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Xiilasa. Bu igds elektroensefaloqgrafiya (EEQ) signallarina asasen insan emosiyalarinin real vaxt rejimindo
taninmasi vo bu gostaricilors uygun olaraq interaktiv virtual miihitin biokibernetik adaptasiyasi sistemi islonib
hazirlanmigdir. Todqiqgat corgivesindo beynolxalq soviyyado qebul olunmus, 23 istirak¢inin multimodal
biometrik qgeydlerini ehtiva edon DREAMER verilonlor bazasindan (dataset) istifade olunmusdur. EEQ
signallariin emali tiglin effektiv masin 6yranmasi boru xatti (pipeline) qurulmusdur. Xammal signallar kiiyden
tomizlondikdon vo normallasdirildiqdan sonra, real vaxtda adaptasiya qabiliyyatini tomin etmok magsadils 1
saniyalik siirligon pancaralaras (epoxlara) boliinmiisdiir. Bu seqmentasiya naticasinda tolim {igiin 85,744 unikal
niimuns olds edilmisdir. Har bir epoxdan signalin hom zaman sahosi (Mean, Std, Hjorth parametrlori,
Skewness, Kurtosis), ham da tezlik sahasi (Welch metodu ils spektral giic sixligi, spektral entropiya, kenar
tezliklor vo kanallar aras1 korrelyasiyalar) lizro 878 oadod kompleks xiisusiyyot (features) c¢ixarilmisdir.
Emosiyalarin Valence oxu {izra ii¢li tosnifati (Negative, Neutral, Positive) iiciin Random Forest alqoritmi
tatbiq edilmis vo sinaq testlorinds 70.39% timumi daqiqlik (Accuracy) slds olunmusdur. Talim olunmus bu
model rf model.pkl formatinda serializasiya edilorak Python backend platformasina inteqrasiya olunmusdur.
Backend sistemi UDP gaboka protokolu vasitasilo miiharrik saviyyasinds prognozlart &tiirarak Unity
miiharrikinds qurulmus 3D virtual miihitdoki vizual atmosferi va akustik ¢arpaz kegidlari (Audio Crossfader)
istifadoginin daxili emosional vaziyyatine uygun olaraq dinamik sokilde doyismayo nail olmusdur. Islonib
hazirlanmig bu proqram arxitekturasi galacokds Virtual Realliq (VR) texnologiyalarina birbasa inteqrasiya
imkanina malikdir.

Acar sozlor: EEQ, DREAMER dataseti, Emosiyalarin taninmasi, Random Forest, Unity 3D Virtual Miihit.

Giris vo artirilmig realliq (AR) sistemlorinin bdyiik
Miiasir insan—kompiiter qarsiligli olagosi vo im-  oksoriyyati holo do "statik paradigma" tizorindo
mersiv texnologiyalar sahasindo olds olunan na-  foaliyyat gostorir. Bu miihitlorin osas ¢atigmaz-

iliyyatlor istifadogiloro vizual vo akustik  hi81, istifadoginin daxili koqnitiv-emosional
cohotdon olduqca zongin roqomsal diinyalar  voziyystine qarsi "kar" vo "passiv" qalmasidir.
togdim edir. Lakin movcud virtual reallig (VR)  Virtual miihit istifadoginin o an kegirdiyi stress,
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hoyocan, qorxu vo ya sakitlik kimi hisslordon
asil1 olmayaraq, yalniz avvalcodon proqramlas-
dirilmis ssenarilor va basit idaroetma mexanizm-
lori (klaviatura, kontroller vo s.) ilizro horokot
edir. Bu fundamental mohdudiyyst hom isti-
fadag¢inin virtual diinyada movcudluq hissinin
tam reallasmasina mane olur, hom do VR-1n for-
dilosdirilmis tohsil, psixofizioloji reabilitasiya
vo horbi simulyasiya kimi kritik saholords totbiq
imkanlarin1 daraldir. Bu todqiqat isinds, geyd
olunan problemi hall etmok ii¢iin elektroensefa-
lografiya (EEQ) signallar1 vasitasilo beyin foal-
ligin1 real vaxtda oxuyan vo virtual miihiti isti-
fadoacinin emosional voziyyatino avtomatik ola-
raq uygunlagdiran Neyro-Adaptiv Virtual Miihit
(NAVE) sisteminin iglonmosi vo realizasiyasi
hadoflonir.

