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Abstract—Nonlinear phenomena of coupled chaotic circuits
are drawing attention from many researchers. In this study,
we investigate the synchronization phenomena of coupled two
symmetrical structures and the influence of the network topology
when we use chaotic circuits. One structure generates chaotic
attractors and the other structure generates three-periodic at-
tractors. Moreover, we observe the synchronization phenomena of
networks with asymmetrical structures and we compare networks
with symmetrical structures to networks with asymmetrical
structures.

I. INTRODUCTION

Synchronization phenomena have been found in various
fields of natural world [1]-[3]. Especially, there are a lot of
relationships of animate things. Also, synchronization phe-
nomena have a relationship with the human body. For example,
cells of the human body are synchronized. Therefore, the
oscillation of same timing produces big oscillation. According
to synchronization phenomena, small power produces very big
power.

Recently, complex networks have attracted attention and
topology of complex networks is studied for influence on the
system [4], [5]. Also, synchronization phenomena of chaotic
circuits are studied from various viewpoints. For example,
it is studied in biology, engineering, medical science and
so on. The oscillation that chaos occurs is the same as the
oscillation of the natural world. In the chaotic circuit, a
phenomenon by the name of chaotic synchronization has been
confirmed. It has been applied to chaotic control, chaotic com-
munication and so on. Before now, network topology attracts
attention how to behave for coupled chaotic circuits because
the investigation of the influence for network topology and
application examples are less low. Currently, simple system
has already been studied. For example, it is only ring structure,
only ladder structure, only star structure and so on [6]-[8].
However, many researchers have not been studied about more
complex systems. Therefore, we propose the coupled two
symmetrical and asymmetrical structures of chaotic circuits
and we investigate the influence of network topology.

In this study, we investigate the synchronization phenomena
of networks with symmetrical and asymmetrical structures
when we use chaotic circuits. First, we propose system mod-
els that the two symmetrical structures are coupled via a

resistor. One structure generates chaotic attractors and the
other structure generates three-periodic attractors. Moreover,
we observe the synchronization phenomena of networks with
asymmetrical structures and we compare networks with sym-
metrical structures to networks with asymmetrical structures.
In addition, we focus on the synchronization rate of each
model.

II. CIRCUIT MODEL

The chaotic circuit is shown in Fig. 1. This chaotic circuit
is Nishio-Inaba circuit [9]. This chaotic circuit consists of two
inductors L1 and L, , one capacitor C' , negative resistor —r
and two diodes.
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Fig. 1. Chaotic circuit.

The circuit equations of chaotic circuits are given as follows:

di

le—tl =v+ri,
dis
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The current-voltage characteristics of nonlinear resistor are
given as follows:
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By chaning the parameters as follows:
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The normalized equations of chaos circuits are given as
follows:
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Where + is the coupling strength and f(y;) is described as

follows: ) )
f(yi):2( yi—aD- &)

We define o, to generate the chaotic attractor and o, is
defined to generate the three-periodic attractors. N is the
number of coupled chaotic circuits. We use the attractor as
shown in Fig. 2. For the computar simulation, we set the
parameters of the system as o = 0.460, o, = 0.412, 8 = 3.0
and § = 470.0.
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(b) Three-periodic attractor.
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(a) Chaotic attractor.

Fig. 2. Attractor.

III. SYSTEM MODELS

Figure 3 shows the proposed system models. We propose
the system models that the two symmetrical structures are
coupled by a resistor in Fig. 3(a) and (b). In addition, we
propose the system models that the two asymmetric structures
are coupled by a resistor in Fig. 3(a’) and (b’). In Fig. 3(a)
and (a’), we set CC1 to CC4 as chaotic solution and CC5 to
CC8 as three-periodic solutions. In Fig. 3(b) and (b’), we set
CC1 to CCS5 as chaotic solution and CC6 to CC10 as three-
periodic solutions. In this study, we set the coupling strength
~ as 0.2, the coupling strength ~; between the topologies as
0.1 and 75 as 0.01 in all models. The coupling strength ~y and
~o are the synchronized value with a single structure.

(b) 5-5 Coupled Model.

(b") 1-5 Coupled Model.

Fig. 3. System models.

