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AHHOTALUA

Ipeamet nccaenoBanus. [IpeanokeHo HOBOE peIIeHHE PACIIO3HABAHUS SMOIMOHAIEHOTO COCTOSHHS YeIOBeKa
(panmocTb, yauBIeHNE, TPYCTh, THEB, OTBPAIIEHHE, CTPaX M HEHTPaJIbHOE COCTOSHUE) IO BBIpayKeHHIo Juna. Hapsmy
C TPAJUIMOHHON BepOaIbHOW KOMMYHHKAIMEH SMOLMH MIPAIOT 3HAYUTENIBHYIO POJIb IPHU OIPE/ICICHHN HCTHHHBIX
HAaMEPEeHHH ISl pealn3alii KOMMYHHKAaTHBHOTO aKTa B Pa3JIMYHbIX MPaKTHYeCKUX cepax aesrenpHocTu. CymecTByer
60IbIII0e KOTHUYECTBO MOJIENEN U alrOpUTMOB paclo3HaBaHMs dMOLMH YeloBeKa Mo KiaccaM M UX MPUMEHEHHs
JUIS COMPOBOXKICHNST KOMMYHUKAaTHBHOTO akTa. I3BeCTHBIE MOAETH AAIOT HEBBICOKYIO TOUYHOCTh PACIIO3HABAHUS
SMOIHOHANBHBIX COCTOSHUHA. MeToabl. [l knaccuduKauy BRIpaKeHNH JTHII TIOCTPOCHEI ABA KJIacCH(HUKaTOpa,
peanmzoBaHHble B OnbOnuoreke Keras: ResNet50, MobileNet,  npeanoxeHna HOBasi apXUTEKTypa KiaccupuKaropa
CBEpTOYHOIT HelipoHHOM ceTr. OOyueHne Kiaccudukatopos ocymecTBieHo Ha Habope qanHbX FER 2013. OcHoBHBIE
pe3yabsTaTbl. CpaBHEHHE pe3yabTaToB pabOTHI BEIOPAHHBIX KIACCH(HKATOPOB TTOKA3aJI0, YTO MPEUI0KEHHAsT MOJIENb
MMeeT HaWIy4IIni pe3yasTar 1o TouHoctu Baauaanmu (60,13 %) u pasmepy (15,49 MB), npu stom dyHKIHMS TOTEph
cocrasiset 0,079 nnst tounoctu u 2,80 — ams Banuaanuu. [lpakTuyeckast 3HaYUMOCTh. Pe3ynbraTsl Hccae 0BaHUSA
MOTyYT OBITh HCHOJIB30BaHBI JUIsl PACTIO3HABAHMUS IPH3HAKOB CTPECCca M arpeCcCUBHOTO MOBEICHNUS YENOBeKa B CHCTEMax
o0cCITy’)KUBaHUS HACENICHUS U B chepax, MU HATHIHH OOIEHHUS C OONBIINM KOJHYECTBOM JIIO/ICH.
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Abstract

The paper proposes a new solution for recognizing the emotional state of a person (joy, surprise, sadness, anger, disgust,
fear, and neutral state) by facial expression. Along with traditional verbal communication, emotions play a significant
role in determining true intentions during a communicative act in various areas. There is a large number of models
and algorithms for recognizing human emotions by class and applying them to accompany a communicative act. The
known models show a low accuracy in recognizing emotional states. To classify facial expressions, two classifiers were
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built and implemented in the Keras library (ResNet50, MobileNet) and a new architecture of a convolutional neural
network classifier was proposed. The classifiers were trained on the FER 2013 dataset. Comparison of the results for
the chosen classifiers showed that the proposed model has the best result in terms of validation accuracy (60.13 %) and
size (15.49 MB), while the loss function is 0.079 for accuracy and 2.80 for validation. The research results can be used
to recognize signs of stress and aggressive human behavior in public service systems and in areas characterized by the
need to communicate with a large number of people.
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BBenenue

