o A Y (Y A d
”JQﬂ‘iﬂ"lﬂ!ﬂﬂ1iﬁ3u®ﬁ3uﬁﬁ3\1%§!!ﬂiﬂﬂ?lﬂ!!‘lJ‘]J%‘L!‘iJ‘iﬂ%

] d o
‘Lﬂﬂ]“ﬂ%‘tﬁ’lﬁ AUNSIUAT

a a d.: | J d‘ = v a U a
InentnusiluaruntisvesmsanmmunangasiSygIainssumansuriiania
¥ IaInssInih
i Ingnagnalulagdgsuis

Unmsdnu 2553



CHAOTIC SCROLL GENERATORS HAVING

A WIEN BRIDGE OSCILLATOR

Watcharin Jantanate

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Electrical Engineering
Suranaree University of Technology

Academic Year 2010



1905 IHAMSTIHAIUNTISSUN TN TAUULIUDS A

a % o v Aa a J o yd 1 %
winaneaema Tuladgsuts oyda nivIneiinusaivildludiuniiaveanmsanyn

MurangaslIy e

a a J
AUSNITUNITDUINIIUNUSD

o d 1 Aaa CA
(HAl. A3.01UN QuUAa lad)

1J5E51UNTTUNST

(A UN. A3.031901 qIAD3)

s a a o
NITFUNIT (ﬂW%WiﬂﬂlﬁﬂBW’JﬂﬂTuwuﬁ)

(et A3.039u lreraus)

NITUNIT

a Aa Ao J d o A
(1. A3. YN all‘]Jﬁ]"luxiﬂ) (57, U.9. AT.ITWIU VINA)

a ] a o v A a J
5@\3@‘ﬁﬂ15ﬂaﬁ\hﬂj“}ﬂﬂ'ﬁ ﬂmﬂaﬁ'luﬂjqf'nﬁjﬂiiuﬁ'laﬁﬁ



SHTUNS TuUNUAT : WITAUTAMITIUAIUNTNTUANNTADLIULTAT
(CHAOTIC SCROLL GENERATORS HAVING A WIEN BRIDGE OSCILLATOR)
9101505 nE1 : MEnT19138 u1NIMAIN AT.831291 gIAT, 111 Wih

o’dyﬁ a a

a a 3 a 4 { a
'J‘VIEJ'I"L!‘Wu‘ﬁuﬁﬂ‘lel'l‘Wi]ﬁﬂiﬁiJ"ll’fN')\'ﬁ]i’E]l,ﬁﬂ‘ﬂ5'f]uﬂﬁﬁﬂﬁgﬂllﬂﬂﬁlﬂﬂﬁﬂTﬁgﬂaﬂlu

]
IS

a Ll a < { (J { o
Tasfny10amTmesag o Naawalinaanizeaiuluirwsuuuninlgaaniienivaion
[ ] a 4 1 [

LAZNITUNNNIAUVVIUDTAY  AnEINSES umMsiueaIuiofod Yy 1n0aI1U1N90T

9 o 4 Aq Yo A ° A Z Y o o A 9
adnudyaruearvuuumnldduniieninaiion  wenvntulawaunesiutdaaiians

1 [ a ] o A [ o o
ThueaiuTagldreesunisndaunuiuusasiluunuiiiiadygiseaiu S1avawansineiu
1992993220 115UN51 PSIM LAzNAdoUITANIAMTINIUAIN 2 3 4 uag 5 HIu

