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Abstract

It is very interesting to study about large-scale chaotic cou-
pled systems using two kinds of elements. However, there
are not any study using two kinds of elements. In this study,
relationship between synchronization phenomena and param-
eter mismatches in coupling chaotic systems using two kinds
of elements are investigated.

1. Introduction

There are studies about coupled chaotic circuit systems. In
these studies, chaos synchronization, spatio-temporal chaotic
phenomena, many kind of bifurcation phenomena are ob-
served. These phenomena are investigated for engineer ap-
plications, understanding many kinds of natural phenomena,
relationship of signal processing of brain neurons. In recent
years, large-scale chaotic coupled systems have been investi-
gated because a computer performance is high performance.
One of very famous study is Coupled Map Lattice (CML)
which is proposed by Kaneko. CML consists of simple differ-
ence equations. However, many interesting phenomena can
be observed and some of these phenomena are correspond-
ing to natural phenomena. Therefore, the study of large-scale
chaotic coupled systems becomes important.

On the other hands, there are many kinds of networks
which consist of two kinds of elements in the real world. For
instance, relationship between male and female in human so-
ciety, information processing by servers and clients in com-
puter networks, signal processing by pMOS and nMOS in
VLSI, relationship among male and female clusters of ani-
mals, meteorological phenomena caused by the relationship
between anticyclone and cyclone and so on. These phenom-
ena can be caused by coupling two kinds of elements artifi-
cially or naturally. It cannot be observed in the case of one
kinds of elements. Although it is very interesting to study
about large-scale chaotic coupled systems using two kinds of
elements, there are not any study using two kinds of elements.
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Figure 1: System model.

In this study, relationship between synchronization phe-
nomena and parameter mismatches in coupling chaotic sys-
tems using two kinds of elements are investigated. Some
models which include parameter mismatches are already pro-
posed. The reason is that there are not identical things in
the real world, there are some differences between two things
which are considered as identical things. Positively, individ-
ual differences of elements are important factors for observed
phenomena in the case of coupling system which consists of
two kinds of elements.

2. System model

Figure 1 shows a system model in this study. The system
consists of two kinds of elements. Each element is coupled
with the others. Additionally, there are small parameter mis-
matches in one kind of elements. Normally, by increasing
parameter mismatches, synchronization rates of a system is
decrased. However, it is not always to observe the phenomena
in this system model. In following section, computer simula-
tion results are shown in the case that some kinds of chaotic
circuits are applied as the elements. In order to carry out
computer simulations, normalized system equations of each
system are derived as follows.
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Figure 2: Chaotic circuit using System 1 and 2.

2.1. System 1

Figure 1 shows a chaotic circuit as used System 1. By se-
lecting one of two coupling nodes (Node A and B), asymme-
try of the system is realized. Normalized system equations
are given as follows.
Subsystem A (1 ≤ k ≤ m):

ẋk = αβxk − αγf(xk − yk)

+αδ{
m+n∑
i=n+1

xi +

n∑
j=1

yj − (m+ n)xk},

ẏk = γf(xk − yk)− zk,

żk = (1 + pk)yk.

(1)

Subsystem B (m+ 1 ≤ k ≤ m+ n):

ẋk = αβxk − αγf(xk − yk),

ẏk = δ{
m+n∑
i=n+1

xi +
n∑

j=1

yj

−(m+ n)yk}+ γf(xk − yk)− zk,

żk = (1 + qk)yk,

(2)

where,

f(x) = x+
(|x− 1| − |x+ 1|)

2
.

xk, yk and zk are correspoinding to vk1, vk2 and ik respec-
tively. Function f(x) is correspondinig to a characteristic of
diodes.

2.2. System 2

In this system, the circuit as shown in Fig. 2 is also applied.
However, only Node A is used in this system. Normalized
system equations are given as follows.
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Figure 3: Chaotic circuit using System 3.

Subsystem A (1 ≤ k ≤ m):

ẋk = αβxk − αγf(xk − yk)

+αδ

{
m+n∑
i=1

xi − (m+ n)xk

}
,

ẏk = −zk + γf(xk − yk),

żk = (1 + pk)yk,

(3)

Subsystem B (m+ 1 ≤ k ≤ m+ n):

ẋk = εβxk − εγf(xk − yk)

+εδ

{
m+n∑
i=1

xi − (m+ n)xk

}
,

ẏk = ζ {−zk + γf(xk − yk)} ,

żk = η(1 + qk)yk,

(4)

where,

f(x) = x+
(|x− 1| − |x+ 1|)

2
.

xk, yk and zk are corresponding to vk1, vk2 and ik, respec-
tively. Function f(x) is correspondinig to a characteristic of
diodes.

