Eq. (4). The equation
can be expressed as

dx

dt

∣

∣

∣

∣

v=0

= −(0.45x − x|x| + 0.5x3). (5)

Figure 1 shows the POP of the voltage-cont-
rolled memristor. As can be seen in the figure,
there are five intersections with x-axis. Each inter-
section of the POP in Fig. 1(a) with the x-axis is
an equilibrium point of the short-circuited mem-
ristor. And the associated dynamic route provides

additional information for classifying each equi-
librium point on the POP as stable or unstable
[Chua, 2014]. Observe that the five equilibrium
points are E1(−1.3163, 0), E2(−0.6838, 0), E3(0,
0), E4(0.6838, 0) and E5(1.3163, 0). And the arrow-
heads converge to the equilibrium points E1, E3 or
E5 but diverge away from the equilibrium points E2

and E4. This implies that E1, E3 and E5 are stable
equilibrium points, whereas E2 and E4 are unstable
equilibrium points.

2.2. Coexisting pinched hysteresis

loops

Chua has pointed out that any two-terminal device
exhibiting a pinched hysteresis loop which always
passes though the origin in the voltage-current
plane when driven by any periodic input source,
with zero DC component is called a memristor
[Chua, 2014]. A periodic voltage signal v(t) =
A sin(2πft), where A is the amplitude and f is
the frequency selected as input source to display
the pinched hysteresis loops of the memristor. Set
the amplitude A = 1 V and frequency f = 0.5 Hz.
Three different initial values of 1.5, 0.5 and −1.5 are
selected to display the coexisting pinched hysteresis
loops as shown in Fig. 1(b).

A notable feature of pinched hysteresis loops of
the memristors is that the area of lobe decreases as
the frequency of the excitation source increases. We
fix the initial conditions as in the above-mentioned
and the voltage amplitude A = 1V. Figures 2(a)
to 2(f) show the pinched hysteresis loops by setting
the frequency at 0.1 Hz, 0.2 Hz, 0.3 Hz, 0.5 Hz, 1Hz

(a) (b)

Fig. 1. (a) POP of the voltage-controlled memristor and (b) coexisting pinched hysteresis loops.
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(a) (b)

(c) (d)

(e) (f)

Fig. 2. Coexisting pinched hysteresis loops with different frequency.

and 3 Hz. As can be seen from Fig. 2, the coex-
isting pinched hysteresis loops are affected by the
frequency. When the frequency is low, the coex-
isting pinched hysteresis loops merge together. As

the frequency increases, the coexisting pinched hys-
teresis loops are separated. And as the frequency
increases, the lobe area of each coexisting pinched
hysteresis loops decreases.
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Locally Active Memristor with Three Coexisting Pinched Hysteresis Loops

(a) (b)

Fig. 3. (a) The equilibrium state curve on the V –X plane and (b) the equilibrium state curve on the I–X plane.

2.3. DC V–I plot of local

memristor

DC V –I plot is a useful tool for determining a
locally active memristor. To get DC V –I plot we
should substitute a set of constant voltage Vi (i =
1, 2, . . . ,m) for v in Eqs. (3) and (4), and mea-
sure the corresponding constant current Ii (i = 1,
2, . . . ,m) after all transients had decayed to
zero. The corresponding set of points (V1, I1),
(V2, I2), . . . , (Vm, Im) is the DC V –I plot of the
memristor. Figures 3(a) and 3(b) show the relation-
ship between the equilibrium state x, which satis-
fies dx/dt|x=X = 0, and the voltage V and cur-
rent I respectively. Figure 4 is the DC V –I plot
of the memristor with equilibrium state x range

Fig. 4. DC V –I plot of the memristor.

Table 1. Comparing the relative range of the active areas
in the papers.

