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OBIIIA A XAPAKTEPUCTHUKA PABOTbBI

AKIVAIBHOCTh _TeMbL. B YCIHOBHSAX CTPEMUTENIFHOTO Pa3BUTHS  ITUPPOBBIX
TEXHONOTHH U OecIpelie/IEHTHOTO PocTa BHICOMATepUaIoB Ha Mequa-1uardopmax
3ajaua aBTOMaTHUECKOro OOHApy’KeHHS SMOIMM M3 BHEOMaTepHaloB Ipuobperna
0co0yI0 BaXHOCTh. ABTOMaTHueckoe OOCHApyKEHHE ¥ aHaIu3 SMOIMOHAIBHBIX
NPOSIBICHMH B HAcTOSIEe BpeMS 3aHUMaeT IIEHTPAIBHOE MECTO B  HayUHBIX
HCCIIEJIOBAHUSIX, YTO OOYCIIOBICHO OOJNBIIMM IIOTCHIMATIOM MX IIPUMEHEHWS UL
pEIleHHsT MHOTOUHCIIEHHBIX IIPAaKTHYECKUX 3ajady. B 5ToH o0nmacTu CyIecTBYeT psi
GyHIaMEHTATBHBIX  CIOKHOCTEH, BKIOYas KYJIBTYPHBIE U HH/MBHUIyabHbIC
0COOEHHOCTH, TEXHUHECKUE OTPaHUYECHHS U TPY AHOCTH TOHUMAaHHUSI KOHTEKCTa.

Hecmotps Ha 3HaYUTETHHBIC MHBECTUIIMY B STOH 00IacTH, CYIIECTBY IOIIUE PEMICHUS
BCE €Ille He IIONHOCTHIO YJOBIETBOPSIOT COBPEMEHHBIM TpeGoBaHMSM. MeTopl,
OCHOBaHHBIC Ha BU3YalIbHBIX XapakTepucTukax (BX), yacTo OrpaHMUYMBAIOTCS TOJBKO
aHaJM30M BBIPAKEHUM TIHITa; METO bl 3BYKOBBIX XapakTepUCTHK (3X) HecTaOMIIBHBI 110
OTHOIIICHHIO K IIyMaM, a TeKcToBoi aHamm3 (1X) zaTpyxHsercss mpu oOHapy>KeHHH
MHOT'O3HAUHBIX BBIpakeHHH. CyINECTBYIOIMME MYJIFTUMOJIABHBIE PEIIeHUsI 00
WUTHOPHUPYIOT BaKHBIE MOJAIBHOCTH, YCTYIIas B TOUHOCTH, JMOO TpeOYIOT UPE3MEPHO
GOIBIIMX BRIUHCIIUTEIFHBIX PECYPCOB.

Juccepraimsi  mocBsimieHa  pa3paGoTKe  Takoro  CPejcTBA  aBTOMAaTHU3AI[UH
OCHapyKeHUsS SMOIMH U3 BUICOMATEPUAIOB, KOTOPOE 0OECIIeUNT BBICOKYIO TOUHOCTH
IIyTeM T'€Hepaliy OIMcaTeIbHBIX TEKCTOB M3 BU3YaBHBIX U 3BYKOBBIX XapaKTepPUCTHK,
WX COBMECTHOIO aHAIM3a € TEKCTOM JMajora, OJIHOBPEMEHHO CHIDKAs 3aTParhl
BBIUMCIIUTENIHHBIX pecypcoB. IlpejiaraeMple pelieHus] HallpaBIeHbl Ha IIPEO/IONECHUE
OTPaHMYEHUI CYIIECTBYIOIMX METOJOB M olecrieueHre co3gaHus 3PQPEeKTUBHOTO
cpejicTBa 0OHAPY KEHHUST SMOITUI.

O0bekT wuccienopanusi. CpeJcTBa aBTOMaTHU3alMU OOHApY KeHMSI SMOIMH B
BUjIeOMaTepUaIaX U METO/bI ITOTyYEHMSI TEKCTOBBIX OIMCAHWM U3 ayIHUOBHU3Y IBHBIX
XapaKTEePUCTHK.

[lenb paBotbl. Pa3paGoTka crocoGoB M CPEACTB IOBBIICHUS 3(PHEeKTUBHOCTH
OCHapyKEHUs SMOIMI SI3bIKOBBIMU MOJIEISIMH IIOCPEJCTBOM COBMECTHOIO aHaIM3a
ayTMOBU3Y AIBHBIX XapaKTePUCTUK U TEKCTa JUaJora.