Baxublil hakTOp YeI0BEUECKOro OOIIEHUSI — IMOLIHO-
HaJIFHOE COCTOSIHME COOECEeTHUKOB, IIOMOTAlOIIEee MTOHATh
nX HamepeHusl. B Hacrosiee Bpems CymiecTByeT 0oibIIoe
KOJIMYECTBO AJITOPUTMOB, CITOCOOHBIX aBTOMAaTHYECKHU pac-
M03HAaBaTh 3MOIMH YEJIOBEKA MO BBIpaKEHUIO Juma [1].
OnHaKo Ka4ecTBO TAKUX CHCTEM PAcIIO3HABAHMS dMOIUH
CHIDKAeTCs M3-3a TAKUX MPoOeM [2] Kak: HEeKOPPEKTHBII
BBIOOP apXUTEKTYPBl HEHPOHHOI ceTH; HeOOIbIIONH 00BeM
JAHHBIX 1A O6y‘IeHI/I$[; HaJIN4YnUEC MPUTBOPHBIX 3MO[IPII>i,
BHYTPHUKIJIACCOBBIX PA3IMYUN U MEKKIIACCOBOTO CXOJICTBA;
Pa3HbIC YITIbI TOBOPOTA I'0JIOBBLI; YPOBCHB OCBCIICHHOCTH,
pas3nuyus B IPOIOPIHMSX JINIIA.

CucteMbl pacrio3HaBaHHs SMOLMI YeIOBeKa 110 JIHILY
BKJIIOYAIOT B C€0s1 OCHOBHBIE ATAIIbI:

— TIpeaBapuTeNbHast 00padoTKa N300paskeHNS;
— W3BJICYCHHUE BU3YAJIbHBIX IIPH3HAKOB;
— KJaccu(pUKaIms MO [2].

[IpenBapurensHas 00paboTKa M300paKEHUS 3aKITIO-
4aeTcs B MOWCKE 00JIacTH JuIa, oOpe3ke U MacimTadun-
POBaHUU JTaHHOW 00JIACTH, UBMEHEHHUH SIPKOCTH H300pa-
KCHUA, BBIpABHUBaHUA JIMIA U PETYIUPOBKHU KOHTpacTa.
W3Bneuenue BU3YaJIbHBIX ITPU3HAKOB OCHOBAHO Ha UCIIOJIb-
30BaHUM T'COMETPHUU U BHCIIHCTO BUAA JIMIla, HA KOTOPOM
MIPOMCXOANT ITOUCK KJIIOYEBBIX TOUEK BBIJCICHHBIX dJIe-
MeHTOB. [log reoMeTpueil IOHUMAIOTCSl TAKUE DIIEMEHTHI
mina (ux popMa M pacroiiokeHne) Kak: 1asa, Hoc, TyObl,
pot u 1p. Kak npaswuiio, onpenenenne (GOpMBI IEMEHTOB
JMIIa BBITIOJTHIETCS 10 KIIOYeBBIM ToukaM. Hampumep,
Ha puc. | Takue TOYKHM MPEACTABICHBI U pTa U OpoBeit
[3]. K BHEIIHEMY BHIYy NHIIa OTHOCHUTCS (hOpMa U TEK-

Ay

Puc. 1. OcHOBHbIE KJII0YEBbIE TOUKHU Ha Julle [3]: HCXOTHbIE
n300paxeHus (a); COSMHEHNE KITIOYEBBIX TOUEK,
COOTBETCTBYIOIIEE X H300paxeHus M (b)

Fig. 1. Main key points on the face [3]: source images (a);
connection of key points corresponding to their images (b)

cTypa koxu. Kiraccupukanus n3BJICUeHHBIX MPU3HAKOB
Ha BBIPQKECHHUHU JIMLA OCYIIECTBISCTCS C UCIOIb30BAHHU-
€M TPaJAULMOHHBIX U HEHPOCETEBBIX METOIOB MAIIMHHOM
KIaccu(UKaIum.

MaTepl/laJ'll)l U METOAbI

AHanu3 BBIPaXKEHUS JIMLA B IPOLIECCE PACIO3HABAHUS
SMOLMH HATpaBJIEH Ha PEIIEHNE TPEX OCHOBHBIX 3a/1a4: Ha-
XOXKJICHHUE JINIIA, U3BJICUCHNE IPH3HAKOB U KIIACCU(PHUKAIINS
BBIPKCHUH JINIIA U3 HETOJBIKHBIX MM MTOCIIE0OBATEIb-
HBIX M300pasKeHUH.

