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PE®EPAT

Jlunimomuas pabota coaeput /0 ctpanul, / pucyHkoB, 19 HCTOYHUKOB

VHTEJJIEKTYAJIBHBIE CHUCTEMBI, CBEPTOUYHBLIE HENPOHHLIE
CETU, PACIIOSHABAHUE JIUI] ¥ DMOLIMM, OBYYEHUE HEMPOHHOU
CETU

Obvexm ucciredosanuss — MUMHYECKHUE MPOSIBJICHUS IMOLIMI U HEHPOCETEBbIE

TEXHOJIOTUU UX aBTOMATHUYECKOI'O PaCliO3HABAHMUSI.
Llenv pabomer — pa3pabOTKa UHTEIUVICKTyaIbHOW CHUCTEMBI aHaIN3a
HMOIIMOHAIILHOTO COCTOSIHUS Y€JIOBEKa HA OCHOBE MUMUKHU.

Memoowl uccreoosanuss — TEOPETUUCCKUN aHAIN3, CPABHUTEIBHBIA 0030p,
KOMITBIOTEPHOE MOJIEIMPOBAHUE.

B pabore paccmaTpuBalOTCS TEOPETHUYECKHUE M TPUKIATHBIE ACIEKTHI
pacno3HaBaHMs YMOLIMOHAIIBHBIX COCTOSIHUI YEJIOBEKA HA OCHOBE aHAJIN3a MUMUKH.
Onucanbl ICUXO(PU3NOIOTHIECKUE OCHOBBI MUMHYECKUX BBIPAKEHUM, a TAKKE UX
CBsA3b ¢ 0a30BBIMH 3MOLMSIMH corjacHo Teopuu II. Dkmana. IIpoBenen ananus
COBPEMEHHBIX MOJXOJOB K PAacrno3HAaBAHHUIO SMOILMM, BKIIOYas HEHpOcCeTeBbIe
aApXUTEKTYpPbl U THOPUIHBIE METOBI.

Pa3paboTana KOHLENIMS WHTEUIEKTYaJbHOM CHCTEMBI, peaIU3yIOIIeH
aHaJIM3 MHMHYECKUX BBIPAKEHUW C UENbI0 OIPEAENIEHUs 3MOLMOHAIBHOIO
coctosinug. Oco0oe BHUMaHUE YIEIEHO MOIETMPOBAHUIO 3aMHTEPECOBAHHOCTH KaK
CyNepro3uliui 0a30BbIX SMOIIUM.

Pe3ynbraToM AUIUIOMHON paOOTHI SIBISIETCS CIPOCKTUPOBAHHBIN aJITOPUTM,
CIIOCOOHBI B peallbHOM BpeMeHUu o0pabaThiBaTh BUACOMNOTOK, BBIMOJHSTH
JETCKTUPOBAHUE JIMI[ C MOMOIIBIO HEUPOCETEBOM MOAEIM U PaClO3HABATh
MUMHYECKHE 3MOLMU JJI ONpeAeSIEHNs YPOBHS MOTHUBALIHH,

[Tony4yeHHbI€ pe3yabTaThl MOTYT OBITh IPUMEHEHBI B 00pa30BATENBLHOM Cpeie
JUIsl aHaJIM3a BOBJIEYEHHOCTH CTYACHTOB, a Takke B HMHTep(eiicax aganTUBHOTO
oOy4eHHMsI, TeJIeMEIUIIMHE, CUCTEMAax YeJIOBEKO-MAIIMHHOTO B3aUMOJECUCTBUS U
Ipyrux  obnactsx, TpeOyIIIHUX  OIEHKH  3MOLMOHAIBHOTO  COCTOSHUSA
ITOJIb30BATENEH.



PO®EPAT

JpimioMHuast npana 3msimyae /0 crapoHak, 7 ManmoHKay, 19 KpbIHilg

IHTOJIEKTYAJIbHBISI CICTAOMBI, 3BSIPTOUYHBISI HEWPOHHbBISI
CETKI, PACIILIHABAHHE ACOB I DMOILbII 1, HABYYAHHE HEMIPOHHAI
CETKI

Ab'ekm OacnedaséanHsi — MIMIUHBIA TIpasiBbl AMOIBIA 1 HEHPOCETEBBIE
TIXHAJIOTI1 1X ayTaMaThlyHara pacrazHaHHS.