)
o A [ [ @ v v 3
nmsunuiiadygaealunsaeuy Iaonisoadszy Wi ldnudunuilsey ¢,

a £ 9

~ @ I'd A o U 1% 9, Y v A
Nuurauseau 1 laaa LW’f]ﬂ'ﬁ’i’uﬂﬂ'll!ﬁ\?ﬂullV\IV‘I"ILﬂJﬁuﬁlﬂﬂU'Nﬂi msilasunlasmsiou
o Yy a = a o 9 Y
’i]ﬁ?ﬂﬁ"lll']iﬂﬂ'lﬂuﬂllﬂ@')ﬂﬁﬂ"l')&l]@/ﬂﬂﬂl@\‘]ﬁ')ﬂﬂf S1 uaz S2 luresasemsiiueaiu
o o o Y A ] 1 v I A Y Y A a
HagmMIUSUAIMANUAIUMY R ﬂﬂ@ﬂgﬁgﬂ'ﬂ\‘lﬁjlﬂﬂﬂﬁgﬂ C, az C, e liaunna
UANUAUNIATNU Naﬂ']ﬁ“lﬂﬂﬁf]‘ﬂ')ﬁ)ﬁﬁ%l']Qﬂ"liﬁ')l!@ﬁ'luﬁﬂ'l'lﬂﬁﬂﬂﬂé}@ﬂfT‘]JWﬁﬂ']i%o'l'ﬂ’f)fl
4 1 < 1 @ o

ﬁﬂ?ﬂﬂTﬁmﬁ}ﬁﬂiﬂﬁlmiﬂ PSIM f‘JfJN”lﬁﬂ@nll W’LI’JTfﬂiﬂiﬂﬂ?TNﬁNNT@iiﬁljﬂﬁ}’JuﬂﬁgﬂT"li"’g]lfl”lﬂ

Tumaliia

I ¥y Wi Meilo¥oIinAny

= = A A I
‘]Jﬂ”liﬂﬂ‘kﬂ 2553 anJiJ@%ﬂf]’]%’]ﬁfJ‘V]lﬁﬂ‘Hﬁl




WATCHARIN JANTANATE : CHAOTIC SCROLL GENERATORS
HAVING A WIEN BRIDGE OSCILLATOR. THESIS ADVISOR :

PROFESSOR WING COMMANDER SARAWUT SUJITIJORN, Ph.D., 111 PP.

CHAOS/ CHUA'’S CIRCUIT/ WIEN BRIDGE OSCILLATOR/ GENERATOR

This thesis studies the behaviours of two chaotic electronics. It studies the
effects of circuit parameters on chaotic behaviours of the Chua’s circuit with
simulated inductors, and the Wien bridge oscillator. Chaotic scroll generation based
on chaotic signal provided by the Chua’s circuit with simulated inductors is also
investigated. Furthermore, some chaotic scroll generators have been developed based
on the Wien bridge oscillator as the chaotic core circuit 2, 3, 4 and 5 scroll
generations based on both types of the chaotic core circuits have been simulated using

PSIM and tested. It is necessary to charge the capacitor C, in the circuits to 1V-initial

voltage. Variations of the scroll generation can be defined by the on/off status of the
switches S1 and S2 as well as the adjustment of the resistor R interconnected

between the capacitors C, and C, to achieve symmetrical scrolls. Test results agree

1
very well with PSIM simulations. However, symmetrical scrolls are very difficult to

be achieved in practice.
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Simulation results (Simulated inductor)
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TdsunsudransszuviuaasIna
function dydt = vdpeql(t,y)
% Evaluate the van der Pol ODEs for k = 0.2

dydt = [y(2); 0.2*(1-y(1)"2)*y(2)-y(1)];

% "Complex and Chaotic Nonlinear Dynamics.

function dydt = vdpeq2(t,y)
% Evaluate the van der Pol ODEs fork =1

dydt = [y(2); (1-y(1)*2)*y(2)-y(1)];

% "Complex and Chaotic Nonlinear Dynamics.

function dydt = vdpeq3(t,y)
% Evaluate the van der Pol ODEs fork =5

dydt = [y(2); 5*(1-y(1)"2)*y(2)-y(D)];

% "Complex and Chaotic Nonlinear Dynamics.