Number Relative Range
Articles of Lobes of Active Region

[Chua, 2014] 2 21.87%
[Mannan et al., 2018a] 4 15%
[Mannan et al., 2018b] 6 10%
This paper 4 70.6%

x ∈ [−1.5, 1.5]. As can be seen from Fig. 4, the
DC V –I curve contains four contiguous lobes and
has negative slope when x ∈ [−0.618, 1.5]. Hence,
we can determine it as a locally active memris-
tor according to the local-activity theory. Table 1
compares the relative range of active areas of the
reported Chua corsage memristors with this paper.
From Table 1, we can see that the novel memristor
had a large relative range of active area.

3. Chaotic System with the

Memristor

Chaotic systems can be used for pseudo-random
number generator (PRNG) [Mohammad & Mah-
moud, 2017], image encryption [Zhou & Wang,
2020; Wang et al., 2020; Xu et al., 2020; Cheng
et al., 2020], and secure communication [Yu
et al., 2020] due to their initial value sensitivity
and pseudo-randomness. To investigate the locally
active characteristic of memristor, this paper uses
the proposed memristor to construct a Chua’s
chaotic system. The Chua’s circuit dimensionless
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Fig. 5. Phase portrait and time domain wave with different initial states.

differential equations are as follows:
⎧

⎪

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎪

⎩

ẋ = a(y − x − (w2 − w − 1)x),

ẏ = x − y + z,

ż = −by,

ẇ = −x − (0.45w − w|w| + 0.5w3),

(6)

where a and b are parameters of system. Set the
parameters a = 10 and b = 15. According to the
above analysis, the memristor is locally active when
w(0) > −0.618 and it is locally passive when w(0) <
−0.618. We select w(0) = −0.61 and w(0) = −0.62
to detect the effect of locally active memristor on
the system. Figure 5 shows the phase portrait (left)
and time domain wave (right) of the system with
initial states I1(0.1, 0.1, 1, −0.61) and I2(0.1, 0.1,
1, −0.62). As can be seen, the system is chaotic
by setting the initial state I1 of the memristor in
locally active region and the system cannot oscillate
by setting the initial state I2 of the memristor in
locally negative region.

For further investigating the dynamics of the
chaotic system, the controlled parameter a is
changed from 8.5 to 10.5, while the other parame-
ters are kept fixed. Figure 6 displays the bifurcation
diagram of state variable w with initial states I1(0.1,
0.1, 1, −0.61) and I2(0.1, 0.1, 1, −0.62). The blue
region is state variable w bifurcation region, and the
initial state of the system is I1(0.1, 0.1, 1, −0.61).
The black line indicates that the state variable w

is not bifurcated and the initial state of the system
is I1(0.1, 0.1, 1, −0.62). Most of the information
on coexisting attractors can be obtained by analyz-
ing the attraction basins of different attraction sets.
The attraction basin is defined as the set of initial
conditions that lead to a given attractor. To deter-
mine the correlations between multiple pinched hys-
teresis and multistability, we use different colors to
represent the basins of different types of attractors.
Three coexisting hysteresis loops have different cur-
rent amplitudes when a sinusoidal voltage of a cer-
tain frequency is input. We distinguish them based

Fig. 6. Bifurcation of state variable w with initial states
I1(0.1, 0.1, 1, −0.61) and I2(0.1, 0.1, 1, −0.62).
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Locally Active Memristor with Three Coexisting Pinched Hysteresis Loops

Fig. 7. Attraction basin at different equilibrium points.

on this feature. As shown in Fig. 7, there are three
different colored areas here to represent that the
memristor has three different hysteresis loops. The
yellow region represents the hysteresis loop of the
equilibrium point (−1.3163, 0), the blue region rep-
resents the hysteresis loop of the equilibrium point
(0, 0), and the remaining cyan regions represent the
hysteresis loop of the equilibrium point (1.3163, 0).