Mertoabl uccienoBannsi. B Xojie BBIIOTHEHUS JUCCEPTAlMU ObUTA HCIIONIB30BAHBI
aTOPUTMBI TTy0OKOro OOyUeHHs, METOJBl MyJBTUMOJAIBLHOIO aHalu3a, S3BIKOBBIC
MO/IEJH, TEXHOJIOTHUH HCKY cCTBeHHOTo uHTerIekTa (M) U cnermanbHO pazpaGoTaHHBIE
[IPOrpaMMHBIE MHCTPYMEHTHI Ul OCHApY KEHMS SMOIMH M3 BHeoMaTepHaloB. Takke
IIPUMEHSUIICh  COBPEMEHHBIE METO/Bl M3BJICUEHUSI IIPU3HAKOB, IIPE/BAPHUTEIHHOMN
00paboTKHU JIAHHBIX U T€HEPaITUX TEKCTA.

Havunas HoBu3Ha:

e Ilpemioxenpl MOAX0MBI K pa3paGoOTKe CPEJCTB aBTOMAaTH3aIMK OOHAPY KEHHS
SMOIMI M3 BHJIEOMAaTEPHANoB, KOTOPHIe Olarojapsi TeHepaIly OIMcaTeIbHBIX
TEKCTOB W3 BU3YAIbHBIX U 3BYKOBBIX XapaKTEPUCTHUK, COBMECTHOMY aHAIM3Y
STHUX TEKCTOB M TEKCTa JAUAIOTa, a Takke IPUMEHEHHIO 3(OEKTUBHON S3BIKOBON
MOJIEMH YJOBJIETBOPSATN OBl COBPEMEHHBIM TPEOOBAHUSM C TOUKH 3PEHHS
TOYHOCTH PE3yJIFTaTOB U 3aTPaT BBIUUCIIUTEIBHBIX PECYPCOB.




e PaspaboTaH MeToJl TeHEpalMM OIMCATENhbHOIO TEKCTa W3 BHU3YalbHBIX
XapaKkTePUCTHK BUICOMATePUAIOB, 00ECTICUNBAOIIH B pe3yIbTaTe IPUMEHEHNS
TIpe/[BAPUTENBHBIX 3TalloB 00paCOTKY 110 OYHCTKE IIYMOB M BBHIOOPY KIFOUYEBBIX
KaJ[pOB COKpaIlleHUE KOJIMYECTBA paccMaTpUBaeMbIX KaJpoB Ha 96.,6%, a Takxke
YCKOpEHHE 3TOTO IIpollecca B J[Ba pasza 3a CUeT IOTEPU HEKOTOPBIX JieTalieit
(BLEU-4: 0,46 u METEOR: 0,38), coxpansisi Ipy 3TOM OOIIYIO CEMaHTHIECKYIO
TouHOCTh ormcanuii (CIDEr-D: 0,89 u Wu-P: 0,81).

e Co3j1aH MeTO/l TeHepaly OIHCATENbHOIO TEKCTa U3 3BYKOBBIX XapaKTEPHCTHK
BUJIEOMATEpUAIOB, Onarojaps KOTOPOMY IIyTeM IIPUMEHEHWs STalloB
TIpe/[BAapUTENIbHON 00palOoTKU 110 OUMCTKE 3BYKOBBIX IYMOB U ITOBBIMICHHIO
KauecTBa B CPEJHEM YIYUIIEHbl OCHOBHBIE IIOKa3aTeN OIGHKH KauecTBa
ormcanuit Ha 13,5% 3a cuer JOIIOIHUTENTBHBIX BPEMEHHBIX 3aTpat B 9,42%.

e [lpemioxkeH MexXaHM3M COBMECTHOTO aHaIM3a OIMCATENBHBIX TEKCTOB,
CTCHEPUPOBAHHBIX M3 pa3iMYHBIX MOJANbHOCTEH, M TeKcTa Juajora,
ofecrieuMBarONMit B pe3yibrare InpuMeHeHus onruMuzaiu  TensorRT u
CTpaTeruu IocIeN0BaTebHOM 3arpy3Ku yekopeHue Mojiemu Gemma B 3.2 pasa,
COKpAII[CHHE HCIIONIb30BAaHUA IIaMATH B 2,7 pasa 3a CUeT CHIDKCHUSI TOUHOCTH
Bcero Ha 0,8% u mokazatenst w-F1 Ha 1,2%. JlaHHBII MeXaHU3M IIPEB3OIIIET
CYIIECTBYIONME pEMieHusT B cpexHeM Ha 8,15% 3a cuer BBIUMCIUTEIIHHONU
CIIOKHOCTH MapaLIENBHOTO IIPUMEHEHUSI TPEX OT/ICIBHBIX MO JIETIEH.

