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1. Introduction  
Development of radio technical systems based on the effects of stochastic and chaotic speaker is 

promising. The task of developing such systems it is necessary to focus on using the results of theoreti-
cal research of processes in nonlinear radiophysical systems. To describe the dynamics of such systems 
are used nonlinear differential equations of Lorenz or Ressler model type [1, 2] are mainly used to de-
scribe the dynamics of such systems. Currently, to generate chaotic signals are used by models on  
the basis of the generator Chua [3, 4], logistic map, TENT-dimensional display and two dimensional 
display of Hannon [5–9], three or more high-dimensional mappings display Richter [10–14], the genera-
tor of the Van der Pol nonlinear feedback [15]. 

The subject of this research is the nonlinear filtering of a mixture of chaotic oscillations and noise 
on the basis of the effect of stochastic resonance occurring in a bistable system, with the objective of 
allocating the information of a chaotic signal. Usually believe the noise is “white”, and the signal is nar-
rowband. As a bistable system can be applied Schmitt trigger. In this formulation, the effect of stochas-
tic resonance is investigated completely enough in theory. The effect of stochastic resonance is a phe-
nomenon in which the response of a nonlinear system to a weak external signal increases with the in-
crease of the noise intensity up to a certain optimum value. The real-time information signals have a cer-
tain frequency band, taking into account current trends on the use of complex modulation schemes and 
the extension band signals to transmit information, it is necessary to consider the phenomenon of sto-
chastic resonance in application to such signals. When you use the phenomenon of stochastic resonance 
in a bistable nonlinear dynamical system, the conditions for enhancing weak information signal as a re-
sult of its interaction with noise. For the simulation of a real information signal (speech, music) can be 
used of the chaotic oscillation. Chaos, presented in the form of time sequence data is viewed as a mani-
festation of a deterministic dynamics, albeit complex, typical for nonlinear systems. From a modern 
point of view of chaotic and stochastic oscillations can be identified by various methods. Nonlinear dy-
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namic systems exhibiting chaotic dynamics, and under the influence of noise is studied in theoretical 
terms. There are applied research in nonlinear filtering, but they are dedicated to the signals with  
the classical modes. To bring the theoretical research at the level of mathematical models for practical 
use in radio engineering systems, for example, the effect of stochastic resonance for signal extraction 
from additive mixture of signal and noise is a challenge for further research. In most of the studies have 
noted the potential use of the effect of stochastic resonance to enhance the relationship of signal power 
to noise power. Are invited to explore these processes in the applied aspect, the program circuit simula-
tion Multisim. Previously, the results of mathematical modeling were presented at the previous confe-
rence [16]. 

 
2. Modelling 
In Multisim assembled generator of chaotic oscillations of nonlinear filter based on the bistable sys-

tem, the Schmitt trigger, the noise source is an internal generator “thermal_noise”. What is happening, in 
such a system, processes are observed and analyzed using the virtual instruments. In Fig. 1 a model dia-
gram of the entire device is shown. Generation of chaotic oscillations is a transistor oscillator with a res-
onant system, ladder type. Schmitt trigger and other auxiliary devices are assembled on operational am-
plifiers. 

 

 
Fig. 1 

 
In Fig. 2 an example of the entire device is shown, the processes are displayed on the monitors vir-

tual devices. Top left are the waveforms of the input and output passed through the nonlinear filter of 
fluctuations. Below, respectively, the implementation of noise and signal with added noise. Right, top  
to bottom, respectively, the spectrum of the signal with added noise, the spectrum of the signal and  
the spectrum of fluctuations at the output of the nonlinear filter. The parameters of all three spectrum 
analyzers are the same [17].  



Казимиров А.Н., Тележкин В.Ф.             Нелинейная фильтрация 
                хаотического сигнала при наличии шумов 

Вестник ЮУрГУ. Серия «Компьютерные технологии, управление, радиоэлектроника».  
2018. Т. 18, № 3. С. 133–142  

135

In the absence of noise the signal level is insufficient to switch the Schmitt trigger, so the output 
signal of the nonlinear filter (Fig. 3). 