% The ODEs commands are as follows:
x0=[0.10.17;

[t,Q] = ode45('vdpeql',[0 100],x0);
subplot(221);

plot(t,Q(:,1),-,t,Q(:,2),'r-.");grid on;

xlabel('time t');

ylabel('solution x1 and x2');
title('van der Pol with k=0.2");
axis([0 100 -2.5 2.5]);
subplot(222);

plot(Q(:,1),Q(:,2));grid on;
xlabel('x1");

ylabel('x2");

title("van der Pol with k=0.2");
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axis([-2.5 2.5 -2.5 2.5]);

x0=[0.1 0.1];%x0=[0.9 0.9];

[t,W] = ode45('vdpeq2',[0 100],x0);
subplot(223);

plot(t, W(:,1),"-",t, W(:,2),'r-.");grid on;
xlabel('time t');

ylabel('solution x1 and x2');
title("van der Pol with k=1");

axis([0 100 -3 3]);

subplot(224);
plot(W(:,1),W(:,2));grid on;
xlabel('x1");

ylabel('x2");

title('van der Pol with k=1")

axis([-2.5 2.5 -3 3]);
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function Lorenz_exam

clear all;

close all;

clc;

tspan=[0 100]; xzero=[5;5;5];
options=odeset('AbsTol',1e-7,'RelTol',1e-4);
sigma=10; rho=28; beta=8/3;
[t.x]=0oded5(@Lorenz,tspan,xzero,options,sigma,rho,beta);
figure(1),plot(x(:,1),x(:,3)),grid
xlabel('x1','fontsize',14)
ylabel('x3','fontsize',14)

title('Lorenz Simulation','fontsize',14)
figure(2),plot(t,x(:,1),'r',t,x(:,3),'b'"),grid
xlabel('Time','fontsize',14)
ylabel('x1,x3','fontsize',14)

title('Lorenz Simulation','fontsize',14)

function xprime=Lorenz(t,x,sigma,rho,beta)
xprime=[-sigma*x(1)+sigma*x(2);rho*x(1)-x(2)-x(1)*x(3);-beta*x(3)+x(1)*x(2)];
end

end
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function rossler exam

% ROSSLER EXAM Run Rossler example
clear all;

close all;

clc;

tspan=[0 250]; yzero=[1;1;1];
options=odeset('AbsTol',1e-7,'RelTol',1e-4);

a=0.2; b=0.2;

c=2.5;

[t,y]=ode45(@rossler,tspan,yzero,options,a,b,c);
figure(1),subplot(221),plot3(y(:,1),y(:,2),y(:,3)),mytitle,zlabel ('z','fontsize',14),grid
figure(1),subplot(223),plot(y(:,1),y(:,2)),mytitle,grid
figure(2),subplot(221),plot(t,y(:,3)),mytitle2,grid

figure(2),subplot(223),plot(t,y(:,1)),mytitle3,grid

c=5;

[t,y]=ode45(@rossler,tspan,yzero,options,a,b,c);
figure(1),subplot(222),plot3(y(:,1),y(:,2),y(:,3)),mytitle,zlabel ('z', fontsize',14),grid
figure(1),subplot(224),plot(y(:,1),y(:,2)),mytitle,grid
figure(2),subplot(222),plot(t,y(:,3)),mytitle2,grid

figure(2),subplot(224),plot(t,y(:,1)),mytitle3,grid
function yprime=rossler(t,y,a,b,c)
yprime=[-y(2)-y(3);y(1)+a*y(2);:b+y(3)*(y(1)-c)];

end

function mytitle
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title(sprintf('c=%2.1f,c), fontsize',14)
xlabel ('x','fontsize',14)
ylabel ('y','fontsize',14)

end

function mytitle2
title(sprintf('c=%2.1f ,c), fontsize',14)
xlabel ('Time (sec)','fontsize',14)
ylabel ('z','fontsize',14)

end

function mytitle3
title(sprintf('c=%2.1f,c), fontsize',14)
xlabel ('Time (sec)','fontsize',14)
ylabel ('x','fontsize',14)

end

end
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Scroll Generation with Inductorless
Chua’s Circuit and Wien Bridge Oscillator

Watcharin Jantanate, Peter A. Chaiyasena, and Sarawut Sujitjorn”

Abstract—An inductorless Chua’s circuit, and a scroll generator
are presented in this paper. The scheme employs only RCs and op-
amps, and provides a very reliable generation of multiple chaotic
scrolls. The design formulas and examples including simulation and
practical results are illustrated. The principle is applied successfully
to generate some odd scrolls with the Wien bridge oscillator

Keywords—Chaos, Chua’s circuit, inductorless, Wien bride
oscillator, scroll generation.

