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MpepacTaBNeHb peLUpeaHcHnso 3ITH@EB@/HMMb Yy C T a o
nsobpaxeHntiw ero nuuyua. CHavana paccMOTC

3aTeM nNpepgioXeHa UM peanunmi3oBaHa MoOAens.b
Ha HeWpoHHOWL xZ2viN. REss/NEtnpoBegeHb 3KCIN
Hblmm gaTaceTaMu N NpeacTacTIR HBIOY pPadbmm sk NH
3akKweH U nNpuBegeHb WUTOroBbEe NoKa3ldaTenu
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B kKkHMXynnepwmaMi.®péekimoao ¢ ne goynqueeee neH
«lcmxmuyueckasda ycTanocTb npepcrtaBngeT CoOl

3BaHHOEe ANTUWTEeNbHBMWU nNepumogamMm BbIHY XAeH
nocnepcTtTBuMAa ANA MHOT UX awsnebkbrnoos onbfRpacpeys
4yTO Ha pabouyuemM MecTe YyYyMCTBEHHada ycCcTa.
ownobekn. Taknme owmMbKkKMmM MOryT npuBecTMU K
4yeM MecCTe, ac KTuamK XIe0o CT/Ipeafr CATUBEN A M .

©A. n. Banpamos, 4T. MP. TwmepyapBbwoBP. MPpT &mm@oalsH. A. Ty
JaHHaga cTaTba pacnpocTpaHsaeTcsa EeativwCommmuicerseAtribuiqn .G a p o 4 |
International(CCBY4.0).
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OgpHa w“3 oTpacnenm, B KOTOPOWU BNUSAHMUE
N3 H-BHTO TpPHAdomopomeHKe HaUMOHANBLHOT O Yy
M NOPOXHOT O,MmBHWIHEYHM 90 CCAUAaBapmnim exer of
ycTanocTtTu BoagunTtTensa, B KOTOPpPbX nNoruno
000 [MeBndmeKc MiicKoin HemmpPEAEMMUHDBM cTarT
17 rop 3aper ncrTpwunpo B arHpoa Hocknoos/pPar HILEZX6 nOpx

ATTM)B KOTOPbLX KaxXpoe nNATO0Oe BO3HMKaerT |

M

T
y

€EP/STTb H bIM MEXA XKo@ 4JYpBrBepTOeE

NMcxopmpwege JEARONMMDIKKHIO CchefnaTb BbBOA
peageneswsTWA@POCTN YyenoBeka Ha pabouen
we HIBK .0 e PpPrequeEsiooenMd bi, B CHUGBMH®C PMLCK HecC
eB NO nNpuMyYymHe yTOoOMeHMUA paboTHUKaA.
Ana onpepeneHmMa ycTanocTu C,YUUWBEKRBYOTL
HMX MOXHO BbABANSATN6h nHanM TNeokw ORINIE MKIEEEMEE PH
Abl pacno3HaBaHWU8 nNuy pas3BuUuBawTCA U U
HUeCKOW p[eATeoH@PIyUK.e HMMKenwyiass nNpu aHa

e B3rpAan#daw mpaBuMuAO, Ha NepBOM dTane
Lua, 3aTeM BblgenswTcsa 4YepTb nAuMya € O

Llenbt pgaHHOTNIO uMccnepgoBaHMWA d9BNAeTCS
peapenswowero yctTanocTb Yyenoseka no do
MPOHHBLIX ceTen. O6bbekKTOM MUCCNeagoBABHNSHA
TanocTu (onpepgeneHne cTeneHW ycTanoc

X

- L

L] 1s

B coBpeMeHHOM MUpPpe akKTyanbHa npob6ne.