Texniki vo Metodoloji Catinliklor

Sistem daxilindo qapali  biokibernetik
dovronin (closed-loop biocybernetic loop)
qurulmast miihondislik baximindan bir sira
kompleks problemlorin hallini tolob edir:

1. Yiiksok kiiylii Signal Miihiti: Bas dori-
sindan geyri-invaziv metodla qeyds alinan EEQ
signallart  mikrovolt (  10—100uV )
soviyyasindo oldugundan ¢ox zoifdir vo goz
qirpmast, 9zalo gorginliyi, iirok doytintiisii kimi
bioloji foaliyyotlorlo yanasi, xarici elektro-
magqnit kasintilorle giiclii sokilde korlanir. Real
vaxt rejimindo bu kiiylorin tomizlonmasi ii¢lin
stiratli roqomsal siizgocloma vo artefakt logvi
alqoritmlorinin totbiqi zoruridir.

2. Kritik Gecikmo Hoddi (System La-
tency): Istifadoginin daxili emosional doyisikliyi
ilo virtual miihitin buna vizual va ya akustik re-
aksiyas1 arasindaki tmumi vaxt gecikmasi
100 ms limitindon agag1 olmalidir. Bu miiddatin
astlmasi istifadogido virtual realliq xastaliyino
(cybersickness), disorientasiyaya vo daxili ba-
lansin pozulmasina sabab olur.

3. Qeyri-Xotti Emosiya Tosnifati: insanin
affektiv reaksiyalar1 kosilmoz vo geyri-xotti ney-
ron faalligi ilo xarakterizo olunur. Welch metodu
ilo hesablanan spektral giic sixliglarindan (PSD)
istifadocinin  Valence-Arousal koordinatlarini
diirtist sokildo prognozlasdiran masin Gyronmasi
modelinin qurulmasi talab olunur.

4.  Hamar Ke¢id Mexanizminin Catismaz-
l1g1: Emosional vaziyyat tosnif edildikdon sonra
virtual alomin vizual elementlorinds (isiqlan-
dirma, soma rongi, hissacik dumani) yaranacaq
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koskin va sigrayisli doyisikliklor vizual qiciglan-
maya yol acir. Buna goro do real zamanli para-
metrik transformasiyalar xatti interpolyasiya vo
akustik c¢arpaz sonmo (audio crossfade)
mexanizmloari ilo hamarlasdirilmalidir.

Tadqiqatin Maqsadi vo Hadoaflari

Todgigatin osas moqgsadi Python osash
rogomsal signal emali (DSP) vo masm &y-
ronmoasi platformasi (backend) ilo Unity 3D im-
mersiv mithorriki (frontend) arasinda asinxron
isloyon, real zamanli, qapali dovrali adaptiv vir-
tual miihit sistemini layiholondirmak vo miihan-
dislik totbiqini reallagsdirmaqdir.

Eeq osash adaptiv virtual
proqram-texniki realizasiyasi

Neyro-daptiv virtual mihitlorin (NAVE)
qurulmasinda an vacib miihondislik morhalasi
bas dorisindon geydo alinan vo konar kiiylorlo
korlanmig elektroensefaloqrafiya (EEQ) signal-
larinin  addim-addim tomizlonmosi, faydali
kognitiv olamatlorin (feature extraction) ayril-
mast vo onlarin masin dyronmosi modellori va-
sitasilo tosnif edilmosidir. Burda real DREA-
MER verilanlor bazasi lizarinds totbiq etdiyimiz
signal emal1 xotti (pipeline), giris-¢cixi1g mat-
rislori, riyazi normallagdirma va filtrloma prose-
durlari, ham¢inin emosional vaziyyati prognoz-
lasdiran Random Forest modelinin tolim va
giymatlondirma metodologiyasi tam alqoritmik
ardicilligla tosvir edilmisdir.

ADDIM 1: Verilonlor Bazas1 vo Struktu-
run Oxunmasi

Sistem Dreamer.py vo train_and_evaluate.py
skriptlori vasitosilo DREAMER.mat verilonlor
bazasin1 yaddasa yiikloyir. Verilonlor bazasi
MATLAB R2024b formatinda ola bilacoyi tiglin
sistem avtomatik olaraq asagidaki iyerarxik
oxuma prosedurunu icra edir

miihitin

1. ©Ogor fayl MATLAB R2024b
formatindadirsa, mat73.loadmat() siizgoci iso
salmir vo  verilonlor DREAMER|['Data']

strukturu iizorindon ¢ixarilir.