I.  INTRODUCTION

HAOTIC phenomenon has received much interest for a

few decades. Such behaviour has been successfully
applied to signal transmission and cryptography [1]-[3].
Several type of oscillators, for example Collpits, Wien bridge,
Chua, Lorenz, etc., have been studied and used for generating
chaotic attractors. Among those, Chua’s circuit stands out and
always provides a reliable result. The original Chua’s circuit
has been modified to have only R(Cs and op-amps [4]-[6],
whose structures are compact and open for simple adjustments.
After successful applications of the double scroll oscillators, n-
scroll chaotic circuits producing a more complicated behaviour
have been developed by introducing additional breakpoints
into the characteristics of the Chua’s circuit [7]-[9].

In this paper, the backgrounds of the Chua’s and scroll
generating circuits are reviewed in the next section. Section I11
presents the design examples, simulation and practical results
based on the inductorless Chua’s circuit as well as the Wien
bridge oscillator. Conclusion follows in section IV.

II. BACKGROUNDS

A The Chua’s circuit

The Chua’s circuit as shown in Fig.1 is a rich 3"-oder
dynamical system. The NR stands for the nonlinear resistor
which is commonly implemented via 2 op-amps and 6 resistors
known as the Chua’s diode.

Cdv ] :
(,Id—‘f:E(vl—v:)—j(vl) (1)
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Fig. 3 Vector field regions of double scroll.
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The dynamics of the Chua’s circuit are expressed by Egs.
(1)-(3). Eq.(4) expresses the nonlinear function f(v,) whose
characteristic curve is depicted in Fig. 2. Fig. 3 represents the
vector regions of a double scroll case. The attractors D, and
D, slide from one plane to another alternately through the
bond orbit. The inductor in the original Chua’s circuit can be
replaced by a simulated inductor. Fig. 4 illustrates the

inductorless Chua’s circuit with its simulated behaviour using
PSIM.

VA

I 1
| 1

T |

| |

R C : b }b .
; + + 1
F4‘::";".::-*.'.' |
T i an 1

| AAAS ]

I 1

| 1

| [

1 1

Fig. 4 An inductorless Chua’s circuit: (a) the circuit diagram,
(b) the simulation result.

B. The scroll generators

In the paper, it is shown that the inductorless Chua’s circuit
can be used as the core to generate the chaotic behaviour for
multi-scroll generation. Referring to Fig. 3, the left and right
boundaries of the bond orbit are separated by the breakpoint
voltages, —F, and [ respectively. More breakpoints can be
inserted to generate multiple attractors and bond orbits [8]-[9]
based on the piecewise-linear function concept. According to
this principle, the nonlinear function, Fv)s of the n-scroll

chaotic attractor can be expressed by

n-l
f(v!) =G,V +O'SZ(G:—| ’Gn){lvl + Er|7|v| ’Er‘}
=l

ISSN: 1792-4324 49

Systems and Signals

Guvl

= G;‘*L"Z(GH_G )E,
j=1

i

G, v+2.(G_-G)E

=

i

As an example, an 11-scroll attractor requires 21 segments
of the piecewise-linear function as shown in Figs. 5 (a)-(b).

:\

Toewd bt

)

(b)
Fig. 5 An example of 1 1-scroll attractor: (a) the piecewise-
linear function, (b) the vector field.

Referring to Fig. 5(b), the center manifold contains the
attractor D with the equilibrium point, P=0. For a given
breakpointgj, the equilibrium points, P, and P, in
different regions can be calculated according to Eq. (6),

Pi= [Vm Vais i!ll]

Z': (GJ“ - G} )EJ
=1

(G+G,)

-GY (G,_,-G)E,
J=1

(G+G)

(6)

P :[-v“ v h]

72‘ (GJ'| 7GJ )Ef
=

= 0
(G+G)

GY (G, -G)E,
J=1

(G+G))
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where i=123, ;and v, , v, i, v, v, i, arethe

li+
projections of the points £ and P_ to the corresponding v,
v, and j axes, respectively. £ <y <[,  must hold for
symmetrical scrolls, and the breakpoint voltages can be
determined from (7) where G=1/R = 1/1.65k = 0.6061 S.

