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In this paper, the phenomenon which is known as stochastic resonance is considered
to the signal processing application. Signal standing out with the presence of noise is
considered to be one of the basic problems of telecommunication and radioengineering.
The stochastic resonance effect is shown to provide significant improvement of some
characteristics of the information signal, such as power gain, and noise dispersion at
the system output at a certain optimal noise level. In the present article, Minimum
Shift Keying signal mixed with Gaussian white noise has been studied using stochastic
resonance effect. Noise coefficient, which is one of the quantitative characteristics of
noise immunity is calculated and investigated.
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1. Introduction

The main and the most difficult problem of the signal receiving is the prob-
lem of noise immunity. The problem of finding the best methods for radio signal
receiving with the noise presence is a one of the main goals in radio engineering and
telecommunication [12–14].

The researches made in 1980s brought us to paradoxical conclusions. Noise
can help amplify the signal. This phenomenon is known as stochastic resonance
(SR) [4,7,10,16]. The SR effect presents the response to the weak input signal, in a
non-linear system. The system parameters, such as power gain and signal-to-noise
ratio (SNR), have their maximum in specific conditions. Nowadays, this effect is
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fundamental and has been observed in biology, medicine, psychology, neuroscience,
etc. [2, 6, 8, 18].

SR is described by the following equation (see [1]):

𝑑𝑦/𝑑𝑡 = 𝑦(𝑡)− 𝑦3(𝑡) + 𝑥(𝑡) + 𝑛(𝑡),

where 𝑥(𝑡)+𝑛(𝑡) is an input process being additive mixture of the useful signal and
the white normal noise, and 𝑦(𝑡) is the output signal of the non-linear system.

This equation is an Abel equation of first order and it does not have an ana-
lytical solution [9].

2. Shift Keying signal standing out from the additive mixture with
noise

Currently, telecommunication systems process digitally modulated radio sig-
nals. We can cite, as an example, the Decree of the Government of Bulgaria on the
widespread use of digital television [11].

Digital modulation is the process of converting digital symbols into signals that
are compatible with the characteristics of the channel. Pulses of a given shape
modulate the sine wave. Types of modulation depend on the parameter of the
radio signal, which varies in proportion to the envelope. Since the digital signal
is a sequence of rectangular pulses, and the parameter of the carrier oscillation
at a certain point in time changes by a jump, therefore, modulation is actually a
manipulation [17].

Currently, the GSM standard uses Minimum Shift Keying (MSK). The primary
objective of spectrally efficient modulation techniques is to maximize bandwidth
efficiency. Therefore, MSK is widely used in digital telecommunication systems [5,
15].

The modulation of the MSK is as follows: The original data stream consists of
bipolar pulses. This pulse stream is divided into an in-phase stream 𝑑𝐿(𝑡) (even bits)
and a quadrature stream 𝑑𝑄(𝑡) (odd bits). The MSK waveform can be expressed
as [15]:

𝑠(𝑡) = 𝑑𝐿(𝑡) cos
𝜋𝑡

2𝑇
cos 2𝜋𝑓0𝑡+ 𝑑𝑄(𝑡) sin

𝜋𝑡

2𝑇
sin 2𝜋𝑓0𝑡, (2.1)

where 𝑇 is the width pulse and 𝑓0 is the carried frequency.
Let us determine the MSK signal for the pulsed data stream: −1; 1; 1; −1; −1;

1; −1; 1. Figure 1 presents equation (2.1) for this signal. Figure 1a and c illustrate
the sinusoidal weighting of the 𝐿- and 𝑄-channel pulses, respectively. Figure 1b and d
show the modulation of the orthogonal components cos𝜔0𝑡 and sin𝜔0𝑡, respectively.
Figure 1e illustrates the summation of the orthogonal components from Figure 1b
and d.

By adding white Gaussian noise to this signal, we apply the stochastic resonance
effect to stand out the useful signal. The result of this signal processing is shown in
Figure 2.
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Figure 1. MSK waveform

Figure 2. Standing out of the signal from additive signal-noise mixture

It can be seen from Figure 2, that it is possible to significantly reduce the noise
component of the oscillations by SR effect. In this case, the input noise dispersion
is 1 p.u., the output noise dispersion is 0.4 p.u. The signal is amplified by the SR
effect and the power gain is 𝑘 = 1.3.

In Figure 2, input MSK signal is shown by the thick line, signal-noise mixture
is illustrated by the thin line, and output signal by the dotted line.

Thus, the SR effect provides significant noise suppression and amplification of
the useful signal in communication systems with MSK modulation. Figure 3, which
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Figure 3. Amplitude spectra (input MSK signal – thick line,
signal-noise mixture – thin line, output signal – dotted line)

shows the spectra of these signals, also confirms the effective stand out of the MSK
signal.

One of the quantitative characteristics of noise immunity is the noise coefficient.
It is defined as a ratio of input signal-to-noise ratio (SNRinput) to output signal-to-
noise ratio (SNRoutput) [3].

