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ABSTRACT

In this study a controlling method of generated patterns in

a simple coupled chaotic network is discussed. By adding
an connection between two subcircuits, the number of gen-
erating patterns is restricted. Further, synchronization phe-
nomenon of simple transmitter-receiver systems consisting
of two chaotic networks is also examined.

1. INTRODUCTION

In our previous study [1][2], we have proposed a simple cou-
pled chaotic network whose structural element is chaotic
autonomous circuit. By computer simulations, we investi-
gated the generation of interesting irregular self-switching
phenomenon of a large number of spatial patterns charac-
terized by both of attractors’ shapes and phase difference
of quasi-synchronization of chaos [3]. We found that 5632
different spatial patterns appear for the size of 3 by 3 and
that switching speed could be controlled by tuning circuit
parameters.

In order to apply our chaotic network to engineering sys-
tems, it will be first step to control generating spatial pat-
terns. If we can restrict the number of generating patterns,
it will correspond to embed information in the network.
Further, if the network can produce irregular self-switching
phenomenon of the restricted number of patterns, it will
correspond to dynamical search of memorized informations.

In this study, we investigate irregular self-switching phe-
nomenon of spatial patterns generated in a coupled chaotic
network with an additional connection between two chaotic
subcircuits. By computer simulations we found that we
can successfully restrict the number of generating spatial
patterns. It is also found that the number of restrained
patterns are changed by the location of the additional con-
nection. Further, we consider a transmitter-receiver sys-
tem consisting of two chaotic networks. We will discuss
about synchronization of irregular self-switching of spatial
patterns.

2. CIRCUIT MODEL

In the original chaotic network without additional connec-
tion [1}[2] can generate 11 different spatial patterns with re-
spect to the phase states. (In the Refs. four patterns could
not be found.) Actually, there coexist 2°=512 patterns with
respect to the attractors’ shapes. Hence, total number of
the different spatial patterns is 512x11=5632. However, in
order to concentrate on the control of the phase states, we
ignore the switching of attractors’ shapes throughout this
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article. The 11 spatial patterns are described as follows.
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where different characters represent independent phase and
A means the opposite phase of A. These patterns are gen-
erated by reason of the underlying physical mechanism; the
network tends to minimize the currents through the cou-
pling resistors Rs.

In this study we try to add a connection between two
chaotic subcircuits for the purpose of the restriction of the
number of generating patterns. An example of coupled
chaotic networks with an additional connection is shown
in Fig. 1. In the case, a connection is added from subcir-
cuit 1 to 6. In the followings we use simple drawings as

to represent such additional connections.

3. RESTRICTION OF GENERATING
PATTERNS

There exist many conbinations of additional connections
even for the network with the size of 3 by 3. Then, we
consider the case that the number of connections is one.
Further, we ignore some connections which become equiva-
lent after rotation of the network.

After the above restrictions, we can count up all connec-

tions. First connection is @ . In this case, only one

AAB
spatial pattern, modified Type = : ZXE) , is observed.
AAB

Fig. 2(a) shows the time series of the Poincaré map obtained
from the network with the above connection. From the fig-
ure we can see that no self-switchings occur.
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Fig. 1 Coupled chaotic network with a connection from
subcircuit 1 to 6.

Other connections and the corresponding spatial patterns

are listed as
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Fig. 2 Time series of Poincaré map. (a) Additional
connection from 1 to 2. (b) Additional connection
from 1 to 3. (c) Additional connection from 1 to 5.
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Figs. 2(b) and (c) show the time series of the Poincaré
map obtained from the network with the connections
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can see that only some spatial patterns descrived above gen-
erate. By conbining some connections it would be possible
to construct networks in which only some desired spatial
patterns can be appear.

, respectively. From the figure we

4. TRANSMITTER-RECEIVER SYSTEM

In this section we consider simple transmitter-receiver sys-
tems consisting of two chaotic networks. The simplest ex-
ample is shown in Fig. 3. This system can be represented as

[ SEEENY

[ore)

. From this system we can observe chaos

synchronizations shown in Fig. 4. Time series of Poincaré
map is also shown in Fig. 5. Because each subnetwork with
this connection can produce only one spatial pattern, this
result is not so interesting. However, this results indicate
the possibility of synchronization of coupled chaotic net-
works.

—
0=0| [0

Next, we consider the system of . In

this case each subnetwork can produce 5 different spatial
patterns. Time series of Poincaré map is shown in Fig. 6.
From the figure we can see that z1, z3, z] and zj are
synchronized. However, self-switching of spatial patterns
are completely independent. In order to develop a new
type of communication systems using chaos, we wish to ex-
ploit irregular self-switching phenomenon generated in cou-
pled chaotic networks. Thus, we consider to transmit two

)
@

chaotic signals to the receiver side as

In this case, when the phase state of the transmitter side

A4AA ABA BAB

is (B‘B-B), (FZF) or (X_B-Z), the phese state of
ccc ABA ABA

the receiver side must be also one of these. While when

ABA
the phase state of the transmitter side is [ ABA | or
ABA

BAB

one of the two. Namely, spatial patterns of two subnetworks
are not the very same. However, some of self-switchings at
the transmitter side will transferred to the receiver side and
only some chaotic subcircuits are synchronized by transmit-
ted signals. Detailed results will be introduced in the pre-
sentation. Now, we do not know whether we can develop
novel communication systems using our coupled chaotic net-
work which can overcome conventional chaos communica-
tion systems. However, we hope that our system would con-
tribute to develop novel types of communication systems.
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Fig. 3 Transmitter-receiver

chaotic networks.
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Fig. 4 Chaos synchronization in transmitter-receiver
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Fig. 5 Time series of Poincaré map. Connections are
Ty — I3, T) — 25 and 11 ~ z}.

5. CONCLUSIONS

In this study a controlling method of generated patterns in
a simple coupled chaotic network has been discussed. By
adding an connection between two subcircuits, the number
of generating patterns was been successfully restricted. Fur-
ther, synchronization phenomenon of simple transmitter-
receiver systems consisting of two chaotic networks was also
examined.

Our future research is to find attractive applications us-
ing synchronization of two coupled chaotic networks and to
investigate larger size of coupled chaotic networks.
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Fig. 6 Time series of Poincaré map. Connections are
x) — 23, 2] — 73 and z; — z].
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