2. Oks halda scipy.io.loadmat() vasitosilo
anonavi iyerarxiya oxunur.

3. 23 istirak¢iin har biri {iclin 18 video
stimulyasiyasina uygun EEQ signal axim
(128 Hz tezliyinds geydo alinmis 14 kanal) vo

onlara  miivafiq  subyektiv  emosional
giymotlondirmo ballart ( V - Valence, A -
Arousal, D - Dominance) yaddasda
strukturlagdirilir.
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ADDIM 2: Giris va Cixis Parametrlorinin
Riyazi Toyini

Sistemin kosilmoz islomasini tomin edon giris
vo ¢ixis parametrlori riyazi olaraq doqiq
miuoyyonlosdirilmisdir:

e  Giris (Input) Matrisi (X,4,): Olgiisii
128 X 14 olan xammal EEQ signal seqmenti (1
saniyolik interval, 14 kanal). Kanallarin
beynolxalg 10-20 yerlosdirmo sistemina uygun
ardicillig: AF3, F7, F3, FC5, T7, P7, Ol, O2,
P8, T8, FCo, F4, F8, AF4.

e Hodof Cixislar (Target Outputs):
Subyektiv affektiv ballarin ( V,A4,D ) kom-
binasiyasina asaslanan emosional sinif kateqori-
yasl.

o  Valence (Valenslik) qiymotino asason bi-
nar va ya ti¢lii sinif toyini:

@)

POSITIVE (2), agarV > 3.0
Category = { NEGATIVE (0), agorV < 3.0
NEUTRAL (1), agarV = 3.0

Burada Valence (V') emosiyanin miisbot
va ya manfi spektrini, Arousal (4) intensivliyini,
Dominance (D) iso istifadoginin 6z vaziyyeting
olan nozarot hissini (1-5 Likert skalasinda)
gostorir.

ADDIM 3: Signallarin
Tomizlonmasi (Preprocessing Pipeline)

Xammal signal birbasa istifads edile bilmoz,
clinki boyiik gorginlik siiriigmalarina (DC offset)
malikdir. Bu sobobdon siqnal asagidaki riyazi
siizgaclordon kegirilir:

1.  Z-Score Normallasdirma: Hor bir kanal
iizro xammal signal noqtasi (x,) orta doyar (u)
vo standart meyl ( o ) vasitosilo normal-
lagdirilaraq sifir morkozli formaya gotirilir. Bu,
forgli insanlarin kollo siimiiyiiniin miigavimot
forqlorini aradan qaldirir:

@)

Riyazi

' Xn — Hy

= 1070
2. Butterworth Bandpass Siizgoclomo:
Torlomo, goz qirpmasit vo 50 Hz elektrik

sabokasi fon kiiyiinii tomizlomok ii¢lin1.0 Hz ilo
50.0 Hz arasinda foaliyyot goOstoron 4-cii
doracali  band-pass siizgoci totbiq edilir.
Stizgacin tezlik cavabinin amplituda kvadrati:
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o
()"

c

|H(w)|? =

Burada N = 4 siizgocin doracosini, w, 1s9
kosmo tezliyini ifado edir.

ADDIM 4: Spektral Giic Sixhigiin (PSD)
Welch Metodu ilo Hesablanmasi

Hor bir tomizlonmis saniyolik poncora (128
niimuns) iizorindo siirlison poncora totbiq
olunaraq beynin asas tezlik ritmlari (6, 6, @, B,y)
hesablanir. Bunun {i¢lin Furye analizinin dis-
persiyasini minimuma endiron Welch metodu
totbiq olunur:

K
1
Pweicn(F) =% ) Pui ()
i=1

Hesablanmis spektral giliclor asagidaki tezlik
intervallar1 iizro inteqrasiya olunur: Delta (§):
0.5 — 4.0 Hz (dorin passivlik/yuxu); Theta (6):
4.0 — 8.0 Hz (dorin bosalma/daxili digqet); Al-
pha («):8.0 — 13.0 Hz (sakitlik/stressiz konsen-
trasiya); Beta ( f ): 13.0 —30.0 Hz(aktiv
diisiinco/diqqoat/stress); Gamma ( y ): 30.0 —
45.0 Hz (yliksok koqnitiv garginlik/hayacan).

