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The modified Chua’s circuit that realize chaotic behaviour is presented. This circuit having a simple nonlinear
element designed to be accurately piecewise-linear modelled. The circuit was modelled by using MultiSim
software environment. System’s behaviour is investigated through numerical simulations, by using well-
known tools of nonlinear theory, such as chaotic attractor and time distributions of the chaotic coordinates.
Using threshold method was practical realization of the control of chaotic attractor. This modified Chua’s
circuit that generate a chaotic and controlled attractor with a fixed period can be used in modern systems
transmitting and receiving information. Number of periodic (controlled) attractor can be used as a keys for

masking of information carrier.
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Introduction

Chaos theory have in different areas for
application, such as biology [1], economy [2-4],
plasmas [5], magnetism [6], memristor [7-19], electroni-
cs schemes [20,21], etc. There are many different circuit
realizations of the chaotic Chua’s generator.

For chaos control have been proposed many
different approaches or techniques, such as linear
feedback control, OGY, inverse optimal control,
etc [22-30]. The theoretical basis of most known
methods for control chaos is stabilizing the unstable
periodic orbits via parameter perturbation.

For modelling, analysis and demonstrate results
was selected software MultiSim.

1 Modelling and Analysis of

Non-Linear Element

Nonlinear elements — these are elements in which
the relation between voltage and current is a nonlinear
function. An example is a diode, in which the current
is an exponential function of the voltage. Circuits with
nonlinear elements are harder to analyze and design,
often requiring circuit simulation computer programs
such as SPICE.

The circuit realization for modelling and analysis
of the non-linear element is displayed in Fig. 1, with
component: one operational amplifier TL0O82; resistors
R1=R2 =220 Q, R3 =1,2kQ, R4 =6 k2, R5 = 800
Q; two diodes 1N4148; voltage — +9 V.
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Fig. 1. Circuit realization for modelling and analysis of
nonlinear characteristic
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Fig. 2. V/I characteristic of nonlinear element
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The nonlinear characteristic was modelled by the
following parameters: E =9V, f =1 kHz, R =6 kQ.
Fig. 2 shows result of modelling of nonlinear element
using MultiSim. The simulation parameters: Ul = 5
V/div, U2 =5 V/div.

2 Modelling and Analysis of
the Modified Chaotic Chua’s
Generator

Fig. 3 shows simulated scheme of the modified
chaotic Chua’s generator by using MultiSim. Circuit
was realized on the one operational amplifier TLO82,
powered by a 9 V, two diodes 1N4148, resistors R1 =
R2 =220 Q, R3 = 1.2 k2, R4 = 800 (2, potentiometer
R5 =2 kQ (1.7 k), two capacitors C1 = 10 nF, C2 =
100 nF, inductor L1 = 18 mH.
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Fig. 4 shows the result of circuit simulation.
Generated chaotic signal in the plane XY presented
on the virtual oscilloscope. Coordinate X in the ci-
rcuit correspond voltage Ugs, coordinate Y — voltage
Uci. The simulation parameters: U; = 1 V/div,
Us =2 V/div.
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Fig. 4. Chaotic attractor
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Fig. 5. Time dependences of the coordinate X and Y

In Fig. 5 shows time dependences of the coordinates
X and Y. The simulation parameters for Fig. 5: U; =
2 V/div, Uy = 5 V/div, time scale 2 ms/div.

3 Threshold method for control
of chaotic oscillations

Consider a general N-dimensional dynamical
system, described by the evolution equation &z =
F(z,t) where x = (z1,22,...,xy) are the state vari-
ables, and variable x; is chosen to be monitored and
threshold controlled. The prescription for threshold
control in this system is as follows: control will be
triggered whenever the value of the monitored variable
exceeds a critical threshold z* (i.e., when z; > z*) and
the variable x; will then be reset to z*. The dynamics
continues till the next occurrence of x; exceeding the
threshold, when control resets its value to x* again.