M-3A3 YUpe3MepHON HarpysKkKWu, a 4YeM BbllWe
H OCCOTBbE P WWE H U S-/1 in GOOLKKEMK.0 B HeKOoOTOoOpbIX Cde |
€EHb BO®IHKMOKKET NpPpMBEeCTMUM K ybbiTKam, a B

yuwepo6b 340poBbLIO.
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K NMWUYHOCTHBM (NCUXOMPU3IMONOTMNYECKUM)

MaTnM3Ma YCNOBHO MOXHO OTHE&E&UXIO JTEMIEN BNEECP
rpPy3kKunm paboTHMUKA, NpPUBOALSNA LWNE ak YETTOOM JOELHAN
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aHHOro ©O6onNnbWMMUNU PU3INYECKUMU YN YEgMOBB
eHbwaetTcsda O6A4UNTEeNbHOCTHLb, YT O MOXeT nf
NbKO Ha pabowemevepa@ado®, 7,80 AN pnwudgdg. ne

QKcnepunmeHT an®e,Hou T TpmKBEEGBeEA HOBaApPUKM N Hec
py C HacTynneHuMmem ycTtTanocTtun, a cpepcH
M BbICTynaeT @MakToOp 3amMHTepecoOBaHHOCT
O Ha CKJ/IOHHOCMypUYEAMERBARSE HbIMaKXe Yypo
M N yYyAOBNEeTBOPEHHOCTWNW YyenoBeKa cBoeW
YcTanocTb BepeT K NoTepe BHUMaAHMA #
NOBEeK HEeBO/TbHO MNbTaeTcsd 3aKOHUYMUTbL NO
€, CYOTYOE TBAHHARLKMM PUBGLIP RO OTAaTb B pPexXxumme aB

navyesBHbLM ndlOlneagcTtBUAM

O O =X =< = 0 o

KcoxaneHuntw, pabouyme mMecTa He BCcerfga

NnbCTBaA. Kpome ToOT O, PpaboOTHMUK MOXeT

BbEKTMUBHOINIO XapakTepa. Hanpumep, yCcT
Thb, HecTabununbHbLIA—BOMEO UMNTOMH am b HbIWIH HPO MO
oM npoussoAac[ilkRHH®OMe I@ABMBION pabdboye.
auMumMm Ha3Baoed s BEHAKBTAMYIOBIHACE TBC AT O M, N p
Ha paGCGoHeIMHeomyaaln, a B TOMI2ZLM@EXT €M)
M BOBPeMaA onpepgensaTb ycTanocTb NtAE
ca, TO MOXHO MMUHMMMU3IMWPOBATbL nNnocnepacrtT

I X O O O

3

X = A J s c~ ”” TR J o J ron

[ [T €« < [ v

MHOXEeCTBO T OTOBBbBLX pPEWEHUN CYMETTIBE €T

omMnamHMOMMMM 3 BOANT ENMN BCTpaunuBalT B cBOMU a k

TanocTwu. HanpunmepTopotHaKOoTD2P®& mMomgen

onorumsa pacno3HaBaHuMa yd3anocTu nNno non

"

OApyroe pfBlumemweAb3yeTCcsd B aBTOMOOMANAX
HaeT nNaTTEepPHB OBWMIKE/HMN AB PFKHIFANBHOM COCT

o6 yctTanocTtun, ecnu ob6bHapyXuBaeT OTKIMAOH
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Ewé opgHO [IBdwHeirona@pegnoxXxeHo KoMNOaHUeEIN
GMnnam TakxXe OTCNnNexumBarwT noBejeHne pyn

cCTeMb HabnwageHuMsas 3a HaxaTuem nepgpanen wu
HuUs.
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TaKkXe Mbl paic cuvBoyTupME/TMM C U CT EMY pacnos.

az3BaHne M4 .Pamarntoema paboTaeT C BeKamwu
PKLITMNE Hapg 3payvykK oM Ka TCe GIKeaHKMOEAM CBKPOEPMIECHT Vb,

T CSHA WU OTKPbBAKTCA. O4yeHb MHOTME nNp-
HHYHO CcuUCTeMy, HO He€e TONbKO KaK VYHMWUK
BEHHOEe nNpor paMMH 0CEB € 6/PaCHIHRMIE HTMEEX HOI @ICl
Ha nepBbW B3rnNnsaa, AaHHOE peweHMWEe O0\uYe
CTW, HO B X O®O@G B/XCHCO/NEOT MBAA HWbIS HBabBSIBCaAHHMHAOUNA,

