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Generation of N-Scroll Attractors via Sine Function
05

Wallace K. S. Tang, G. Q. Zhong, G. Chen, and K. F. Man

Abstract—A new approach for generating n-scroll attractors is intro-
duced. It is demonstrated thatn-scroll attractors can be generated using 05
a simple sine or cosine function. A guideline is given so that a different
number of scrolls can be designed easily by modifying two variables in the
function. An electronic circuit is also designed for the implementation and
the observation of a 9-scroll attractor is reported for the first time.

_— 0.5
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|. INTRODUCTION (c) 4-scroll: ¢=3;d=0 {d) &-scrolk; ¢c=7; d=0

Complex attractors wit-double scrolls were reported in [1], [2] Fig. 2. N-scroll generated by the dimensionless state equation.
by introducing additional break points in the nonlinear element for a
Chua'’s circuit or using cellular neural networks with a piecewise-lineg[

. - . mple Op-amp operations and a 9-scroll attractor is observed for the
output function [3]. It is also demonstrated in [4]—[6], that odd numb‘?frstptime P pop

sc_rollls_, can l:f)e ol:tJ_served bde|mt|Iadr ;no?rllflcatlon. L:p to ntowl,lor:tly PIECE- The organization of the paper is as follows. The state equation of the
wise-linear functions are adopted for the generation-8troll altrac- ., itiaq Chua's circuit is given in Section I, where simulation is also

torls. Due tq the copfsstralnt”of_the mpt:t(;jygamlc range of the Op'amtBVen to illustrate the existence of thescroll attractors. In Section llI,
only a maximum of 6 scrolls is reported [5]. the designed electronic circuit for implementation is explained in de-

In thllls Paper, a new fam"é/ ?f.corkl]tlnuo%s funcﬁ[lons for generz;tlnt%ilsy and the attractors with different number of scrolls are observed
n-SCro attr_actors_ IS proposed. tls_s ownt _ai;cro attractors can € with simple parameter adjustments. Finally, concluding remarks are
obtained with a simple sine or cosine function. The approach provnd&%n in Section IV

the ease of design far-scroll attractors by modifying only two param-

eters in the function. With the use of a commercial trigonometric func-
tion chip, an electronic circuit is designed and implemented. The input
dynamic range of the trigonometric function chip can be increased by Dimensionless State Equation

Il. MoDIFIED CHUA'S CIRCUIT

Chua’s circuit is adopted as the vehicle for the investigation. The
dimensionless state equation of Chua’s circuit modified with a sine
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Fig. 3. (a) Modified Chua’s circuit witly(-). (b) Circuit to be inserted into the dashed block A-B for increasing dynamic range of the sine or cosine function.

where Ill. CIRCUIT IMPLEMENTATION
g%(m — %ac), if 2 > 2ac A. Dimensional State Equation
L (wx . In order to construct an electronic circuit for the proposed system,
z) =<4 —bs (m d), if —2ac <z < 2ac 2 : _ . : o
@) s l2a ) pes e @) (1) is converted back to the dimensional state equation and modified as
g/—g(l’ + 2ac), if 2 < —2ac follows:
duvy 1 1
Here, in (1) and (2)y, 3, a, b, ¢, d are suitable constants, to be specified it~ RO, (v2 —v1) = C_lg(“)
below for different applications. dvsg 1 1.
An n-scroll attractor is generated with the following relationship: @t~ RC, (v1 —v2) + C—zm
dir, 1
n=ct1 ) A ®)
whereg(vi) = ((br)/(2a) = (1/R))vi — (br)/(4a)(|v1 + 2ac| —
and |vr = 2ac|) — bsin((7vy)/(2a))+ d). Here, all notations are defined

in the circuitry shown in Fig. 3(a).
g™ if n is odd 4
710, ifniseven 4 B. Basic Circuit Design

o ) . N ) . A sine function is utilized to obtain the nonlinearity needed for gen-
The function in (2) is depicted in Fig. 1. It can be easily verified thal 4ting chaos in the circuit. The modified Chua’s circuit is shown in

¢ governs the number of periods existing in the function, and henggy 3(5) |n this set-up, the negative resisigr), consists of two parts
the number of equilibrium points of (1). The equilibrium points ar@nnected in parallel: a one-port described by a i characteristic

(weq, 0, —req) With weq = 2ak andk = 0,1, -, %ec. with linear negative slope [7], and a one-port with-a i characteristic
described by a sine function shown in Fig. 1.

B. Simulations A commercial trigonometric function chip AD639 is chosen for the
circuitry implementation. The resist@ in Fig. 3(a) is used to convert

With the dimensionless state (1)—(2), wher= 10.814, 3 = 14.0, the transfer characteristic to the driving-point characteristic of AD639

a = 1.3, b = 0.11, 2-scroll, 3-scroll, 4-scroll, and 8-scroll attrac-[8]. The amplitude(«) of the sine function can be adjusted by tuning

tors are generated with= 1, 2,3 and7, respectively, as depicted in the resistorRs.

