Scientific Visualization, 2023, volume 15, number 2, pages 102 - 112, DOI: 10.26583/sv.15.2.09

Visualization of a Person's Emotional Tension by a Speech
Signal

Y.G. Gorshkov?
Bauman Moscow State Technical University, Mocsow, Russian Federation

1 ORCID: 0000-0003-0483-4603, y.gorshkov@npo-echelon.ru

Abstract

The article presents the results of research on the assessment of human emotional
tension by a speech signal using the developed technology of multilevel wavelet analysis. The
disadvantages of polygraph systems during psychophysiological inspections of personnel are
given. The data obtained by domestic and foreign experts allow us to make a confident
conclusion that the characteristics of a person's oral speech correlate with changes in their
condition. The characteristics of the hardware and software complex «Icar Lab» (Russia) in
assessing the emotional state of the speaker, as well as the computer voice stress analyzer
CVSA (USA) are considered. A new contactless technology is proposed for assessing the level
of emotional tension of a person using stress biomarkers obtained on the tonal parts of
speech. The WaveView-VSA program for obtaining high-precision time-frequency
characteristics of a speech signal has been developed. The possibilities of the developed
program for visualizing the level of emotional tension are presented. A database of audio
recordings of 6th-year students who are in conditions with increased emotional stress during
the exam and the defense of the graduation project has been formed and processed. The
research conducted by the Scientific and Educational Medical and Technological Center of
the Bauman Moscow State Technical University showed the fundamental possibility of
obtaining real-time acoustocardiography data and the level of emotional tension in the
examined students during express cardiodiagnostics. The developed technology provides
biomarkers of stress based on a speech signal lasting several seconds.

Keywords: emotional tension, speech signal, multilevel wavelet analysis, biomarkers of
stress.

1. Introduction

Assessment of the psychophysiological or emotional state of a person is carried out
mainly using polygraphs. When using them, a number of difficulties arise due to both the
shortcomings of testing methods and the low quality of the equipment used [1, 2]. The
solution to the problem of obtaining a more objective assessment of the functional state of the
subjects in world practice is carried out by improving the methods used and both hardware
and software.

Almost all known modern polygraph systems during inspections do not include an
assessment of a person's condition based on the characteristics of his speech. If there are
paths for recording speech in polygraphs, then when processing audio recordings, as a rule,
the energy of the speech signal or the sound volume level is estimated. At the same time,
acoustic, linguistic and psychophysiological studies have established that the characteristics
of a person's oral speech correlate with changes in his condition.

Significant results on the identification of objective signs of emotions in an acoustic signal
based on the provisions of the theory of speech formation were obtained by V.I. Galunov [3].
At the same time, it was noted in [4] that no fundamentally new practically significant results
have appeared in recent decades. Publications devoted to the analysis of speech signal
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characteristics in solving the problem of stress analysis by voice do not always contain
quantitative research results that allow formalizing this relationship. Most papers do not
provide technical characteristics of the speech recording tools used, as well as recording
conditions, which makes it difficult to evaluate and compare the data obtained [5-7].

The purpose of this study is to develop new solutions for determining the emotional
tension of a person based on a multi-level wavelet analysis of a speech signal. The first results
on wavelet analysis and visualization of emotional speech were published by the author in the
journal «Special Technique» in 2006 [8].

2. Speech model

It is known that the speech model includes several levels. If we analyze each of them from
the point of view of self-control of speech, they differ in many ways. The physiological and
emotional levels cannot be controlled, while the identification level is partially controlled.
Therefore, it is believed that the verbal and nonverbal components of human oral speech are
sufficiently reliable to assess the reliability of the information received (Fig. 1) [9].
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Fig. 1. The structure of the speech model: the main levels of speech

The identification of the reliability of information is facilitated by the fact that a person,
due to the specifics of the perception of his own speech, tries to disguise false information by
attempts to control his own voice, often not very successful. Signs of insincerity in answering
questions include: changes in the tempo and timbre of the voice, intonation, excitement, the
appearance of trembling, uncharacteristic pauses, quick answers to questions implying
mental processing, the appearance of uncharacteristic turns and expressions in speech or
their sudden disappearance, focusing on minor points to hide the true attitude to them [9].

3. Assessment of the dynamics of a person's emotional
state using the hardware and software complex «Icar Lab»

The method of isolation and analysis of acoustic characteristics of speech to assess the
altered psychophysiological state of the speaker was developed by specialists of LLC «Center
for Speech Technologies» (St. Petersburg) in 2009. It is intended for experts using the
hardware and software complex «ICAR Lab» [10], which is part of a diagnostic system that
includes data recording tools, as well as monitoring the dynamics of a person's



psychophysiological state. The methodology complements the «SIS-6 Program User's
Guide.X» APK «ICAR Lab» for solving problems of obtaining and analyzing acoustic
characteristics of speech in order to assess the dynamics of a person's psychophysiological or
emotional state.