MNpakTnyeckasa ueHHoctb pabotbl. PaspaGoTtaHo mporpammuoe cpeictso (IIC)
oOHapyxeHHsl Mol B Bujleomarepuana “ERC System”, kotopoe BHenpeHo B OO0
“Tyrop IlmardpopM™ ® YCIENHO TPUMEHIETCS IS SMOIMOHAIBGHOTO —aHaTu3a
ay/ITMOBU3YAIBHOTO KOHTEHTA. briarojiapsi BHEJIPEHUIO MUKPOCEPBUCHOI apXUTEKTYPHL U
IIOTOKOBOH 0OpaGoTKU 0OecIieueHbl MOJIyIFHOCTh CHCTEMBI U BO3MOKHOCTH JIETKOH
3aMEHBbl OT/IENTFHBIX KOMIIOHEHTOB 0e3 HEoOXOMMOCTH IIOJHOTO IIePEeIpPOeKTUPOBaHMS
cucteMbl. OrieHKa 3)GEKTUBHOCTH IIPOIPAMMHOIO CPEJCTBA B PEATBHBIX YCIOBUSIX
roKazana, 4yTo O1arojaps aBTOMaTHYECKOMY PACIIO3HABAHMIO PEYM M aBTOMAaTHYECKOH
uneHTHGUKamy ropopanmx 1IC npuMennMo 6e3 HaUUsI STATOHHBIX JTaHHBIX 38 CUET
TIOTEPHU TOYHOCTH TIPEATIOKEHHOTO MeTo ia Ha 9,5%.

Ha 3ammTy BhiHOCH TCSI:

e Meroj| TeHepalM OIMCATENFHOTO TeKcTa W3 BU3YalbHBIX XapaKTepPHCTHK

BUJICOMATEPUAIIOB.

e Meroj TeHepallid OIUCATENIFHOTO TEKCTa M3 3BYKOBBIX XapaKTEPHCTHK
BUJICOMATEPUAIIOB.

e Mero/ COBMECTHOIO aHAIM3a OIMCATEIHHBIX TEKCTOB, CTEHEPUPOBAHHBIX M3
Pa3IUYHBIX MOJANBHOCTEH, U TEKCTa JUaJIora.

e [IporpaMMHBIM HHCTPYMEHT aBTOMATH3HUPOBAHHOTO OOHAPYKEHHS SMOIMM W3
BujeoMarepuana “ERC System”.

JOCTOBEPHOCTL HAVYHBIX M0J0:keHUiL. [I0OCTOBEPHOCT, HAyUHBIX DPE3YIIFTaTOB
IIOJITBEPK/ICHA  SKCIICPUMEHTATFHPIMU  Pe3yJIbTaTaMd  [IPOTPAMMHOM  pea3aliy
CPEJICTB, IIPEICTABICHHBIX B JIUCCEPTAIMH, U MaTeMaTHIECKUMU 0O0CHOBAHUSIMU.

Bueapenmne. [Iporpammusiii uHCTpYyMeHT “ERC System™ BHegper B OOO “Tyrtop
IInarpopm™ U HUCIOIB3yETCS AL SMOIMOHAIBHOTO aHalu3a COJIEPKaHUS Pa3IMUHBIX
BUJICOMATEPUAIIOB € IIEHIO MHOTOCIOHHOTO IIPEJCTABICHUSI JAaHHBIX Ha OCHOBE
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pasnMuHbIX  MOJANbHOCTEW, YTO  MO3BOAWIO  YNPOCTWUTb  MPOLECC  aHann3a
B/AEOMATEPMANIOB N 06HAPYXXEHNS SMOLWIA.