ADDIM 5: Koqnitiv Nisbatlorin Hesa-
blanmasi

Emosional va zehni vaziyyatlorin daha doqiq
ifado edilmosi {igiin adobiyyatda qobul edilmis
xtisusi koqnitiv indekslor vo nisbatlor hesa-
blanir:

1. Arousal Nisbati (Arousal Ratio): Beynin

oyaniqliq derocosini gostorir:
B

Arousal Nisbati =

. a
2. Stress Indeksi (Stress Index): Beynin
gorginlik vo stress soviyyasini xarakterizo edon
on populyar nisbat metodu:
B

Vo ya —
yd

Stress Indeksi =
a+0

Burada yiiksok tezlikli aktivlik (5, y) asagi te-
zlikli sakitlogdirici ritmlora (@, 8 ) boliinorok
zehni gorginliyin miqyasini riyazi olaraq toqdim
edir.

3. Relaksasiya Indeksi (Relaxation Index):
Stressin tors qiymoti olub bodonin rahatlama

doaracasini gostarir:
a+6

g+
Verilonlorin Real Tomizlonmis Fragmenti
(Data Fragment)

Relaksasiya Indeksi =
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fragment.py  skriptinin  icrast  zamani
DREAMER verilonlor bazasindan ¢ixarilan vo
tam tomizlonmis (normallagdirilmis vo Butter-
worth siizgocindon kegmis) real data fragmenti

0z basliglar1 vo miivafiq subyektiv V, A, Dballar1
ilo birlikds asagida togdim edilmisdir:

Sefr A3 F7 F3 FCS 17 P O 02 P8 T8 FC6 F4 F8  AF4  Valence Arousal Dominance
0 00591 01441 -0.0273 -0.009 0.0992 -0.0914 -0.0335 -0.0653 -0.0096 0.0718 -0.1118 0.0034 0.0817 -0.0061 4 3 2
1 -0.262 00334 04091 04301 06406 0297 0.3939 0291 04292 05714 02163 04171 06116 04221 4
2 -1.0886 0.9391 1.0948 1102 09904 1.0616 112 11297 1.096 1.0285 1.1539 1.0704 1.0068 1.0985 4 3 2
3 -0.4025 0.9158 -0.1308 -0.0306 -0.3936 -0.2156 -0.0204  0.26 -0.0594 -0.1695 0.2404 0.0448 -0.3679 0.0398 4 3 2
4 14867 1.0181 -1.7049 -1.6846 -1.7048 -1.6332 -1.6887 -1.5739 -1.695 -1.6614 -1.627 -1.662 -1.7106 -1.6975 4 3 2

Cadval 1. DREAMER Datasetindon emal
olunmus 14 kanalli real EEQ verilonlor
fragmenti

Random Forest Tosnifat Metodologiyasi vo
Real Tolim Naticalori

Qeyri-xotti vo oldugca miirokkob struktura
malik olan neyron signallarinin yiiksok doqiqli-
klo tosnif edilmosi iiclin masin Syronmasi sa-
hasindo qorar agaclarinin ansambl metoduna
osaslanan Random Forest (RF) alqoritmi totbiq
edilmisdir.

1. Verilonlorin Tolim (Training) vo Sinaq
(Testing) Bolgtisii

Hoaddindon artiq uygunlagsmanin (overfitting)
qarsisint almaq vo modelin limumilogdirma
qabiliyystini  diiriist qiymetlondirmoak {i¢iin
train_and_evaluate.py skripti daxilinde veri-
lonlor bazast %80 Tolim (Training) vo %20
Sinaq (Testing) nisbotindo tosadiifi sokildo
boliinmiisdiir:

Umumi real saniyslik niimuna (Epoch)
say1: 17149
Tolim ¢oxlugu (Xirain, Yirain): 13719

nimund
nimund

2. Qiymatlondirma Metriklorinin Riyazi
Hesablanmasi

Modelin performanst asagidaki standart
tosnifat metriklori vasitosilo qiymaotlondirilir:
Doqiqglik (Accuracy): Dogru toxmin edilmis
biitiin siniflorin iimumi niimuna sayina nisbati;
Hossasliq (Precision): Miisbot olaraq tosnif
edilmis nlimunalorin no godorinin realda dogru
oldugunu gostorir; Gerigagirma (Recall): Realda
miisbat olan niimunslorin na gadorinin model

Smnaq coxlugu ( Xiest, Viest )¢ 3430
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torofindon dogru tapildigini gostorir: F1-Score:
Precision vo Recall metriklorinin harmonik
ortasidir.