4. Circuit Implementation

4.1. Memristor emulator

Due to the absence of commercially available mem-
ristor, emulator circuits are important in various
applications [Zhao et al., 2019; Wang et al., 2017b;
Kim et al., 2012]. Here, we propose a emulator cir-
cuit for the memristor with three stable coexist-
ing pinched hysteresis loops. The circuit is shown

in Fig. 8. The operational amplifiers TL082 and
analog multipliers AD633 supplied by 15 V voltage
modules are chosen. The memristor emulator can
be modeled as

i = W (vϕ)v = −
v − (v2

ϕ − vϕ)v

RM

, (7)

RϕCϕ

dvϕ

dt

= −

(

v +
Rd

Ra

vϕ − 0.1
Rd

Rc

vϕ|vϕ| + 0.01
Rd

Rb

v3

ϕ

)

,

(8)

where vϕ is the output voltage of the integrator. The
parameters of emulator circuit can be calculated as
Cϕ = 10 nF, Rϕ = 100 kΩ, Rd = 9 kΩ, Ra = 20 kΩ,
Rb = 900Ω, Rc = 180Ω and RM = 1kΩ.

The voltage source v(t) = A sin(2πFt) in circuit
simulation is implemented by the function genera-
tor, and its oscillation frequency is determined by
F = f/RϕCϕ, where f is the frequency of numerical
simulation v(t) = A sin(2πft). Set the amplitude
A = 1 V and frequency f = 0.5 Hz in numerical sim-
ulation and set the corresponding circuit simulation
amplitude A = 1 V and frequency F = 500 Hz. Cor-
responding to the numerical simulations, the three
coexisting pinched hysteresis loops with initial val-
ues of 1.5, 0.5 and −1.5 are simulated by NI Multi-
sim software, as plotted in Fig. 9.

By turning the hardware circuit power sup-
ply on and off multiple times, different initial volt-
ages for the capacitor Cϕ can be achieved [Bao
et al., 2019; Bao et al., 2018]. Figure 10 shows
the three coexisting pinched hysteresis loops on the
oscilloscope.

Fig. 8. Emulator circuit for the memristor.
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M. Zhu et al.

Fig. 9. (a) Pinched hysteresis loop numerically simulated with initial value of 1.5, (b) circuit simulated with initial value of 1.5,
(c) numerically simulated with initial value of 0.5, (d) circuit simulated with initial value of 0.5, (e) numerically simulated
with initial value of −1.5 and (f) circuit simulated with initial value of −1.5.
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Locally Active Memristor with Three Coexisting Pinched Hysteresis Loops

(a) (b) (c)

Fig. 10. The coexisting pinched hysteresis loops.

4.2. Chaotic circuit

Using the voltage across the capacitors Vc1, Vc2,
Vc3 and Vcϕ represent the variable values x, y, z
and w. The differential function of system (6) can
be changed as
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1
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1
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1
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1
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z,

C3

dz

dt
=

1

R6

y,

Cϕ
dw

dt
= −

1

Rϕ

(

x +
Rd

Ra

w

− 0.1
Rd

Rc

w|w| + 0.01
Rd

Rb

w3

)

.

(9)

By setting a time scale factor RC on the dimension-
less equation, Eq. (9) can be rewritten as

⎧
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R
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C
dy
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=

1

R
x +

1

R
y −

1

R
z,

C
dz

dt
=

b

R
y,

C
dw

dt
= −

1

R

(

x +
Rd

Ra

w

− 0.1
Rd

Rc

w|w| + 0.01
Rd

Rb

w3

)

.

(10)

Comparing Eq. (9) with Eq. (10), the parame-
ters are taken as C1 = C2 = C3 = Cϕ = C,
R1 = R2 = RM = R/a, R3 = R4 = R5 = Rϕ = R
and R6 = R/b. And the value of resistors Ra, Rb,
Rc and Rd are set as Ra = 20kΩ and Rb = 900Ω,
Rc = 180Ω, Rd = 9 kΩ. Now let us take C = 10 nF
and R = 100 kΩ. According to the parameters
a = 10 and b = 15, we can get R1 = R2 =
RM = 10kΩ, R3 = R4 = R5 = Rϕ = 100 kΩ and
R6 = 6.67 kΩ. The schematic of system (6) is shown
in Fig. 11.

