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In this letter, we present n-scroll attractors which are generated from a gen-
eralized and simple circuit model. The nonlinear characteristics can be sys-
tematically designed by adding comparators. We show a 5-scroll attractor
circuit realization which has been experimentally verified by using current

feedback opamps.

Introduction: The use of chaotic signals in communications has recently
received a great deal of interest. An important part in chaos-based ana-
log/digital communications systems [1] is the choice of the chaotic oscilla-
tor. Chua’s circuit [2] is probably the most well-known and commonly used
chaotic oscillator in this field. Among the many generalizations of Chua’s
circuit, more complicated attractors have been proposed by Suykens & Van-
dewalle [3] by introducing additional breakpoints in the nonlinearity of Chua’s
circuit, leading to so-called n-double scroll attractors. A more complete fam-
ily of n-scroll instead of n-double scroll attractors has been obtained from
a generalized Chua’s circuit reported in [4]. Experimental confirmations of
2-double scroll and 5-scroll attractors have been given in [5] and [6], re-
spectively. The same generalization idea has been applied to n-scroll hy-
perchaotic attractors proposed by Yalcin, Suykens & Vandewalle [7]. The
design of chaos generators has received considerable attention and as a
result a novel and simple model for chaos generation has been recently
proposed in [8]. A double scroll-like attractor has been observed from this

circuit. Here, we show how the simple model proposed in [8] can be gener-



alized in order to generate n-scroll attractors, in a somewhat similar fashion
as the original Chua'’s circuit has been generalized in order to obtain such a
family of attractors.

As a result of the well-known advantages of the current feedback opamps
(CFOASs) over the conventional opamps, i.e. much higher slew rates and
constant bandwidth almost independent of the gain, researchers have at-
tempted to use CFOAs in the implementation of chaotic oscillators in order
to have an improved high-frequency performance, e.g. [9, 10]. According to
this, as a possible implementation of the proposed generalized model, we

present a circuit, whose core is implemented using CFOAs.

Chaos generator with hard limiter and its generalization: In [8] the following

chaos generator with hard limiter has been proposed
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where z € R3. It has been observed that the proposed model Eq.(1) exhibits
a double-scroll-like attractor by setting a = 0.8. In this letter, the main idea

is to modify the nonlinear characteristic f(x;) into

flz1) = Zaifpi(xl) + ij (fn; (1) = 1) (2)
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and N, M denote natural numbers, a; = , by = ,
2 1>1 2 7>1

pi =2(i—1),n; = —=2(j — 1). In[8], the special case of N =1, M =1 has
been investigated for this generalized characteristic. In the generalized non-
linearity, the core function f,,(-) is a comparator which is a useful aspect for
circuit realization. The set of equilibrium points of the generalized system
is given by {—2M +1,...,—-2j +1,...,—1,1,..2i — 1,...2N — 1}. The Jaco-
bian matrices evaluated at each of these equilibrium points are the same.
The scrolls are located around these equilibrium positions and the number
of scrolls generated from the generalized nonlinearity is equal to N + M. A
computer simulation for the 8-scroll attractor is shown in Fig. 1 correspond-

ingto N =4, M =4, a =0.4.

Circuit realization: The circuit realization of the proposed chaotic oscillator
is given in Fig. 2. The core of the circuit is implemented by means of CFOAs.
Hence, the chaotic oscillator is expected to offer an improved high-frequency
performance. For Ry = Ry, = aR3 = R, C; = C, = C3 = C and using the
normalized quantities ¢, = ¢/RC, x1 = Ir1, %2 = Ic1, 23 = I3, a; =
Veo/Rein (1 = 1,2), p2 = Vip/R, bj = Voo/Ry;, nj = Vi /R, (j = 2,3)
b = a4, it can be verified that the circuit realizes Egs.(1) and (2) for M = 3
and N = 2. Using this circuit, the 5-scroll attractor can be observed. It
should be noted that systematic generation of a higher number of scrolls is
possible by using additional comparators.

The circuit in Fig. 2 is verified experimentally using the commercial CFOA,
AD844 [11] supplied under +£10V and LM311 type comparators. The pas-
sive component values have been chosen as R, = Ry = 1kQ, Rz = 1.9kQ

corresponding to a ~ 0.53, R,; = 2Ry = 2Ry3 = 2R, = 15kQ, C, = Cy =



C3 = InF and also V¢ is taken as 10V. The controlling voltages at the
comparators noninverting inputs, i.e. V,,s and Vs are taken as adjustable.
The observed (Vz1, Vrs) trajectory corresponding to the (zy, (—x3)) trajec-

tory from which a 5-scroll attractor can be observed is given in Fig. 3.

Conclusion: We have introduced a generalization of a simple circuit model
for double-scroll like chaos generation, which results into more complicated
n-scroll attractors. A circuit realization has been made by using CFOASs,

which is expected to offer a good high-frequency performance.
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Figure captions:

Fig. 1 (Top) 8-scroll attractor (N =4, M = 4, a = 0.4); (Bottom) nonlinearity
f(z).

Fig. 2 CFOA-based chaotic oscillator.

Fig. 3 5—scroll: Experimental result shown is (Vx1, Vrs) trajectory. = =
1V/div., y = 0.5V /div.
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