No run-time knowledge of F(x) is involved, and
no computation is needed to obtain the necessary
control. The method only involves monitoring a si-
ngle variable and no parameters are perturbed in the
original system. The theoretical basis of the method
does not involve stabilizing unstable periodic orbits,
but rather involves clipping desired time sequences
(symbol sequences in maps) and enforcing a periodicity
on the sequence through the thresholding action which
acts as a resetting of initial conditions. The effect of
this scheme is to limit the dynamic range slightly,
i.e., “snip” off small portions of the available phase
space, and this small controlling action is effective in
yielding a range of stable behaviors. In fact, chaos
is advantageous here, as it possesses a rich range of
temporal patterns which can be clipped to different
behaviors. This immense variety is not available from
thresholding regular systems. It can be shown analyti-
cally for one-dimensional maps and numerically for
multidimensional systems that the threshold mechani-
sm yields stable orbits of all orders by simply varying
the threshold level. But so far there had been no direct
experimental verification of this control scheme [31].
Now to experimentally demonstrate the range and effi-
cacy of the method, we implement it on the modified
chaotic Chua’s circuit. We consider a realization of
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the double scroll chaotic Chua’s attractor given by the
following set of (rescaled) three coupled ODEs:

X aly 2~ g(a)), 1)

CC% =r—y+z, (2)
dz

E = —By, (3)

where a« = 10,8 = 14.87, g(x) — piecewise li-
near function. Chaotic oscillations were if system
parameters a = 2,b = 6.7, and dynamic variables
r=12,y=0.8,2z=14.

The circuit realization of the above is displayed in
Fig. 6, with component values: capacitors C1 = 100 nF,
C2 = 10 nF, DA1-DA4 - operational amplifier TL0O82,
powered by a 9 V, GB1 — threshold reference voltage,
inductor L1 = 18 mH, resistors R1 = R2 = 1.71 kQ,
R3 = R4 =220 Q, R5 =800 2, R6 = 1.2 k), R7 =
1 k€2, potentiometer R8 = 100 k2, diodes VD1-VD3 —
1N4148.
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Fig. 6. Modified chaotic Chua’s circuit with threshold
level controlling circuit (shown in the dotted box). Vi
is the threshold controlled signal

We implement an even more minimal thresholding.
Instead of demanding that the x variable be reset to =*
if it exceeds x*, we only demand this in Eq. (2). This
has very easy implementation, as it avoids modifying
the value of z in the nonlinear element g(z), which
is harder to do. So then all we do is to implement
dy/dt = x* —y+ z instead of Eq. (2), when x > z*, and
there is no controlling action if z < x*. In the circuit,
the voltage Vr corresponds to z*.

Fig. 7 — Fig. 9 shows experimental results of the
control of chaotic oscillations.

Fig. 7. Uncontrolled chaotic attractor in the V3 — Va
plane

Fig. 8. 2-period controlled attractor obtained when
x*=2.7 V in the V; — V5 plane

Fig. 9. 3-period controlled attractor obtained when
z*=2.71V in the V; — V5 plane

Conclusions

For the first time was used threshold method for
control of chaotic oscillations for modified Chua’s
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chaotic generator. This modified Chua’s circuit that
generate a chaotic and controlled attractor with a
fixed period can be used in modern systems transmi-
tting and receiving information. Number of periodic
(controlled) attractor can be used as a keys for masking
of information carrier.
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Yupasainasg MoaAn@IKOBAHOIO XaOTH-
4YHOIO cxeMOoI0 Yya moporoBUM MeTOI0M

Pycun B., Ipubusosa JI., JTImumpiy J.-I.

B pob6ori npecrapiena MoaudikoBaHa Xa0TUYIHA CXEMA
Uya, aka peasidye xaoTwuHy noBemiuky. [la cxema wmae
MPOCTUI HEJIHIAHUN eJeMeHT, CIPOEKTOBAaHUM Tak, o0
MaTH KyCKOBO-JIiHIMHY XapakTtepuctuky. llsa mogudikoBana
cxema 4Yya, gKa TeHEpye XaOTUYHUI Ta KOHTPOJHOBAHUN
aTTpakToOp 3 (IKCOBAHMM TEPiOIOM, MOYKE BHUKOPHUCTOBY-
BATHUCHA B Cy9aCHUX CHUCTE€MAaX II€PeJABAHHS Ta IPUMMAHHS
indopmanii. Yucmo nepiogumaaux (KOHTPOJIHOBAHUX) aTpa-
KTOPIB MOK€ BUKOPHUCTOBYBATHUCS K KJIIOUl JI/TsT MACKyBa-
uud iHdopmaniiinoro Hocisg. 3a A0IIOMOIOK0 IIPOrPaMHOIO
cepemosuma MultiSim mpoBeseHo cxeMOTeXHIYHUN aHaTi3 1
MIPe/ICTaB/IEHO Pe3y/IbTATH MOJIETIOBAHHS HETHINHOTO eje-
MeHTa Ta MoaudikoBaHol xaoTudHol cxemu Uya. Jocmimxe-
HA IOBEJIHKA CHCTEMH 33 JOIOMOTOI0 HHMCEIHLHOTO MOJIe-
JTIOBaHHS, BUKOPUCTOBYIOYH BiTOMI iIHCTPYMEHTH HeJTIHIfTHOT
Teopil, Takl AK XAOTHYHHI aTPAKTOP 1 4acOBI PO3IOJLIX
XaOTHIHUX KOOPAWHAT. IIprBeeHo omuc moporoBoro MeTo-
Iy [ 3AiCHeHHS YIIPAaB/IiHHS Xa0THIYHUMA KOJTMBAHHIMA
Ta IIPEICTABJIEHO DE3y/IbTATU IIPAKTUYHOIO 3aCTOCYBAHHS

