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Abstract Vz_:,, R
In this study, we propose coupled chaotic oscillators com- C‘;“
posed of RC circuits. We carry out computer simulations and 7 5 v IS R
investigate chaotic behavior when the number of RC circuits ’ I W
are increased. R
Vg —{+ R
. C
1. Introduction T

R
V3—{—
Recently, many researchers have shown their interests in ; > vy e
V4

chaotic systems. Chaos has been investigated not only in 4;
engineering but also in various fields such as medicine, so-
ciology and economics. In the field of electrical and elec-

tronic engineering, researchers have proposed various appli- vie—JF R
cations using chaos as chaos communications, chaos cryp- M
tosystem, chaos neural networks and so on. In order to re- *T &
alize chaotic engineering systems, it is important to investi- Vs oS R )
gate simple chaos-generating circuits. In our previous study, N
a simple chaotic oscillator using two RC circuits were pro- C3°I V30
posed [1]. N

In this study, we propose coupled chaotic oscillators com- Figure 1:Circuit model.

posed of RC circuits. By computer simulations, we investi-

gate the chaotic behavior when the number of the coupled RC o ) )
circuits are increased. The circuit equations are described as follows:

RC@ _ —v — F (’Ug > VS)
dt -+ F (UQ < Vg
dvs { —vy+E (v > Vs

2. Circuit model i
RCE - —vy—E (v1 <Vg)
)
)

Figure 1 shows the circuit model. In this figure 15 chaotic
oscillators, which was proposed in [1], are coupled via one-
way coupling through simple comparators. An independent RC% _ { U0 =B (Up41 > 0n

rectangular voltage source is connected only to the first oscil- dt —n+E  (Unp1 < Un_1

lator and the voltage across one of the two capacitors in the i E (vn > vn1)

previous stage of oscillators is inputted to the comparators in  pc dvnt1 _ Unt1 ¥ wo ot (1)
the next oscillator. Hence, the whole circuit consists of one dt —Upt1 — FE  (vn < Up_1)

rectangular voltage source, 30 comparators, 30 resistors, and
30 capacitors. Figure 2 shows the rectangular voltage wave- (n=3,51709,..,29

form inputted to the first oscillatoi/s is the amplitude of the whereFE is the output voltage of the comparators, namely the
rectangular voltage arifl is the period of the waveform. DC supply voltage of the operational amplifiers. By using the
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Figure 2:Rectangular voltage wave.

following variables and the parameters,

the average values of the standard deviation of the points for
differenta. We can see that the dispersion becomes larger as
«increases.

Finally, we observe chaotic attractors and the Poimcar
maps for differentx values. Figure 8 shows chaotic attrac-
tors and Fig. 9 shows their corresponding Poigaaaps. As
« increases, the size of the attractors clearly becomes large.
However, only from these figures we cannot say whether if
the complexity becomes large or small. Hence, further inves-
tigations are needed.

1)

vy = Bxp, t = RCt, Vs = Ea, T = RC, (2)

(k=1,2, ..., 30)

we obtain the normalized circuit equations. Because the cir-
cuit equations are linear in each region, the rigorous solution
of the circuit equations can be derived as follows:

(z10+ e =1 (32> a)
T =
(IElO — 1)677 +1 (IQ < Ot)
( ) (71 > a)
(Igo + 1)677 —1 (.131 < oz)
(mnO + 1)€_T -1 (.’L'n+1 > Ty 1)
Ty =
(Z‘no — 1)€_T +1 ($n+1 < Tp— 1)
(x(n+1)0 — 1)€_T + 1 (xn > Ty 1)
Tp+1 = r 3
(Z‘(n+1)() + 1)6 -1 xn < Ly — 1)
(n=3,510, ..,29)

wherea is a parameter correspondingte, z 19, x20 andx g
are initial values«¢ = 3, 5, 7, 9, 11, ..., 29).

3. Simulation result

First, Fig. 3 and Fig. 4 show the attractors and their cor-
responding Poincarmaps, respectively, obtained from some
chaotic oscillators. Comparing these figures, we can observe

more complex attractors as the positions of the circuits iBiyyre 3: Chaotic attractor obtained from computer simula-
crease. tion (8 = 4.0). (@) = 0.097 and (b)ar = 0.180. (1) z1-x2,
Next, Figs. 5 and 6 are time waveforms. It is mterestlr(g) 2576, (3) 211-v12, (4) 217218, (B) T23-v24 AN (6)vag-

that we can find essential difference between these two
ures. Namely, in Fig. 5 chaotic waveforms are completely
unsynchronized while in Fig. 6 chaotic waveformsmwfzag
seem to almost synchronize in in-phase. The detailed analysis

)

®3)

4

(®)

(6)

of these synchronization phenomenon is our important futye conclusions

research.

In order to evaluate chaotic features, we investigate the disin this study, we have proposed coupled chaotic oscillators
persion of the points on the Poinéamaps. Figure 7 showscomposed of RC circuits. We carried out computer simula-
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Figure 5: Time waveforms for: = 0.097 and3 = 4.0. From
top x1, z3, 5, T7, To, T11, T13, T15, T17, 19, T21, T23, T25,
S T27, T29.
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Figure 4: Poincaé map obtained from computer simulation W W W W W W W W
(8 = 4.0). (@) = 0.097 and (b)ar = 0.180. (1) -z, /\WM \/V\ \/A/\WA/\ y AWA/\WA/\WM
(2) w5-26, (3) 11712, (4) T17-718, (5) T23-v24 @NA (6)v29- A A M AN AN AN AN AN AN
V30- WOWWWEW W W W
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WOWWW W W W WY
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tions and investigated chaotic behavior when the number of A A A A A AL A
RC circuits were increased. V\/ W W W W W W W
One of our future works is to carry out circuit experiments. MWN\V\/‘AWA/\W A VA/\WA/\V\/A/\V\/M
FAYANIAVANRAVA NS YA N LV A NS YA WO YA W VA
W W W W W WWW
References M M N AN AN AN AN A
VoW WEWW W EWW W
[1] S. Masuda, Y. Uchitani and Y. Nishio, “Simple Chaotic /\/\\/\//\/\ vA/\v ANYA /\/\V /\AV /\AV A
Oscillator Using Two RC Circuits,” Proc. of NCSP'09, v VNV W VW
A A /\/\/\/\/\/\/\/\A Val
pp. 89-92, 2009. VWV W W W W
/\AA/\A/\/\/\/\/\/\/\A/\A/\
WWWWWWW W W

Figure 6: Time waveforms for = 0.180 and3 = 4.0. From
top 1, x3, s, T7, Tg, T11, L13, L15, T17, T19, L21, L23, T25,
Z27, T29-
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Figure 7:Change of standard deviation for different Only
T5, 11, L17, L23 and(EQQ are shown.
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Figure 8:Chaotic attractors obtained from computer simula-
tion (8 = 4.0). (&)« = 0.027, (b) « = 0.040, (c) a = 0.061,

(d) « = 0.082, and (e)a = 0.097. (1) x5-x¢, (2) x11-T12,

(3) z17-718, (4) T23-724, AN (5)x29-730.

-20 -

@)

)

3

(4)

©)

@) (b) ©) (d) (€)

Figure 9:Poincaé maps obtained from computer simulation.
(8 = 4.0). (@)a = 0.027, (b) @ = 0.040, (c) « = 0.061,
(d) a = 0.082, and (e)Oé = 0.097. (1) T5-Tg, (2) T11-T12,
(3) 177218, (4) T23-724, AN (5)z29-730.