eMbl ecTb psajg HepgocTaTKOB.
BeneppBmmeOoHe WHNE HBHTO,pbHegOCTame4d4HOBN
nepenapjgb BnaxHocTu. Bce a29T0, a Takxe
ro MHAOUBMAYyYMaAa MOXeT Bbl3BaTb OWMWOBOYH
Hna onpepeneHunsa YyciTlEdmec moaoxwgmanma TRe
XHONNOrmMAa onpepgpenaeT yctanocTb B pexl
obnemy Cc onpepeneHuvnem ycTajgldlctm B Ha
Ana pacno3HaBaHWYg ycTanocTW UCNONb3
ILWHHOT O O0bGOYy4JYyeHNMda, KoToOpble ob6bnapgawT C
emmMyuwectTBamMm U HepgocTaTKaMuxiphomeHaEHO
CCMOTpPEeHH], srgeankg wecTB/IeH 0630p O0CtH
ro obyweHmBMe MbIXPpPINA feTeKTuUupoBaHMUA ycC
1. MeToAb Ha OCHOBEe NOKanbHbLX O6WMHAaAPpPH
M 2 dPPeKTMBHOCTbLI BbYNCNEHNUWHA, OAHAKDO

T o6bnapgaTtTb HegoOoCTaAaTOYHOMW TOYHOCTSbLIO.

2. CxoXmm HepocTaTKoOM oOb6nagpaersn Cnéde
[f5]), KOTOpbLW ORMREEREMAIEB OQE@MUKOM, C fga
eM rpaHuny rnas3. Cnocob6b nos3BonNgeT wupge

OAOHakK?®O HeBO3MOXHDO NOoOOGUNTbLCA TOYHOT O pac

TP

ebyeT ANUTENbHOTFIO BPEeMEeHMU.
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3. Cnepgy wumitpoabc,c MO T p[@&5f HBMO BUCNONb 3 0B :

3HaAaKOB XaapaHussanwha,apy XEanbHenWwWwWNM U3BJ
MeToanmka o6bnapgaeT BbLCOKOW CKOPOCTb Bb
HOCTb OOHaAapyXeHMWdA N MOXeT NO3BONMMUTbL NO
UEeHHOM u306paxXeHUMU. [ naBHBbLM HeengpoHcoTea TBK [0
obyyeHMUAa.

4. CtatTunmuyeckasa baunmecoBBcKkada ceTb uUcNOo
OCOOGEeHHOCTMHN, KakK AOABWUXeHWEe T na3, AaBUREH
MHCTBO MeToOAga 3aKkowwbaapaeTB CKOMMMOITDO bt
aadywu, O0BARKRDOEEBABMITO M, YT O aBTOMATMU4YecCEK
BbUNCNNTENbBHO HB@BRMPOMMMBMO ONDOBEMaAa HeOob

5. TeXxXHMWKaAa oueHMBaAaHMA B3ITrnapga ob6Hapy

BNeUYyeHNA TaKmaK NPUuBeHHIK oBOCa, KOHYMUK HO
Bbll r na3, OMEBCHINO TN a3 NMOTBaHMABIME HMaad 3 pavka
B3rnspga, numajyLaGmpem@eB O eP@ACNONOXeEeHNUS. OT c |
CTaAaHOBUTCSHA BCe 60M0€ee T O YLHLBIEeMr O OK OMIeMpyYee CT(
HeHHBbIX @(GOKYyCOB. OpHaKO oOoTCchnexmBaHMeE B3
AWNKWN TOYHONW KOPPEKTUPOBKMU.

6. HeyueTKkaa 93KcnepTHad cumcTtemMa nNo3BO
paXeHMaSM NuUMUuABUMHAGAPWMEPA3, 3akKpPpbTUO T 1
ObICTPYHW CKOPOCTbL Bblgaym oTBEeTa WU Mannbl
OFfpaHMYEeHMUEM S BEOSOENTLCUAO ITOP €0GBOHBEAMHAMII M @ K & N € [
cocTaBNeHNWs s HeuyeTKUX nNnpasBwun.