Mb>ma npaywi — pactiparioyka iHTIJICKTyaJIbHAN CICTAMBI aHATI3Y dMaIlblifHara
CTaHy YaJlaBeKa Ha aCHOBE MIMIKi.

Memaowl Oacnedaganns — THIAPITHIYHBI AaHAI3, MapayHAIbHbI arjsj,
KaMITyTapHae MaJdJIsiBaHHE.

VY npatsl pa3rigaaona T3apIThIUHBIS 1 IPBIKIAAHbISA aCTIEKThl paclia3HaHHS
SMAlBIMHBIX CTaHay YaJaBeKa Ha AacHOBE aHali3y MiIMIKI. ATICaHbI
nicixagi3isariyHblsl aCHOBBI MIMIYHBIX BbIpaszay, a TakcaMa 1X CyBsA3b 3 0a3aBbIMi
saMOIIBIsIMI TTaBoIe TH0phIl 1. Dkmana. [IpaBen3eHsl aHaIi3 CydyacHbIX MabIxoaay
Jla pacliasHaBaHHS AMOILIBIM, Y ThIM JIIKY HEMPOCETEBbIE apXITIKTYpPHI 1 TOPBIIHbISA
METaIbl.

PacnpanaBana KaHIMOIBIA IHTAJIEKTyalbHAN CICTAMBI, sIKas plaii3ye aHami3
MIMIYHBIX BbIpa3ay 3 M3Tail BbI3HAUSHHA SMallbliiHara cTaHy. AJIMBbICIOBas yBara
HaJaa3€Ha MadJIIBaHH1 3alllKayJIeHacll K Cyneprasiibli 0a3aBbIX SMOILIBIN.

Brinikam apImisioMHai mpaisl 3'ayiseliia CipackTaBaHbl allrapbIT™, 310JbHbI
¥ paajbHBIM Hace anpanoyBallb Bi3acTpyMEHb, BEIKOHBALlb JITIKTABAHHE aco0 3
JarnaMoraii HeWpoceTeBOM MaJdJil 1 pacha3HaBallb MIMIYHBIS AMOIBI IS
BBI3HAUAHHS Y3POYHIO MAaThIBALIbII.

ATpbIMaHbIs BbIHIKI MOTYLb ObILb YXKBIThIS ¥ ayKalbIHHBIM acsipoI31 s
aHami3zy VIMrHyTacll CTyIdHTay, a TakcaMma Y IHTApdeiicax aganThlyHara
HaBYYaHHS, TAJIEMEIBIIbIHE, CICTAOMaxX uyajaBeKa-MalllblHHAra y3aeMaJ3esiHHS 1
IHIIBIX TaJliHAX, SKIg NaTpadyrolb aJ3HaKl SMallbliiHara CTaHy KapbICTadyoy.



ABSTRACT
The diploma consists of 70 pages, 7 figures, 19 sources.

INTELLIGENT SYSTEMS, CONVOLUTIONAL NEURAL NETWORKS,
FACE AND EMOTION RECOGNITION, NEURAL NETWORK TRAINING

The object of research — facial expressions of emotions and neural network
technologies for their automatic recognition.

Objectives — develop an intelligent system for analyzing a person's emotional
state based on facial expressions.

Methods — theoretical analysis, comparative review, computer modeling.

The paper considers theoretical and applied aspects of recognizing human
emotional states based on facial expression analysis. The psychophysiological
foundations of facial expressions are described, as well as their relationship with
basic emotions according to P. Ekman's theory. An analysis of modern approaches
to emotion recognition is carried out, including neural network architectures and
hybrid methods.

A concept of an intelligent system that implements the analysis of facial
expressions in order to determine an emotional state has been developed. Particular
attention is paid to modeling interest as a superposition of basic emotions.

The result of the thesis is a designed algorithm capable of real-time processing
of a video stream, performing face detection using a neural network model and
recognizing facial emotions to determine the level of motivation.

The obtained results can be applied in the educational environment to analyze
student engagement, as well as in adaptive learning interfaces, telemedicine, human-
machine interaction systems and other areas that require assessing the emotional
state of users.