TouHOE MECTOMOIOKEHNE JTUIAa HAa N300paKeHUH
WIN BUJCOKAAPE MO3BOJIAET ONPENEINTh METO Brombi—
JlxoHca. Ero ocHOBHOM MpUHIUI 3aKJIH0YAETCsl B CKAHUPO-
BaHHUHM MOI0OKHA, CIOCOOHOTO OOHAPYKUTh JIUIO HA BXOJI-
HOM M300pa)KeHUH WM BUjeoKaapax. B nanHOM meroje
n300pakeHUe MPEICTABICHO B HHTETpaNbHON (popme u
TMIO3BOJISIET ONEPATHBHO BEIYHUCIIUTH HEOOXOANMBIE OOBEKTHI
[4]. aTerpanbHBIM peCTaBICHUEM N300PAKEHHUS SIBIISI-
€TCsl MaTpulla ¢ TAKUMU K€ pa3MepaMH, 4TO U UCXOAHOE
n3o0paxenne. Kaxapli >IeMEHT MaTpHUIbI XPAHUT CyMMY
SIPKOCTEH TMMKCEIIOB, PACIIONOKEHHBIX JIEBEE U BBIIIE 3TOTO
anemenTa [5—11]. DmeMeHTH MaTPHUITBI PaCCUNTHIBAIOTCS
CIIEIYIOIINM 00pa3oM:
i<xj<y

Y 1)),

i=0,j=0

L(x,y) =

rae L(x, y) — uHTerpajgbHoe n3obpaxkenue; (i, j) — uc-
XOHOE N300pakeHue.

[Tpumep pacyera HHTErpaIbHOTO U UCXOJHOTO M300pa-
JKCHUH npeJicTaBieH B Taou. 1.

B 3aBucuMOCTH OT BBINONHIEMBIX (DYHKIIHIA METOJIBI U3~
BJICUCHMS TIPU3HAKOB PEAJIM3YIOTCS Ha OCHOBE: F€OMETpPH-

Tabnuya 1. TIpumep Buia MaTPULL KCXOHOTO M MHTETPAIbHOTO
n300pakeHUH

Table 1. Example of the source and integral image matrices

HcxonHoe n3o0paxenue NuTerpanpHoe n3o0paxeHne
1G,.)) Lx, )