Figure 12 shows the phase portrait in x–w plane
and time domain wave of state variable w with sys-
tem initial states I1(0.1, 0.1, 1, −0.61), which are
simulated by the NI Multisim software. The phase
portraits of the hardware experiment are shown in
Fig. 13.

Fig. 11. Circuit implementation of system (6).
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(a) (b)

Fig. 12. Circuit simulation: (a) Phase portrait in x–w plane with initial I1 and (b) time domain wave of state variable w

with initial I1.

(a) (b)

(c) (d)

Fig. 13. Hardware experiment phase portraits in (a) x–w plane, (b) z–w plane, (c) y–w plane and (d) x–y plane.
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Locally Active Memristor with Three Coexisting Pinched Hysteresis Loops

5. Conclusion

A novel locally active memristor coexisting with
three pinched hysteresis loops is proposed in the
paper. The characteristics of the memristor such as
power-off plot, coexisting pinched hysteresis loops
and DC V –I plot are studied. The memristor is
used in a Chua chaotic system to investigate the
effects of locally active characteristic on the chaotic
oscillation system. And the memristor emulator and
chaotic system are designed and implemented by
commercial circuit elements. The hardware experi-
ments are consistent with numerical simulations.

Acknowledgments

This work is supported by the National Natu-
ral Science Foundation of China (No. 61971185),
the science and technology planning project of
Hunan Province (2017GK4009) and the Open Fund
Project of Key Laboratory in Hunan Universities
(No. 18K010).

References

Ascoli, A., Slesazeck, S., Mahne, H., Tetzlaff, R. & Miko-
lajick, T. [2015] “Nonlinear dynamics of a locally-
active memristor,” IEEE Trans. Circuits Syst.-I : Reg.

Papers 62, 1165–1174.
Ascoli, A., Tetzlaff, R. & Chua, L. O. [2016a] “The

first ever real bistable memristors-Part I: Theoreti-
cal insights on local fading memory,” IEEE Trans.

Circuits Syst.-II : Exp. Briefs 63, 1091–1095.
Ascoli, A., Tetzlaff, R. & Chua, L. O. [2016b] “The first

ever real bistable memristors-part II: Design and anal-
ysis of a local fading memory system,” IEEE Trans.

Circuits Syst.-II : Exp. Briefs 63, 1096–1100.
Bao, B., Yu, J., Hu, F. & Liu, Z. [2014] “Generalized

memristor consisting of diode bridge with first order
parallel RC filter,” Int. J. Bifurcation and Chaos 24,
1450143-1–4.

Bao, B., Hu, A., Bao, H., Xu, Q., Chen, M. & Wu,
H. [2018] “Three-dimensional memristive Hindmarsh–
Rose neuron model with hidden coexisting asymmet-
ric behaviors,” Complexity 2018, 3872573.

Bao, B., Chen, C., Bao, H., Zhang, X., Xu, Q. & Chen,
M. [2019] “Dynamical effects of neuron activation gra-
dient on Hopfield neural network: Numerical analyses
and hardware experiments,” Int. J. Bifurcation and

Chaos 29, 1930010-1–15.
Chang, H., Wang, Z., Li, Y. & Chen, G. [2018] “Dynamic

analysis of a bistable bi-local active memristor and its
associated oscillator system,” Int. J. Bifurcation and

Chaos 28, 1850105-1–18.

Chen, M., Sun, M., Bao, H., Hu, Y. & Bao, B. [2020]
“Flux-charge analysis of two-memristor-based Chua’s
circuit: Dimensionality decreasing model for detecting
extreme multistability,” IEEE Trans. Industr. Elec-

tron. 67, 2197–2206.
Cheng, G., Wang, C. & Xu, C. [2020] “A novel hyper-

chaotic encryption scheme based on quantum genetic
algorithm and compressive sensing,” Multimed. Tools

Appl. 79, 29243–29263.
Chua, L. O. [1971] “Memristor-the missing circuit ele-

ment,” IEEE Trans. Circuit Th. 18, 507–519.
Chua, L. O. & Kang, S. M. [1976] “Memristive devices

and systems,” Proc. IEEE 64, 209–223.
Chua, L. O. [2005] “Local activity is the origin of com-

plexity,” Int. J. Bifurcation and Chaos 15, 3435–
3456.

