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Minimum Data of a Speech Signal as Special
Indicators of Identification in Phonoscopy
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Abstract—Voice biometric data associated with physiological,
psychological and other factors are widely used in forensic
phonoscopy. There are various methods for identifying and verifying
a person by voice. This article explores the minimum speech signal
data as individual parameters of a speech signal. Monozygotic twins
are believed to be genetically identical. Using the minimum data of
the speech signal, we came to the conclusion that the voice imprint of
monozygotic twins is individual. According to the conclusion of the
experiment, we can conclude that the minimum indicators of the
speech signal are more stable and reliable for phonoscopic
examinations.
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I. INTRODUCTION

HE individual parameters of the speech signal are an

important argument for phonoscopic analysis. The
acoustic properties of a speech signal allow us to identify a
person, since it is associated with individual physiological
properties [1]. The individual parameters of the speech signal
are mainly controlled by spectral and formant properties.
Along with parameters such as indicators of the formant
properties and the pitch frequency, indicators of the intensity
of instant sound are used; word duration, rhythm, pause
duration and other temporal data are considered. Temporary
manifestations are associated with physiological and
psychological properties and coincide with signs of
perception. Therefore, these data are very important for
verification or identification of the speaker and are used in
phonoscopy [2]-[8]. Experimental studies conducted to
identify new useful parameters - biometric voice data can
accurately identify a person by voice in forensic phonoscopy.
The purpose of this study is to identify such data.

A.Our Approach

For the effectiveness and reliability of the experimental
results, along with the speech materials of individual speakers,
we also used phonograms of the voice of monozygotic twins.
For this, we chose three pairs of twins. Our hypothesis is that
we will observe different data both with ordinary speakers and
with monozygotic twins. According to experiments [9]-[11],
there are more similarities in perception between the voices of
identical twins than between voices without a genetic
connection. However, identification is not perfect. Since the
minimum data - in this case, in particular, the average period
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indicators in the stationary part of the sound - are serious signs
of individual signs of a speech signal, we decided to
investigate the presence of stable biometric data in the speech
of monozygotic twins.

II. MATERIALS AND METHOD

For this experiment, we recruited 12 people (6 people 30-40
years old and 3 pairs of monozygotic twins - 2 women and 4
men, age: average + standard; 28 years + 2.3 years). We first
recorded synchronized speech, and then asked to read the
same text. They were not familiar with the text. During the
experiment, we compared the phonograms of different
speakers, as well as the data of the same speaker. During the
experiment, the statistical method, mathematical operations,
and some formulas of probability theory were used.

A. Acoustic Analysis

First Experiment

At the first stage, we analyzed the phonograms and
performed a spectral analysis. All acoustic analyzes were
conducted using PRAAT. Average indicators of the period of
the main tone, average frequency of the main tone, standard
deviation, rate of speech, sonority factor, relative frequency
range of the main tone for the selected segments of the speech
signal were revealed. And also using mathematical methods,
we calculated the ratio of formant indicators (for example, for
the same person F2/F1 = 2.2 gave an approximate result - F2/
F1 =2.4; or F3/F2 = 2.0 and F3/F2 = 1.7). This once again
proves the importance and informational content of the
minimum data in a speech signal, including wavelet analysis
for signal processing - to collect basic information about the
signal in a small number of wavelet coefficients [12]-[15].

Based on the purpose of the experiment, we selected the
minimum length from the selected materials in order to
exhaust useful information for identifying a person. Three
periods were distinguished in the stationary part of the sound
(vowel). And for ordinary speakers, and for monozygotic
twins, the average period indicator according to temporal data
turned out to be different and peculiar. It took one speaker for
the implementation of three periods (in the same sound in the
same phonetic position) it took 0.014 seconds (average value
of 0, 004 sec.), when for another it was 0, 025 sec. (average
0,008). In addition, during the experiment it turned out that for
the speech of each person in a certain position for certain
sounds, the average time indicators remain the same and are
an indicator of individuality. In the speech of the first speaker,
when pronouncing the sound in the same position, it was
0.014 sec., in another phonogram, 0.017 sec. For another
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speaker, this was 0.025 seconds and 0.020 seconds, A similar picture is observed in the materials of
respectively. monozygotic twins.
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Fig. 1 Data k1 and k2 reflect the speech parameters of different speakers. Data K3 and K4 refer to the same person

Fig. 2 First speaker

Fig. 3 Second speaker
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Fig. 4 The first monozygotic twin
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Fig. 5 The second monozygotic twin
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Fig. 6 One period in sound m

For one announcer from a pair, it took 0.0101 seconds to
implement three periods (on average 0, 005 sec.), and another
0, 033 sec. (on average 0.011 sec.).