13(6,-6,.)E,

E =it F (i=123.) (D
(G+G) e ¢ i)

III. REALIZATION, SIMULATIONS, AND EXPERIMENTS

Realization of the scroll generating circuit follows the
procedures described in [7]. After specifying the conductance
Gs, and the breakpoint E, Jthe other breakpoints can be

calculated according to Eq.(7). The circut uses op-amps, and
Rs as shown in Fig. 6

Fig. 6 Building block of the scroll generator.

The + and - input pins of the op-amp used as the building
block are alternately tied to ground. The normalized resistor
T and ry,, can be calculated using the formulas in Eq. (8)-

(10), respectively. Consequently, the following normalized
resistors of the scroll generator can be obtained.

R B, 1) .
R B g TR0
1(R,
"R R, v|2>F,
Ty R](Rn,] (| 1| g) N
N P L) (o cilor ioran
Gy, =Gy 4 R[ g g o (bx_‘,s\v1|<ﬁg_‘,,,:1,2,3,...,10)
R, ,
0_%:-&(@
= (10)
(_I)l 1+( 1) i
- S (j=123,..,10)
i - =123,..
241 R R‘(Gs-;_Gg_,) J

As an example, the components of the Chua’s circuit are
C,=5.06uF ,C,=479uF ,R=1.65kQ and [ =93mH .
The inductor is realized by an op-amp withC, = 0.01uF ,
R, =1Q, R, =980kQ, and R =10kQ . To achieve the odd
numbers of scroll of 3, 5, 7 and 9, based on the double scroll
Chua’s circuit, the following breakpoint (F,]), and the
conductances are assigned: [ =02V ,G,=G,=G,=..
=G, =-032mS,and G =G, =..G, =-0.852mS . Hence,
the obtained breakpoints are £, =[F, E, E,. E,]
=[0.2000 0.6654 1.0654 1.5308 1.9308 2.3962 2.7962
3.2616].

ISSN: 1792-4324

mi=ln nononon R B R Rl
:[0‘6400 43844 41141 59678 6.4063
9.3416 12.4223 21.4911 70.5000]
hy hs Tl
=[3.1207 3.8065 4.6089 59608 7.7797
11.6149 19,1984 66.1992]

I, =["1 Kon

Fig. 7 illustrates the scroll generating circuit to achieve 3,
5,7 and 9 scrolls based on the inductorless Chua’s circuit. The
status of the switches (S, S;, S3) are as follows: (off, off, off)
for 3, (on, off, off) for 5, (on, on, off) for 7, and (on, on, on)
for 9 scrolls, respectively. Simulation and experimental results
are also depicted in the same figure.

The same principle and the circuit are applied to the case of
Wien bridge oscillator. As shown in Fig. 8, both simulation
and experimental results confirm the successful applications of
this scroll generator,

50 ISBN: 978-960-474-208-0




98

Latest Trends on Circuits, Systems and Signals

R

c

1
M
100k

1004

100k

100k

100k

100k

100k

100k

. 001gF L 1ok
5.05nf 47.9nF R, < 980k

= Chua’s circuit

veiy
5 seroll generation with inductorless chua’s circuit

A S

VC2Y)

Ci(v)
7 seroll generation with inductorless chua's eircuit

—<]
470uF ~

(b) experimental results

Fig, 7 Odd-scroll generating circuit based on the inductorless Chua’s circuit.
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Fig. 8 Odd-scroll generating circuit based on the Wien bridge oscillator.
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IV. CONCLUSION

The principles of the scroll generating circuit, and the
Chua’s circuits have been explained in the paper. The design
of an odd-scroll generating circuit with simulation and
practical results are presented. The cases of 3. 5, 7. and 9
scrolls based on the inductorless Chua’s circuits, and the Wien
bridge oscillator have been illustrated. The principles
described herein can be readily apphed for generating even-
scrolls.
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Abstract: - An inductorless Chua’s circuit, and a scroll generator are presented in this paper. The scheme
employs only RCs and op-amps, and provides a very reliable generation of multiple odd and even chaotic
scrolls. The design formulas and examples including simulation and practical results are illustrated. The
principle has been applied successfully to generate some odd/even scrolls with the Wien bridge oscillator as

illustrated by the simulation and the practical results.

