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CREATING A MODEL OF THE INFLUENCE OF SOUNDS ON THE EMOTIONAL
STATE OF MAN

The environment is full of various sounds - signals registered by human and animal hearing organs, which in terms of
frequency and strength merge into a monotonous, incoherent sound. The physical carriers of signals reaching the hearing organs are
acoustic (sound) waves — mechanical waves that propagate in the air and are perceived by the hearing organs. Human hearing organs
can perceive sounds in a fairly wide range of frequencies and intensities. The range of sounds heard by a person is limited by two
threshold curves: the lower one is the threshold of perception, the upper one is the threshold of pain sensations. The human hearing
threshold is 0 dB at a frequency of 1000 Hz, and the pain threshold occurs from a sound of 140 dB. We know that as long as there
have been wars, mass battle cries and drumbeats oppress the enemy. The sirens of attack planes and bombers make him feel terrified
and want to run away. Now an explanation has been found for this: loud sounds excite a person, contribute to the influx of a large
amount of hormones into the blood, in particular, adrenaline, as a result of which there is a feeling of danger and fear. A description
/s given in the work of existing approaches to assess the impact of sounds on the emotional state of man, which is the basis towards
creating a model for analyzing the impact of sounds on the emotional state of man based on application of the the theory of discrete
emotions. Generated values for emotional evaluation of sounds.

Keywords: emotions, sounds, emotion recognition, sound processing, assessment of emotional state, theory of discrete
emotions.

bOT'TAHA I"ABPUIII

HarionansHuii yHiBepcuTeT «JIbBiBCbKa MOJIITEXHIKA»

OJIEKCAHAP TUMYEHKO

VYxpaiHcbKka akaneMist JpykapcTBa, YHiBepcuteT Bapmincbko-Masypcebkuii B OJbIITHHI

CTBOPEHHS MO/JIEJII BILIUBY 3BYKIB HA EMOIIMHAN CTAH JIIOAUHUA

HaBKO/MILIHE CEPEAOBMILE CITOBHEHE PIHOMAHITHUMMU 3BYKaMU — CUIHA/IAMK, L0 PEECTPYIOTLCS OpraHamMu CiyXy JIOANHN |
TBapUHY, SKI 3@ 4acTOTOKO [ CU/IOK 3/IMBAKOTHECS B OfHOMAHITHE HEIArOMKEHE 3BYyYaHHS. DBUYHUMU HOCIIMU CUrHasaIB, Lo
JOHOCATBCSA 0 OPraHiB CiyXy, € akyCTUYHI (3ByKOBL) XBUJTI — MEXAHIYHI XBUJT, SIKI MOLLIMPIOIOTBCS B MOBITPI | CIIPMAMAKOTBCS CITyXOBUMM
opraHamy. Opramu Cyxy JIOAUHN MOXYTb CIPMIMATV 3BYKU B JOCUT LUVPOKOMY JIara30Hi YacToT Ta IHTEHCHMBHOCTI. O671aCTb 3BYKiB,
SKI YYE JI0ANHE, OBMEXYETHCS ABOMA [10POrOBUMI KPUBUMI. HUXKHS — [TODII CrIPMAHSITTS, BEPXHS — MIOPIr 60/1b0BUX BIAYYTTIB. Topir
ayxy sioamHu ctaHosuts 0 46 Ha Yactori 1000 1, a 60/1b0Bmi ropir BUHNKAE Big 38yKy y 140 4b. CKiflbkv iCHYrOTb BiViHM, BIAOMO,
o Macosi 6OUHOBI Kpukv, 6GapabaHHui GV MPUTHIYYIOTE [POTUBHUKE. CUPEHM JIITaKIB-LUTYPMOBUKIB Ta GOMOAapAYBa/IbHUKIB
BUKIMKAIOTB Y HbOIO Xax, OaXaHHS BTEKTH. Ternep LbOMYy 3HAVAEHE TMOSICHEHHS: TyYHI 3BYKU 30Y/KYIOTb JIOANHY, CrIPUSIOTH
HAAXOL)KEHHIO B KDOB BE/MKOI KifIbKOCTI FOPMOHIB, 30KDEMA, aApEHasTiHy, BHAC/TIAOK YOro BUHUKAE BIAYYTTS HEOE3NEKH, CTPAXY.