1. AHanNnns3 cBA3aHWWEPEKI@OWMMOGKEH HAac M3 BEe
rnaspepnenaeT oQyowwarcbrBsa s fKaask N OKanbHYy O, T
Mauunw [fNsa cermMeHTauyuwunu, ogHaKo anropurti
XnmMe, Tpebysd nonb3oBaTenNbCKOrNo yyacTus

8. CBepTOYHbLE € H & i pacHHr Hbl — c@hidoNitional neural
networks\pab6oTtTawT Ha OCHOBEe TakKWUX MNPU3HAKO.I
ANVNTEeNbHOCTbL 3akKpbTua rnas, 3eBoTa. Ce
Gnemax € pacno3HaBaHWEM UWU30O0paXpmualu mu
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M3obpaxeHmnsa. Cpeagun HepgoOoCYRTIOOUBOCNN BKIA
mn TpeboBaHMWe 6O0NbWETroOo YymMcna TPEHWUPOBOUY

O s

— —_

Moea cBepTOYHBLIX HEWPOHHBLIX ceTenn cocCT
ANCKpPeTUsInpymwownx cnoesomKax@goednrtBReRpTOE

POB HEWPOHOB. KaxXxablhm HabopkaTr  eaHaent. 3fae
- MaTpuUuUy COCTOSAHMUMNW HEeWPOHOB Habopa u K
o6wMn BEeKTOP BEeCOB, a WUX peuenTtTopHBIe N

BONASA AeTeKTUpoBaTb KOHKPETHbBWN NpusHack
KOMOMHNPY WIM@AN MMNIb3YKTCHS B Cchnejgylompxmve A
HAeaaAOPUTM obpaTHOro pH@GnNnpocTpaHeHNHd

X

Y

B3BeLlueHHbI Crnor

ConocTtasneHue x

DyHKUNA
F(x) (Shortcut coeauHeHue)

aKTneauummn

Y

B3BeLlueHHbI Crnon

F(x) + x

DyHKUNA
akTMBaumu

.M Bbnok ¢ shortcut coeguVMHeHMNUEM |

BEoino pewmewmob3oBanachb -Weva[ph7g c eOrcko 6REHHMN
35TON MoOoAaenun HeWpoceTU skeOEMDHDAKEAHIWEA KO HICG
cTwi{a@ahortcut connections), KoOTOoOpble no
(PA)e. Takum obpas3omM, pewaeTcsd npobnema
roe C€C yYyBe/IMYEeHUeM KonumyecTBa YypPOBHeWm T
HauyuunHaeT pe3kKoOo napgartThb.

B mcnonb3yemMoin Ha mMB2v2memw peoacaesTBno RHebseN eff
Hble , a ,MMe/HBeWwaeM BepPpXHUW YypoBeHbL Heulpo
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yCcCmaaH uelgpeniBapmnrtenbHoe obydyeHune B | mag
NONHUWTENbHbLWN peXmMm obbeagunmHeHusa (B &OM
Hne Fploé) ngrjJavgHavyuaeT, UTO Tnob6anbHO
AeT nNpUMUMEeHEeHO K BbXOAHBM fgJaHHbBLM NnoCaepmn
30M, BbXOAOM MOAaenun OypeT ABYXMEPHbBNW T
—KaTeropmanbHaOBHT@REWM@EeC TaHIAZsO p U T M[18pbm T ” |
bPyHKUumMa axkTuniE@ummnm soft max
B KOHEeUYHOM peweHNN mcnonb3oBancsH

det ec[200 o ODH BKNWYaeT B cebAa Habopb @oTao
cCTMpoBaHMA M MUCNONb30OBaAaHMWA HenpocerTwUn.

boaAapCcCTBYWNIA, HeEBHMUMATENbHBLNW, ycTaBLWwwu i
3afadyy Knaccudpukaunes.gonBeceoemmxs TR&Ka el
oOoKono 4 ToblC. dboToOorpaddpuim niwoagenn Cc pas3HBbIN

NoBbLl M HanpaB/IeHHOCTb B3rnapga.

Bcsa paspadqumiaa bn BOBEG0O0 g2l daHabaor ate@
BblOpa¥a nsgob6crtBa COBMECTHOWNW pa3paboTkKwu
Ha KOTOPpPbLIX 3anyckaeTcsa Kofg.

