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Introduction. General scientific fields where can be used circuits that realize chaotic behavior and generate
chaotic oscillations are presented. Methods for control of chaotic oscillations are also presented. For modelling,
analysis and demonstrate results was selected MultiSim software environment.

Modelling and Analysis of Non-Linear Element. This modified Chua’s circuit has a simple non-linear
element, designed to have a piecewise-linear characteristic, that is, a combination of an opamp with two
diodes that are mutually inline. For realization of nonlinearity, for two diodes do not need a separate power
source, only one bipolar power source for the opamp is enough. The scheme for modelling of the nonlinear
element and the results of computer simulation, i.e. the volt-ampere characteristic (VAC) at certain values of
the components of the scheme’s nominal values, is presented. This modified Chua’s circuit, which generates
a chaotic and controlled attractor with a fixed period, can be used in modern transmission and reception
systems of information.

Modeling and Analysis of the Modified Chaotic Chua’s Generator. System’s behavior is investigated
through numerical simulations, by using well known tools of nonlinear theory, such as chaotic attractor and
time distributions of the chaotic coordinates.

Threshold Method for Control of Chaotic Oscillations. System of equations that realize chaotic
oscillations of Chua’s circuit is presented. Using threshold method was practical realization of the control
of chaotic attractor. This modified Chua’scircuit that generate a chaotic and controlled attractor with a
fixed period can be used in modern systemstransmitting and receiving information. Number of periodic
(controlled) attractor can be used as a keys formasking of information carrier.

Conclusions. For the first time was used threshold method forcontrol of chaotic oscillations for modified
Chua’schaotic generator. This modified Chua’s circuit thatgenerate a chaotic and controlled attractor
with afixed period can be used in modern systems transmittingand receiving information. Number of
periodic(controlled) attractor can be used as a keys for maskingof information carrier.
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Introduction 1 Modelling and Analysis of
Non-Linear Element

Chaos theory have in different areas for
application, such as biology [1], economy [2-4],

plasmas [5], magnetism [6], memristor [7—19], electroni- Nonli‘near elements — these are elem(?nts in WhiCh
cs schemes [20,21], etc. There are many different circuit the relation between voltage and current is a nonlinear
realizations of the chaotic Chua’s generator. function. An example is a diode, in which the current

is an exponential function of the voltage. Circuits with
For chaos control have been proposed many nonlinear elements are harder to analyze and design,
different approaches or techniques, such as linear often requiring circuit simulation computer programs
feedback control, OGY, inverse optimal control, such as SPICE.
etc [22-30]. The theoretical basis of most known
methods for control chaos is stabilizing the unstable The circuit realization for modelling and analysis
periodic orbits via parameter perturbation. of the non-linear element is displayed in Fig. 1, with
component: one operational amplifier TL082; resistors
For modelling, analysis and demonstrate results R1 = R2 = 220 2, R3 = 1,2 k02, R4 = 6 k2, R5 =
was selected software MultiSim. 800 2; 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

The nonlinear characteristic was modelled by the
following parameters: £ =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 DModelling 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.

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 Ucq, coordinate Y — voltage
Uci. The simulation parameters: U; = 1 V/div,
Us =2 V/div.
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Fig. 4. Chaotic attractor

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.
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Fig. 5. Time dependences of the coordinate X and Y

3 Threshold method for control
of chaotic oscillations

Consider a general N-dimensional dynamical
system, described by the evolution equation = =
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
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Fig. 6. Uncontrolled chaotic
attractor in the V7 — V5 plane

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; > x*) and
the variable x; will then be reset to z*. The dynami-
cs continues till the next occurrence of z; exceeding
the threshold, when control resets its value to z*
again. No run-time knowledge of F(z) 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
the double scroll chaotic Chua’s attractor given by the
following set of (rescaled) three coupled ODEs:

X aly 2 g(a)] 1)
Y oyra (2)
sy, 3)

Fig. 7. 2-period controlled attractor
obtained when z*=2.7 V in the
Vi — V5 plane

Vi — V5 plane

where o = 10,8 = 14.87, g(z) — piecewise li-
near function. Chaotic oscillations were if system
parameters a = 2,b = 6.7, and dynamic variables
r=12,9y=0.82z=14.

