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Abstract—In our previous study, a modified Shinriki-
Mori circuit was proposed. The circuit includes two LC
resonators which are coupled by resistors. By changing
a parameter, switching phenomena of synchronization and
asynchronization between two resonators were observed.

In this study, we propose new coupled system which two
previous study’s systems are coupled by a resistor. As a
result, interesting phenomena about relationship between
LC resonators and coupling strength are observed.

1. Introduction

In coupled chaotic circuits, many interesting phenom-
ena, for instance, chaotic synchronization phenomena, in-
termittency chaos, spatio-temporal chaos and so on are ob-
served. Therefore, there are many studies about coupled
chaotic circuits. In almost these studies, some of famous
chaotic circuits have been applied. One of famous chaotic
circuits is a Shinriki-Mori circuit [1] [2]. There are many
investigations of coupled chaotic circuits using a Shinriki-
Mori circuit [4] [5].

In our previous study, a modified Shinriki-Mori circuit
[6] has been proposed. The Shinriki-Mori circuit consists
of a LC resonator, by-directional diodes and the others.
In the proposed circuit, a LC resonator and by-directional
diodes included in the original circuit are copied and added
to the original circuit. By applying different parameters of
LC resonators, two similar chaotic waveforms which are
observed as voltages of LC resonators are obtained. Addi-
tionally, these waveforms are influenced by changing cir-
cuit parameters.

In this study, two modified Shinriki-Mori circuits cou-
pled by a resistor are proposed. This system includes pa-
rameter mismatches. Therefore, LC resonators could not
synchronized at all. In this system, similar chaotic wave-
forms are also observed and these are not synchronized
at all. Additionally, these waveforms are influenced by
changing circuit parameters. Namely, it means that in
spite of asynchronous state, the relationship among LC res-
onators exist. The aim of this study is to reveal the relation-
ship.
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Figure 1: Proposed System.

2. Proposed System

Figure 1 shows the proposed system. Two modified
Shinriki-Mori circuits are coupled by a resistor. In this
study, two modified Shinriki-Mori circuits are called as Cir-
cuit A and Circuit B, respectively. Additionally, LC res-
onators included in two circuits are called as subcircuit Al,
A2, B1 and B2, respectively. A difference between Circuit
A and Circuit B is only parameters of subcircuits. In order
to change parameters of nonlinearity, resistors G4y, Gaz,
Gp) and G, are added. Bidirectionally coupled diodes are
modeled as a piecewise linear function shown in Figure 2.
The others are modeled as linear elements.

Using this model, the circuit equation is described as fol-
lows.
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Figure 2: Bidirectionally coupled diodes model. (a) Circuit
schematic. (b) Circuit model. (¢) v — i characteristic.
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where
JO)=v+(v=vanl = v+ vml/2. (2)

By substituting the variables and the parameters,
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equations (1) and (2) are described as follows.
iar = aaf (X3 — Xa1) — Xaa,
a2 = Bal@af (xa3 — xa2) — Xas},
x4z = Ba3{0axaz — aar f'(xa3 — xa1)
—aa f(X43 — Xa2) — &(xa3 — XB3) },
Xa4 = Xal,
XAs = Ya2Xa2, @
g1 = Bui{ap f (xp3 — Xp1) — Xpa},
i = Balawf (xp — x2) — x5},
ip3 = B {0pxps — apif (xp3 — xp1)
—ap f(xp3 — xp1) + &(xa3 — Xp3) },
Xps = Yp1XBl1,
Xps = Yp2XB2,
where
f)=x+(x=1]=|x+1))/2. )

3. Computer Simulations

In our previous study, a modified Shinriki-Mori circuit
was investigated [6]. Following results were obtained. In
the case of applying same parameters to subcircuits, subcir-
cuits are synchronized. Additionally, switching phenom-
ena between synchronization and asynchronization are ob-
served in the case of applying different circuit parameters
of subcircuits. As a result of investigations of the rela-
tionship between synchronization rates and circuit parame-
ters, it was confirmed that some similar chaotic waveforms
could be obtained at the same time.

In this study, two modified Shinriki-Mori circuits cou-
pled by a resistor are investigated. This system includes
four subcircuits. Additionally, four subcircuits are not
equivalent relations. Therefore, the relationship among
four subcircuits is very interesting.

