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Introduction

Deterministic chaos is one of the new elements which is recently started to
be frequently used in modern communication systems. Chaotic systems allow
masking information carrier for a certain chaotic law [1]. Since mathematical
models describing the work of transmitting-receiving units of modern chaotic
information systems have become more complex, modelling of information
properties of deterministic chaos is becoming more topical [2].

Chaotic Rossler system is one of chaotic systems used for security of the in-
formation carrier, and described by three nonlinear differential equations:

dt ’
dy
— =X+ay, 1
dt y (1)
dz
—=b+z(x-c),

where X, Y, Z — dynamic variables that determine the phase space, a,b,C — sys-

tem parameters [3-5].

In communication systems using deterministic chaos big problem is the se-
lection of the same circuit parameters of generator that generate chaotic signal.
A small deviation parameters on the receiving side makes it impossible to de-
crypt the received message. The solution to this problem is to create software
that allows to generate and explore chaotic Rossler system. The software has
been created in one of the most modern system LabView (LabVIEW 2010
(32 bit) for Windows). It serves as a substitute circuit realization of the chaotic
Rossler generator.

! Enexrponnuii Bapiant cratri: http://radap.kpi.ua/index.php/radiotechnique/article/view/832
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Modelling of Chaotic Rossler System in LabView

Figure 1 shows a block scheme that implements chaotic Rossler system. The
main functional part of the block scheme is the formula node, in which recorded
three nonlinear differential equations (1).

In the input formula node served values of system parameters (a,b,C) and
values of dynamic variables (X, Y, Z). From the block scheme output is an op-
portunity to demonstrate the solution of equations in three dimensions.

When changing the system parameters and initial conditions we can be ana-

lysed in detail and investigate the behaviour of chaotic Rossler system, which

can serve as a basic element of the functional blocks of chaotic secure commu-
nication systems.
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Fig. 1. — A block scheme that implements a chaotic Rossler system

Results of the research time dependences X, Y, Z are shown in Figure 2,
with the number of iterations N =10000, the system parameters a = 0,398,
b =2, c=4 and dynamic variables that equal X=Yy =2 =1,
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Fig. 2. — Time dependences of the Rossler system
For masking of the information carrier is advisable to use variables x and y
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because the variable z does not show behaviour of chaotic system. This result is
confirmed by Fourier spectral analysis (Figure 3). Peak spectrum corresponds to
160 Hz.
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Fig. 3. — Fourier spectral analysis when the number of iterations N =10000

Figure 4 shows the software interface, demonstrating chaotic masking of the
information carrier, such as a chaotic Rossler system (1).
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Fig. 4. — Software interface for masking and decryption of the information carrier with the
chaotic Rossler system

Chaotic masking of the information carrier is provided by blending chaotic
signal with the information. As an information input was used a sinusoidal sig-
nal (useful signal) with amplitude of 1 V and parameters X=Yy=2z=1,
a=0,398,b =2, c =4. Dynamic variables and system parameters are the keys

for the masking information. The chaotic output masking signal transmitted to
the recipient. Decryption algorithm has opposite effect, i.e., in the receiving side
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recipient subtract of the chaotic signal and receive of the information signal [6].

It should be noted that the masking key of the useful (information) signal
can be used as the period number of orbits of the chaotic attractor. Table 1
shows the

Table 1

The values of varia-

Number of periods of the

A three-dimensional image

bles chaotic attractor
a=01,b=0,1, 1-period attractor
c=4
a=01b=01, 2-period attractor
c=6
a:O,l, b:Oll’ i
c_85 4-period attractor
a:O,l, b:Oll’ i
c—87 8-period attractor
a=01,b=0]1, Chaotic attractor
c=9
a:O,l, b:O,l, _ i
i1 3-period attractor
a=0,1, b:O,l, i
c=126 6-period attractor
a=01b=01, Chaotic attractor
c=13
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values of variables in which the generated different period (controlled) chaotic
attractors of the Rossler system [7].

Modeling of Chaotic Rossler System in MultiSim

Figure 5 shows simulated scheme of generator that implements a chaotic
Rossler system by using MultiSim.
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Fig. 5. — Scheme of generator that impleménts a chaotic Rossler system

Figure 6 shows the result of circuit simulation. Generated chaotic signal in
the plane XY presented on the virtual oscilloscope. Coordinate X in the circuit
correspond output of the operational amplifier ULA, coordinate Y — the output
of operational amplifier U2A, coordinate Z — the output of operational amplifier
USA.
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Fig. 6. — Simulated chaotic signal of the Rossler syste ‘

In Figure 7 shows time dependences of the coordinates X, Y and Z respec-
tively (on the oscilloscope screen from top to bottom).
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Tektronix oscilloscope-XSC1
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Fig. 10. — The spectral distribution of the Z coordinate

Conclusions

The develop scheme in LabView programming environment allows the
software to generate a chaotic attractor and controlled with a fixed period that
can be used in modern systems transmitting and receiving information. The
software interface demonstrates masking and decryption of information carrier
of the chaotic Rossler system.