Key-Words: - Chaos, Chua’s circuit, inductorless, Wien bride oscillator, scroll generation.

1 Introduction
CHAOTIC phenomenon has received much interest
for a few decades. Such behaviour has been
successfully applied to signal transmission and
cryptography [1]-[3]. Several types of oscillators
have been studied and applied for generating chaos,
e.g Collpits, Wien bridge, Chua, Lorenz, etc..
Among those, Chua’s circuit stands out, and always
provides a reliable result. The original Chua’s
circuit has been modified to have only RCs and op-
amps [4]-[6], whose structures are compact and
open for simple adjustments. More complicated
dynamics of the Chua’s circuit have been
investigated. These include antimonotonicity, and
bubble formation [7]-[8]. It is also possible to
replace the piecewise linear characteristic of the
Chua’s diode with a smooth cubic function [9].
After successful applications of the double scroll
oscillators, n-scroll chaotic circuits producing a
more complicated behaviour have been developed.
The key concept of the scroll generator is to add
multiple breakpoints into the characteristics of the
Chua’s diode [10]-[12]. The generator has not been
applied with the inductorless Chua’s circuit, and the
Wien bridge oscillator before. In this paper, the
backgrounds of the Chua’s, Wien bridge, and scroll
generating circuits are reviewed in the next section.
Section 3 presents the design examples, simulation
and practical results based on the inductorless
Chua’s circuit as well as the Wien bridge oscillator.
Conclusion follows in section 4.

ISSN: 1109-2734
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2 Backgrounds
2.1 The Chua’s circuit

The Chua’s circuit as shown in Fig.1 is a rich 3"
oder dynamical system. The NR stands for the
nonlinear resistor which is commonly implemented
via 2 op-amps and 6 resistors known as the Chua’s
diode.

Ldv 1 )

(.]d—;:ﬁ(v‘—vz)—j(v}) (D
Cdv, 1

(.Qd—;=E(v,—1’z)+r‘ (2

[ (3)
dt

f) =Gy + %((;, =G){n+E |- - E} (4)

W

LAANS
NI
1

- +
N
o1

L

Fig.1 Chua’s circuit.
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Fig. 2 V-1 characteristic of Chua’s diode.
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Bond orbit Scroll
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(a) circuit diagram
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The dynamics of the Chua’s circuit are described
by Eqs. (1)<(3). Eq. (4) expresses the nonlinear
function  f(v,) whose characteristic curve is

depicted in Fig. 2. Fig. 3 represents the vector
regions of a double scroll case. The attractors 1,

and p  slide from one plane to another alternately

through the bond orbit. The inductor in the original
Chua’s circuit can be replaced by a simulated
inductor. Fig. 4 illustrates the inductorless Chua’s
circuit with its simulated behaviour obtained from
PSIM.

2.2 The chaotic Wien bridge oscillator

Wien bridge is a very well-known oscillator.
When it is connected to the Chua’s diode, the circuit
is represented by the diagram in Fig. 5, and pro-
duces a double scroll chaotic behaviour. The circuit
is very sensitive to initial conditions while the
interconnected resistor, R, plays a key role for the
adjustment of the initial conditions. The dynamic of
the circuit can be represented by Egs. (5)-(7). The
previously described piecewise linear characteristic
of the Chua’s diode is still applied. The simulated
responses of the circuit are shown in Fig. 6.

(V)
(b) simulated phase portrait

Fig. 4 An inductorless Chua’s circuit.