 

 
Fig. 2 

 

 
Fig. 3 

 
The spectrum of chaotic oscillations (envelope spectrum) at the output of the transistor oscillator is 

shown in Fig. 4. 
In Fig. 5 the spectrum of the noise added to the chaotic oscillation is shown. 
A mixture of chaotic oscillations and noise, and separate the “noise path” is shown in Fig. 6. 
Switching of the Schmitt trigger begins to happen, but the noise level is still far from optimal and 

the dynamics of the process at the output of the nonlinear filter does not match the signal, chaotic oscil-
lation at the input (Fig. 7). 
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Fig. 4 Fig. 5 
 

 
Fig. 6 

 

 
Fig. 7 

 
If the noise level increases and becomes close to the optimum, then input signal and its spectrum 

appear quite noisy (Fig. 8 and 9). 
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Fig. 8 

 

 
Fig. 9 

 
The input oscillation and the oscillation output of the Schmitt trigger for this case is shown in  

Fig. 10. 
 

 
Fig. 10 
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In the case of optimal noise spectrum of the input fluctuations (additive mixture of chaotic oscilla-
tions and noise) is shown in Fig. 11, and the chaotic oscillation and the oscillation at the output of  
the nonlinear filter – in Fig. 12. The spectrum of output fluctuations, respectively, is in Fig. 13. 

 

 
Fig. 11 

 

 
Fig. 12 

 

 
Fig. 13 

 
With increasing noise levels above the optimum in Fig. 14 shows the original chaotic oscillation 

and the oscillation at the output of the nonlinear filter. The spectrum of output oscillations is in Fig. 15. 
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In the spectrum of the output oscillations increases the level of high frequency components and  
the whole dynamics of the output process less corresponds to the original chaotic oscillation. 

 

 
Fig. 14 

 

 
Fig. 15 

 
Studies have shown the possibility of separating complex signal from its mixture with noise. Circuit 

simulation reduces the time of study compared to the theoretical research and then will quickly move to 
the physical implementation of the device. 
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Создание радиотехнических систем на основе эффектов стохастической и хаотической 
динамик является перспективным направлением. Задачу разработки таких систем необходимо 
ориентировать на использование результатов теоретических исследований процессов в нели-
нейных радиофизических системах. Предметом настоящего исследования является нелиней-
ная фильтрация смеси хаотического колебания и шума на основе эффекта стохастического ре-
зонанса, происходящего в бистабильной системе, с целью выделения информационного хао-
тического сигнала. Обычно полагают шум «белым», а сигнал узкополосным. В качестве бис-
табильной системы может быть применен триггер Шмитта. Для узкополосных сигналов  
эффект стохастического резонанса исследован достаточно подробно в теоретическом плане, 
для широкополосных информационных сигналов прикладные исследования недостаточны. 
Эффект стохастического резонанса – это явление, при котором отклик нелинейной системы 
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на слабый внешний сигнал усиливается с ростом интенсивности шума до некоторого его оп-
тимального значения. При исследовании радиотехнических систем в качестве информацион-
ных могут использоваться хаотические колебания. Теоретической базой для исследований 
систем обработки информации в радиотехнических системах с использованием хаотических 
сигналов служат исследования в области нелинейной радиофизики. Особое значение при этом 
имеет отбор решений на модельном уровне, в частности по результатам схемотехнического 
моделирования практически реализуемых устройств на существующей элементной базе. 

Ключевые слова: стохастический резонанс, хаотическая динамика, бистабильная сис-
тема, триггер Шмитта, нелинейная динамическая система, хаотическая динамика, опти-
мальный уровень шума, нелинейный фильтр, спектральный анализ исследуемых колебаний.  
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