One of the important points in determining a person by
voice is the choice of speech parameters. In order to best
describe the personality of a voice, a feature system must be
correctly selected. The main manifestations of individuality
must be sought in spectral, formant, temporal and amplitude
indicators. In the spectral picture, one can also find minimal
data that contribute to determining the individuality of the
voice. When pronouncing nasal sounds, the speech apparatus
is in a fixed position and thus it is easier to identify individual
characteristics. For this reason, we have chosen for analysis
the words with the nasal consonant “m”.

The selected period of 0.004 seconds displays the
distinctive parameters of the voices. Examples of voices of
three different speakers visually show their difference.

Second Experiment

In the second experiment, analysis using a contour
spectrogram is used to more accurately estimate the
parameters of the speech signal. This method provides the
ability to highlight individual characteristics of speech based
on a statistical analysis of the characteristics of the contours in
the spectrogram. In the contour spectrogram, each contour
contains information about the change in the instantaneous
frequency and amplitude of the component of the speech
signal. Contour analysis allows increasing the accuracy of the
selection of contours on the spectrogram even at high noise
levels. To highlight the formant structure of a speech signal,
contour analysis is an effective tool.

At one time, the method of contour spectrograms was
widely used in phonoscopy. Contour spectrograms allow
representing the spoken words, or sounds in the form of three-
dimensional images. These spectrograms depict the
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parameters "time - intensity - frequency".

For the experiment, phonograms were used, where during
the dialogue, the announcers conduct a conversation repeating
the conversation about a particular topic. During the discourse,
the interlocutors repeat the same words and phrases. This
allowed us to conduct contour spectrograms of the same
words, or sounds in the same position.

Contour spectrograms allow visually evaluating and
comparing data. Spectrograms are shown in Fig. 7; one of
them belongs to one speaker, the other two to the second. This
can be determined visually. Announcers uttered the same
words. The first and third spectrograms of the word “rucka”
belong to one speaker.

Frequency (Hz)

Frequency (Hz)

Frequency (Hz)

Time (s)

Fig. 7 Contour spectrogram of the word «rugka»

Since we are interested in the minimum data of the speech
signal, we conducted an experiment on the short part (the
stationary part of the sound, or on the transition part) of the
signal. To identify unique voice parameters, nasalized sounds
act as one of the proven materials. Therefore, we chose the
words where the sound a stands between the nasal consonants
(m). In such cases, anti-formants can be observed in the
contour spectrogram. As can be seen from Fig. 7, the first and
third spectrogram belongs to one, the second to another
speaker. Thus, the contour spectrogram method is one of the
most reliable and important methods for revealing the unique

properties of the voice.
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Fig. 8 Contour spectrogram of sound a

Experiments prove the feasibility of searching for
personality traits in nasal sounds. Coarticulation of sound with
subsequent vowels in isolated words provides excellent
material for identifying individual characteristics of a voice,
since coarticulation is strictly dependent on the individual.
This symptom is one of those that are carried out
subconsciously.

The constancy of the geometric dimensions of the nasal
cavity gives an advantage in phonoscopic analysis of the
speech signal. As can be seen from Fig. 9, the first and third
example belongs to one, the second to another speaker.

III. RESULTS

According to the results of experiments on the voice of
monozygotic twins, it can be assumed that the temporary data
of the vowel sound in the stationary zone - the pronunciation
and intonation times - act as parameters for voice
identification. The change in intensity from cycle to cycle was
different between twins. Formant vowel indicators in the
stationary zone differ mainly after the third formant - in the
zone of non-lingual, but individual indicators. In addition,
spectral data in the stationary zone indicate biometric
fingerprints of the voice.

676



International Journal of Business, Human and Social Sciences
ISSN: 2517-9411
Vol:14, No:8, 2020

Frequency (Hz)

. H ;_

Frequency (Hz)

!J r‘l If-l,\'l ':-' 1
!

(i

Frequency (Hz)

0- i
18.86 19.2
Time (s)

Fig. 9 Contour spectrogram of the word “mam”

Studies have confirmed the results of other studies [10],
[12]. New data can be used in further studies of individual
voice parameters and in judicial practice.

IV. CONCLUSION

According to the results of the experiment, it can be
assumed that the minimum indicators are more reliable as a
fact for personal identification. This investigation may
facilitate the automatic recognition of speakers, as well as in
the field of judicial phonetics, especially the judicial
identification of the speaker. Identify the uniqueness of
individual voices is the subject of further research.
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