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Abstract—In this study, we investigate synchronizationena by changing the distance between the circuits.
phenomena of coupled chaotic circuits. The chaotic cir- In this study, we use ladder system. In the ladder sys-
cuits are combined by resisters on one-dimensional coordem, chaotic circuits are connected to only adjacent discui
nate system. We change the distance between the circUfigure 1 shows the system model of the ladder system. We
to adapt the coupling strength. We investigate synchrenizeneasure the phasefidirence using computer simulations.
tion phenomena when the distance between the circuits in
the group is changed. Also, we measure the pha$erdi
ence using computer simulations. From the computer sim- ' ) r
ulations, we could make sure of the breakdown of inter- —_— T
cluster synchronization when the system is changed from Group-L  center  Group-R

the symmetric system to the asymmetric system. .
Figure 1:Ladder system.

1. Introduction
2. Circuit Mod€

Synchronization phenomenon is one of the typical phe- o o S
nomena observed in nature. Recently, many studies F|gure_ 2 _shows thg C|r_cu|t model. This is a chaotic circuit
have been investigated synchronization of chaotic ciscuif@lled Nishi-Inaba circuit [8}[10].

[1]~[5]. It is focused how the dlierences of the network
structure impact on the whole circuits. Additionally, it is ha— —
applicable to the fields of medical science and biology and
so on. I, L

In our research group, we have investigated the cIu@

tering phenomena resulting from the synchronization ph — C ::)v

nomena observed in coupled chaotic circuits when the )W
chaotic circuits are arranged in two-dimensional coortdina o \
[6], [7]. We observed that the chaotic circuits arranged in
the near distance are synchronized at in-phase state, and t
the coupled circuits with the far distance could not be syn-
chronized. From the results we confirmed the relationship Figure 2:Circuit model.
between clustering and synchronization phenomena.

The more detailed researches are needed for applying
to the investigation of more large scale network and gen- The circuit equations of this circuit are described as Eq.

eral network. So in this study, we investigate the synfl). diy

chronization phenomena observed from symmetric cou- Lla = V+Trip

pled chaotic circuits and asymmetric coupled chaotic cir- _

cuits arranged in one-dimensional coordinate. \We combine Lz% = v—Vy(in) (1)
chaotic circuits by resister, and the circuits are arranged dt

in one-dimensional coordinate system. The number of the Cd_\/ = i

circuits is always ten and we investigate symmetric systems at o

and asymmetric systems. The distance between the centrallhe characteristic of nonlinear resistance is described as
circuits is fixed. We investigate synchronization phenomkg. (2).
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In this study, we use the ladder system. In the ladder

va(iz) = Td ( i+ X' —lip— v ) (2) system, chaotic circuits are connected to only adjacent cir
2 rg rq cuits.
The circuit equations are normalized as Eq. (3) by When chaotic circuits are connected to only adjacent cir-
changing the variables as below. cuits, the circuit equations are shown in Eqs.«8Y).
CCy:
i1 = \/EVX; 2= —‘/LLZTCVy; v=Vz
c L I ):(1 = aX1+2p
r\/;l = q, L_; :ﬂ, rd_Lzl =0, Yl = z- f(yl) (5)
t= VLCr; -7 = &; z = —xi-pn-vuaa-2z)
- ) - dr?
CCs:
X = aX+z .
. Xn = @Xn+17Z,
= z—f 3 M "
z = -X-py Zy = =% —BYn— Yinn-1(Zn — Zn-1)

The value off (y) is described as Eqg. (4). ~Yinne1)(Zn = Zne1)

0 1 v 1 CCn:
=3+ 3|~ -3 @ |
XN = aX
Figures 3 and 4 show the chaotic attractor generated yz _ CZyNN_J; (Z;N)
from the circuit by using computer simulation (Fig. 3) and W= —Xn - YN (7)

circuit experiment (Fig. 4). For the computer simulation,

we set the parameters as= 0.460,8 = 3.0 and¢é = 470.