R
R,

A

Chua’s diode

Fig. 5 A chaotic Wien bridge oscillator.
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2.3 The scroll generators

In the paper, it is shown that the inductorless
Chua’s circuit can be used as the core to generate
the chaotic behaviour for multi-scroll generation.
Referring to Fig. 3, the left and right boundaries of
the bond orbit are separated by the breakpoint
voltages, —£, and £ respectively. More break-

points can be inserted to generate multiple attractors
and bond orbits based on the piecewise linear
function concept [11]-[12]. According to this
principle, the nonlinear function, f(v,), of the n-

scroll chaotic attractor can be expressed by

f0)=G,_w+ e.sf (G =G +E|--E.]}
i=1

G,

J

=46 +Y (G, -G,)E
7=l

G, m+2.(G,-G)E,
J=1

As an example, an 11-scroll attractor requires 21
segments of the piecewise-linear function as shown
in Figs. 7(a)-(b).

Referring to Fig. 7(b), the center manifold
contains the attractor p, with the equilibrium point

P, =0. For a given breakpointEj, the equilibrium

(b) phase portrait points, p_ and p_. in different regions can be
Fig. 6 Dyl}amlc responses of the Wien bridge caleulated according to Eq. (9),
oscillator.
3
Gy, Sis iz Sl [8 |
G, F[iAiRiA A R[iF xR
G, ——
G,
l Gl
G.
G, i
—_ G, 5
75 0 [&; ] G, &
' ; ‘| g,
G, ~d %l
.
[eX
-1 P~ G
G,
~ =~ =~ \ (;x
: 5 £ £ £ £ G,
g (Rid< ] ]|d|A|S
3 : . : : ‘ T
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(a) piecewise linear function
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Fig. 7 The vector

-Gy (G,,-G)E,
J=1

i

-3 (G,,-G)E GY (G, ,-G)E,
_ J=1 =1
(G+G)) (G+G)
where i=1,2,3,..; a0d v, v,., iy, 0 Voos b,

are the projections of the points £, and p_ to the
corresponding v, v, and j, axes, respectively. The
condition £ <v,, <F,, must hold for symmetrical

scrolls, and the breakpoint voltages can be deter-
mined from (10) where G = 1/R = 1/1.65k = 0.6061

E, =k (=123

2.3, (10)
(G+G) :

3 Realization, Simulations, and
Experiments
Realization of the scroll generating circuit
follows the procedures described i [10]. After
specifying the conductance Gs, and the breakpoint
I, , the other breakpoints can be calculated

ISSN: 1109-2734 476

(G+G) Q)

manifold of 11-scroll attractor

according to Eq. (10). The circuit uses op-amps, and
Rs as the building block shown in Fig. 8.

r, 10k

10k
e Ak 100k

Fig. 8 Building block of the scroll generator.

As an example, the components of the Chua’s
circuitare ¢, = 5,06k .C, = 47.9uk . R =1.65kQ
and [, =93mH . The inductor is realized by an op-
amp withC, =0.01uF . R, =1Q, R, =980kQ , and
R, =10kQ . To achieve the odd numbers of scroll of
3,5. 7 and 9, based on the double scroll Chua’s
circuit, the following breakpoint (f,), and the
conductances are assigned: £, =02V .G, =G, =G,
=.=G,=-032mS, and G, =G, =.G, =-0852
mS. Hence, the obtained breakpoints are
E =|E E, E,..E]=[02000 0.6654 1.0654 1.5308
1.9308 2.3962 2.7962 3.2616].
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B, E, 14
=t = —# (/=L2,3,..,10) (11)
R’:;J 1{‘11 f s
Gy=-er| % (A
) 3o/ , [12)
Y[y 1 )
G, =6, + |1 r,;_,\ (.., <p|<Eeri=123,..10)
R, 2 T\ d+n, o ’
ro_Rm__RsGs
R,
) A DT (13)
(=1f Cl) hr,
Rayn : 1 (=123 10)
B = = = = = 3etyenny
S R;_,-. 1 R;(Gs _.-_Gq._,) £

The + and — input pins of the op-amp used as the
building block are alternately tied to ground. The
normalized resistances r, and Bigan
calculated using the formulas in Egs. (11)13),
respectively.  Consequently,  the  following
normalized resistances of the scroll generator can be
obtained.