Speech analysis to assess the state of emotional tension includes the following stages:
drawing up a protocol of speech messages; identification of psycholinguistic signs;
measurement of acoustic and temporal characteristics; analysis with the definition of signs of
emotional speech. The processing technology, in general, is quite time-consuming and
requires a highly qualified expert. Time costs are determined from a ratio of 1 to 10 (i.e. 10
times the duration of the studied fragment of speech). The method uses the principle of
psychological and psychophysical scaling.

As a rule, experts who have experience with emotional speech, when analyzing, accurately
determine the state of emotional tension and the level of its severity. A five-point scale is used
to assess the severity of the state of emotional tension (Table 1).

Table 1. Scale of assessments of the degree of severity of the state of emotional tension

Number of points | The degree of severity of the state
of emotional tension

Absent

Weak

Average

High

1A (N

Maximum

The expert also uses the information obtained during the instrumental analysis of speech
in the form of the dynamics of the kepstrogram (the values of the pitch period).

4. CVSA Lie Detection System based on Voice stress
Analysis

In 1971, Olof Lippold, a scientist from University College London, in an article
«Physiological Tremor» («Physiology of tremor») published in the journal «Scientific
American» analyzed the results of the discovery made by Martin Halliday and Joe Redfearn
based on research performed at the National Hospital of London. Scientists have found that
when a person is agitated, an arbitrary muscle contraction is accompanied by a tremor in the
form of small vibrations. In addition, it was found that most of the physiological tremor
consists of vibrations of a special reflex mechanism that controls the length and tension of
muscles in the frequency range from 8 to 12 hertz [11].

In 1988, the National Institute for Truth Verification - NITV USA (National Institute of
Truth) introduced the development of Computer Voice Stress Analyzer — CVSA (computer
Voice Stress analyzer), which has found wide application in law enforcement agencies.

Since 1991, the CVSA system, implemented on the basis of a powerful multifunctional
laptop, has been supplied to government agencies and units of the US Armed Forces. The
latest version of the CVSA II analyzer (Fig. 2) has gained a reputation as the most effective
investigative tool that has been put into operation by US law enforcement agencies over the
past three decades [11].




Fig. 2. Appea rance of the CVSA II analyzer

5. Voice stress Analysis program WaveView-VSA

The NPO «Echelon» has developed algorithms and mathematical support for obtaining
sonograms, based on data from multilevel wavelet analysis, displaying a detailed time-
frequency structure of the signals of the elements of the vocal tract, rebuilt due to
neuromuscular actions on the orders of the brain. The developed WaveView-VSA research

program implements several algorithms for processing speech signals, as well as obtaining
wavelet sonograms and biomarkers of stress [12, 13].

5.1. Examples of a wavelet sonogram

Below (Fig. 3-9) are examples of a wavelet sonogram of speakers' speech in the absence of
emotional stress, as well as at various levels of tension. Figure 3 shows the sonogram of the

words [Ilya Olegovich] - the name and patronymic of a 6th-year student, - a registered test
control phrase.
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Fig. 3. A wavelet sonogram of the words [Ilya Olegovich], a control (emotionally neutral)
phrase uttered by a 6th-year student. In the tonal areas of vowel sounds, a sequence of
pulsations of the vocal folds is visible, characterizing the stability of the value of the pitch
period; in the low-frequency region, there are no biomarkers of the «tremor» of the voice,
characterizing emotional tension

Figure 4 shows a wavelet sonogram of the words [Victoria Igorevna] - the name and
patronymic of a 6th-year student, - a registered test record.
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Fig. 4. A wavelet sonogram of the words [Victoria Igorevna], a control (emotionally neutral)
phrase uttered by a 6th-year student, a registered test record when performing laboratory
work. On the tonal parts of vowel sounds, a sequence of pulsations of the vocal folds is visible,
characterizing the stability of the value of the period of the main tone; in the low-frequency
region there are no signals of «tremor» of the voice - biomarkers characterizing emotional
tension

Figure 5 shows a wavelet sonogram of the speaker's speech signal experiencing stress (the
response of a 6th-year student on the exam).
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Fig. 5. Wavelet sonogram of the speaker's speech signal experiencing stress
(the response of a 6th-year student on the exam)

Signs of stress on the voice (biomarkers) manifested on the sonogram are: -
«destruction» of the spectral-temporal structure of vowel sounds; - «micro-trembling» of the
speaker's vocal folds on the tonal sections of vowel sounds; - the appearance of oscillations
with a frequency of 24-28 Hz in the low-frequency part of the spectrum.