Anpobauuss  paboTbl. OCHOBHble HayyHble W NPaKTUYeCKWe pesynbTaTbl
JmccepTaumy fOKNaabIBa/INCh Ha:

*  MexayHapogHom cumnosnyme “IEEE East-West Design & Test Symposium

(EWDTS)" (Batymu, 'py3us, 2023 1.);
*  MexayHapogHom cumno3snymMe “IEEE East-West Design & Test Symposium
(EWDTS)" (EpeBaH, ApmeHus, 2024 r1.);

*  HayyHbIX CeMuHapax Kadeapbl  “MH®MOpMaLMOHHbIE — TEXHOMOrMN 1

aBTomaTm3auma™ HMYA (EpesaH, ApmeHus, 2022-2024 rr.);

e Hay4HbIX ceMuHapax Kaegpbl “MMWKPO3NEKTPOHHbIE CXEMbl U CUCTEMbI"

HMYA (EpesaH, ApmeHus, 2022 - 2024 rr.).

My6nukaumn. MonoxeHns, NpescTaBeHHbIe B AuccepTauyu, 0606LLeHbl B AeBATH
Hay4HbIX CTaTbsX, CMUCOK KOTOPbIX NPeACTaB/eH B KOHLIE aBTopedepara.

CTpykTypa 1 06bem aucceptaumun. PaboTa COCTOUT U3 BBeAeHWA, Tpex rnas,
OCHOBHbIX BbIBOZIOB, CMMCKa NNTepaTypbl M3 127 HAMMEHOBaHWIA 1 TPeX NPUIoXKeHWiA. B
MEPBOM MPUIOKEHUW MPELCTaBNeH aKT BHELPeHWa AuccepTauun, BO BTOPOM -
[OMO/HUTENbHBIE  OMUCaHWMA  HAB0pPOB  [aHHLIX, MPOMEXYTOUYHble pe3ynbTatbl U
(hparMeHTbl (DYHKLMOHANbHOM CTPYKTYpPbl peann3oBaHHOro MNPOrpamMMHOr0 CpeAcTBa
“ERC System”, B TpeTbEM - CMINCKU UCMO/b30BaHHbLIX PUCYHKOB, Tab/L, N COKpaLLEHWIA.
O6bem AauccepTauum cocTaBnsieT 132 cTpaHWl, a BMECTe C NpUAoKeHusmyu - 154
CTpaHuL, JuccepTaums HanncaHa Ha apMAHCKOM A3bIKe.

OCHOBHOE COAEP>XXAHWVE PABOTbI

Bo BBefileHMM 060CHOBaHa aKTyanbHOCTb TEMbI AucCepTauuun, CHOPMY/IMPOBaHBbI
Lenb M OCHOBHble 3afadyn MWCCNefOBaHWA, MpefCTaBieHbl pa3paboTaHHble MeTogpbl,
HayuyHasd HOBM3HA, MNPaKTUYECKOe 3HayeHWe W OCHOBHblE Hay4Hble MOMOXKEHUS,
BbIHOCUMblE Ha 3aLunTy.

B nepBoii rnaBe npeAcTaBfieHbl OCHOBHble METOAbl aBTOMATU3MPOBAHHOIO
06Hapy)XeHns 3MouWiA B BueOMaTepuanax, PacCMOTPeHbl pas3fiMuHble MOAALHOCTY
aHaM3a 3MOLMOHANbHbIX MPOABMEHUIA, U3yYeHbl CYLLECTBYHOLUME MOAXOAbl K
N3B/IEYEHNIO BU3YasIbHbIX, 3BYKOBbIX W TEKCTOBbIX XapakTepucTuk (BX, 3X n TX).

Puc. 1. Cxema MyabTUMOAANbHOTO MeTO0/a aBTOMaTNYeCKOro 06Hapy>KeHus aMoLwii B
BMAEO C NOMOLLb0 W
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MpoaHann3npoBaHbl COBPEMEHHbIE MY/bTUMOAASbHbIE CUCTEMbI, 06bEAVHSIOLLME
pasHble MCTOYHMKM JaHHbIX. MccnefoBaHbl HedoCTaTKM CyLLECTBYHOLMX MeTOAOB,
BKNHOYAA OrpaHNYEHHOCTb OAHOMOAANbHbBIX MOAXO0A0B, BbIUUCANTENbHYIO CIIOXKHOCTb U
HEOCTaTOYHYI0 TOYHOCTb B peaibHbIX YCNOBMAX. Vcxogs M3 3Tux  npobnem,
3(b(heKTUBHOCTL  OBHAPYXXEHUA 3MOUMIA B 3HAUUTENbHOM CTeMeHW 3aBUCWUT  OT
MpaBMIbLHOrO BbI6OPa NpesaBapuTe/bHON 06paboTKM faHHbIX, 0T6opa MOAaIbHOCTEN 1
cTpaTeruii ux uHterpauyum (puc. 1).