Fig. 2(a)—(d). Similam-scroll attractor can be observed by replacing The original angular input range of AD63%%500°. A maximum of

the sine function with a cosine function. four scrolls can be observed, although incomplete, as shown in Fig. 4.
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Fig. 4. Phase portraitinc; — v plane of the 4-scroll attractor. (Horizontal

scale 2.5 V/div., vertical scale 0.5 V/div.).

Fig. 5. Circuits for (a) Absolute operation. (b) Level shifter. (c) Gain.

C. Higher Number of Scrolls

In order to increase the range of the angular input for generati
n-scroll attractorgn > 4), some properties of the trigonometric func-
tion are utilized. Considering € [—(2m + 1)7, (2m + 1)x], where

m IS a positive integer, we have
cos(x) = cos(|z|)

sin{ — — |x

2
. ( + o | |>
s {7 - — |

2
= sin(y)

wherey = mn + (7/2) — |z|.

(6)

It is observed thay € [—(m + 1/2)x, (m + 1/2)x], implying
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Fig. 6. Phase portraitin-; — v plane ofr-scroll attractors. (ap = 6. (b)
n =7.(c)n = 8.(d)n = 9. Parameter values are selected as listed in Table I.

PARAMETER VALUES SELECTEJ'?:\SIF;EH|IEOBSERVAT|0NSSHOWN IN FIG. 6
n | R(kQ) | Rs(kQ) | Ra(kQ) | Rpu(kQ) | Rga(kQ) | u(V) | var (V) | vs2(V)
6| 1.396 | 1.414 12.07 0.545 6.37 2.47 | 0.07 0.69
71 1.392 | 1410 12.07 0.661 6.37 2.47 | 0.551 0.7
8| 1.392 1.408 12.07 0.757 6.37 2.47 | 0.852 0.7
91 1.343 | 1.361 12.07 0.757 6.37 247 | 1127 | 0.701

o Rg1 and Ry refer to the variable resistor in Fig. 5(c) for Gain 1 and Gain 2, respectively.

« u is the voltage adjustment for the amplitude of sine function in AD639.

o v,1 and v, refer to the voltage level tuned in Fig. 5(b) for Level shifter 1 and 2, respectively.

Fig. 7. Measured — i characteristig/(v; ) with a sine function nonlinearity
for 6-scroll attractor. (Horizontal scale 2.5 V/div., vertical scale 2.5 mA/div.).

doubled by the use of an absolute operation and a voltage shift in the

circuit.

Fig. 3(b) depicts the circuit to be inserted into the dashed block A-B
in Fig. 3(a) for the generation of higher number of scrolls. Detailed cir-
that only half of the angular range ofis needed. Hence, the numbercuits for the gain, level shifter and absolute operation can be found in
of scrolls generated with the original input range of AD639 can keg. 5. By adjusting the voltage shifters and the gains of the circuit in
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Fig. 3(b), a number of-scroll (n = 6,7,8,9) attractors are exper-

Differential-Voltage Attenuator Based on Floating-Gate

imentally observed, as shown in Fig. 6(a)—(d). The chosen parameter MOS Transistors and Its Applications
values are listed in Table I. The measured i characteristig(v, ) of
the negative resistor synthesized for the 6-scroll attractor is also shown S. Vlassis and S. Siskos

in Fig. 7, for illustration.

IV. CONCLUSION

In this work, a new approach for generatingscroll attractors is
proposed. Based on the proposed technique, 2-, 3-, and 4-scroll attf@g-input voltages. The advantages of this attenuator are the low supply
tors can easily be generated by using the modified Chua’s circuit imperation, the rail-to-rail input range with small linearity error and the
plemented by a commercial trigonometric function chip. Furthermorgingle-ended input processing. A very efficient technique to transform

with the use of the voltage-shift circuit and the absolute functional ci
cuit, the attractors with higher number of scrolls, even or odd, can al

Abstract—In this brief, a very simple differential voltage attenuator
based on floating-gate MOS transistors (FGMOS) is proposed. The at-
tenuator constructed by only two stacked identical FGMOS in saturation
region, provides a voltage output proportional to the difference of the

any circuit that requires only balanced inputs into the single-ended
counterpart based on the attenuator, is proposed. Using this technique,
2humber of single-ended computational circuits are produced such as

be obtained. The observations obtained in the experimental model valtage squarer, four-quadrant multiplier, and vector summation circuit.
idate the proposed approach, and an attractor with maximum of niffge circuits can be fabricated in standard double-poly, double-metal
scrolls is generated and observed experimentally for the first time, CMOS technology and they are suitable for analogue signal processing
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