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Abstract

In the work based on wavelet processing of signals in the Mexican HAT mother base, a
mathematical (method) and algorithmic support for wavelet detection of useful signals in
electronic communications against the background of noises was developed. 3D and 2D
(averaged 3D) wavelet spectra, taking into account scale and shift indicators, are used as wavelet
features for signal detection. Wavelet software for detecting useful signals in electronic
communications has been developed in the Matlab environment. It is established that the
developed software provides reliable wavelet detection of signals in electronic communications
by wavelet spectra with the Mexican HAT basis function, which quantitatively and visually reflect
the presence/absence of useful signals in electronic communications with noises.
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1. Introduction

Signals (carriers of useful information) that are transmitted and received through electronic
communications are always subject to various noises. This can lead to a complete distortion
of signals, rendering them unrecognizable [1-9]. The processing of such distorted signals or
the absence of a useful component in their structure (significant predominance of noises
power over the level of the useful signal) can lead to incorrectness and unreliability of
further processed results and, as a result, decisions made. Therefore, an important task for
scientists in the field of electronic communications research is the process of reliable
detection of useful signals as the first stage of further processing of the signal with an
accurate determination of the useful signal in its composition. Such detection is necessary
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to avoid the process of further processing of the detected signal in case of absence of a useful
component in its composition.

Fundamental researchers in the field of signal detection are scientists, in particular
L. Rabiner, B. Gould, V.A. Kotelnikova, V.I. Tikhonov and others.

To detect signals, computer tools are used, in particular their software, which is
implemented on mathematical support (processing methods), in particular: correlation
(V.I. Tikhonov), cross-correlation (V. Kulakova), statistical (Zubakov V.D., Vaishtein L.A.),
neural networks (Tsymbaliuk I, Horbatyi 1.) [10], statistical method (Myasnikov E.N.,
Zaboronkova T.M. Kogan, L.P.) [11], synphase/component (Khvostivska L.V,
Khvostivskyi M.O., Dediv 1.Yu., Koval L.M. [12-15]), wavelet processing in the Morlet basis
(Khvostivska L.V., Kazmiriv V.V., Remez A.V. [16]). All of the mentioned methods, except
for wavelets, do not make it possible to investigate fluctuation processes in the structure
of the studied signals, which is relevant for the detection and subsequent recognition of
useful signals in electronic communications with noises when taking into account the
parameters of time variability and time shifts.

2. Mathematical support of signal detection in electronic
communications

In electronic communications of the linear type, signals are described by an additive image,
which is shown in Figure 1.
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Figure 1: Additive signal model in electronic communications with noises.

The image of the signal model (Figure 1) provides a description of such signals in
electronic communications §(t) through the summation of noises n(t) that are formed by

external/internal (hardware) influences.

To detail the parameters of signals in distorted environments, an analytical method was
used in the study of variations in the values of real signals [21, 22]. This allows the correct
mathematical description of signals as a basis for the development of an effective method
of detecting useful signals in electronic communications with noises.



Figure 2 shows an amplitude modulated (AM) signal with noise.
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Figure 2: AM signal with noise.

The AM signal is characterized by randomness due to noises and repeatability of the
modulation process during transmission. The amplitude values of the signal vary over time
with the value of a certain deviation in relation to the average value of the useful signal,
which leads to a fluctuation phenomenon, as can be seen in Figure 2. If you study the
fluctuation phenomenon of the signal in time space, then, accordingly, you can quickly
detect useful signals in an interfering environment.

The signal detection method should constructively take into account the fluctuation
indicators of the studied signals in different time scales. These requirements are met by
methods of wavelet transformation with different bases, which constructively provide the
process of studying fluctuations in the signal structure at different time scales.

During wavelet processing, a scaling parameter is used to cover the short waves of the
entire time range. This allows you to analyze fluctuations in the signals and detect changes
in the time shift within the parent basis function.

The core of the wavelet signal detection method by its wavelet processing is based on
the following expression [17]:

Clab)=—- Selthtanb), (1)

1
where b - shift; a - scale; T - normalizing coefficient; l//(t,a,b) - the mother basis
a

function, which provides the definition and study of the fluctuation process in the signal,
which is extremely relevant for the detection of a useful signal in electronic communications
with noises (wavelet detection procedure).

Well-known basic wavelet functions, including Gauss, Haar, Mexican HAT, Morle, and a
number of others [3, 18-20], are quite often used for continuous wavelet processing of



various signals. Mexican HAT and Morlet as parent functions are structurally similar to real
modulated signals, taking into account the indicators, so the use of these functions for
correlation from signals is reasonable.

When choosing the parent function of signal processing for the purpose of obtaining
wavelet estimates for their detection in electronic communications with noises, preference
is given to the use of the basic Mexican HAT parent function. The process of variability of
the selectivity of the Mexican HAT base in the frequency domain guarantees the presence
of dominant frequencies in the signals, which is subject to modulation.

The Mexican HAT function is formed by double differentiation of the Gaussian function:

l//(t)El(tTajzje[tb:T. 2)

An example of the implementation of the Mexican HAT is shown in Figure 3.
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Figure 3: View of the mother function of the basis of the Mexican hat (Mexican HAT).

Mexican HAT is structurally similar to modulated signals, so their correlation is relevant
for wavelet detection.

3. Algorithmic  support for signal detection in electronic
communications

Figure 4 shows the wavelet algorithm for detecting signals in electronic communications
with noises based on the wavelet transform.
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Figure 4: The structure of wavelet signal detection.