The circuit realization of the above is displayed in
Fig. 9, with component values: capacitors C1 = 100 nF,
C2 = 10 nF, DA1-DA4 — operational amplifier TL082,
powered by a 9 V, GB1 — threshold reference voltage,
inductor L1 = 18 mH, resistors R1 = R2 = 1.71 k{2,
R3 = R4 =220 Q, R5 = 800 2, R6 = 1.2 k), R7 =
1 k€2, potentiometer R8 = 100 k2, diodes VD1-VD3 —
1N4148.

Fig. 9. Modified chaotic Chua’s circuit with threshold
level controlling circuit (shown in the dotted box). Vp
is the threshold controlled signal

We implement an even more minimal thresholding.
Instead of demanding that the = variable be reset to x*
if it exceeds z*, we only demand this in Eq. (2). This
has very easy implementation, as it avoids modifying
the value of x in the nonlinear element g(x), 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 x < x*. In the circuit,
the voltage Vr corresponds to x*.

Fig. 6 — Fig. 8 shows experimental results of the
control of chaotic oscillations.

Fig. 8. 3-period controlled attractor
obtained when z*=2.71 V in the
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YopaBjainad wMoandikKOBAaHOIO XaOTHU-
YHOIO cxeMOI0 Yya ImoporoBuM MeTOI0M

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

B pobGori mpencrasirena MoaudikoBaHa XaOTHUTHA CXe-
ma Uya, sgka peasidye XaOTWYHY MOBeMiHKY. llpmBemena
cucrema qudepeHmiiHNX PIBHAHD, IO OLUCYE [TAHY CXEMY
[IpY MEBHUX 3HAYEHHSX CHCTEMHMX I1apaMeTpiB Ta Modva-
TKOBUX yMOB, T€Hepy€ XaoTWdHwil arpakTop. Lls cxema
MA€ [POCTUM HEJIHIAHMUI ejleMeHT, CIPOEKTOBAHMI TakK,
o6 MaTH KYCKOBO-JIHIHHY XapaKTepPUCTUKY, TOOTO KOM-
GiHAIiO omeparifiHOro miICUIoBaYa 3 JBOMA IIOJaMU, IO
BBIMKHEHI Ha3ycrpiu oaua oxuomy. g peasiizauii mesi-
HIHOCTI, /1T IBOX IOiB HE MOTPiOHO OKPEMOro JIKEPEsIa
JKWBJIEHHS, HOCTATHHO JIUIIE OIHOTO IBOIIOJISPHOTO YKUB-
JIEHHST JJIs1 OTreparliiitHoro migacmiaioBada. [IpuBemeno cxemy
O1d JOC/TLMXKEeHHS HeJIHIMHOTO eJIEMEeHTY Ta pe3yJIbTaTH
KOMIT IOTEPHOTO MOJIE/TIOBAHHsI, TOOTO BOJIbT-aMIIEPHY Xapa-
krepuctuky (BAX) mpu nmeBHuX 3HAUEHHSIX HOMIHAJIB KOM-
mouenTiB cxemu. [{g moamdikoBana cxema Hya, sika remepye
XaOTUYHHUI Ta KOHTPOJIbOBAHHI aTpakTop 3 (iKCOBaAaHUM
epioIoM, MOYKe BHKOPUCTOBYBATHCS B CYIACHUX CHUCTEMaX
nepeaBaHHs Ta NpuUiMaHHS iHdOpMarii. YIpaBiiHHS Xa-
OTUYHUMHU KOJIMBAHHAMHU € JIOCUTHh BalKJIUBHUM IIPOIECOM
B PAJIOTEXHIII Ta TEJeKOMYHIKAIIAX. UUCI0 BUIIIEHUX
OKpeMuX MepioguaHnX (KOHTPOJHLOBAHUX) ATPAKTOPIB MO-
7K€ BUKOPHUCTOBYBATHCS K KJIIOYl [ MaCKyBaHHs iHDOD-
MAIiHOTO HOCis. 3 JOTTOMOTOIO ITPOTPAMHOTO CEPEIOBUIIA
MultiSim mpoBeneno cxemoTexHiYHUI aHAII3 1 IpeaCTaB-
JIEHO DPe3yIbTaTHh MOE/TIOBAHHS HEJIIHINHOTO eleMeHTa Ta