Bu3ya/ibHble XapaKTepUCTUKN UTPatOT K/HOYEBYHO PO/b B BbIPXKEHUMW 1 BOCTIPUATUN
3MOLIMIA B MPOLIECCE Ye/I0BEYECKON KOMMYHMKaumn. MeToabl 06HapyXXeHus aMoLuii 13
BM3Ya/bHbIX XapaKTepUCTUK OCHOBaHbI Ha HECKO/IbKMX OCHOBHbIX MCTOYHMKaX: MaKpo-
BbIPXKEHWS N1LA, MUKPOBbIPAXEHUS LA U A3bIK Tena (puc. 2).

Puc. 2. icTo4HnKN 06Hapy>KeHust amouuii n3 BX

MWKpOBbLIP&XKEHNA NPeACTaBNAT Cco6oi  Henpou3BO/bHbIE, KPaTKOBPEMEHHbIE
[BWDKEHWUSA NLA, KOTOpble MOMYT YKasblBaTb Ha CKpPbITble 3amMoLMW. ABTOMAaTUYecKoe
06Hapy>XeHne  3TUX  BbIPOKEHWI  ABNAETCA  CNOXHOW  3ajadvell  mM3-3a WX
KpaTKOBPEMEHHOCTU WM TPYAHOM pasiMuMMOCTW. B pasHbiX wuccnefoBaHWAaX Obinu
MCNOMb30BaHbl  TMB6pUAHblIe  apxuTekTypbl MobleYH, o6beguHsowme nerkve
CBEPTOUHbIE HellpoHHble ceTn (CHC) ¢ npemmyLlecTBamy BrU3yanbHbIX TPaHC(HOPMEPOB
(BT).

A3bIK Tena Takke ABNAETCA BaXHbIM WHAMKATOPOM 3MOLIMOHANBLHOTO COCTOSIHUS.
[na aBTOMaTWuYecKoro pacrno3HaBaHWA [BWXKEHWA Tena NPeAnoXeHbl MEeTOoAbI,
OCHOBaHHble Ha TpexmepHbiX CHC 1 peKyppeHTHbIX HeMpOHHbIX CETAX ANA aHann3a
BPEMEHHbIX XapaKTePUCTUK.

Havbonee 4acto WCCNeyroTCA MAakpOBbIPAXKEHUS NivLa, TaK Kak OHW YeTuye
BbIpaXkatoT 3MOLMOHANIbHOE COCTOSIHWME YefloBeKa W CPaBHWUTENMbHO Jlerko MNoAdaoTcs
aBTOMaTUYeckoMy aHasm3y. lpefnioXeHHble MeTOfbl COCPefOTOYEHbI Ha PasNuHbIX
apXMTEKTYpax rny6boKoro 06yyeHus ¢ WMPOKUM npumeHeHnem CHC, athdheKTUBHbIX 1A
M3BMIEYEHNS TMPU3HAKOB U3 U306paeHuil. YacTo MCnonb3yloTcs npeaBapuTenbHO
0byuyeHHble ceTw, Takme Kak HAe3Nel n YOO, KoTopble nepeobydyatoTcs A/1a 3afauu
KnaccuimKauym sMoLmii.

Bonee CcoBpeMeHHbIM MOAXO4aM ABNSETCA MpuMeHeHne BT ana obHapy>keHus
aMouuii. B otinume ot CHC, KoTopble aHaM3MPYHOT NIOKa/IbHbIe YYaCTKW, TpaHcthopmMep
nccnepyeT B3avMOCBA3b BCEX 3/IEMEHTOB BbIP&XKEHWA NMLA, pa3buBas M300paxeHne Ha
MeJIKMe YacTu 1 U3yyas CBA3W MeX[Y HVMM C MOMOLLLbI0 MeXaHW3ma BHUMaHWS.

AyvainbHble XapaKTePUCTUKN UrpaloT BaXHYIO POSib B MPOLECCe BbIPAXKEHUSA U
BOCNPUSATMA 3MOLMIA B YeIOBEYECKON KOMMYHVKaUMW. MeToabl 06Hapy>XeHWs amouuit
M3 3BYKOBbIX XapakTepPUCTUK OCHOBaHbl Ha HECKONIbKUX OCHOBHbIX MpU3HaKax:
MPOCOAUYECKMX, aKyCTUYECKMX U CNEKTPasIbHbIX (puc. 3).
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Mpocoanyeckme MPU3HAKKM CUUTAIOTCS OfHWUM U3 OCHOBHBIX KOMMOHEHTOB CHCTEM
0GHapY>XEHWs1 3MOLMIA. DTV MPU3HAKU XapaKTepU3yT WHTOHALMOHHbIE OCOGEHHOCTH
peuu, Takue KaK TOH, UHTEHCMBHOCTbL (FPOMKOCTb F0/10Ca), 3HEPTUS U J/IMTENbHOCT.