Real Talim va Sinaq Naticalori

Talim prosesinin sonunda rf model.pkl klas-
sifikatoru vo scaler.pkl miqyaslayici obyektlori
ugurla generasiya edilmis vo sistem torofindon
asagidaki real test noticolori aldos olunmusdur.

Eksperimental noticolor gostorir ki, model
xtisusilo  POSITIVE ( F1=0.74 ) wvo
NEGATIVE ( F1=0.73 ) emosional

voziyyetlori yiiksok hossasligla ayira bilir. Bu
gostoricic.  NAVE  sisteminin  virtual miihit
adaptasiyasini kosilmoz vo diirtist sokilde idars
etmasi U¢iin kifayatdir. Model vo preprocessing
fayllar1 novbeti real vaxt axinlarinda birbasa
istifada edilmak ti¢lin rf model.pkl va scaler.pkl
olaraq ugurla arxivlosdirilmisdir.

Neyro-adaptiv virtual miihitlorin (NAVE)
kosilmaz vo real zamanl foaliyyst gdstormosi
ticlin backend siizgoclorindon kegon vo tosnif
edilon  emosional  voziyyst  gostoricilori
saniyonin minda biri daracasinda gecikma ilo
Unity 3D miihorrikine otiiriilmalidir. Bu
mogsadlo, sistem arxitekturasinda Python (tolim
vo signal emali torofi) ilo Unity (vizual vo
akustik adaptasiya torofi) arasinda asinxron
isloyon yiiksok siirotli soboks korpiisii vo
coxaxinli idaraetmo mexanizmi qurulmusdur.

Unity-do Fon Axim (Background Thread)
ilo UDP Port Dinlonilmasi

Unity oyun miihorriki prinsip etibarilo
tokaxinlt (single-threaded) bir arxitekturaya
malikdir vo saniyads minimum 60 kadr (FPS)
siiratlo biitiin render, fizika vo istifadogi inter-
feysi omoliyyatlarin1 eyni osas axinda (Main
Thread) icra edir. Ogor UDP soketinin



TEIH Vol.28 (2) 2026
Proceedings of Azerbaijan High Technical Educational Institutions

TEIH Vol.28 (2) 2026
Azarbavcan Ali Texniki Maktablorinin Xaobarlari

dinlonilmasi (UdpClient.Receive()) birbasa osas
axinda aparilsaydi, program UDP portundan
molumat galons qodar gdzlomo rejiminds dona-
caq vo biitiin istifadogi tocriibasini iflic edocokdi.

Bu ¢otinliyi hall etmok tigiin EEGReceiver.cs
daxilinds asinxron ¢oxaxinliliq (multithreading)
arxitekturas1 totbiq edilmisdir. Sistem 1iso
diisdiikdo arxa planda miistoqil bir fon axini
(background thread) basladilir:

Bu sub-axin asas render dovrasindon tam asil1
olmayan, asinxron olaraq 5005 portunu
dinloyon bir sonsuz dovro iglodir. Dinlomo
funksiyasinin montiqi addimlarnn  asagidaki
kimidir:

1. Soket vasitosilo xammal bayt massivi
(byte[] receivedData) qobul edilir.

2. UTF-8 kodlagdirmas: ilo baytlar satir
tipino cevrilir: string message Encod-
ing. UTF8.GetString(receivedData).

3. Sotir vergilloro boélinorok EEGData
strukturuna (struct) pargalanir (ParseEEGData).

4. Ugurlu parcalanmadan sonra verilonlor
osas axina Otiiriilmo ndvbasine yazilir.

Unity Axin Tohliikasizliyi (Thread Safety)
vd Main Thread Dispatcher Arxitekturasi

Fon axininda alinan EEQ verilonlori dorhal
Unity-nin vizual miihit elementlorino (masalon,
sama rongi, hissacik sistemlari, sos manbalari vo
ya Ul matnlori) totbiq edils bilmoz. Ciinki Unity
API-si axin-tohliikesiz (not thread-safe) deyil.
Fon aximindan birbasa hor hansi bir GameOb-
ject-1 vo ya Ul komponentini manipulyasiya
etmoyo cohd gostorildikdo miihorrik daxili
tohliikasizlik xotast (Thread-Safety Exception)
verir. Bu miihondislik problemini aradan qal-
dirmaq {g¢iin sistemdo programlasdirma iizro
Dispatcher dizayn sablonu (Pattern) realizo
edilmisdir. MainThreadDispatcher.cs sinfi va-
sitosilo asinxron sub-axindan golon harokatlor
(Actions) xiisusi novba strukturuna (Queue) yer-
logdirilir vo asas render axininda ndvbas ilo icra
olunur.