𝐿 = SNRinput/SNRoutput. (2.2)

We can rewrite this formula in the following form:

𝐿 =
SNRinput

SNRoutput
=

1

𝐾𝑝𝐾𝑁
,

where:
𝐾𝑝 =

𝑃𝑠output

𝑃𝑠input

is the power gain;

𝑃𝑠input is the input power;
𝑃𝑠output

is the output power;

𝐾𝑁 =
𝐷input

𝐷output
is the noise reduction coefficient;

𝐷input is the input noise dispersion;
𝐷output is the output noise dispersion.
From the result, it is seen, that the decrease of the noise coefficient occurs

either as a result of an increase in power gain due to an increase in the power of the
output signal, or as a result of an increase in the noise reduction coefficient due to a
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decrease in the output noise level, or as a result of both factors simultaneously. In
fact, all these cases present the SR effect, which consists in the transition of noise
energy into the energy of a useful signal.

In Figure 2 and 3, 𝐿 ≈ 0.31, and the signal is amplified. Therefore, the power
gain is greater than 1, the noise reduction factor is also greater than 1 due to the
decrease of the output noise level.

3. Conclusion

Stochastic resonance is just beginning to be applied in telecommunication and
radioengineering. In this work, the SR effect is used for the first time for standing
out of digital signals of the telecommunication systems against the background noise.

The SR effect is investigated, which makes it possible to stand out a weak
(compared to noise) signal from an additive mixture of signal and white Gaussian
noise.

We showed that SR effect stands out the MSK signal, and provides a significant
reduction of the noise component of the signal. As a result, there is an input noise
dispersion equals 1 p.u., and the output noise dispersion equals 0.4 p.u. Simulta-
neously, the signal is amplified by the SR effect and the power gain 𝑘 = 1.3, noise
coefficient 𝐿 ≈ 0.31.

It is noted, that the decrease of the noise coefficient occurs either as a result of
the increase of the power gain, due to the increase of the output signal power, or as
a result of the increase of the noise reduction coefficient, due to the decrease of the
output noise level.
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ner Verlag, 10th ed., 1983, 696 pp, ISBN-13: 978-3519120179.

[10] Z. Lai and Y. Leng, Weak-signal detection based on the stochastic resonance of bistable
Duffing oscillator and its application in incipient fault diagnosis, Mech. Syst. Signal
Process. 8 (2016) 60–74.

[11] Project of a National Strategic Document “Digital Transformation of Bulgaria for the
period 2020–2030”: https://www.mtc.government.bg/bg/category/167/proekt-na-
nacionalen-strategicheski-dokument-cifrova-transformaciya-na-blgariya-
za-perioda-2020-2030-g (in Bulgarian).

[12] Y. Shirman et al., Radio-electronic systems: Basics of building and theory, Moscow,
ZAO Makvis, 828 pp, 1998 (in Russian).

[13] Y. Shirman et al., Radio-electronic systems: Basics of building and theory (2nd revised
Edn), Moscow, Radiotekhnika, 2007 (in Russian).

[14] C. Shraddha, M. L. Chayadevi and M. A. Anusuya, Noise cancellation and noise reduc-
tion techniques, in: 1st Int. Conf. on Advances in Information Technology (ICAIT),
2019, 119–123.

[15] B. Sklar, Digital communication. Fundamental and application, 2nd Edn, University
of California, Los Angeles, 2001.

[16] U. E. Vincent, P.V. E. McClintock, I. A. Khovanov and S. Rajasekar, Vibrational and
stochastic resonances in driven nonlinear systems. Part 2, Philos. Trans. Royal Soc. A
379(2198) (2021) 20210003, https://doi.org/10.1098/rsta.2021.0003.

[17] Yu. I. Voloshchuk, Signals and processes in radio engineering, Textbook for students of
higher educational institutions, vol. 2, OO “Company CMIT”, Kharkiv, 2003, 102–121,
ISBN 966-8530-05-5 (in Ukrainian).

[18] A. Vulpiani, Stochastic resonance in climatic change, Tellus 34(1) (2016) 10–16.

Received on March 26, 2023
Accepted on May 7, 2023

Oksana Kharchenko

Institute of Mathematics and Informatics
Bulgarian Academy of Sciences
Acad. G. Bonchev Str., Bl. 8
1113 Sofia
BULGARIA
E-mail: kharchenko@math.bas.bg

Zlatinka Kovacheva

Institute of Mathematics and Informatics
Bulgarian Academy of Sciences
Acad. G. Bonchev Str., Bl. 8
1113 Sofia
BULGARIA

University of Mining and Geology
Prof. Boyan Kamenov Str.
1700 Sofia
BULGARIA

E-mail: zkovacheva@math.bas.bg

https://www.mtc.government.bg/bg/category/167/proekt-na-nacionalen-strategicheski-dokument-cifrova-transformaciya-na-blgariya-za-perioda-2020-2030-g
https://www.mtc.government.bg/bg/category/167/proekt-na-nacionalen-strategicheski-dokument-cifrova-transformaciya-na-blgariya-za-perioda-2020-2030-g
https://www.mtc.government.bg/bg/category/167/proekt-na-nacionalen-strategicheski-dokument-cifrova-transformaciya-na-blgariya-za-perioda-2020-2030-g
https://doi.org/10.1098/rsta.2021.0003

	Introduction
	Shift Keying signal standing out from the additive mixture with noise
	Conclusion

