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The paper presents the comparative analysis of some mother wavelets and the investigation of the effect 
of varying of the frequency characteristics and the type of mother wavelet on the results of the wavelet analysis 
of stressed and unstressed isolated Russian language vowels of various speakers. The descriptiveness of wavelet 
representation of time-frequency domain of a signal is investigated on the basis of complex Morlet wavelet when 
changing the scale factors a and b.

A number of published works study the primary features of the speech signal: pitch frequency (a neces­
sary criterion for determining the presence of speech in noise) and formants (the source of information not only 
about the speech signal, but also about the individual signs of the speaker). Known analysis methods of speech 
sounds are based on the spectral model of a stationary signal. However, in the speech signal the most informative 
features are changes of its time-frequency characteristics. To implement the analysis of both frequency and tem­
poral characteristics of the signal it is necessary to use basic functions having properties of time-frequency local­
ization – wavelets.

Effective methods of wavelet analysis of the fine structure of the speech signal were considered by L. Falek, 
A. Amrouche, L. Fergani, H. Teffahi, A Djeradi, S. Rasskazova and others. In work [1] by V. Solov'ev, O. Rybal'skij, 
V. Zheleznyak, a three-dimensional Skeylogramm has been received on the basis of Morlet with the experimentally 
established constant parameter width of the wavelet. It represents a fragment of the phoneme "a" of the Russian lan­
guage as a set of multifractal structures. However, the use of permanent settings for all wavelet transforms may signifi­
cantly affect the interpretation of the results, because when you change the characteristics the test signal you can 
obtain incomplete information of its fine structure. Thus, a more detailed analysis needs choosing the type of mother 
wavelet and its parameters. We repeated the experiment results with constant wavelet parameters for other stressed and 
unstressed isolated vowels of the Russian language of various speakers. And we further investigated the influence of 
the change of frequency characteristics and the type of mother wavelet on the results of wavelet analysis. We com­
pared some mother wavelets and investigated descriptiveness of the wavelet representation of time-frequency do­
main of the signal when changing the scale factors a and b .

From the comparative analysis of known wavelet functions [2 – 4] (Gaussian type, "Mexican hat", Morlet 
and Meer) the fine structure of the vowel sounds of the Russian language their time-frequency transformations 
are obtained [5]. These wavelets have a minimum of properties, which provide full opportunities in the technique 
of transformations, and have properties of time-frequency localization. Of all the investigated wavelet functions, 
complex Morlet wavelet has a narrower Fourier transform and more prolonged in the time domain (fig. 1). The 
presence of a dominant frequency allows varying selectivity of the complex Morlet wavelet in the frequency 
domain.

In the time domain complex Morlet wavelet is a complex exponent modulated by a Gaussian function. 
But in the frequency domain complex Morlet wavelet is shaped by Gaussian window with a central frequency 
f0 and width В. Thus, the frequency range covered by the complex Morlet wavelet window is limited to an

183

MATERIALS OF Ⅷ JUNIOR RESEARCHERS' CONFERENCE___________________________ 2016
ITC, Electronics, Programming



MATERIALS OF Ⅷ JUNIOR RESEARCHERS' CONFERENCE___________________________ 2016
ITC, Electronics, Programming

interval  [f0 – B/2, f0 + B/2] (its bandwidth), where the largest part of its energy is concentrated. If you per­

form the Fourier transform of the complex Morlet wavelet, it is equal to zero for negative frequencies, which 
allows separating the amplitude and phasing components of signal. Complex Morlet wavelet has a close similar­
ity to speech fragments (similar to the pulse components of no stationary signals) and has a better frequency lo­
calization among other bases, so it is the most informative in assessing the fine structure of speech signals.

Let's analyse how the shape of the mother wavelet affects the determination of the fine structure of the 
signal. From the speech signal recorded in normal conditions (pronounced by a male speaker sound "a" duration 
of 0.25 s and sampling frequency fs – 11025 Hz) extract the fragment duration of 0.1 s, where main formants 

f 1, f2 are located (fig. 2).

Fig. 1. Complex Morlet wavelet

Fig. 2. The plot of the phoneme "a" in the range from 0.1 to 0.2 s

A fragment of vowel we represent as a time series with values of the function, following one another at 
regular time intervals ∆t: sk = s(tk), tk = ∆tk, k = 0, 1, ...N – 1. Rationally set the interval of time window 
∆t ≤ 20 мс, because in this range process can be considered as quasi-stationary. Assessment of the wavelet 
transform of this sequence is performed using wavelet function, and this function is computed on a set of argu­
ment values ai and bj, which are the scaling coefficients in frequency and time accordingly: i = 0, 1, ..., Na – 1;

j = 0, l, ..., Nb – 1 [6]:

– complex Morlet wavelet.

Assessment of local energy spectrum is based on scalogramm [6]: S(ai, bj) = |WA(ai, bj)|2, which can be 

displayed in three-dimensional space coordinates (a, b, S) or as a topological map, depicting surface S(a, b) in 
coordinates (a, b). A scalogramm of a plot of the phoneme "a" (fig. 2), representing large-scale distribution of 
the signal energy, wherein the time axis the shift value b of wavelet function is marked, the vertical axis – 
a scale a, is shown in fig. 3. The colour range clearly demonstrates dependence of intensity on changes of wave­
let coefficients S . From fig. 3 follows that pitch harmonics remain stable throughout the time period, while the
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higher-order identified harmonics decay with time. Picture of wavelet spectrum clear reveals the presence of a 
sufficiently uniformly scaled periodicity, contained in the analysed dependencies, showing the presence of 
emerged frequency components that do not conform to the natural frequencies of the considered signal.

Fig. 3. Topological map phonemes "a"

You can cut off the influence of the contours, highlighting those points of scalogramm in which it has a 
maximum in the variables a and b, building a skeleton [6]:

Using scalogramm we can assess the global spectrum of energy and build skeylogramm:

where N* – the number of points on which the averaging is carried out.
Time-frequency representation of the selected fragment of speech in the form of three-dimensional skey­

logramm based on Morlet basis has a number of peculiarities, in particular, local maximums of wavelet trans­
formation are informative to highlight the pitch frequency and the main formants due to the possibility of exclud­
ing resonance (false) formants. Skeylogramm analysis (fig. 4) shows that the location of the peaks on the time 
parameter corresponds strictly to local extremums of the amplitude of the sound wave in the time domain, which 
correspond to the amplitude bursts of the sound wave, given pitch frequency fp (fig. 2).

Fig. 4. Three-dimensional skeylogramm

In contrast to the Fourier transform, and applications of other wavelets, complex Morlet wavelet provides 
a higher level of “smoothness” skeylogramm. The shape of the normalized peaks is strictly individual at different 
voice characteristics.

On the example of a fragment of the phoneme "a" we demonstrate two-dimensional slices of the three­
dimensional skeylogramm for different values of the parameters of the wavelet (fig. 5). On the basis of this 
analysis it is possible to obtain results for other phonemes vowel sounds of the Russian language.
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Fig. 5. Two-dimensional slices of the three-dimensional skeylogramm

Thus, the application of wavelet transformation supplements signal characteristics obtained by the usual 
statistical methods (in particular spectral), as well as assesses the scaling parameter of signals. Our choice of the 
mother complex Morlet wavelet and the results of experimental research of parameters of vowel sounds, ob­
tained by that wavelet transformations, allow managing the tuning of the wavelet to obtain a fine structure of the 
signal of a particular speaker in the real time. Additionally, you can use the wavelet transformations for clearing 
against harmful interference of measurement harmonic and chirp signals.
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