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ABSTRACT :
of coupled oscillators networks and investigate their steady

In this study, we propose two types

states. One network has two-dimensional honeycomb struc-
ture. The other network has two-dimensional lattice struc-
ture. In the Honeycomb circuit, adjacent three oscillators are
coupled by one coupling resistor and it is considered that the
voltages of three oscillators around a coupling resistor make
three-phase synchronization. On the other hand, in the Lat-
tice circuit, four-oscillators are coupled by one coupling resis-
tor and it is considered that the voltages of four oscillators
around a coupling resistor make four-phase synchronization.
As a result, our networks are expected to generate various
synchronization patterns. In our networks each oscillator is
connected to only its adjacent oscillators and various patterns
are generated according to the initial condition. Therefore,
our network is expected to be utilized as a cellular neural
network in the future.

INTRODUCTION

Cellular neural network proposed by Chua and Yang [1]
have two major features; continuous time feature allowing
real-time signal processing and local interconnection feature
making it tailor made for VLSI implementation. And various
applications for image processing and pattern recognition of
cellular neural network have been reported.

Recently, neural network using a van der Pol oscillator as a
neuron has been proposed by Endo et al [2]. This system has
the advantage that no annealing is needed to achieve good
convergence to an optimum solution. Because the static char-
acteristic of the van der Pol oscillator is completely binary and
the dynamic characteristic is continuous and smooth. More-
over, it achieve fast convergence. Therefore, coupled oscilla-
tors systems are expected to be utilized for the neural network.

On the other hand, there have been many investigations of
the mutual synchronization of oscillators ([3]-{5] and therein).
We have reported synchronization phenomena observed from
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N oscillators with the same natural frequency mutually cou-
pled by one resistor [5]. The system is shown in Fig. 1. In
the system various synchronization phenomena can be stably
observed, because the system tends to minimize the current
through the coupling resistor. Especially, we have confirmed
experimentally that N-phase oscillation (N = 2 ~ 13) can
be stably excited for the case that each oscillator has strong
nonlinearity. In this case, there exist (N — 1)! phase states.
Because of the coupling structure and extremely large number
of phase states of the system in Fig. 1, this system would be
structural element of the cellular neural network.
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Fig. 1 Basic circuit model used as a structural
element of the network.

| =

Authorized licensed use limited to: Tokushima Univ. Downloaded on March 14,2010 at 06:46:05 EDT from IEEE Xplore. Restrictions apply.


mailto:nishio@mori.elec.keio.ac.jp

Fig. 2 Coupled oscillators network (Honeycomb circuit).

In this study, we propose two types of coupled oscillators
networks whose structural element is the circuit in Fig. 1
and investigate their steady states. One network has two-
dimensional honeycomb structure and it is shown in Fig. 2.
Also the other network has two-dimensional lattice structure
and it is shown in Fig. 3. In the Honeycomb circuit, three
oscillators are coupled by one coupling resistor and it is con-
sidered that the voltages of three oscillators around a cou-
pling resistor make three-phase synchronization according to
the result in {3]. On the other hand, in the Lattice circuit,
four oscillators are coupled by one coupling resistor and it is
considered that the voltages of four oscillators around a cou-
pling resistor make four-phase synchronization. Therefore,
our networks can generate various synchronization patterns.
We carry out circuit experiments for two sizes of Honeycomb
circuit and one size of Lattice circuit and confirm the gener-
ation of various patterns.

In our networks each oscillator is connected to only its adja-
cent oscillators and various patterns are generated according
to the initial condition. Therefore, our network is expected to

be utilized as a cellular neural network in the future.
HONEYCOMB CIRCUIT

Fig. 2 shows the Honeycomb circuit. In this circuit adja-
cent three oscillators (e.g. Oscl, Osc2 and Osc3 in Fig. 2) are
coupled by one coupling resistor (R1 in Fig. 2). Therefore, it
is considered that the voltages of these three oscillators make
three-phase synchronization according to the result in [3]. In
the Honeycomb circuit, only 2 steady states can be exist in
spite of the size of the network. Because if the relation of
the phases of three oscillators around a coupling resistor is
decided, the phase of the next oscillator is decided uniquely.
This is confirmed by circuit experiment and computer calcu-
lation for two sizes of the network; one has equilateral triangle
form with three oscillators on one side (see Fig. 4(a)) and the
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Fig. 3 Coupled oscillators network (Lattice circuit).

other has equilateral triangle form with four oscillators on one
side (see Fig. 5(a)). We call the former as Honeycomb-1 and
the latter as Honeycomb-2. The circuit experimental results
are shown in Figs. 4 and 5. In both figures, vy is the volt-
age of the Osck and the notations A, B and C are mean the
three phase states. Though we omit the computer calculation
results, two synchronization patterns corresponding to Figs.
4(b)(c) and 5(b)(c) can be obtained.

In this circuit model, there exist only two patterns. How-
ever, it is considererd that various synchronization can be
stably excited by inputting some signals. The investigation of
the generation of such new patterns is our future problem.

LATTICE CIRCUIT

Fig. 3 shows the Lattice circuit, In this circuit adjacent
four oscillators (e.g. Oscl, Osc2, Osc4, and Osc5 in Fig. 3)
are coupled by one coupling resistor (R1 in Fig. 3) Therefore,
it is considered that the voltage of these four oscillators make
four-phase synchronization. In this circuit, it is proved that
there exist 3!(2¥172 4+ 2M=3 — 1) patterns (N; x N, is the size
of the network). Two typical examples of such patterns for
the size 3 x 3 obtained from circuit experiments are shown
in Fig. 6. In Fig. 6 the notations A ~ D mean four phase
states.

Although we have not analyzed the control of the output
patterns by external inputs, we consider that several patterns
can be obtained by inputting some signals to some oscillators.
Therefore, we believe that we can control the output patterns
by external inputs and that some applications using our net-
work as a cellular neural network will be proposed in near

future.
CONCLUSIONS

In this study, we have proposed two types of coupled oscilla-
tors networks and have investigated their steady states. One
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Fig. 4 Circuit experimental results for the Honeycomb-1
(L=99mH, C=001uF, R= 1.5kQ, r = 3009).
(horizontal axis : 10 usec/div., vertical axis : 1 V/div.).

(a) Arrangement of the oscillators. (b) Pattern 1. (c) Pattern 2.
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Fig. 5 Circuit experimental results for the Honeycomb-2
(Parameter values are the same as those in Fig. 4).
(horizontal axis : 10 usec/div., vertical axis : 1 V/div.).

(a) Arrangement of the oscillators. (b) Pattern 1. (c) Pattern 2.
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Fig. 6 Circuit experimental results for the Lattice circuit

r = 100Q2).
1 1 V/div.).

(a) Arrangement of the oscillators. (b) Pattern 1. (c) Pattern 2.

network has two-dimensional honeycomb structure. Also the
other network has two-dimensional lattice structure. In our
networks each oscillator is connected to only its adjacent os-
cillators and various patterns are generated according to the
initial condition. Therefore, our network is expected to be
utilized as a cellular neural network in the future.
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