0 1 1 1 0 3

1 2 2 3 1 4 7 11

1 2 1 1 2 11 16

1 3 1 0 3 11 16 21
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YECKHX 00BEKTOB, MO3BOJISIOIINX U3BJICKATh HH()OPMALIUIO
0 TaKMX 00BEKTaX KaK poT, HOC, OPOBU M JPYTHX, U ONpe-
JIeJISITh UX MECTOIOJIOKEHHUE; MOJIeJIeH BHELIHErO BH/JI,
KOTOPBIE M3BJIEKAIOT HH(OPMAIIHIO O TEKCTYPHBIX 0COOCH-
HOCTSIX JINIA; MT00AJIBHBIX U JIOKAJIbHBIX 00BEKTOB, HAOO-
aee 3QGEKTHBHBIM M3 KOTOPBIX [5] siBIIsieTCsl METO IV1aB-
HBIX KoMIToHeHTOB (Principal Component Analysis, PCA).
Hecmotps Ha BeicoKyt0 3 hekTrBHOCTH, PCA TpebyeT
JUIS CBOETO NPUMEHEHHS HJICaIN3UPOBAaHHBIX yCIOBHH,
TaKHMX KaK eMHbIC TapaMeTPhl OCBEIICHHOCTH, HEHTpaIb-
HOE BBIPa)KEHHE JINLA, OTCYTCTBUE IIOMEX B BHJE OYKOB U
6opo. [Ipu ux HecoOMONEeHUH TTIaBHBIE KOMITIOHEHTHI HE
OylyT OTpakaTh MEKKJIACCOBBIC Bapuaruu [7].
Krnaccudukanus M3BIeYeHHBIX MPU3HAKOB Ha BhIpa-
YKEHUH JInna (c4acTbe, yUBJICHUE, THEB, CTPax, OTBpallie-
HUE, TPYCTh U HEWTPAJIBHOE) OCYIIECTBISIETCSI C UCTIOJb-
30BaHHEM METOJIOB MAIMHHON KiIaccuukanuu (puc. 2).
Bbuti 1opoOHO paccMOTPEHbI HECKOJIBKO MeTO0B. MeTox
OTIOPHBIX BEKTOPOB (Support Vector Machine, SVM) —
oOyvaercs Ha paHee M3BECTHBIX JaHHBIX, JJIS MOJIyde-
HUS MAaKCHMH3aLUH TPAHULBI IPUHATUS PEILCHUS MKy
rpymmami [8, 9]. CkpriTeie MapkoBckue Moaenu (Hidden
Markov models, HMM) ckanupyroriero okua [12] ussie-
KaloT MUKCEeIbl, TPAaHC(HOPMUPYSI UX B BEKTOPbI HaOJIO/1e-
HU, IPHU 9TOM TIOJIyYEHHBIE BEKTOPBI KJIACCUPUIIUPYIOT-
csl Mo MUMHUKe (BbIpakeHusiM sinna) [1]. MHorocoiHbIi
nepuentpon (Multilayer perceptron, MPL) cocrout u3
CHCTEMBI TIPOCTBIX B3aMMOCBSI3aHHBIX HEHPOHOB, MM y3-
JIOB, PEATHM3YIOLINX HEMHEHHOEe 0TOOpaskeHNne BXOJAHOTO
BekTOpa B BbIXonHOH [13]. [lryOokue HelipoHHBIE CETH
(Deep neural network, DNN), m0o3BOJISIFOT H3y4aTh CIIOXK-
HbIe HENMHEHHbIe QYHKINN 3aTaHHOTO BXOJA JUIS MHU-
HUMU3anuu omuoOok [14]. CBepTrouHas HEHpPOHHAS CETh
(Convolutional neural network, CNN) — crenmnanbHas
ApPXUTEKTYpa UCKYCCTBEHHBIX HEUPOHHBIX CETEU, KOTOpas
HauboJiee TOYHO Pacro3HaeT 0ObEKThl Ha N300paKeHH-
SIX, TaK KaK, B OTJIMYHE OT MHOTOCJIOHHOTO MepCcenTpoHa,

YUUTBIBAETCS AByXMEPHas TOMOJIOrusi n300paxenus. [Ipu
9TOM CBEPTOYHBIE CETH YCTOMYMBBI K HEOOJBILIUM CMellIe-
HUSIM, U3MEHEHHUSIM MaciuTaba v MoBopoTaM 0O0bEKTOB Ha
BXOAHBIX m300paxenusx [10]. B pe3ynprare ananmmsa B
Hacrosiei padore Beiopana CNN.

Jlst pacrio3HaBaHMs SMOILMOHAIBHOTO COCTOSTHUSI YeJIO-
Beka rcrnonb3oBana CNN ¢ mapameTpaMu: BXOITHBIM CIIOEM
(96 x 96 x 3), Ha KOTOPBII TIOAETCS IIBETHOE N300paskeHNE
(BGR image) pazmepom (96 x 96); 30 CKpPBITBIX CIOEB,
OJIMH MX KOTOPBIX — BBIXOJHOM CJIOH, coepkaluil 7 Bbl-
XOJ10B, OIPEEIAIONINX BEPOSITHOCTh MPUHAAIEKHOCTH
pacro3HaHHOW AMOIIMHU K KOKIOMY M3 3aJIaHHBIX KJIACCOB
(cuacTbe, yMBICHUE, THEB, CTPaxX, OTBPAIICHHUE, TPYCTh U
HEUTPAJIbHOE COCTOSIHUE.

Ha puc. 3 moka3aHbl B3aMOCBSI3U CKPBITBIX CJIOCB.
Conv2D — cnoii cBeptku ¢ napamerpamu: F (filters) —
KOJIMYECTBO BBIXOAHBIX (miibTpoB B cBeptke; K (kernel
size) — annMHA OKHa CBepTKU. ReLu — QyHKIUA ak-
tuBanuu, Batch Normalization — mpeoOpa3oBaHue,
KOTOpPOE MOAJEP)KUBAET CPEeIHEE 3HAUCHUE BBIX0/Ia OKOJIO
0 u craHgapTHOE OTKIOHEHHE BBIXOAA, CTpeMsIieecs K 1.
MaxPooling2D — cnoif moassi6opku, e P (pool size)
M03BOJISIET YMEHBINATh BXOHBIE JaHHBIE B 72 Pa3; Dropout
obecrneunBaeT cliyyaiiHoe BbINIaJ[cHUE HEHPOHOB IS
n30eraHus nepeHacolieHus Heiipoceru. Flatten Tpanc-
(hopMupyeT BXOIHYIO Marpuily B OfMH MaccuB. Dense —
TOJIHOCBSI3HBIH cJ10#, rie U (units) — pa3MepHOCTb BBIXO/I-
Horo npoctpancTsa. A:'relu’ — ¢ynkims aktuBanuu Relu,
Class Labels — MeTKH KIaccoB. p — CIIOH, OOHYJISIOIINH
B MOJICJIM HEHPOHHOM CETH YacTh BECOB.