Figure 3 shows one of computer simulation results.
Double scroll type attractors can be observed. Double
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Figure 3: Attractors of Circuit A and Circuit B. a,; = agn
=ap =ap =9, =038,8,1 =04,8,=0.7,Bs =3 =
0.32, Yoo =¥p1 = ¥p2 = 1.0 and 6, = 6;, = 1.4. (1) Circuit A.
Horizontal axis is x43 and vertical axis is x4;. (2) Circuit
B. Horizontal axis is xp3 and vertical axis is xp;.
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Figure 4: Waveforms of subcircuit Al and A2. @, = @, =

apt = =9, Bar = 1.0, Bp1 = 0.4, By = 0.7, Bz = B3 =
0.32, Ya2 = Vbl = Y2 = 1.0 and 5,1 = (5}, =14.

scroll type attractor of Figure 3(2) is larger attractor of Fig-
ure 3(1). In this case, waveforms of subcircuit Al and A2
are shown in Figure 4. Quasi-synchronization and asyn-
chronization states are appear at randomly. In order to in-
vestigate this phenomenon, the relationship between volt-
age differences of subcircuits and a coupling strength is
paid attention. Figure 5 shows the relationship between
the voltage differences and the coupling strength. The volt-
age difference between v4; - v4; is corresponding to x4; -
X42. In the same way, subcircuit A2 and B1, B1 and B2
are corresponding to x42 - xp; and xp; - xpp, respectively.
In among these subcircuits, synchronization and asynchro-
nization states are observed. By increasing the coupling
strength &, synchronization rate of x4; - x4, is decreased in
Figure 5(1)-(3). On the other hand, synchronization rate of
Xp1 - Xpo 18 increased.

In order to make this phenomenon clear, a definition of
the synchronization is defined as follows.

[xa1 — xa2| < 0.1
|xa2 — xp1] < 0.1 (6)
|)CB1 - XB2| < 0.1

Equation 6 shows a definition of the synchronization as
shown in Figure 5. Namely, a range of the synchronous
state is from 0.1 to -0.1. Using this definition, the relation-
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Figure 5: Differential waveforms of Circuit A and Circuit
B.ag =ap=ap =arn =9, .o =0.8, 6 =04, B =
0.7, Baz = Br3 =0.32, yio = vp1 =y = 1.0and §, = 6 =
1.4.

ship between synchronous states and coupling strength is
investigated.

Figure 7 shows the statistical data of synchronous rates
and the coupling strength €. A step size of the coupling
strength ¢ is 0.01. Calculation time of each parameter is
500. Time step is 0.005. The synchronous rate between
subcircuits A1l and A2 is decreasing by increasing coupling
strength € from O to 1. After that the rate is increasing and
becomes 100%. On the other hand, the synchronous rate
between subcircuits B1 and B2 is increasing by increas-
ing coupling strength e. Additionally, the synchronous rate
between subcircuits A2 and B1 remains very low rate. In
g > 1.3, the rate becomes 100%. In 0.0 < ¢ < 1.0, dou-
ble scroll type attractors can be observed in two circuits.
However, In € > 1.0, oscillations becomes periodic orbits.
Therefore, rates become 100%.

This result shows a following phenomenon observed in
this system. Two chaotic circuits coupled by a resistor have
same circuit structure. By changing a value of the cou-
pling resistor, synchronization rate of a part of one circuit
is increased and the other is decreased. Namely, in spite of
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Figure 7: Synchronous rate of Circuit A and Circuit B. @) = ap = ap1 = @52 =9, B0 = 0.8, Bp1 = 0.4, B2 = 0.7, B3 =
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Figure 6: Definition of synchronization.

being same circuit structure, an inverse result is obtained.
Additionally, one important point of this result is that two
circuits are not synchronized at all. In this condition, it is
interesting that these two circuits influence each other.

4. Conclusion

In this study, two modified Shinriki-Mori circuits cou-
pled by a resistor are proposed. By investigating the rela-
tionship between subcircuits and a coupling strength, it is
confirmed that synchronization rate of a part of one circuit
is increased and the other is decreased by changing a cou-
pling strength. We consider that the most important point
of this result is that two circuits are not synchronized at all
and two circuits influence each other.

In the future works, we will investigate this phenomenon
in detail.
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