JAHOTO MEeTOAy [0 MOau(iKOBaHOI XaOTHIHOI cxeMu Uya.
IIpakTuHrMET pe3ynabTaTaMu € BUIiTEHI 2- Ta J-mepiomHi
KOHTDPOJIbOBaHI 0pbiTH i3 XaOTHIHOIO aTPaKTOPA.

Karwosi caosa: xaoc; dya; ympaBiiHHA; HDOPOTOBHit
METOJ,

YupaBiaerune MoANQUINPOBAHHON Xao-
THYHON cxemoit Yya moporoBbIM MeTO-
JA0M

Pycwn B., Ipubviaosa JI., JImumpuy J.-I.

B pabore mnpencrasieHa MoaudUIMPOBAHHASA XaOTH-
YHad cxeMa dya, KOTOpas peain3yeT XAOTHIECKOe IIOBe-
JeHre. JTa CXeMa HMMeeT IIPOCTON HeJIMHEHHBIN 3JIeMeHT,
CIIPOEKTUPOBAHHBIN TAK, 9TOOBI UMETHh KYCOYHO-JINHENHYIO
XapaKTEPUCTHUKY. DTa MOANMUIMPOBAHHAas cxeMa dya, Ko-
TOpad FreHepUpYyeT XaOTHIeCKUI U KOHTPOJIUPYeMBbIil aTTpa-
KTOD ¢ GUKCHPOBAHHBIM IIEPUOOM, MOXKET UCIIOIb30BATHCS
B COBPEMEHHBIX CHCTEMAaX MEPEeatn M IMOJIydeHus MHOOp-
maruu. KommaectBo mepuommaecknx (KOHTPOJIUPYEMBIX )
ATTPAKTOPOB MOXKET KCIOJIb30BAThCA KaK KJIIOYHU JIjid Ma-
CKUPOBKY MHGOPMAIMOHHOTr0 HocuTess. C IMOMOIIBIO TPO-
rpammHOM cpeas MultiSim nposenen cxemorexuudeckuit
AQHAJIU3 U [IPEJICTaBJIEHbl PE3yJIbTAaThl MOJE/JIUPOBAHUA He-
JIMHEHHOTO 3JIEMEHTa M MOAM(DUIIMPOBAHHON XaOTHIEeCKON
cxembr Uya. UccnenoBano moBeseHWE CHCTEMBI C TIOMO-
b0 YUCJIEHHOI'O MOJE/JIUPOBAHUMA, UCIIOJIb3ysd WU3BECTHBIE
WHCTPYMEHTHI HEJIMHEWHON TEOpWH, TaKhe KaK XaOTHIHBINA
ATTPAKTOP M BPEMEHHBbIE PACIIPENeIeHUsT Xa0TUIeCKIX KO-
opaunar. IlpuBeneno ommcanme TOPOrOBOrO METOIA LI
OCYIIECTBJICHUS] YIIPABICHUS Xa0THIECKUMU KOJICOAHMSIMI
¥ [IPeJCTABJIEHbl PEe3YyIbTAThI IIPAKTUYECKOTO IIPUMEHEHU
JAHHOTO MeTOJa K MOAu(MUIIMPOBAHHON Xa0TUIECKOH cxeme
Yya. IlpakTudecKuMHU pe3yabTaTaMHU SBJIAIOTCA BBIIEJIEH-
Hble 2- U 3-TIEPUO/IHBIE KOHTPOJIUPYEMble OPOUTHI C Xa0TH-
YECKOr0 arTpPakTopa.

Karoueswie caosa: xaoc; Uya; yupasienue; 11oporoBbrit
MeTOos,
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