EMOUIVIHa HGOpMALIS ICHYE B Byab-SKOMY 3BYL, BOHA MOXE CIIpUAMATICS 10-PI3HOMY B 3a/1EKHOCTI BiJ 06'€KTa, Ha SKmi
YUHUTBCA BIUINB. He TiflbKku JII0ACbKa MOBa, @ ¥ MY3uYHI TBOPM | HABKO/IMLLIHI 3BYKU MICTATE EMOLIVHY iH@OpMaLito. TakuM YuHOM,
TTOHATTS eMOLlfi, SIKe My 6yAe PO3ITISHYTE B Uiy CTaTTi, € PE3Y/IbTATOM BIUIUBY 3BYKY Ha JIOAUHY, TOOTO HOro BPAXEHHS.

EMOULIVIHI peakuii Ha 61os10riyHO 3HaYyLyi rogii HEOOXIAHI A1 BYXUBAHHS JIOANHU. Y JIOACLKUX EMOUIN 3aKOHHO
BIACTEXYIOTb 3MiHU B aKYCTUYHOMY CEPEAOBULLI, 3MiHU aKyCTUYHUX aTpHBYTIB, SKIi JOBPE 3HAOMI 3 JIOACEKUMU EMOLISMU B MOBI |
MY3ULY, TAKOX BUKITMKAIOTb CUCTEMATUYHI EMOLIIVHI PEaKLlii, Ko/ BOHU BIAGYBAKOTbCA B 3BYKAX HABKOJMILHBOIO CEPEOBULYE,
BKITIOHAIOYM 3BYKM AV JIIOAUHY, TBaPUH, MEXaHI3MU 360 NpUpoaHI SBuLYaE, TaKki K BITED | A0L. Pe3ysibTatv MoKa3yroTe, LUYO JIOLCHKI
eMoUii HanlaLToBaHi Ha 3MIHW aKyCTuyHoro cepegosuiya. OnvcaHa eMouiiHa MOAE/Tb Ha OCHOBI ANCKPETHOI Teopii emouii,
KOHKPETU30BAaHI KaTeropii eMoLivi 4715 MOAE/IbLIOIO BUKOPUCTAHHS B EKCIIEPUMEHTI A/15 EMOLIIHOIO OLiHIOBAHHS 3BYKIB.

KrmoyoBi c1oBa: eMoujii, 3Byku, PO3ITi3HaBaHHs EMOUIY, 06pO6Ka 3BYKiB, OLIHKAa EMOLIVHOrO CTaHy, TEOpisi ANCKDETHUX
emowuin.

Introduction

Emotional information exists in any sound, it can be perceived differently depending on the object affected.
Not only human speech, but also musical works and surrounding sounds contain emotional information. Thus, the
emotions, which we will consider in this article, is the result of the impact of sound on a person, that is, his impression.

Emotional reactions to biologically significant events are necessary for human survival. Human emotions are
legitimately tracked by changes in the acoustic environment. Changes in the acoustic attributes familiar to human
emotions in speech and music also elicit systematic emotional responses when they occur in environmental sounds,
including the sounds of human action, animals, machinery, or natural phenomena such as wind and rain. Therefore, it
is obvious that human emotions are directly related to changes in the acoustic environment.

Related works
In most studies related to the assessment of emotions, dimensional models are used, they are most common
in the studies of B. Schuller and K. Drossos [1-3]. This study uses a discrete model of emotions, as the aim is to
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determine the influence of specific sound parameters on the emotional state of man. If in dimensional models a person
puts estimates of valence and excitation and already on the basis of these values the listener analyzes and determines
the emotion, then in our case, it will be the values of sound parameters such as frequency, tone, timbre, volume.

In the theory of discrete emotions, all people have an innate set of basic emotions that are cross-culturally
recognizable. These basic emotions are described as "discrete", because they, according to researchers, differ in the
difference between human facial expressions and biological processes [4]. Theorists have conducted research to
determine which emotions are the main ones. A popular example is Paul Ekman and a cross-cultural study by his
colleagues in 1992, in which they concluded that there are six basic emotions are anger, disgust, fear, happiness,
sadness and surprise, Ekman explains that each of these emotions led to special characteristics that allow them to
express themselves to one degree or another. Each emotion acts as a discrete category, not an individual emotional
state [5].

Main part

Emotional information exists in any sound, it can be different depending on the object affected. Not only
human language, but also musical works and surrounding sounds contain emotional information [6].

Emotional reactions to biologically significant events are necessary for human survival. In human emotions
legally track changes in the acoustic environment. Changes in acoustic attributes that are familiar to human emotions
in language and music also elicit systematic emotional responses when they occur in environmental sounds, including
sounds of human, animal, machinery, or natural phenomena such as wind and rain. The results show that human
emotions are tuned to changes in the acoustic environment.