Mpn pas3paboTKe HEeWPOHHOW ceTwn [Renor
Keras—a T@T K pbliTad 6uMmbnmortexka [NA MaAaWUHHOT
nerkKko mcnonb30BaThb [A3p e OwmEBEO K gemkunar Bl
yXe T OTOBbIX HEWUPOHHLIX C-EF52W2. BIOT® MO WANIK
npouecc ONMUCaAaHUA apXITMIT.eKTYpPbl HEeWPOHHON

TakxXxe mcnonb3oBanacb o6monmortexka dl ik
(boTorpadcduin) . Mepeng nopgpavyellw m3obGpPpaxeHwU
OHO HOpMUpPpYyeEeTCSAH. Ha nepBOM 3Tane
“get frontal face detectora eapeéeénensnen
TemMmuwHsaso6pesa@owvem cmutT abupyetrcda pgo 250
CTOPOHBI.
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input: | [(None, None, None, 3)]

resnet152v2_input: InputLayer
output: | [(None, None, None, 3)]

i

input: | (None, None, None, 3)
output: (None, 2048)

l

input: | (None, 2048)
output: (None, 3)

resnet152v2: Functional

dense: Dense

.M Bunslyanuslauma mMoagenunm HeWpoH

—_

MoBepxXx HeuWwpoHHDbHIM2wZTWUF RectNieanal ) 6blrs
Me p BbiMputLayer-s B nsseTcsa BXOAHbLM CNnoewm, KOTC
mnsobpaxeHUun. Ero pa3smMepHOCTb cCcOCTaBnsge
nsobpaxeHmsas 250x250 vuBeBRasp xiogwmpoBaime
Dense-5 TO BbIXOAQHOW cnonw. Ero pasamMepHOCTHDb
nNneHAM ycTanocTMWu. “None’” B ETO,Pp TYDK® XP aB3XN
ABHO He onpepeneHa M3HayYyanNnbHO W 3apaert

Ha pwunccGydmksaoxo paxXxeHbl npouyueccb 06yyeHMNA
HOW cCceTwun.

CraulBaHe MpenodpadoTka C030aHNE HEWPOHHON OfyJYeHie HERPOHHON
PE3MEUSHHOrD JaTaceTa thoTorpagui | CETH C 3303HHEIMK CETY Ha COXPAHEHHOM
"fatigue detection” COXPAHEHIE DR3YNETATE napaMeTpamu [aTaceTs

w

v

v

.. MB.O6wmnMin npouyuecc obyyeHUMA Henunpo

cnonszoeaHme

npefody4eHHoK | OnpefeneHne yCTanocTk
HEWpPOHHOW CBTH 4NnA " N0 pesyneTatam
MOMy4YeHUs Pe3yNETaTa

MNpeoodpaboTka
thoTorpaduin u
ELIQENEHKE ML

ManyyeHue "coipoi”
hoTorpaduin

Y
Y

.M Mpoyuecc MCNONb30OBaAaHNUA HeWpPOH

—_

HenpoceTb oOb6y4yYyanacb oMaKCcmey M3 @eoa HLOeD

paHHel o,pERB®WIBKMNOXaM: eCcnAuM B TeyvyeHUe |
PYyHKUMUM NnoTepb Ha BanNnumpaauUuWOHHLX AaHHDBbX
nmeanoch.. Boo6aBoKk ©Obl/TO MCNONb3O0BRBTHM

589



Russian Digital Libraries Journal. 2021.24. No. 4

npumweansoxax 3HauyeHWUe NOoOTepPpb BanupagauuoHHbIX
pPpocCTb O6yuYyeHNUS CcCHuUXanacb B 5 pas.

X "¢ s T

' ' < L

Mcnonb3oBaHMUE CNN wMoTuBUMUpPOBAHDO cnet
AAaHHOW apxXuUTeKTypb Ha ob6paboTke WN306PpEe

B P YYUHH; MHBaAapPpMWaHTHOCTbL AnNA CABWUT OB n N C
ocob6eHHOCTMU M3obOpaxXxeHUSd,; obwne B,aMEa bAO
we e , MO CpPpaBHEHMWIW C N O /1 HKOOCNBUAY3EHCOTIIB OH €CiiBpsio