Puc. 3. Mogxoapb! K 06Hapy>KeHU0 amouuii n3 3X

CneKTpasibHble MPU3HAKM BbIYMCAAKTCA C MOMOLLBIO CUCTEMbI FOI0COBOrO TpakTa u
MPesCTaBAAIOT — KPATKOCPOYHbIE  XapaKTepUCTMKM peyeBOro curHana. Hawmbonee
pacrnpocTpaHeHHbIMW B 3TOW Fpynne SABAAIOTCA Me/-YaCTOTHble  KencTpasibHble
KO3(hPMLMEHTBI M KOI(ULMEHTBI IMHENHOTO NPeACcKasaHns, KOTopble 3PHeKTUBHBI 415
aHaM3a 3MOLMOHa/IbHON peyn, MOoAenmpys OCOBEHHOCTV Yen0BEYECKOW CyXOBOWA
CHCTEMbI.

AKyCTWuyeckvie MNpU3HaKyM [JOMOMHAIOT [Be BbllleyKasaHHble FPynMbl, BKIOYas
XapaKTepuCTUKM KadecTBa ronoca. B aToil rpynne 0co6eHHO BaKHbl HECTAbWUIbHOCTb
KonebaHWin ronocoBbIX CBA3OK W (UIyKTyauum amnauTyfdbl, KOTOpble M03BOMAKOT
06HapY>XUTb HIOAHCbI, XapaKTepHble A1 SMOLMOHaIbHO peyn.

TeKCTOBble XapaKTepUCTUKM WUrpaloT BaXHYK pONb B MPOLECCE BbIPOKEHUS W
BOCNPUSATMA 3MOLMIA B 4EN0BEYECKON KOMMYHMKaLMW. MeTofabl 06Hapy>KeHWs aMOLWiA
M3 TEKCTOBbIX XapaKTepUCTMK OCHOBaHbl HAa HECKOMbKMX OCHOBHbIX MOAX0AaX:
nekcuyeckunx, metogax I n rubpugHeix nogxogax (puc. 4).

Puc. 4. MpusHaku 06Hapy>KeHus amouuii n3 TX

Jlekcmueckne MoAXoAbl COCTOAT M3  CMMCKA CMOB, K&XAOMY W3  KOTOPbIX
NpVCBaNBaETCS YMC/I0BOE 3HAYEHWE, COOTBETCTBYHOLLIEE IMOLMMN. DTU NMOAXOAbI AensTcs
Ha [ABe MOArpynnbl: CMOBapHble M OCHOBaHHble Ha Kopryce. B cnosapHoM moaxofge
NoALepP>XMBAETCSA C0Bapb K/KOYEBbIX CMIOB, B TO BPEMS KaK MOAX0J, OCHOBaHHbIA Ha
Kopnyce, NpeAcTaBseT cobol KOMMEKLMIO TEKCTOB AaHHOMO A3blKa.

B oT/mMuMe OT NeKCMYecKUX METOAOB, MOAXOAbl, OCHOBaHHble Ha WA, moryT
aBTOMATUYECKN M3y4aTb CNOXKHblE 3aKOHOMEPHOCTU M3 6O/bLUMX O06BHEMOB [aHHBIX.
3agaya 06OHapyxeHus amoumii B pguanorax (O3[) sBnsetcs OAHVMM U3 Havbonee
CMOXHbIX MPOSBNEHWIA 3afaun  OOHapy)XXeHWsi 3MOUMIA, Tpebyloleid He TOMbKO
OT[ENbHBIX 3MOLMOHA/bHBIX BLIPXKEHWIA, HO W yyeTa MOMHOr0 KOHTEKCTa pasroBopa
aHanmsa.