Jns oOydeHus u Banmumanuu pazpadoranHoit CNN
ucrnonb3oBad Habop maHHbIX FER 2013, cocTosmmuit u3
20 888 m300pakeHuit (prc. 4) ¢ peaTbHBIMH BRIPAKESHIIMHI
JIUIIA TIPU Pa3NWYHBIX YCIOBUAX ocBemieHus [15]. Habop
JAHHBIX COZEPXKHT JIBE BBIOOPKH C M300paKEHUAMU: AJIS
o0yuenus «Trainy (raeB — 782, crpax — 3263, oTBpaiie-
Hue — 327, cuactee — 515, rpycth — 956, ynuBnenue —

| MarmmuHHast KHaCCI/I(i)I/IKaIII/IH |

Y

TpaIumroHHBIE METOBI

CkpbITasi MapKOBCKast MOJIENTh

_|
N
N

MeTO}l OIIOPHBIX BEKTOPOB |
KJ'IaCCI/I(i)I/IKaTOp MUHUMAJIBHOI'O paCCTOSAHUSA |

Paccrosinne Xaycnopda |

ANTOpHUTM A-ONmKalIux coceneit |

!
N
N
N

JlepeBo perieHuit |

—>| JInneitnblit quckpuMuHanTHBIN aHamu3 (LDA) |

!

HCKyCCTBCHHLIe HCﬁpOHHLIe CCTHU |

MHOrocnonHbIN NepUenTpoH |

['myGokue HelipoHHBIE CeTH |

!

CBeprouHaast HeHpoHHas |

PexyppentHas |

u ap. |

Puc. 2. O6001meHIEe METOIOB MAITMHHON KiTaccuduKkamy sMonuii [2]

Fig. 2. Generalization of the methods for machine classification of emotions [2]
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Puc. 3. ApxutekTypa HEHpOHHOH CETH JIJIsl paCriO3HABaHUS SMOIIMOHAIILHOTO COCTOSIHUS YeJIOBEeKa

Fig. 3. Neural network architecture in the system for recognition of a human emotional state

Puc. 4. Ilpumepst nzo0paxkenuii n3 Habopa naneeix FER 2013
Fig. 4. Sample images from the FER 2013 dataset

2141, ueitrpanbubiii — 3955) u Banmaanuu «Validationy»
(raeB — 494, ctpax — 136, orBpamenune — 440, cua-
ctee — 1121, rpycts — 462, ynuBnenue — 351, Heil-
TpansHOe — 737.

IKCNEepUMEHTBI H Pe3y1bTaThl

JIst onieHKH KadecTBa paboThl KiaccupuKaTopa, pas-
paborannoro Ha ocHoBe CNN, BBINOTHEHO CpaBHEHHUE
PE3yJIBTaToB €ro paboThl C MapamMeTpaMy N3BECTHBIX MOJIe-
JIel Kiaccu(UKaIMK, TAKKe PealT30BaHHBIX B OMOIMOTEKe
Keras (gacth 6ubanorexn «TensorFlow»): ResNet50 u

