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Abstract. The paper presents an algorithm proposed for diagnosis of chaotic process in a nonlinear
dynamic system. The algorithm is illustrated by examination of a classical Lorenz system.
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1. INTRODUCTION

To study the irregular processes in nonlinear dynamical systems (NDS) different
methods are used: physical experiments, numerical and analytical methods, computer
modeling and simulation. Some of them are related to visual diagnosis of the process
[1,2] and are applicable only at initial diagnosis and prediction of chaotic behavior.

More accurate evaluation of the process is given by analytical and numerical
methods [3], the result is objective and convenient also for creating algorithms for
synthesis of chaotic systems.

Undoubtedly, the diagnosis methods and the choice of diagnostic criteria depend
on the particular system and tasks assigned for solving. It is typical for all of them
that they are built based on the main properties of chaotic fluctuations [5,6].
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Considering these properties, the research methods of the NDS, given in Fig. 1,
are systemized and the paper presents an algorithm proposed for the diagnosis of
chaotic processes in NDS. The algorithm is illustrated on the basis of the Lorenz sys-
tem [4], which is a classical example of the existence of chaotic fluctuations.
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2. ALGORITHM FOR DIAGNOSIS OF CHAOTIC PROCESSES IN NDS

The examination on the nature of the processes in NDS starts with construction of
a phase portrait as shown in Fig. 2.
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The analysis of the phase portrait allows to judge about the topological structure
of the chaotic process. Here it is useful to examine also the qualitative transfor-
mations of the phase portrait in altering parameters of the examined system, i.e. the
bifurcation diagram. In regard to the attractor characteristics, it is appropriate to de-
termine also its dimensionality, as the fractal dimensionality [6] indicates for exist-
ence of a fractal structure, i.e. "Strange™ attractor.

Undoubtedly, however, the most important feature of the attractor is the presence
of Lyapunov indicators and their spectrum [5]. They determine the stability of the at-
tractor orbit. The presence in the spectrum of minimum one positive Lyapunov indi-
cator means instability of the examined phase trajectory. The largest Lyapunov indi-
cator being positive is a necessary and sufficient condition for chaotic of the system
[5].

After examining NDS by these basic criteria and detecting the signs of chaotic
behavior, the other properties of irregular processes are tracked as well: the nature of
time dependencies, sensitivity to initial conditions and changes of the autocorrelation
function.
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3. ILLUSTRATIVE EXAMPLE

The proposed algorithm for diagnosis of chaotic regime is discussed on the basis
of the Lorenz system with classical parameters =10, p=28 u p=8/3 [4]:

x=o(y-x)
y=pX—Y—XZ (1)
2=xy -z

For the purpose of research, a simulation model is developed in Matlab/Simulink en-
vironment (Fig. 3) to obtain the phase portrait (Fig. 4) and timing diagrams (Fig. 6).
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The spectrum of Lyapunov indicators is calculated using Matlab and shown in
Fig. 5. The chaotic of the system is confirmed with the existence in the spectrum of
maximum positive indicator A, >0.
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Fig. 6 shows the timing diagrams illustrating the complete lack of periodicity in
the amplitude of phase variables x, y, z.

One of the most significant features of the chaotic process, sensitivity to initial
conditions, is evident by the dependencies shown in Fig. 7 where the solution with
two different initial values is given: x;(0)=10, x';(0)=9.

Through numerical study in Matlab, the amendment of the autocorrelation func-
tion (Fig. 8) for the variable x of system is built (1). It can be seen that the autocorre-
lation function strongly decreases, which is another evidence for chaotic of the pro-
cess.
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4. CONCLUSION

While studying the chaotic in NDS, it is not necessary to check all criteria and
features of the irregular processes, since many of them are interchangeable. The
complex of diagnostic methods for a chaotic process is sufficient to include examina-
tion on the phase space and calculation of the spectrum of Lyapunov indicators as il-
lustrated by the algorithm proposed in this paper.
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