Saboka va Coxaxinlihq Modullarinin
Proqram Realizasiyasi

UDP gobuledici modulu (EEGReceiver.cs)
daxilinde satirlorin asinxron oxunmasi vo par-
calanmast alqoritminin proqram kodu satiri
ayrraraq xotasiz gokildo float tipli tezlik
giiclorina gevirir. Fon axininda ugurla parsing
edilmis bu  struktur, sinif daxilindoki
OnDataReceived hadisosi (Event) vasitosilo
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MainThreadDispatcher ndvbasino  asinxron
olaraq gondorilir. Bu mithondislik arxitekturasi
sayosindo, saniyado ylizlorlo paket golso belo,
Unity-nin asas render axin1 he¢ bir mikro-donma
(micro-stuttering) vo ya kadr itkisi yasamuir.
Alman neyro-emosional molumatlar tam
tohliikkesiz  gokildo istifadogi interfeysindo
(EEGUIDisplay.cs) vo vizual adaptasiyani idara
edon morkozi idaraetmo sisteminda
(NAVEManager.cs) sinxronizasiya edilir. Bu
realizasiya biokibernetik dovronin
kasilmazliyini tomin edon asas texniki stitundur.

Giris vo Cixis Parametrlorinin Riyazi
Spesifikasiyasi vo Xoritolonmo Matrisi

Adaptasiya miiharriki hor 0.2 saniyadon bir
UDP soboka portu vasitosilo tohliikesiz sokildo
parsing olunmus neyro-emosional gostoricilor
matrisini qabul edir.

1. Girig Vektoru (Igapt): Giris parametri
olaraq saniyolik siirlison poncorodon sintez
edilmis emosional status vo spektral giic sixlig1
gobul olunur:

Lagapt = (Status, 8,6, a,6,v)

Burada Status €
{"POSITIVE", "NEGATIVE", "NEUTRAL"} ¢ox-
luguna daxil olan markazi triggerdir.

2. Cmxis Vektoru (Openger): Cixis para-
metri miihitdo render olunan atmosferik post-
processing, skybox (soma qati), zorrocik sistem-
lori (particle system) vo sos resurslarinin fiziki
parametrlorini  6ziindo birlosdiron ¢oxdl¢iilii
vektordur:

Orender

= <Ssizer Sconvs Ctint» Exps Pmax

Xp’ Erates Mfile)

Burada: Sgize (Sun Size): Goydoki vizual
giinasin bucaq Sl¢iisii.

o Sconv (Sun  Convergence):
stialarinin moarkozlosmo doracasi.

o Ciint (Sky Tint): Somanin atmosferik rong
vektoru (RGB).

o Eyp (Exposure): Miihit isiqlandiriimasinin
parlaqliq doracasi.

o Ppax(Max Particles): Bulud dumanligini
simulyasiya edon hissaciklorin maksimal limiti.

o Eizye (Emission Rate): Saniyodo gen-
erasiya olunan duman hissaciklarinin say1.

o Mg (Music File): Arxa planda g¢alinan
akustik sos fayli.
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line. *MethodsX*.
ODOBIYYAT SiYAHISI: 7. Koelstra, S., et al. (2012). DEAP: A data-
1. Foix, A. M., et al. (2026). Affective user  base for emotion analysis using physiological
experience (AUX) in immersive environments:  signals. *IEEE Transactions on Affective Com-
A systematic review. Applied Sciences. puting.

2. Bird, J. J., et al. (2019). A deep evolution-
ary approach to bioinspired classifier optimisa-
tion for brain—machine interaction. *Complex-
ity*.