MobileNet u 00yuenHbIX Ha Habope nanHbIX (FER 2013),
10 OCHOBHBIM Mapamerpam (Tabi. 2): pa3mep MOICIIH; Bpe-
M3t BblnostHeHus1 — u3Mepsiemoro Ha GPU «NVIDIA Tesla
P100-PCIE» (GPU Google kaggle); TounocTs — OTHOIIIE-
HHE KOJIMYeCTBa MPaBWIBHBIX KJIACCUPHUKALUHA K 001eMy
KOJINYECTBY N300pa’KeHUIT; NOTepH — 3HaYE€HHUE (yHKIUH
MOTEPb, KOTOPAst UCIIOJIB3YETCs ISl OLICHUBAsI KauyecTBa
MIPUHAMAEMbIX MOJICIIBIO PEIICHNUH, Tpr 00yUeHNH MOJISITH
JTAHHBIH TIOKa3aTeb CBOJUTCS K MUHUMH3ALNH Ha KaXK 10
uTepanuu 00yUeHsI; TPEHUPOBKAa — IPOIECC 00yUeHUs
HEHUPOHHOH CETH, B KOTOPOM U3MEHSIFOTCS BECA CETH ITyTEM
TPaJlEHTHOTO CITyCKa, HA KayKI0W NTepalii MUHUMH3UPYS
(hyHKIIMIO TIOTEPB.

HOHy‘IeHHLIe PpeE3YIbTAThl CBUACTEIILCTBYIOT O TOM, YTO
JIYUYIIHMM IO TOYHOCTH BaJluAalluU ABJISICTCA paspaﬁoTaH—
HbIl Kiaccudukarop (60,13 %). Kiaccuduxarop nmeer
MenbInee Bpemst BeimonHeHus (0,001 ¢), yem apyrue mMo-
JIeTH, a Tarkke Hebomboi pasmep (15,49 MB).

W3 npencrasieHHbIX TpaduKoB Ha pHUC. 5 MOJKHO YBHU-
JIETh XOPOIIHI pe3ylbTaT — IPH 00yYeHHHN pa3paboTaHHOTO
kaccudukaropa Ha ocHoBe CNN (QyHKIUS TOTEPH YMEHb-
mraercs Ha 0,079, a TogyHOCTH yBenmuuuBaeTcs 10 97,3 %.

3amMeTuM, YTO IO MOTYYECHHBIM MaTPUIAM CITy THIBAHUS
(puc. 6) pazpaboraHHbBII KiIacCUuDHUKATOP MPEBOCXOIUT
MobileNet o 3Hauenuto nonuots! (Recall) mo Bcem kimac-
caM (KpoMme OTBpAIllEHHUs U cTpaxa), UTO CKa3bIBAaeTCs Ha
[IPUPOCTE 3HAYECHUS HEB3BELUICHHOMN CPEIHEU ITOJIHOTHI
(Unweighted Average Recall, UAR). DddexTrBHOCTB pas-
paboTtaHHOTO Ki1accH(UKaTOpa MOATBEPIKAACTCS ITOTyIeH-
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Tabnuya 2. Pe3ynbTraThl OLEHKH MOJIENeH Kitaccu(puKauu

Table 2. Results of evaluating classification models

Pazmep Bpems TounocTh IMotepu TounocTe IoTepu
Monens o o
MOICIIH, Mb BBIIIOJIHEHUS, C TPEHUPOBKH, A) TPECHUPOBKU BaJluaalnu, /0 BaJIuaganuu
ResNet50 98 0,016 72,30 0,150 53,20 2,58
MobileNet 16 0,0025 88,92 0,360 56,37 2,70
Pa3zpaborannblii knaccuduka- 15,49 0,001 97,30 0,079 60,13 2,80
TOp
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s [l0TEPH BATIH AR 1.0k
s [JOTEPU TPEHUPOBKU
' W é 5T
= g ,\w——-s\ P S
g 2 g ToyHOCTH TPEHUPOBKU
é 2 0,41,
e TOUHOCTD BaJIH/IAIIHH
() e e 0 ! ! ! ! ! ! !
1 5 o B 17 2125 15 9 13 17 21 25 29
Onoxu Dnoxu
c d
20 - IToTepu TPEHUPOBKH Lo+
[Torepu Banmumanuu ’
= A
= E 08}
2 10 3
3 T
penup
,\ 0 ., e TOYHOCTb BAJIM/IAIINN
1 5 9 13 17 21 25 29 33 1 4 7 10 13 16 19 22 25 28 31 34
Drnoxu Drnoxu

Puc. 5. OGyuenue u TeCTUPOBAHHE ITOTEPh U TOYHOCTH: pa3padoTaHHOTO Kiaccupukaropa (a, b); MobileNet (c, d)