Figure 6 shows a wavelet sonogram of a fragment of the speech signal of a 6th-year
student's response to an exam also with a high level of emotional tension.



LA
T

100Hz

10H:

T T T ™ T T ™ M "I ™ NI
Fig. 6. A wavelet sonogram of a fragment of a speech signal of a 6th-year student's response
to an exam; a low-frequency signal of 20-30 Hz characterizes a significant level of stress.
On a plot of 1 sec. there is a «destruction» of the spectral-temporal structure of the vowel
sound. At a frequency of 50 Hz, a low-level power supply background signal is noticeable

Figure 7 shows a wavelet sonogram of the speech signal of the response to the exam of a
6th-year student.

6

e e e et s

T T T A
_'m%%m: 2000000s 3000000 £ 4000000+ 5000000 6000000 7.000000s 8000000+ 0000005 10000000+
i s, |

Fig. 7. A wavelet sonogram of the speech response signal at the exam of a 6th-ye’a1“ student; a
stress biomarker - a low-frequency «tremor» of the speech tract with a frequency of 24-28 Hz
is also observed in speech pauses



Figures 8 and 9, respectively, show the wavelet sonograms of the speech signal of the 6th-
year student «A» when passing the exam and defending the thesis project.
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Fig. 8. Passihg the exam by the student "A" of the 6th year. The VSA graph is shown at the
bottom of the sonogram. The maximum value of the stress level by voice is 2%. The degree of
severity of the state of emotional tension is 2 points (weak)
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Fig. 9. Defense of the thesis project by the student «A» of the 6th year. According to the VSA
schedule, the stress level on the voice reaches 25%. The degree of severity of the state of
emotional tension is 3 points (average)




Studies on the assessment of the emotional state of the speaker by voice have been
conducted at the Bauman Moscow State Technical University and the Echelon NPO since
2002 [14-19]. A database of audio recordings of 870 6th-year students who are in conditions
with increased emotional stress during the exam and the defense of the thesis project was
formed and processed. As control (emotionally neutral) recordings, test phrases of students'
speech were used, registered by them independently when performing laboratory work. Out
of the total number of students: men - 703, women - 129; students of the faculty «Head
educational, research and Methodological Center for vocational Rehabilitation of persons
with disabilities (hearing impaired)»: men - 277, women - 11.

6. Methods of stress analysis by voice

The technique of voice stress analysis based on a multilevel wavelet transform includes a
stage of high-precision recording of a speech signal; selection of audio recording sections for
analysis; obtaining, using the WaveView-VSA program, wavelet sonograms; identification of
signs characterizing emotional tension — biomarkers of stress.

Phonogram recording facilities should provide recording of both speech and low-
frequency biomedical acoustic signals in the range of 10 Hz - 100 Hz. Recommended
hardware and software tools for recording audio recordings: Logitech USB Desktop
Microphone digital microphone; Logitech USB Headset headset; specialized voice recorder
«Protection» (Telesystems, Russia), belongs to a new class of digital voice recorders [20, 21].
The essential advantages of using the dictaphone «Protection» include the fact that its
recordings can be used in court as evidence.

~. Conclusion

Over the past few years, an experimental database of audio recordings of 6th-year
students of the Faculty of Computer Science and Management of Bauman Moscow State
Technical University who are in conditions with increased emotional stress during the exam
and the defense of the thesis project has been formed and processed. The voice stress analysis
technique is based on the technology of multilevel wavelet transformation of non-stationary
signals. It has shown high efficiency in visualizing the sounds of the heart, lungs [22, 23],
biomedical signals in telemedicine systems [24], power supply network interference in mobile
electrocardiography systems [25], as well as solving problems of forensic investigation of
phonograms [26, 27].

The approbation of the developed technology for assessing the level of emotional tension
of the speaker by voice was carried out on the materials of audio recordings of 870 speakers
(720 men and 150 women), with a total volume of more than 14 hours. The Scientific and
Educational Medical and Technological Center of Bauman Moscow State Technical University
implemented a pilot project on express cardiodiagnostics of the examined students with an
assessment of the current emotional state. The results of the study showed the fundamental
possibility of obtaining real-time acoustocardiography data and biomarkers of stress by voice
[28]. In addition, when identifying neurological diseases, as well as their possible causes,
processing of brain potentials using the technology of multilevel wavelet analysis will allow
obtaining new additional diagnostic information.

The materials of the article may be of interest to developers of lie detection systems by
voice, as well as new promising solutions for home telemedicine.
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