96


https://doi.org/10.1007/978-3-031-72506-7_34
https://doi.org/10.1007/978-3-031-72506-7_34
https://doi.org/10.1016/j.procs.2024.09.626

TEIH Vol.28 (2) 2026 TEIH Vol.28 (2) 2026
Proceedings of Azerbaijan High Technical Educational Institutions Azarbavcan Ali Texniki Maktablorinin Xaobarlari

DEVELOPMENT OF A VIRTUAL ENVIRONMENT BASED ON EEQ SIGNALS

Lala M. ZEYNALOVA
Azerbaijan State Oil and Industry University, Department of Computer Engineering
Associate Professor,
E-mail:l.zeynalova@asoiu.edu.az

Vugar RAGIMLI
Azerbaijan State Oil and Industry University, Department of Computer Engineering
SABAH, student
rahimli.vugar.gabil@asoiu.edu.az

Abstract: We presents the development of a bio-cybernetic adaptation system for interactive virtual environ-
ments, driven by real-time human emotion recognition using Electroencephalography (EEG) signals. The re-
search utilizes the internationally recognized DREAMER dataset, which contains multimodal biometric re-
cordings from 23 participants. An efficient machine learning pipeline was constructed for EEG signal pro-
cessing. After artifact removal and normalization, the raw signals were segmented into 1-second sliding win-
dows (epochs) to ensure real-time responsiveness, yielding 85,744 unique training samples. From each epoch,
878 comprehensive features were extracted across both time-domain (Mean, Std, Hjorth parameters, Skew-
ness, Kurtosis) and frequency-domain statistics (Power Spectral Density via Welch's method, spectral entropy,
edge frequencies, and inter-channel correlations). A Random Forest classifier was deployed for a 3-class emo-
tional state classification (Negative, Neutral, Positive) along the Valence axis, achieving an overall accuracy
0f 70.39% on the test dataset. The trained model was serialized into rf model.pkl and integrated into a Python
backend. This backend streams predictions via UDP protocol to a Unity-based 3D virtual environment, dy-
namically modifying the visual atmosphere and acoustic crossfading in synchronization with the user's internal
emotional state. The developed software architecture is fully compatible with future direct integration into
Virtual Reality (VR) technologies.

Keywords: EEG, DREAMER dataset, Emotion recognition, Random Forest, Unity 3D Virtual Environment.
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PA3PABOTKA BUPTYAJILHOM CPEJIbl HA OCHOBE CUT'HAJIOB 23T

Jlana M. BETHAJIOBA
AzepOaiimkanckuii I'ocynapcTBeHubrid Y HuBepcuteT Hedtr u [IpoMbimieHHOCTH
Kadenpa koMIbrOTepHOI HHKEHEPUH
JloueHt
E-mail: l.zeynalova@asoiu.edu.az

Brorap PATUMJIN
Azepbaiimxanckuii ['ocymapctBennsiii YauBepcuter Hedt u [IpombimuieHHOCTH
Kadenpa koMIbIOTEpHON HHKCHEPUT
Crynenrt rpynnsl SABAH
E-mail: rahimli.vugar.gabil@asoiu.edu.az

