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Chaos propagation in Ladder Chaotic Circuits by Switching Coupling Strength

Naoto YONEMOTO Yoko UWATE  Yoshifumi NISHIO
( Tokushima University)

1. Introduction

Recently, chaos propagation has attracted much atten-
tion. In this study, chaos propagation is researched by
switching the coupling strength based on the difference of
the voltages of the neighboring circuits.

2. System Model

The chaotic circuit is shown in Fig. 1. The system model
is shown in Fig. 2. In this system, the circuit in the one end
of the system generates chaotic attractor and the other cir-
cuits generate three-periodic attractors. Ten chaotic circuits
next to each other are coupled together with resistors.
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Figure 1: Circuit model.
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Figure 2: System model.
The normalized circuit equations are described as follows:
Tn = ALy — 2n
Yn = 2n — [(Yn)
2k = —Tn — BYn—"n,n-1(2n — Zn-1) (1)

- '7n,n+1(zn - zn+1)

(n:1727"'7N)

where
Y1,0 =YN,N+1 = 0

fn) = 5(yn + 31— lyn — 31

For the computer simulations, we calculate Eq. (1) using
the fourth-order Runge-Kutta method with step size h =
0.005. We set the parameters of this circuit model as fol-
lows; o =0.460, o, = 0.413, 8 = 3.0 and § = 470.0.

3. Results

The chaos propagation is changed by switching the cou-
pling strength with the difference of z, and x,41 as a
threshold. The first method is to switch all the couplings
simultaneously, and the second method is to switch each
coupling at a certain intervals. How to switch the coupling
strength is shown in Fig. 3.

Initial values
o= 0413,y =0.008

1 156:0 < [t — Xpea| S 0.2
The entire circuit becomes

Ichange toy = 0.008 I
a three-periodic solution
2nd: 0.2 < |xp — Xp4q| S 0.4
1 change toy = 0.006

Chaos is generated
in the 1st circuit a = 0.46

3nd: 0.4 < |x, — x. =06
1 [ — sl Ichange toy = 0.004 I
4th: 0.6 < |x,, — x,
Von — Tl I change toy = 0.002

Figure 3: The algorithm for controlling chaotic propaga-
tion by coupling strength.(the threshold widths are all 0.2)

Voltage dif ference between
adjacent circuits fluctuates

The horizontal axis is the value of x,, representing the
current flowing in L1, and the vertical axis shows the value
of z, representing the voltage applied to C.
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Figure 4: Four patterns of chaos propagation.

When all coupling strength is switched at the same time,
the maximum number of circuits to propagate is 4 or 5.
However, when the coupling strength is switched for each
coupling, propagation can be classified into four patterns as
shown in the Fig. 4. When the first threshold width is 0 <
|Zn - Znt+1| < 0.1, the chaos propagation can be suppressed
as shown in the Fig. 4(a). When the voltage difference is
less than 0.6 and the respective threshold widths are 0.1,
0.2, and 0.3 regardless of the order, the propagation state
is the same as in Fig. 4(b). Using the value of the threshold
width in Fig.3, the propagation can be seen in Fig. 4(c).
As shown in Fig. 4(d), when the first or second threshold
width is 0.4, the propagation spreads out greatly.

4. Conclusion

0 In this study, chaos propagation by switching the cou-
pling strength was considered. It was found that there may
be a regularity of propagation depending on the threshold
of the coupling strength. As our future works, it will be
confirmed whether the observed regularity holds when the
bifurcation parameter of chaos, the time to generate chaos,
and the time to continue coupling are changed.
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