can be

LT "n;]
[0.6400 4.3844 4.1141 59678 6.4063
93416 12.4223 21.4911 ’.-'0.5001'}]

r=ln ononononon o

r:;—lzl"'- LET SR I T T r\.?l
=[3.1207 38065 46089 59608 7.7797

11.6149 19.1984 66.1992]

Fig. 9 illustrates the scroll generating circuit to
achicve 3, 5.7 and 9 scrolls based on the
inductorless Chua’s circuit. The statuses of the
switches (S,. S;. Ss) are as follows: (off, off, off) for
3. (on, off, off) for 5. (on, on, of) for 7, and (on, on,
on) for 9 scrolls, respectively. Simulation and
experimental results are also depicted in the same
figure. The same principle and the circuit are
applied to the case of Wien bridge oscillator. As
shown in Fig. 10, both simulation and experimental
results confirm the successful applications.

The circuit structure as well as the design
formulas can be readily applied to generate even
numbers of scroll. Consider the cases of 4 and 6

IS8N: 1108-2734

serolls, the following conductances are assigned:
G,=G,=G,=-0852ms, and G =G,=G,=
-0.32m8. Bgs. (10)-(13) are pplied to caleulate the
breakpoints, and the normalized resistances obtained
as? E =[E, E, E,..E.,]=[0.2000 0.5441 0.944]

1.28811.6881], and

"‘:,-_[rn hh oK ’in]
[U.MDU B.4736 10.1060 151516 252966
71.5000]

":_-.|=]’! LT T O TR TR 'i?[

=[6.9639 9.4380 13.2402 23.7149 66.1992].

Using the same building block shown in Fig. 8, one
can realize the even scroll generating circuit as
illustrated in Fig. 11. The circuit diagrams in the
nsets of Fig. 11(a) represent the Chua’s diode, the
inductorless Chua’s circuit, and the Wien bridge
oscillator. The first chaotic core s the inductorless
Chua’s circuit of which simulated responses are
depicted in Fig. 11(b). When the Wien bridge
oscillator is in use. the inductorless Chua’s circuit is
disconnected at the point “a” at which the Wien
bridge oscillator is connected instead. There are 2
main switches for scroll generation. To generate 4
and 6 scrolls, the switches (51,52) must be (on,off),
and (on,on), respectively. Fig. 12 illustrates the
experimental results of even scroll generation with
the inductorless Chua’s circuit, and the Wien bridge
oscillator used as the chaotic core circuits. Both

477 Issue 7, Volume 9, July 2010
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simulated and experimental results show very nice
agreements, and confirm the successful applications
of the scroll generating technique. During the
experiments, sefting up the initial conditions

Watcharin Jantanate, Peter A. Chaiyasena, Sarawut Suijitiorn

through adjusting the corresponding components
was not difficult providing that good quality
components were used.

= 10k
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10k

= 10k

11
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= 10k

Chua’s diode

5.05nF 980k

Chua’s circuit

o .
v ()

(a) scroll generating circuit and simulation results
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(b) experimental results
Fig. 9 Odd-scroll generating circuit based on the inductorless Chua’s circuit.
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AN
1000

1000 yopF

100k _irm,.}'"

(a) scroll generating circuit and simulation results

ISSN: 1109-2734 479 lssue 7, Volume 8, July 2010




108

WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS Watcharin Jantanate, Peter A. Chaiyasena, Sarawut Sujitiom

(b) experimental results
Fig. 10 Odd-scroll generating circuit based on the Wien bridge oscillator.
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04

v,(V)

v, (1)

(b) simulation results
Fig. 11 Even-scroll generating circuit based on the inductorless Chua’s circuit and the Wien bridge oscillator.

' (b) 4 and 6 scrolls generated from the Wien bn'dgeclt.

Fig.12 Experimental results.

4 Conclusion

The principles of the scroll generating circuit, the
Chua’s circuits, and the Wien bridge oscillator have
been explained in the paper. The paper presents the
development of scroll generating circuits capable of
generating both odd and even numbers of scroll.
Both simulation and practical results are illustrated
for successful scroll generations with the
inductorless Chua’s circuit, and the Wien bridge
oscillator. Setting up the initial conditions for the
circuits can be simply done through adjusting some
interconnected resistances.
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