HeMpoHaMWNW yBenNuMUYMBaeaun amp@BhB BOANT E€NbHOC

PaccMOTpPpeHHDbBEe Bbllle CywWecTBYIWNE pPe L
CTeln, KOTOpPbEe CHMUXAWT [ON 53 THPARCLI ELUHEINA 6 @ T b
MY aa Hanpunmep, npeanoXeHHBE aBTOMOOGOUADL
ycTanocTtTun BoOagUTeNnNemw UMEIIN CAIYIME @ THBKENHEH Qe
Hblbd @K NONOXeHUE pyna wunwerdodiBnon biHap MM

was COHNAUBOCTbL, NyTeM oOoTCcAneXuBaHUsa non
HageXHOCTb M NpeagnonaraeT CcCO6O0P [AaHHDBLX
KPUTMUEHTOb UMD OT PaMMHOEe pelweHune, ob6napgatl

NeHbLIW ONpefeieHNa ycTanocnmmMmaGngTHMaBANMNK
HMYEeHMHA Ha 4YMcno mMs3obpaxXxeHUN MU OTKPLTO
Ha oOoOcCcHOBe CpaBHEeHMUWSA ,CYHUE T HBBIKHOWUM X 0 p € |
HOCTEWNW NPeagnoXeHHON HaMW apXUTeKTypb n
naraemMmble [OCTOMWHC TpBeaw e HTYasE,[4 V1T & B J/0,® R @Ipae K
6boTaHHOe peuweHNWe uUMeeT p[JoCcTaToe8HAHW) .Helm
HbIM €ero AJOCTH®WOBB@MUWMBME MUWCXOLHOTNO KO
CUMCTEeMb B OTKPbLTOMMP/OO CHYME]b JOEA W@ M
OOGHOBNEHNWA ANA BCeX Xeawwmx.
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MepBOHaAaYanNnbHO AN HOPMUPOBAHWMUSA BXO[
obnoenumoteka OpenCV Baxnioaa HNbpxe amabHoHaLbX0 T(Kdao T O
BOM 3Tane onpeaensanochb pacnoioXeHUue nnu
AWHaAaTaM rna3 nNPOUCXOAWNNO [MO PAMEBPOEH3Taa T1abCHLO

yacTb 6e3 nwuuya. Pas3peweHnNe mnM3obpaxeHMsd
KaXOoOW CTOPOHHBLI.

B xopae TecTupoBaHMA BbLSACHMMAOCbL, 4TO
KoppekTHO. [Ons peweHMAa S3ToW npobnemb 6
C NpumMeHeHNUemM 6UMGNTMOTekn dlib. Takoe p
nny, HO Wa@eBgblplMBlHAM NO T N1a3amM, 4YTO HWUBEI
ToOopoM GoTorpadgumum yXe BbLPOBHEHDBbI. Mcnonob
3anocb Ha pe3ynbTaTax M NOBLCWUNO TOYHO

m ¢ h a et . m T ™"t *m t o a [Cz

J— < * < <

~

M3HavyanbHO ANA obyyewmpaceTwmweGsBmpoBAa
LFW25]. OH copgepXuT OKOMO 13 BMEAEGHHBRMA:T:

XeHUMm nuuy pasHbX nwopgein, UYTO BbI3BAa/No HI
pa3sMeTKun GoTorpadum BPYUHYIO. doToOr padwnu
ycTanocTMWu: orT 0% pgo 100% c¢c warom B 20%

JaHHBN REppe@L4CTA@QBGBH@TAOP M NOXEHNE, KOTO

nNano 3arpyxaTb Hepa3MeuyYeHHbBE U306 paxeH
TaT MOXHO CcKauyaTb apXuWBOM ANS AanbHelwhLw
TOM.
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OueHuTe nsobpaxeHue

Bbibepute KoapPULUMEHT yCTaNoCTH

. TMNMpumMep OLEHKNW M3obpaxeHUs

—_

Kak nokasanu pe3ynbTaTb 06y4YyeHMNn4d, K
PUTeEenNnbHBLBM, M HaM He ypaganocb [JOCTWUTIHYTE
NnpoBepoOYHONW BbLOOpPKE, 4 6.0 O TH € [P @OKTe a0 -aH \a
TaceTa TaKXe MOXHO OTHecCcTMW Manoe Konwuuy
nwopen, oOb6BHapyXeHMe KOTOPbLX ABNAeTcsda KPp
Tayuumu.

Ha puéryoik@&3aHb KOHEeUHble pe3yMabTarTsblg
PU3OHTAaNbHOIW OCKU YyKas3aHO KOGTIOYRGCBL P al

BaHMUA ycTanocTu, OpPpadAPEBRBPDBIOUYGHIAKWA N BIAW
6opkn dpotorpadcdmim coOTBETCTBEHHDO.