Chua, L. O. [2014] “If it’s pinched it’s a memristor,”
Semicond. Sci. Technol. 29, 104001.

Chua, L. O. [2015] “Everything you wish to know about
memristors but are afraid to ask,” Radioengineering

24, 319–368.
Gu, J., Li, C. & Chen, Y. [2020] “A conditional sym-

metric memristive system with infinitely many chaotic
attractors,” IEEE Access 8, 12394–12401.

Jin, P., Wang, G., Iu, H. H. C. & Fernando, T. [2017]
“A locally active memristor and its application in a
chaotic circuit,” IEEE Trans. Circuits Syst.-II : Exp.

Briefs 65, 246–250.
Kim, H., Sah, M. P., Yang, C., Cho, S. & Chua,

L. O. [2012] “Memristor emulator for memristor cir-
cuit applications,” IEEE Trans. Circuits Syst.-I : Reg.

Papers 59, 2422–2431.
Li, C., Joo, C., Ho, C. & Tian, L. [2018] “A memris-

tive chaotic oscillator with increasing amplitude and
frequency,” IEEE Access 6, 1294–12950.

Lin, H., Wang, C. & Tan, Y. [2020a] “Hidden extreme
multistability with hyperchaos and transient chaos in
a Hopfield neural network affected by electromagnetic
radiation,” Nonlin. Dyn. 99, 2369–2386.

Lin, H., Wang, C., Yao, W. & Tan, Y. [2020b] “Chaotic
dynamics in a neural network with different types
of external stimuli,” Commun. Nonlin. Sci. Numer.

Simulat. 90, 105390.
Mannan, Z. I., Choi, H. & Kim, H. [2016] “Chua cor-

sage memristor oscillator via Hopf bifurcation,” Int.

J. Bifurcation and Chaos 26, 1630009-1–28.
Mannan, Z. I., Choi, H., Rajamani, V., Kim, H. & Chua,

L. [2017] “Chua corsage memristor: Phase portraits,
basin of attraction, and coexisting pinched hysteresis
loops,” Int. J. Bifurcation and Chaos 27, 1730011-
1–36.

Mannan, Z. I., Yang, C. & Kim, H. [2018a] “Oscillation
with 4-lobe Chua corsage memristor,” IEEE Circuits

Syst. Mag. 18, 14–27.
Mannan, Z. I., Yang, C., Adhikari, S. P. & Kim, H.

[2018b] “Exact analysis and physical realization of the

2050184-11

In
t.

 J
. 
B

if
u
rc

at
io

n
 C

h
ao

s 
2
0
2
0
.3

0
. 
D

o
w

n
lo

ad
ed

 f
ro

m
 w

w
w

.w
o
rl

d
sc

ie
n
ti

fi
c.

co
m

b
y
 U

N
IV

E
R

S
IT

Y
 O

F
 N

E
W

 E
N

G
L

A
N

D
 o

n
 1

1
/0

5
/2

0
. 
R

e-
u
se

 a
n
d
 d

is
tr

ib
u
ti

o
n
 i

s 
st

ri
ct

ly
 n

o
t 

p
er

m
it

te
d
, 
ex

ce
p
t 

fo
r 

O
p
en

 A
cc

es
s 

ar
ti

cl
es

.



M. Zhu et al.

6-lobe Chua corsage memristor,” Complexity 2018,
8405978.

Mohammad, A. & Mahmoud, F. [2017] “A digital
pseudo-random number generator based on sawtooth
chaotic map with a guaranteed enhanced period,”
Nonlin. Dyn. 89, 1–10.