It is necessary to consider the question: what type of model should be used to differentiate emotions: discrete
(categorical) or dimensional. These approaches are very complementary. It is well known that discrete emotions in
the space of higher dimensions can be conditionally reflected in the lower space of dimensions. The valence and
excitation of two dimensions are most often chosen, although it can be shown that the space of influence is best
structured by four dimensions - adding force and novelty to valence and excitation. The choice of categorical or
dimensional approach depends on the relevant research context and specific objectives [7-9].

The proposed emotional model will follow the theory of discrete emotions, and will contain a wider range of
specific emotions in the category. Such estimates can be obtained using a large number of expert evaluations, which
is quite difficult due to the small number of known experts, or by averaging the evaluations of a large number of
average listeners.

The values for assessing the emotional state are given in Table 1. The values of the assessment will be both
the categories and the values themselves.

To pre-evaluate the sounds, a website has been created with downloaded sounds from different categories.
Users are presented with the options for assessing the sound from table 1, then, depending on their perception, you
need to choose the appropriate assessment. Emphasis should be placed on objective evaluation, so any of the proposed
compositions should be evaluated without reference to a specific case from the life of the listener. This fact will allow
you to more accurately assess the impact of sounds on the emotional state.

Table 1
Sound evaluation options
Emotions Categories Happiness Surprise Disgust Anger Sorrow Fear tgr(:ll[l)-t
1 Delight Stun Abomination Fury Sadness Perplexity Neglect
2 Hope Surprise Rejection Malice Sorrow Anxiety Hatred
3 Tenderness Confu-sion | Hideousness - Misfor-tune Tension -
4 Appreciation - - - Solitude Agitation -
5 Delight - - - - Concern -
6 Love - - - - - -
7 Touched - - - - - -
8 Sympathy - - - - - -
9 Gladness - - - - - -

The proposed sounds, their parameters, ratings and the users themselves are stored in the database, for further
analysis of the compositions that did not participate in the experiment. Thus, based on the discrete theory of emotions,
an emotional model of the impact of sounds on a person was created. The physical model of the database with the
main tables, attributes and their relationships are presented in Figure 1. In the process of developing a website it is
possible to expand and refine the structure of the database. The essentials are needed to store estimates:

1) Mark - emotional ratings available to users;

2) User - users and their parameters

3) Sounds - sounds and their characteristics

The emotional sounds database is based on the online engine FindSounds.com. It consists of 390 hand-
selected audio files from more than 10,000. To provide a set with a balanced distribution of emotional connotations,
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it was decided to use the following eight categories taken from FindSounds.com: animals, musical instruments, nature,
voice sounds, people, sports, instruments and vehicles. With this choice, the database is a wide range of the most
common sounds in the everyday environment [10].

To gather information and conduct an experiment, all users (senior students) were asked to make a decision
according to the proposed list of emotions from table 1 for a particular composition.

Based on the received answers and the formed database, it is planned to teach a combined neural network
consisting of recurrent and convolutional neural networks. The architecture of the program for emotional assessment
of sound at the stage of learning and analysis is shown in Figure 2.

Mark Category = Mark =
idMarkCategory [int / z — idMark int / o
CategoryName varchart(100),/ © MarkName |varchart(100),/ ¢
CategoryType int e Value varchart(100),/ &
................. / ° idCategory |int ZiE
[y Addfied | | | | e
E. Add field
Users = SoundMark =
idUsers int [/ ¢ —| idSoundMark [int |/ :
FIO int [/ ¢ idUsers int |/ ¢
DOB datal/ ¢ idSound int |/ ¢
Sex int [/ I L Id Mark int |/ <
& Add field & Add field
\\ Sounds = SoundCategory =
idSounds int / s idSoundCategory |int / z
Name varchart(100),/ ¢ SoundCategoryName| varchart(100},/ ©
SoundCategory [int S o— | ] ZE
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SourceFile varchart(100),/ ¢
—]SoundParameters|int ZE
idF ormat int ZE
................. ZE Format =
[ Add field idF ormat int |/ ¢
FormatName int |/ ¢
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Fig. 2 Application architecture
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Conclusions
This article presents approaches to the emotional evaluation of sounds. Describes the emotional model based
on the discrete theory of emotions, specified categories of emotions for further use in the experiment for emotional
evaluation of sounds. The structure of the relational database and the relationship between tables for storing sounds
with their parameters and emotional evaluation of the user are presented. The architecture of the developed application
is also illustrated, on the basis of which the proposed model will be studied. In particular, the possibilities of managing
the emotional behavior of people in different sound environments.
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