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Abstract— This paper presents synchronization phenomena of — -
coupled chaotic circuits when chaotic circuits are connected glob-
ally with distance information. By using computer simulations
and circuit experiments, clustering phenomena of coupled chaotic L L
circuits is observed on two-dimensional place.

[. INTRODUCTION - )w

Synchronization phenomena are very typical phenomena in "
the field of natural science. Recently, many studies have been =
investigated synchronization of chaotic circuits. It is applied
in the field of engineering, physics, biology and so on. Also
one of the characteristic of the brain is synchronization of
neuronal activity. In addition, this phenomenon is considered
to play an important role in brain information processing. The circuit consists of a negative resistance, a nonlinear
Then, we consider that it is very important to investigate tHesistance consisting of two diodes, capacitor and two induc-
synchronization phenomena of coupled chaotic circuits for tiers. The approximate thle-V characteristic of the nonlinear
future engineering applications such as analysis of the bragsistance shows the following equation and the paramgter

Fig. 1. Chaotic circuit.

activity and the realization of a brain computer. is the slope of the nonlinear resistance.
In recent years we often deal with huge amounts of data. By ra V v

dividing the such data into similar groups for clustering, the Va(io) = > ( io+ r_‘ —lia— = ) (1)
d d

information processing can be treated in high speed. Moreover,
clustering is one of the most interesting nonlinear phenomeffden the circuit dynamics is described by the following
The phenomena are also applied to many application, symkcewise-linear third-order ordinaryftérential equation:

as data mining, image processing and biological field. Many

kinds of models and algorithms by using Coupled Map Lattice Llﬂ =V+rip

(CML) are proposed for clustering [1]-[3]. The systems carried (;jltz

out for discrete-time mathematical models. However, there Lza =Vv-V4(ip) (2)
are not many discussions for clustering of continuous-time dv

electrical circuits such as coupled chaotic circuits. Ca = —i1 — 2.

In this study, we consider the coupled chaotic circuits . .
networks. In order to investigate basic clustering phenomerf®y, changing the variables such that
seven chaotic circuits are globally coupled with the distance C VG
information. The clustering phenomena are observed when the i1 = \/:Vx, ir= Vy, v=Vz
chaotic circuits are placed on 2-dimensional. We make clear Ly

2

the relationship between clustering phenomena and synchro- e, b B 14 vLiC _
nization phenomena. We observed that the synchronization La L2 L2
of circuit networks depends on the distance information. t= yLC, "-" = d
Furthermore, we also carry out the circuit experiments and v dr
compare with computer simulation results. That the equation (2) is normalized as
Il. CIrcuUIT MODEL X=aX+z
: - _ i y=2z-f 3
Figure 1 shows the circuit model, which is called Nishio- y ) 3)
Inaba circuit investigated in [4]-[6]. Z=-X-py
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TABLE |

where f(y) is described as follows;
THE LOCATION OF SEVEN CIRCUITS

§ 1 1 ocati

fFov) = 2 nd IS N | 4 ocation] x [ y
) 2(‘y+6' ‘y 6‘) @ 1 015 | 0.35
Figure 2 shows the chaotic attractor generated from the g 8:;8 8:%8
circuit by using computer simulation (Fig. 2 (a)) and circuit 4 0.70 | 0.60
experiment (Fig. 2 (b)). For the computer simulation, we 2 8-28 8-32
set the pqrameters as = 0.460,8 = 30 and¢ =.470. . 7 055 | 080

For the circuit experiment, the parameters are fixed with

L; = 500[mH], L, = 200[mH], C = 0.0153F], andrgq =
1.46[MQ)]. 1 ®
Z L A5 )omet
4w
Y17 i I‘P//
&g
7 714
V4
712
”
(@) Computer simulation. (b) Circuit experiment. |
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Fig. 2. Chaotic attractor.

Ill. SYNCHRONIZATION PHENOMENA =

We investigate the clustering phenomena when seven
chaotic circuits are coupled globally. The arrangement of seven
chaotic CII’CL!ItS IS shown In F|g.l3. Table | shows the IocatlonsFig. 4. Coupling between the first chaotic circuit and the others.
of the chaotic circuits. All the circuits are connected globally
each other by resistors. Figure 4 shows the coupling method
of the first chaotic circuit as an example.

where,i in the equation represents the circuit itself, and
11— ® is the coupling number with other circuits. The parameter
i v represents the coupling strength between the circuits. In
BEERCEEDE this simulation, we set the coupling parameter vajug to
correspond the distance between the circuits by the following
® equation:

()
he

(6)

o g
Yii = (length ;)3

&

@ The parameter of is a variable parameter that determining
' the each coupling weight. In this case, we set the parameter
g = 0.00002. Andlength; denotes the Euclidean distance
between the — th and thej — th circuits.

Figure 5 shows the computer simulated results obtained
from the seven chaotic circuits arranged as shown in Fig. 3.
We also confirm the same synchronization and clustering

0 1

Fig. 3. Arrangement of seven chaotic circuits.

We consider the globally coupled chaotic circuits:

d phenomena by the circuit experiments as shown in Fig. 6.
— =aX t 7 ' .

gT From these results, we confirm that the first, the second and
d_): =z + f(y) (5) the third chaotic circuits are synchronized with in-phase state,

and also the other chaotic circuits synchronize with in-phase

dz N state. However, between the first and the fourth chaotic circuits
P —PYi - Z %i(@ - 2) are not synchronized. Namely, the networks of chaotic circuits
o b=t can divide two groups from synchronization. Figure 7 shows
(,j=12---N) the clustering results of seven chaotic circuits.
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Fig. 7. Clustering result for seven chaotic circuits.
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Fig. 5. Phase dference between two circuits (Computer simulationss.ll
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Fig. 6. Phase dference between two circuits (Circuit experiments).

IV. ConNcLusION

In this study, we have investigated the coupled chaotic
circuits networks. The seven chaotic circuits are globally
coupled with the distance information. We have observed the
basic clustering phenomena resulting from the synchronization
phenomena. From the computer simulations and the circuits
experiments, we have made clear that the chaotic circuits
arranged in a close distance are synchronized at in-phase state,
and when the coupled circuits with the far distance could not
be synchronized. The coupled chaotic circuits networks could
cluster into two groups. We observed the networks depend on
the distance information.
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