Pe3ome: B nanHol paboTe pa3zpaboTaHa cucteMa OMOKMOEPHETHUECKON alanTalliil HHTEPAaKTUBHBIX BUPTY-
IBHBIX CpPEJl HA OCHOBE PACIlO3HABAHUS YEIOBEUYECKUX HMOLUI B peKUME PEaTbHOTO BPEMEHH C UCTIOJNB30-
BaHHEM CHTHAIIOB dnekTpodHnedanorpaduun (3317). B pamkax nccrienoBanus ObLTa NCTIOIB30BaHA MEXKTyHA-
ponHo npusHaHHas 0aza qanapix DREAMER, conepxamas MynsTUMOJabHBIE OMOMETpHYECKUE 3anucu 23
y4acTHUKOB. b1 moctpoeH 3¢ dekTuBHBIN KoHBelep (pipeline) MammHHOTO 00yUeHHs U1t 00pabOTKU CUT-
HasioB O0I'. [locne 04nCTKM OT IIyMOB ¥ HOPMAaJIM3alMK UCXOAHbIE CUTHAIIBI OBbUIN pa3/ielieHbl Ha 1-CeKyHA-
HBIE CKOJIB3SIIIME OKHA (3MI0XM) [T 00ecieueHusl aIallTUBHOCTH B PealbHOM BPEMEHH, YTO TI03BOJIMIIO MOJTY-
ynTh 85 744 yHUKaNBHBIX 00ydaromux obpasna. M3 kax 1o amoxu ObII0 U3BJIEYeHO 878 KOMILIEKCHBIX MPH-
3HaKoB (features), 0XBaTHIBAIOIINX KaK BPEMEHHYIO 00JacTh (CpeliHee 3HaueHue, CTaHJapTHOE OTKIIOHEHNE,
napameTpsl XuopTa, aCHMMETPHS, SKCIIECC), TAK U YACTOTHYIO 00J1acTh (CIEKTpalibHas IFIOTHOCTh MOILIIHOCTH
MeTonoM Benua, criekTpanbHasi 3HTPONHS, TPaHUYHBIE YaCTOTHl U MEX canajibHble Koppemsauun). s tpex-
KJIaCCOBOH KlaccH(MKAIMK MOIMOHANIBHBIX cocTossHUI 1o ocu Valence (Negative, Neutral, Positive) Obin
npumeneH anroput™ Random Forest, mo3BoauBLmii goctuus ob1meit Tounoctu (Accuracy) 70.39% na Tecto-
BOM Habope aaHHbIX. O0yueHHast MoAesb Obuia cepuanu3obana B Gpopmat rf model.pkl u unTerprpoBana B
nporpammMHyto miargopmy Python (backend). Paspaboranuslii 09keHa mepegaet mporHo3sl o CETEBOMY Tpo-
tokoiy UDP, nuHamudeckn H3MeHssl BU3yallbHYIO aTMocdepy 1 akycthueckue kpocceitns (Audio Cross-
fader) B 3D-BupTyanbHOi cpene Ha IBMKKe Unity B COOTBETCTBUH C BHYTPEHHUM SMOLMOHAIBHBIM COCTOSI-
HUeM noJb3oBatelisi. Co3aHHas MPOrpaMMHas apXUTEKTYpa IMOTHOCTHIO COBMECTHMA C BO3MOXKHOCTBIO TIpsi-
MO MHTETpalliy B TEXHOJIIOTHH BUPTYyalibHOM peanibHOCTH (VR) B Oyayiiem.

Kirouesbie cinoBa: D01, naracer DREAMER, pacno3naBanue smonuii, Random Forest, 3D-BupTyanbnas
cpena Unity.

98


mailto:l.zeynalova@asoiu.edu.az
mailto:rahimli.vugar.gabil@asoiu.edu.az


  10 − 100   𝜇 V


  100   ms


  P S D


  128   Hz


  V


  A


  D


    X  r a w


  128 × 14


  V , A , D


  V


  A


  D


  Category =  {    POSITIVE   ( 2 ) ,  ə g ə r   V > 3 . 0   NEGATIVE   ( 0 ) ,  ə g ə r   V < 3 . 0   NEUTRAL   ( 1 ) ,  ə g ə r   V = 3 . 0


    x  n


  𝜇


  𝜎


    x  n ′ =     x  n −   𝜇  x    𝜎  x +  10  − 8


  50   Hz


  1 . 0   Hz


  50 . 0   Hz


     | H  ( j 𝜔 ) | 2 =  1  1 +    (   𝜔    𝜔  c )  2 N


  N = 4


    𝜔  c


  𝛿 , 𝜃 , 𝛼 , 𝛽 , 𝛾


    P Welch  ( f ) =  1  K   ∑  i = 1  K    P  U , i  ( f )


  𝛿


  0 . 5 − 4 . 0   Hz


  𝜃


  4 . 0 − 8 . 0   Hz


  𝛼


  8 . 0 − 13 . 0   Hz


  𝛽


  13 . 0 − 30 . 0  


  𝛾


  30 . 0 − 45 . 0   Hz


  Arousal   Nisb ə ti =   𝛽  𝛼


  Stress   İ ndeksi =   𝛽 + 𝛾  𝛼 + 𝜃   v ə   ya     𝛽  𝛼


  𝛽 , 𝛾


  𝛼 , 𝜃


  Relaksasiya   İ ndeksi =   𝛼 + 𝜃  𝛽 + 𝛾


  V , A , D


  17149


    X train ,   y train


  13719


    X test ,   y test


  3430


  F 1 = 0 . 74


  F 1 = 0 . 73


  5005


  0 . 2


    I adapt


    I adapt =  ⟨ Status , 𝛿 , 𝜃 , 𝛼 , 𝛽 , 𝛾 ⟩


  Status ∈  { " POSITIVE " , " NEGATIVE " , " NEUTRAL " }


    O render


    S conv


    C tint


    E xp


    P max


    E rate


    M file


    O render =  ⟨   S size ,   S conv ,   C tint ,   E xp ,   P max ,   E rate ,   M file ⟩


    S size