Strukov, D. B., Snider, G. S., Stewart, D. R. & Williams,
R. S. [2008] “The missing memristor found,” Nature

453, 80–83.
Wang, C., Xia, H. & Zhou, L. [2017a] “Implementation of

a new memristor-based multiscroll hyperchaotic sys-
tem,” Pramana 88, 34.

Wang, C., Hu, X. & Zhou, L. [2017b] “A memristive
hyperchaotic multiscroll Jerk system with controllable
scroll numbers,” Int. J. Bifurcation and Chaos 27,
1750091-1–15.

Wang, C., Xiong, L., Sun, J. & Yao, W. [2019]
“Memristor-based neural networks with weight simul-
taneous perturbation training,” Nonlin. Dyn. 95,
2893–2906.

Wang, S., Wang, C. & Xu, C. [2020] “An image encryp-
tion algorithm based on a hidden attractor chaos
system and the Knuth–Durstenfeld algorithm,” Opt.

Lasers Engin. 128, 105995.
Wu, R. & Wang, C. [2016] “A new simple chaotic circuit

based on memristor,” Int. J. Bifurcation and Chaos

26, 1650145-1–11.
Xu, C., Sun, J. & Wang, C. [2020] “An image encryption

algorithm based on random walk and hyperchaotic

systems,” Int. J. Bifurcation and Chaos 30, 2050060-
1–16.

Yao, W., Wang, C. & Cao, J. [2019] “Hybrid multisyn-
chronization of coupled multistable memristive neu-
ral networks with time delays,” Neurocomputing 363,
281–294.

Yu, F., Liu, L., Qian, L., Li, L., Huang, Y., Shi, C.,
Cai, S., Wu, X., Du, S. & Wan, Q. [2020a] “Chaos-
based application of a novel multistable 5D mem-
ristive hyperchaotic system with coexisting multiple
attractors,” Complexity 2020, 8034196.

Yu, F., Zhang, Z., Liu, L., Shen, H., Huang, Y., Shi,
C., Cai, S., Du, S. & Xu, Q. [2020b] “Secure com-
munication scheme based on a new 5D multistable
four-wing memristive hyperchaotic system with dis-
turbance inputs,” Complexity 2020, 5859273.

Zhao, Q., Wang, C. & Zhang, X. [2019] “A universal
emulator for memristor, memcapacitor, and memin-
ductor and its chaotic circuit,” Chaos 29, 013141.

Zhou, L., Wang, C. & Zhou, L. [2016] “Generating hyper-
chaotic multi-wing attractor in a 4D memristive cir-
cuit,” Nonlin. Dyn. 85, 2653–2663.

Zhou, M. & Wang, C. [2020] “A novel image encryp-
tion scheme based on conservative hyperchaotic sys-
tem and closed-loop diffusion between blocks,” Sign.

Process. 171, 107484.

2050184-12

In
t.

 J
. 
B

if
u
rc

at
io

n
 C

h
ao

s 
2
0
2
0
.3

0
. 
D

o
w

n
lo

ad
ed

 f
ro

m
 w

w
w

.w
o
rl

d
sc

ie
n
ti

fi
c.

co
m

b
y
 U

N
IV

E
R

S
IT

Y
 O

F
 N

E
W

 E
N

G
L

A
N

D
 o

n
 1

1
/0

5
/2

0
. 
R

e-
u
se

 a
n
d
 d

is
tr

ib
u
ti

o
n
 i

s 
st

ri
ct

ly
 n

o
t 

p
er

m
it

te
d
, 
ex

ce
p
t 

fo
r 

O
p
en

 A
cc

es
s 

ar
ti

cl
es

.


	1 Introduction
	2 Mathematical Model and Characteristic Analysis
	2.1 Power-off plot of memristor
	2.2 Coexisting pinched hysteresis loops
	2.3 DC V--I plot of local memristor

	3 Chaotic System with the Memristor
	4 Circuit Implementation
	4.1 Memristor emulator
	4.2 Chaotic circuit

	5 Conclusion