Fig. 5. Training and testing of loss and accuracy: the developed classifier (a, b); MobileNet (c, d)

THEB
THEB 318
2 cTpax 29
£ orepameHue 62
=
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= IpycThb 80
YIHUBJICHUE 8
HeWTpajabHOE 28
THEB
THEB 267
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g OTBpallleHue 55
=
5 c4acTbe 30
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YAUBJICHUE 8
HeHTpanbHOE 33

a
IIpenckazannoe
cTpax OTBpalICHUE CuacTbe rpycTh YOUBICHUE  HEUTpanbHOE
33 19 12 63 15 34
71 21 4 6 2 3
40 199 14 45 53 27
3 17 958 24 43 48
15 26 21 217 19 84
3 21 22 3 289 5
13 35 59 119 39 444
b
IIpeackasannoe
CTpax  OTBpaIlCHHE cuacThe TPyCTh YAMBICHHE  HEHTpanbHOe
31 31 16 86 17 46
86 5 1 11 9 2
40 227 12 40 44 22
12 23 823 42 101 90
16 37 23 192 20 85
8 28 31 3 268 5
9 45 62 120 40 428

Puc. 6. Marpuua cryTeiBaHus pazpadoTanHoil mozenu () u MobileNet ()
Fig. 6. Confusion matrix of the developed model (a) and MobileNet ()
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HeIM 3HaueHneM UAR, kotopoe mpeBocxonuT Ooniee ueM
Ha 2 % 3HaveHue, Mojy4eHHoe ¢ rmomoupio MobileNet.
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TIOMOIIBIO0 CBEPTOUHON HeWpoHHOU ceTn. CpaBHEHHE pe-
3yJIbTaTOB pabOThI pa3paboTaHHOrO Kiiaccudpukaropa ¢
mozensimu ResNet50 u MobileNet BBISIBIITIO, YTO TIPEIIIO-
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JUTSL BaJIMJallnH.

References

1. Varma S., Shinde M., Chavan S.S. Analysis of PCA and LDA features
for facial expression recognition using SVM and HMM classifiers.
Techno-Societal 2018. Proc. of the 274 International Conference on
Advanced Technologies for Societal Applications. Vol. 1, 2020,
pp. 109-119. https://doi.org/10.1007/978-3-030-16848-3_11

2. Ryumina E.V. Karpov A.A Analytical review of methods for emotion
recognition by human face expressions. Scientific and Technical
Journal of Information Technologies, Mechanics and Optics, 2020,
vol. 20, no. 2, pp. 163-176. (in Russian). https://doi.
org/10.17586/2226-1494-2020-20-2-163-176

3. Akhmetshin R.I., Kirpichnikov A.P., Shleimovich M.P. Human
emotion recognition in images. Vestnik Technologicheskogo
Universiteta, 2015, vol. 18, no. 11, pp. 160—163. (in Russian)

4. Erman E.A., Mamdouh Mokhammed Gomaa Mokhammed. Face
detection in image by using a combination of Viola— Jones method
and skin detection algorithms. Vestnik of Astrakhan State Technical
University. Series: Management, Computer Sciences and Informatics,
2015, no. 1, pp. 49-55. (in Russian)

5. Mukhamadieva K.B. Comparative analysis of facial recognition
algorithms. Modern Materials, Equipment, and Technology, 2017,
no. 7(15), pp. 58—62. (in Russian)

6. Amelkin S. A., Zakharov A.V., Khachumov V.M. Generalized
Mahalanobis Euclidean distance and its properties. /nformation
Technologies and Computer Systems, 2006, no. 4, pp. 40—44. (in
Russian)

7. Karamizadeh S., Abdullah S.M., Manaf A.A., Zamani M., Hooman A.
An overview of principal component analysis. Journal of Signal and
Information Processing, 2013, vol. 4, pp. 173—175. https://doi.
org/10.4236/jsip.2013.43B031

8. Dino H.I., Abdulrazzaq M.B. Facial expression classification based
on SVM, KNN and MLP classifiers. Proc. of the International
Conference on Advanced Science and Engineering (ICOASE 2019),
2019, pp. 70-75. https://doi.org/10.1109/ICOASE.2019.8723728