MynbTUMOAanbHble XapakTepucTukn (MX) obecneunsatoT 60/1ee NoMHbIe U TOUHbIE
pe3ynbTaTbl B MPOLECCE BbIPKEHWA W BOCMPUATUA 3MOUMIA B YeNOBEYECKOW
KOMMYHUKauyn. MeToabl 06Hapy>XeHWst AMOLMIA U3 MyNbTUMOAANbHbIX XapaKTepUCTUK
OCHOBaHbl Ha KOMOWHMPOBAHHOM aHa/n3e BU3YasNibHbIX, 3BYKOBbIX W TEKCTOBbIX
XapakTepucTuk (puc. 5).

Puc. 5. Mogxoapb! K 06Hapy>KeHuo amouuii u3 MX

MpefnoXeHbl pasInYHble WMHHOBALMOHHLIE MOAXOAbl, TakKMe KaK MexXaHu3M
COBMECTHOrO MEPEKPECTHOTO BHUMaHUs, KOMOGMHALWA rpadioBbIX HEMpPOHHbIX CeTel 1
apXMTEKTYpPbl TPaHCHOPMEPOB. AT METOAbI NO3BOAMAN OAHOBPEMEHHO MOZENMPOBATH
KaK BpeMeHHble 3aBMCUMOCTU BO BpeMsl pasroBopa, TaK W B3aWMOAEACTBUS Mexay
Pas3NMYHbIMU MOJANTLHOCTSIMK, 0GecreynBasi 60/ee BbICOKYH) TOYHOCTb OGHapyXeHWs
3MOLWIA.

CoBpeMeHHble MeToAbl OBHApPYXXeHWS 3MOLMIA, HECMOTPA Ha 3HAYMTENbHbIN
Mporpecc NocneaHNX eT, BCE el CTaKMBAOTCA C PASOM CYLLECTBEHHbBIX OrpaHNYeHUiA.
MeToAbl, OCHOBaHHble Ha aHanM3e BU3Ya/lbHbIX XapakTepuUCTUK, B  OCHOBHOM
OrpaHNYMBalOTCS M3YUYEHMEM BbIPKEHUI NWLA, YAaCTO WrHOPWPYS [BWXKEHWS Tena.
MeTo/bl aHaN/3a 3BYKOBbIX XapaKTePUCTUK MOKAa3bIBaOT BbICOKYHO YYyBCTBMTENLHOCTb K
OKPY>KaIOLLMM LYyMaM W 4acTO He CrocOOHbl BCECTOPOHHE aHaIM3MpOoBaTb BCE TUIMbI
XapaKTepucTuK. B 0651aCTM TEKCTOBOrO aHanM3a CyLLECTBYHOLLME METO/bI 3aTPYAHAOTCS
06Hapy1BaTb  ABYCMbIC/IEHHbIE  BbIPOKEHWS, a MyNbTUMOAANbHbIE  MOAXOAbI
CTa/IKMBAKOTCA C NPO6/1IEMaMM BbIYUCINTENbHON CNOXHOCTH.

Bo BTOpOi rnaBe npefcTaBneHbl pa3paboTaHHble MeTOAbl M AAlOTCA peLLeHns
npo6iem, OnMcaHHbIX B NePBOI rNase.

MeTog ~ cokpauleHns ~— obbema — obpabarbiBaeMbiX  fAHHbIX  MyTeM
npesBapuTeNlbHOM OUUCTKM LLIYMOB M Bbl6opa K/HOYEBbIX KafpoB 3a CcueT
reHepauum  OnucaTeslbHOro  TekCTa M3 BU3yaslbHbIX  XapaKTepUcTUK
BUAeomaTepunasnon