Modelled circuit of generator confirms correspondence scheme-technical so-
lution to mathematical apparatus that describing chaotic Rossler system.

Bold different period orbits (see Table 1) let’s use the Rossler system in dig-
ital communication systems.
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Pycun B. b. Mooenweanna ma 0ocnioxicenns xaomuunoi cucmemu Pecnepa 3 oono-
Mo2010 npozpamuux cepedosuuy LabView i MultiSim. Y po6omi npedcmaeénenuii npoepam-
Hull inmepdeiic, wo 6y8 po3pobaenuil 8 npoepamHomy cepedosuwi LabView. Bin oae 3mocy
eenepysamu ma Oocuioxcysamu xaomuuny cucmemy Pecaepa. Ilpeocmasneno uacosuii
PO3N0O0IN MPLOX XAOMUYHUX KOOPOUHAM ma cnekmpanvHuti ananiz. Takooic npugedeHo 3ua-
YeHHSI 3SMIHHUX, NPU SIKUX 2eHEPYIOMbCsl PI3HONEPIOOHI (Kepo8aHui) Xaomuyuti ampakmopu Cu-
cmemu Pecnepa.Cmeopenuti npoepamruii inmepghetic 0eMOHCMPYE MACKYBAHHSA MA PO3UUGD-
PYBaHHS IHGhopMayitino20 HOCIA XaomuuHotw cucmemoro Pecnepa.3a oonomoezoro npoepammno-
20 cepeodosuwa MultiSim nposedeno cxemomexHiuHUll aHANI3 ceHepamopa, wo peanizye xao-
muuHy cucmemy Pecnepa. 3moodenvoeana cxema cenepamopa niomeepoxicye 8i0N08iOHICMb
CXeMOMEXHIYH020 DIUEHH MAameMamudHoMy anapamy, wjo ONUCYE XAOMUYUHY CUCEM)
Pecnepa.

Knrowuosi cnosa: xaoc, kepysanus, cucmema, Pecnep, LabView, MultiSim.

Pycvin B. b. Mooeaupoeanue u uccneoosanue xaomuueckou cucmemut Pécnepa c no-
Mouwbto npozpammuuix cped LabView u MultiSim. B pabome npedcmasiern npocpammHblii
unmep@etic, paspabomaHuslii 8 npoepammuol cpede LabView. On nozeonsem eenepuposamo
u uccrnedosams xaomuueckyio cucmemy Pécnepa. I[lpedcmaeneno epemennoe pacnpedenenue
mpex Xaomuueckux KoopoOuHam u CNeKmpanivhvlll ananus. Takowce npusedeHvl 3HaAUeHUs ne-
PEMEHHBIX, NPU KOMOPBIX 2EHEPUPYIOMCSL pa3Honepuooudeckue (ynpasisiemvle) Xaomuieckue
ammpaxmopbel cucmemsl Pénepa.Cozoanuwiii npocpammusii unmepghetic 0emMoHCmpupyem
MACKUPOBKY U PACUUppPOBKY UHPOPMAYUOHHO20 HOCUMENs XaomuyecKol cucmemou Pécrne-
pa. C nomowwto npocpammuot cpedvt MUltiSim nposeden cxemomexHuueckull aHamiu3 2eHe-
pamopa, umo peanuzyem xaomuueckylo cucmemy Pécnepa. Cmodenuposannas cxema ceme-
pamopa noomeepaicoaenm coomeemcmeaue CXemMomexHuyecKko20 peueHus MamemamuiecKkomy
annapamy, 4mo onucvléaem xaomuyeckyio cucmemy Pécunepa.

Knroueswie cnosa: xaoc, ynpaenenue, cucmema, Pécnep, LabView, MultiSim.

Rusyn V. B. Modelling and Research of Chaotic Rossler System with LabView and
Multisim Software Environment

Introduction. In this paper a theoretical basis of chaotic Rossler system is presented.

Modelling of Chaotic Rossler System in LabView. Programming interface developed in
LabView software environment is submitted. It allows generating and researching chaotic
Rossler system submitted by time distribution of three chaotic coordinates and spectral analy-
sis. Values of variables in which generated different period (controlled) attractors of the cha-
otic Rossler system are also submitted. The software interface demonstrates masking and de-
crypt information carrier of the chaotic Rossler system.

Modelling of Chaotic Rossler System in MultiSim. Scheme technical analysis circuit of a
generator that implements a chaotic Rossler system is conducted using MultiSim software
environment.

Conclusions. Circuit of generator confirming correspondence scheme-technical solution
to mathematical apparatus describing chaotic Rossler system is modelled.

Keywords: chaos, control, system, Rossler, LabView, MultiSim.
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