The following operations are present in the structure shown in Figure 4:

- Wavelet processing of signals in interfering electronic communications is carried
outaccording to expressions (1-2) in order to calculate features of wavelet detection C(a,b)

, which characterize fluctuating processes in signals of different time scales.
- Calculation of the Fourier transform (transition to the invariant region) S(a,b, f)

and evaluation of features of wavelet detection of signals Y(S(a,b, f));

- The process of making decisions based on morphological analysis or visual analysis
regarding the presence of a useful signal in electronic communications with noises.
When estimating values of wavelet spectra of signals S(a,b, f), the procedure of

averaging values by time shifts was applied, using the expression

Y(S(a,b, f))=M,{S(a,b, T )}. (3)

where M, - operator of averaging on shift b.



When using wavelet processing expressions in the Mexican HAT base, an algorithmic
support for signal processing has been developed for its detection in the form of an
algorithm, which is shown in Figure 5.
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Figure 5: Wavelet signal detection algorithm with Mexican HAT base function

The wavelet signal detection algorithm (Figure 5) includes the following stages:

Loading the signal & (t).
Enter the values of scale coefficients a=1amax, time shift b=1bmax and time
range limits given through the numerical sequence t =0,tmax.

3. Calculation of frequency w and values of mother function Mexican HAT y (t)
Calculation in a cycle of coefficients-wavelet C(a, b) with values a,b,t.

5. Application of Fourier to process wavelet coefficients for the purpose of transition
to the frequency space S(a, b, f )

This process obtains wavelet coefficients for given signal parameters and uses a Fourier
tool for frequency analysis.



The detection algorithm provides the signal processing process when applying the
Mexican HAT mother function. This makes it possible to study signal fluctuations in time
and frequency spaces in 3D projection during its wavelet detection. This approach
reproduces all the structural variations of the signal in the conditions of interfering

electronic communications, which serve as an indicator of the detection of a useful signal
among various noises.

4. Wavelet detection results of signal detection

The results of wavelet detection of signals in the mother in the base of the Mexican HAT
under the influence of noises with root mean square deviation (RMSD) at the levels of 0-
0.6V2 in the form of spectra are shown in Figure 6-9.

(=]
w

Spectrum level, V
°
o

Amplitude, V
°

a
S

o W . W L W -
0 0.5 1 1.5 2 25 3 35 4 45 5
Time, sec

Shift
(a) (b)
Figure 6: 3D spectra (b) wavelet of signal detection (a) (without the influence of noise with
RMSD=0V2) when using the Mexican HAT mother base.
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Figure 7: 3D spectra (b) wavelet of signal detection (a) (influence of noise with
RMSD=0.2V2) when using the Mexican HAT mother base.
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Figure 8: 3D spectra (b) wavelet of signal detection (a) (influence of noise with
RMSD=0.4V2) when using the Mexican HAT mother base
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Figure 9: 3D spectra (b) wavelet of signal detection (a) (influence of noise with
RMSD=0.6V?) when using the Mexican HAT mother base

Based on the results of wavelet detection (Figure 6-9), it can be determined that the
component of the wavelet spectrum of the useful signal is clearly localized in electronic
communications with noises with different levels of RMSD of noises (from 0.2 to 0.6 V2) per
500 displacement (shift) on all numerical scales.

The calculated spectra numerically and visually make it possible to draw a conclusion
about the presence or absence of a signal in electronic communications based on a clearly
localized spectrum of the useful signal.

When evaluating the 3D presentation of the S(a,b, f) signal spectra, statistical
processing was applied to them, in particular, the averaging procedure by time shifts

(shifts). Statistically evaluated 3D representation of the signal spectra at the RMSD level of
noises 0-0.6 V2 is shown in Figure 10-13.
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Figure 10: Average values of the 3D signal spectrum (noise power - 0 V2).
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Figure 11: Average values of the 3D signal spectrum (noise power - 0.2 V2).
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Figure 12: Average values of the 3D signal spectrum (noise power - 0.4 V2).
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Figure 13: Average values of the 3D signal spectrum (noise power - 0.6 V2).



The averaged realizations of wavelet spectra (Figure 10-13) allow for a more detailed
comparative analysis of data in comparison with 3D representations of spectra. This
guarantees the effectiveness of the reliable wavelet detection procedure in signals in
electronic communications with noises.

The averaged spectra (Figure 10-13) (2D view) allow for a more detailed comparative
characterization of the calculated data in comparison with 3D views of the spectra, which
ensures the effectiveness of the procedure for reliable and accurate wavelet detection of
signals in electronic communications with noises.

The reliability indicator is provided due to non-shifting (non-displacement) and stability
of the spectrum structure for different levels of noise RMSD. This testifies to their invariance
and informativeness, which confirms the suitability of new features for wavelet detection
of signals in electronic communications with noises.

The developed software enables reliable and accurate wavelet detection of signals in
interfering electronic communications by 3D and 2D representations of spectra calculated
as a result of wavelet processing with the Mexican HAT basis function.

5. Automated wavelet signal detection software in electronic
communications

The use of the GUIDE utility in the MATLAB environment made it possible to develop
automated wavelet signal detection software with noises in electronic communications. The
software interface and the detection result are shown in Figure 14.
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Figure 14: The interface of the automated software for detecting jammed signals in
electronic communications and the result of its operation.

The developed software provides a correct, reliable and accurate process of automated
wavelet detection of a useful signal in electronic communications with noise.



6. Conclusions

The implemented mathematical, algorithmic and software for wavelet detection of useful
signals in interfering electronic communications based on wavelet processing with the
mother base function Mexican HAT (Mexican hat) made it possible to increase the number
of features for detecting the type of wavelet spectra of 3D and 2D types that reflect the
fluctuating processes of signals and visually and quantitatively indicate the
presence/absence of useful signals against the background of noise of different power.
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