IV. SIMULATION RESULTS

We investigate the synchronization phenomena in each
model and the influence of topology. Figure 4 shows attractor
of each chaotic circuit, Fig. 5 shows lissajous figure and Fig. 6
shows the volage of different waveform. CC5 to CC8 generate
chaotic attractor in each model. Also, between CC4 and CC5
are synchronized. CC6-CC5, CC6-CC7 and CC6-CC8 are
asynchronous. CC7-CC5 and CC7-CCS8 are chaotic synchro-
nization in model (a). Therefore, in CC7-CC5 and CC7-CCS,
synchronous and asynchronous states changes irregularly in
the simulation time.

72 g2 23 g4 Z5 26 27 28

i 2 3 4 5 Xo X7 Xsg

(a) 4-4 Coupled Model.
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(a’) 1-4 Coupled Model.

Fig. 4. Attractors.
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(a) 4-4 Coupled Model.
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(a’) 1-4 Coupled Model.

Fig. 5.
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Lissajous figures.
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(b’) 1-5 Coupled Model.
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(a’) 1-4 Coupled Model.

Fig. 6. Different waveform.

Figure 7 shows attractor of each chaotic circuit, Fig. 8
shows lissajous figure and Fig. 9 shows the volage of dif-
ferent waveform. In both model (b) and model (b’), CC6
to CC10 generate chaotic attractor. Also, between CC5 and
CC6 are synchronized. In model (b), CC6-CC7, CC6-CCS,
CC6-CC9 and CC6-CC10 are asynchronous. CC7-CC8, CC8-
CC9 and CC9-CCI10 are chaotic synchronization. Therefore,
in CC7-CC8, CC8-CC9 and CC9-CC10, synchronous and
asynchronous states changes irregularly in the simulation time.
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(b’) 1-5 Coupled Model.
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Fig. 8. Lissajous figures.
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(b’) 1-5 Coupled Model.

Fig. 9. Different waveform.

Then, we compare with model (a) and model (a’), model (b)
and model (b’). From the simulation results, we observe
the influence of the network. First, network with coupled
symmetrical structures has a strong influence on one circuit.
However, network with coupled asymmetric structure has the
influence on all of the circuits in topology.

Finally, we investigate the synchronization rate. We compare
with symmetrical structures (model (a) and model (b)) and
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asymmetrical structures (model (a’) and model (b’)). In this
study, definition of synchronization is given as follows:

|Zl_Z]|<01 (7”]:1’277]\[) (6)
Figure 10 shows definition of synchronization. We define

the inside of the red line as synchronization.

Fig. 10. Definition of synchronization.

Tables 1 and 2 show the synchronization rate. From these
results, we can confirm different synchronization phenomena
in different topology. When the synchronization rate between
topologies are increased, the synchronization rate of CC6-
CC5, CC5-CC7 and CC5-CC8 are increased in Table 1 and
the synchronization rate of CC7-CC6, CC6-CC8, CC6-CC9
and CC6-CC10 are increased in Table 2. It is not to replace
the synchronized structure with a single structure.

TABLE 1
SYNCHRONIZATION RATE(4-4,1-4COUPLED MODEL).

Circuit | 4-4Coupled Model (%) | 1-4Coupled Model (%)
1—-2 56
2—4 65
4—1 49
2-3 57
3—-4 50
4—5 33 43
6—5 7 29
5—7 7 33
7—6 55 47
5—-8 6 29
8—17 57 46
TABLE II
SYNCHRONIZATION RATE(5-5,1-5COUPLED MODEL).
Circuit | 5-5Coupled Model (%) | 1-5Coupled Model (%)
1—2 53
2-5 37
5—-1 34
2—3 54
3-5 38
3—4 60
4-—5 34
5—6 27 42
7—6 5 26
6—8 5 34
8—-17 43 44
6—9 5 32
6—10 5 37
9—10 45 46
10—8 49 50

V. CONCLUSIONS

In this study, we have proposed system models using two
symmetrical structures and asymmetrical structures that are
coupled by a resistor. We have investigated the synchronization
phenomena by changing the topology and the influence of the
topology of the system. By the computer simulations, we have
observed synchronization phenomena in each model. As a
result, network with coupled symmetrical structures (model (a)
and model (b)) has a strong influence on one circuit that
are coupled between the structures. However, network with
coupled asymmetric structures (model (a’) and model (b’))
has the influence on all of the circuits in topology. Therefore,
I consider that it is not to replace the synchronized structure
with a single structure.

In the future works, we will investigate the synchronization
phenomena by changing the topology. Moreover, we will
observe the influence for the topology of the network.
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