2.3. System 3

Figure 3 shows a chaotic circuit which is as a element of
System 3. Normalized system equations are given as follows.
Subsystem A (1 ≤ k ≤ m):

ẋk = (1 + pk)zk
ẏk = α {zk − f(yk)} ,
żk = −xk − yk + βzk

+δ{
m+n∑
i=1

zi − (m+ n)zk, }

(5)
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Figure 4: Chaotic circuit using System 4.

Subsystem B (m+ 1 ≤ k ≤ m+ n):

ẋk = (1 + qk)zk
ẏk = ζ {zk − f(yk)} ,
żk = η[−xk − yk + βθzk

+δ{
m+n∑
i=1

zi − (m+ n)zk, }]

(6)

where,

f(yk) =
γyk + 1− |γyk − 1|

2
.

xk, yk and zk are corresponding to ik1, ik2 and vk. Function
f(x) is corresponding to a characteristic of diodes.

2.4. System 4

Figure 4 shows a chaotic circuit which is as a element of
System 4. Normalized system equations are given as follows.
Subsystem A (1 ≤ k ≤ m):

ẋk = αaxk + zk
ẏk = (1 + pk)β (zk − f(yk)) ,

żk = −xk − yk − δ(m+ n) + δ

{
m+n∑
i=1

zi,

} (7)

Subsystem B (m+ 1 ≤ k ≤ m+ n):
ẋk = αbxk + zk
ẏk = (1 + qk)β (zk − f(yk)) ,

żk = ε

[
−xk − yk − δ(m+ n) + δ

{
m+n∑
i=1

zi,

}]
(8)

where,

f(yk) =
|γyk + 1| − |γyk − 1|

2
.

xk, yk and zk are corresponding to ik1, ik2 and vk. Function
f(x) is corresponding to a characteristic of diodes.
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Figure 5: One of the simulation results of System 1.

3. Computer Simulations

3.1. Configuration of simulations

The number of elements is 5. The number of Subsystem A
and B is 2 and 3, respectively. Figure 5 shows one of simu-
lation results of system 1. This figure shows a difference be-
tween two elements like x1−x2. The amplitude is zero means
a synchronization state. Phenomena changing between syn-
chronization state and asynchronization state are observed.
Additionally, rates of synchronization state and asynchroniza-
tion state is changed by changing the parameter mismatches.
In order to investigate the rates, we define synchronization
state as follows:

|xk − xk−1| < 0.01 (9)

Furthermore, parameter mismatches qk is set as follows:

qk = Q(k − 1). (10)

where k is the element number and Q is corresponding to pa-
rameter mismatches of Subsystem B. Rates of synchroniza-
tion states are calculated by computer simulations. Each sim-
ulation result is shown as following subsections.

3.2. System 1

Figure 6 shows a relationship of a rate of the synchroniza-
tion time and small parameter mismatches in the case of Sys-
tem 1. By increasing Q, a rate of the synchronization time of
Subsystem A is increased. The circuit as shown in Fig. ?? can
generate double-scroll-type attractors. However, we could
not observed the phenomena in the parameter range which
double-scroll-type attractors are observed in.

3.3. System 2

Figure 7 shows a relationship of a rate of the synchro-
nization time and small parameter mismatches in the case of
System 2. This result is similar to Fig. 6. In this case, the
phenomena is observed in the parameter range which double-
scroll-type attractors are observed in.
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Figure 6: Relationship between synchronization rates and
small parameter mismatches in the case of System 1. m = 2,
n = 3, pk = 0.001(k − 1), α = 0.400, β = 0.500,
γ = 20.0 and δ = 0.070

Figure 7: Relationship between synchronization rates and
small parameter mismatches in the case of System 2. m = 2,
n = 3, pk = 0.001(k − 1), α = 0.600, β = 0.500,
γ = 20.0, δ = 0.070, ε = 0.6, ζ = 1.5 and η = 0.5.

3.4. System 3 and 4

Figure 8 and 9 shows a relationship of a rate of the synchro-
nization time and small parameter mismatches in the case of
System 3 and 4, respectively. These results are also similar to
Fig. 6.

4. Conclusions

In this study, a relationship between synchronization phe-
nomena and parameter mismatches in coupling chaotic sys-
tems using two kinds of elements have been investigated.

As a result, following common points are mentioned. Two
subsystems are not synchronized each other. By increasing
synchronization rate of Subsystem B, synchronization rate of
Subsystem A is incrased. Additionally, the phenomena can
be observed in the case of chaotic states only.
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