For the circuit experiment, the parameters are fixed with \Where the parameter; represents the coupling strength

Ly = 500[mH], L = 200[mH], C = 0.0153kF], and petween the circuits. The value gj reflects the distance

rq = 1.46[MQ]. between the circuits in an inverse way, described by the
following equation:

~YiNN-13(ZN — Zn-1)

Vi) = ﬁ ®)

d;; denotes the Euclidean distance betweeni4frecircuit
and thej-th circuit. The parameteyis coupling coéficient
that determines the coupling strengths. In this study, we se
the parameter ag= 1.0 x 1073,

3. Simulation Method

We use the ladder system arranged in one-dimensional
coordinate system. We use ten circuits in computer simula-
tions. We divide into the two symmetric groups, and there
are five circuits in one side of the group. In the left side and
the right side groups, the distances between the circiéts ar
0.3. The distance between the central circuits is 0.5. The
symmetric network structure is shown in Fig. 5(a).

We change the distance between the circuits by changing
the coupling strength. We define the distances between the
circuits in the left side group ad;. In the same way, the
distances between the circuits in the right side groughas
And we define the distance between the central circuits as
Oeenter- IN this simulation, we fix the values dfenter andds,
and the value ofl; is changed. The value df is decreased
Figure 4:Chaotic attractor (circuit experiment). gradually, and the value af; is changed from @ to 01.

The asymmetric network structure is shown in Fig. 5(b).

-641 -



Group-L
4120.3 fAve. 16.354
dcenter=0.5 4-5 Phase difference
21.083
GroupR Ave. 15531 5.6
d2=0.3
(center)
9-10
Figure 6:Graphics of the phasefitrence (computer simulations of symmetric system).
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Figure 7:Graphics of the phaseffizrence (computer simulations of asymmetric system).

asymmetric system. From this figure, we can see that the
03 03 03 03 05 03 03 03 03 circuits in the groups are synchronized, however the centra
@ @‘@ \/\ @‘@ 8 A circuits become asynchronous. And the phaskedinces
—— e ) e e e ) in the right side group are larger than the symmetric system.
di di di di deenter d2 do d2  de Additionally, the phase dlierences in the left side group are
smaller than the symmetric system. Table 1 shows the av-

(a) Symmetric network structure. erages of the phaseffirences in each system.
Figure 8 shows the simulation result wheiris changed.
0.1010.10.1 05 03 03 03 03 This result shows the shift of the phasé&elience. We fo-

Ve N cus on the phaseftierences of the central circuits, between
D@D ® ©&—@—8—9—10 the 4h and the %h circuits, and between thatéand the Th

balinaisatiselien endih et S e circuits. From the simulation result, the various resus ¢

dl dl dl dl dcenter d2 d2 d2 d2 be obtained.

(b) Asymmetric network structure.

Table 1: Averages of the phasdfdrences
Group-L | deenter | Group-R
Symmetric system | 16.354 | 21.083| 15.531
Asymmetric system 8.263 | 90.011| 19.768

Figure 5:Network structures.

We measure the phaseffdrence between the circuits
using the computer simulation. And we investigate the
change in the phaseftérence when the systemis changed |n the case of the central circuits, the phas@edénce
from the symmetric system to the asymmetric system. js increasing gradually. And the central circuits become
asynchronous arourd = 0.19. In the case of between the
4. Simulation Result 4th and the Bh circuits, the phase fierence is continued
to decrease because the distance between the circuits in the
Figure 6 shows the simulation result of symmetric sysleft side group is continued to decrease. In the case of be-
tem. From this figure, we can see that the all circuitbween the é and the th circuits, the phase fference is
are synchronized. Figure 7 shows the simulation result aficreasing gradually, and the phasé&etience is decreased
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Figure 8:Simulation result.

[7]

from aroundd; = 0.19.

In the right side group, the phaseffdrence began to
decrease with the central circuits became asynchronou:gg]
Asynchronous state of the central circuits strengthen the
coupling strength of each groups.
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