9. Greche L., Es-Sbai N., Lavendelis E. Histogram of oriented gradient
and multi layer feed forward neural network for facial expression
identification. Proc. of the International Conference on Control,
Automation and Diagnosis (ICCAD 2017),2017, pp. 333-337. https://
doi.org/10.1109/CADIAG.2017.8075680

10. Greche L., Akil M., Kachouri R., Es-Sbai N. A new pipeline for the
recognition of universal expressions of multiple faces in a video
sequence. Journal of Real-Time Image Processing, 2020, vol. 17,
no. 5, pp. 1389-1402. https://doi.org/10.1007/s11554-019-00896-5

11. Kulke L., Briimmer L., Pooresmaeili A., Schacht A. Overt and covert
attention shifts to emotional faces: Combining EEG, eye tracking, and
a go/no-go paradigm. Psychophysiology, 2021, vol. 58, no. 8§,
pp. €13838. https://doi.org/10.1111/psyp.13838

12. Aleksic P.S., Katsaggelos A.K. Automatic facial expression
recognition using facial animation parameters and multistream
HMMs. [EEE Transactions on Information Forensics and Security,
2006, vol. 1, no. 1, pp. 3—11. https://doi.org/10.1109/
TIFS.2005.863510

13. Gardner M.W., Dorling S.R. Artificial neural networks (the multilayer
perceptron) — a review of applications in the atmospheric sciences.
Atmospheric Environment, 1998, vol. 32, no. 14-15, pp. 2627-2636.
https://doi.org/10.1016/S1352-2310(97)00447-0

14. Cao H., Cooper D.G., Keutmann M.K., Gur R.C., Nenkova A.,
Verma R. CREMA-D: Crowd-sourced emotional multimodal actors
dataset. IEEE Transactions on Affective Computing, 2014, vol. 5,
no. 4, pp. 377-390. https://doi.org/10.1109/TAFFC.2014.2336244

15. Challenges in Representation Learning Facial Expression
Recognition Challenge. Available at: https://www.kaggle.com/c/
challenges-in-representation-learning-facial-expression-recognition-
challenge (accessed: 13.11.2021).

Hay4HO-TeXHNYEeCKNin BECTHUK MHDOPMALMOHHbBIX TEXHOOMMIA, MEXaHUKKN 1 onTukn, 2022, Tom 22, N2 1
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 1 125



ABTOpBI

Coma Tegemn Manysn — acnupant, Yausepcuter UTMO, Cankr-
IetepOypr, 197101, Poccuiickas denepamus, https://orcid.org/0000-
0001-9004-3554, guedes.soma@mail.ru

KajnnoBa Aiizkana MuxaiijioBHa — KaH/AWIaT TEXHUYECKUX HAYK, IIpe-
noaBareib, Boponexckuit nactutyt MBJI Poccuu, Boponex, 394065,
Poccuiickas denepauns; HayyHblil coTpyaHuK, YHUBepcuteT UTMO,
Cankr-IlerepOypr, 197101, Poccuiickas @enepanust, § 57217115500,
https://orcid.org/0000-0002-7758-6578, aizhana_kadnova@mail.ru

Cmambs nocmynuna 6 pedakyuio 21.11.2021
Ooobpena nocie peyensuposanus 14.01.2022
Ipunsma k nevamu 29.01.2022

Authors

Guedes M. Soma — PhD Student, ITMO University, Saint Petersburg,
197101, Russian Federation, https://orcid.org/0000-0001-9004-3554,
guedes.soma@mail.ru

Aizhana M. Kadnova — PhD, Lecturer, Voronezh Institute of the
Ministry of Internal Affairs of Russia, Voronezh, 394065, Russian
Federation; Scientific Researcher, ITMO University, Saint Petersburg,
197101, Russian Federation, §g§ 57217115500, https://orcid.org/0000-
0002-7758-6578, aizhana kadnova@mail.ru

Received 21.11.2021
Approved after reviewing 14.01.2022
Accepted 29.01.2022

Pa6oTta nocTynHa no nuueHsum
Creative Commons
«Attribution-NonCommercial»

126

Hay4HO-TexHN4eCcKnin BECTHUK MHPOPMALMNOHHbLIX TEXHOIOMNIA, MEXaHUKN 1 onTukK, 2022, Tom 22, N2 1
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 1