momudikoBanoi xaotuanol cxemu Uya. docmimkena mose-
MIHKA CUCTEMU 33 JOMOMOTOI0 HYHMCEIBHOTO MOIE/TIOBAHHS,
BHKODHCTOBYIOYH BiZIOMi IHCTPYMEHTH HeJIHIWHOI Teopii,
TaKl AK XAOTHUYHMI aTPAKTOP 1 YacoBi POBIOILIHA Xao-
TUYHUX KOOpAWHAT. IIpMBEIEHO OmMC MTOPOTOBOTO METOIY
JUIsL 3OIMCHEHHS YIPABJIHHS XAOTHIHUMU KOJIMBAHHIMUI
Ta IPEICTABIEHO DPE3y/IbTATU MPAKTUIHOTO 3aCTOCYBAHHS
JQHOTO METOIY M0 MOAu(IKOBAHOI XaOTUUHOI cxemu Jya.
IIpakTuaarME pe3ynpTaTaMu € BUALTEHI 2- Ta 3J-mepiomHi
KOHTPOJ/IbOBaHI OpOiTH 13 XaOTHYHOIO aTPaKTOPA.

Karouost caosa: xaoc; Uya; ympaBiiHHS; TOPOTOBHI
MeTOZ,

YupaBiaerune MOAN(PUINPOBAHHON Xao-
THYHON cxemoit Yya moporoBbiM MeTO-
A0M

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

B pabore mnpencrasieHa MoaudUIMpPOBAHHASA XaOTH-
YHad CcxeMa dya, KOTOpas Deain3yeT XAOTHUECKOe IIOBe-
JeHre. DTa CXeMa HMMEeT IIPOCTON HEeJMHEHHBIA 3eMeHt,
CIIPOEKTUPOBAHHBIN TAK, 9TOOBI UMETh KYCOYIHO-JINHENHYIO
XapaKTEPUCTHUKY. DTa MOAMpUIIMpPOBaHHAsS cxeMa Hya, KO-
TOpad reHepupyeT Xa0THIeCKU U KOHTPOJUPYEMBIil aTTpa-
KTOD ¢ GUKCHPOBAHHBIM IIEPUOIOM, MOXKET UCIIOIb30BATHCS
B COBPEMEHHBIX CHCTEMAaX TEePeIadn W MOJIydeHust HHGOp-
maruu. KommaectBo mepuommaecknx (KOHTPOPYEMBIX )
ATTPAKTOPOB MOXKET KCIOJIb30BAThCHd KaK KJIIOYM JIjid Ma-
CKUPOBKY MHGOPMAIMOHHOTr0 HocuTess. C IMOMOIIBIO IPO-
rpammHON cpeast MultiSim nposenen cxemorexHudeckuit
AQHAJIU3 U [IPEJICTaBJIEHbl PE3yJIbTaThl MOJE/JIUPOBAHUA He-
JIMHEHHOTO 3JIEMEHTa M MOIM(DUIIMPOBAHHON XaOTHIEeCKOMN
cxembl Uya. UccnenoBano moBeseHWE CHCTEMBI C TIOMO-
IO YUCJIEHHOI'O MOJE/JIMPOBAHUMA, UCIIOJIb3ysd WU3BECTHBIE
WHCTPYMEHTHI HEJIMHEHHON TeOpWH, TaKhe KaK XaOTHIHBINA
ATTPAKTOP M BPEMEHHbIE PACIIPeeIeHU Xa0TUIeCKIX KO-
opaunar. IlpuBeneno ommcanme IIOPOrOBOrO METOAA LI
OCYIIECTBJIEHUsT YIIPABJIEHUS XaOTUYECKUMU KOJIeOAHUSIMU
¥ [PeJCTABJIEHDbl Pe3YyIbTAThI IIPAKTUYECKOTO IIPUMEHEHU
JAHHOTO MeTO[a K MOAu(UIMPOBAHHON Xa0TUYIECKOH cxeme
Yya. IIpakTuaecKkuMu pe3y/bTaTaMU SABJISIOTCS BBIIEICH-
Hble 2- U 3-TIEPUO/IHBIE KOHTPOJIUPYEMble OPOUTHI C Xa0TH-
YEeCKOro arTpaKTopa.

Karueswe caosa: xaoc; Uya; ympasieHue; IIOpOroBBIit
MeTO/T
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