Kak ™Mb MoOXemM BUAETb, Banmpauuwoenasenl
neHumda yctanoctunu B 20 %, 4T O 4a9BNAeTcHda CJ
cTaTucTmyeckonw norpewHocTmn B 16. 7 %. B

HUTb paTacerT.
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m c h a et . m Tt T m t oa AFlF GATdz2S RS

J— < * < <

HelpoHHasa ceTblH2av 260 a@ben aRecs@\yedte Ha H a
mM3 3513 pa3mMeudyeHHbLIX @GoTorpacdcdunin. dKkcnep
pa3mMepdm o TDI pacdhunn.

Ha puncryeik@3 aHbl KOHeUYHble pe3ynbTaThb [
PUN3OHTANbHOW JNTUHUN YyKa3zaHO KTOMHOCTBO P
3HaBaHMUA ycTanocTun, OIPRHBKBBEBEH0 WM GlAHIMNG a
BbiO6OpKUN GoTOoOrpadpmm cooTBeTCTBEHHDO. Kak
bopka uMMeeT /NYyydYyWwWyw TOYHODOT BB 7QnN pHerme JAEBHIK
WnMm pe3ynbTaToM.

Ha pué@8ysBowépaxXxeHBHmWMSB MEeWNOKM B nNnpouec
BMUOHO Ha T padunke, Ha Ba/nuMmpgauWOHHBX AdaH
CTBEHHO M3 M@HSMWOXsE.HaAa 50

Ha punéiyekka@&3aHb pe3ynbTaTtTb TouyuHOCTMU (
6opkunu nocne ob6byuyeHMUSA. Mo rpad@unKy MOXHDQ
CcCTBaAa 9NOX TOYHOCTbL pacno3HaBaHWUA ycCcTar
anoxe.
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s . L7 7]

B cTaTbe onucaHb peweHMsa nNpoo6GNnemMb paé
mnsobpaxeHuntoPaecrcavompEe a bl Yy Xe CylWwecTBY LW
npeagnoxXeHa U pas3paboTaHa CO0OOOMPeHHEJH OM
ycTanocTb 4YMennoBeka no @GoTorpadpum Haa O
152v2. ToO4yHOCTMW accuracy w®nu precision ¢
MoaAenun Ha NydyYywenm 3 NO0Xe.

BoanbHemmumamnpyeTcsa HayudYuTb HeWpamedTsb
CTW 4YyennoBeKa NO BMUAEO B pexXxmme peanbHO
BO3MOXHOCTMW MCNONMb30BaAaHMUA JaHHOTI O peuwe

X o " " heomt

T *

ABTOpPb BblpaXakT OnaropgapHOCTb AOUE€eH
60TOTeKkaH3MakHMIC K OT 0O (heagepanbKAaBENYMYRERBRBPERAT
Makcnmy OfFeanaBe@By 3a OKa3aHHYW NOoOMOLUWb
cTaTtbu.
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HUMAN FATIGUE EVALUATION BY FACE'S IMAGE ANALYSIS BASED |
CONVOLUTIONAL NEURAL NETWORKS

A.|. Bairamo\t [0000000340345313] T R Faskhutdino® [0000-000275643073]
D. M. Timergalin® [0000000337654756] R R Y amikoy}: [0000000192405168]
V. R.Murtazin 5 [0000000342178045] N A. Tumano\p [0000000323724338]

% The Institute of Information Technology and Intelligent Systfifszan Federal
University
hairamovazat@gmail.copigroboment@gmail.confgwisan@gmail.com,
4Yamrustem@yandex.redweyker@bk.ruégrooovl 73@yandex.ru

Abstract

Solutions to theproblem of recognizing humantfgue from a face image are
presented. First the existing algorithms are considered] gren a model of our own
archtecture based on the ResN&b2v2 neural network is proposed and implemented.
Experiments were conducted thitwo different datasets and graphs of neural network
training efficiency were presented. In the conclusion, the final performance of the
model is shown.

Keywords Fatigue level, convolutional neural networks, machine learning, Res-
Net-152v2, facial fatiga evaluation, fatigue recognition, image processing.
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