Pa3paboTaHHbI MeTO 0CHOBaH Ha nocnefoBaTenbHoli 06paboTKe BuAeoMaTepuaioB
C Lenbio BblAeNneHns KNYeBOl MHpOPMaLmn 1 COKpalLeHns 06bemMa aHanm3npyeMbix
[aHHbIX. AnroputMm Bbl6opa KMoueBbiX KagpoB (KK) (puc. 6) HauuHaetcs c
npefBapuTeNbHOrO Bbi6Opa KafpoB, BK/IHOYAIOLWEro pacyeT HOMEP aHaIM3pyemoro
Kagpa B cekyHay (HAKC) (3 kagpos/c) n nonyyeHve Kagpos ¢ uHTepsanamu HAKC.
[anee npov3BOAMTCA pacyeT rUCTOrpaMmbl, KOTOPbIV BKOYaeT npeobpasoBaHue
KafpoB B MpocTpaHCTBO HSV, pacueT ructorpaMm B 32-6MTHOM WHTEpBaie M pacyet
pasHULpl MeXxgy ructorpammamMu. [locne 3TOro BbIMOMHAETCA pacyeT MOpOrosoro
3HaueHus (M3), OCHOBaHHbLIA Ha BbIYMCNEHWWN CPEAHEro 3HaYeHUs pasMunin u
CTaHAapTHOr0 OTKNOHeHWA. OnpegeneHne KNIOYeBbIX KafipOB  MPOMCXOAUT MyTeM
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cpaBHeHus pasHuupl ¢ M3: ecnu pasHvua npesbiwaeT M3, kagp fo6asnseTcs B CANCOK
KK, B MPOTVMBHOM C/ly4ae NPOMCXOAMT MPONYycK kaapa. Mpouecc 04MCTKM WymoB (puc.
7) BK/IHOYaeT HACTPOWKy napameTpoB (BbiGOp pasmepa (ubTpa, ONpedeneHUe OKHa
moucka M ajanTaumMio napamerpa h), a 3aTeM HenocpefCTBEHHYKO OYUCTKY LUYMOB C
MPUMEHEHNEM HENTOKaIbHOTO YCpeAHEHUs, MOMCKOM LIBETOBbLIX BO/IH M COXpaHeHWeM
KOHTYPOB 1306paxkeHns. PuHanbHbIN 3Tan 06paboTKM BKNIOYAET CErMeHTaLMIo0 BUAEO,
npeobpasoBaHie B LMPPOBbIE BEKTOPbI U hopMm1poBaHue KoMaHab! Ang mogeny Apollo-
1.5B, KOTOpas reHepupyeT TEKCTOBOE OMNKMCaHWe BU3yaslbHbIX XapakTepucTuk (puc. 8).

Puc. 6. MNMocnegosaTenbHOCTD LWAroB o onpeaeneHnio KK 13 sugeomaTepuanos
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3KcnepuMeHTbl Ha paTta-cetax SIDD u MELD nogteepauny 3(h(heKTUBHOCTb
MPefsIoXeHHOro MeToda. AHanu3 pe3y/nbTaToB MOKasas 3HauMTeNbHOe COKpalleHue
KonmyecTBa 06pabaTbiBaeMbix KagpoB Ha 96,61% (Tabn. 1) npu coxpaHeHUM BbICOKOrO
KauyecTBa onucaHwii (CIDEr-D: 0,89, Wu-P: 0,81) u aBykpaTHOe yCKOpeHMe npouecca
reHepaLm TEKCTOBbIX OMUCAHWIA.

Puc. 8. MonyyeHne TeKCTOBbIX ONUCAHMIA BU3yasbHbIX XapaK TepUCTHK C NOMOLLbIO
mogemm Apollo

Tabnmua 1
PesynbTaTbl COKpaLLEeHNs KONMYecTBa Kaapos
Kagpbl Konuuectso CokpalieHue (%)
Bce 83117 -
MpeaBapuTenbHO BbiGpaHHbIe 12361 85,13
KntoueBble (6€3 04MCTKU LLYMOB) 2862 96,56
KntoueBeble (C 0YMCTKOM LYMOB) 2820 96,61
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MeTog MOBbILLEHNST KayecTBa TEKCTOBbIX ONUCaHWIA NyTeM NpesBapuTe/IbHOM
06paboTKM N OYUCTKM LUYMOB 3a CYeT reHepauuu OMNucaTeslbHOro TeKcTa U3
3BYKOBbIX XapaKTepUCTVK BUAEOMAaTEPUAIOB

MeToz 06paboTKM 3BYKOBbIX XapakTePUCTUK BK/HOYAET [Be OCHOBHblE (hasbl:
OYWCTKY ayAvoLLYMOB W MOBbILLEHWE KayecTBa curHana. Kak nokasaHo Ha puc. 9,
MPOLECC HAYMHAETCA C BbIJENeHNs ayauocurHaia w3 BuAeoMmaTepuanos, 3aTem
MPOM3BOAMTCA OYMCTKA LUYMOB, BK/HOYaKOLLas O06Hapy>XeHWe rOon0COBON aKTUBHOCTY,
LUIMPOKOMNONOCHOE LLYMOMNOoAaBNeHNe 1 ycTpaHeHve axa. Cneaytowmii aTan — NoBblILLEHVE
KayecTBa CUrHana MyTem paclUMpeHWs 4acTOTHOrO AuanasoHa, W3MEHEeHWs 4acToTbl
[OMCKPETU3aLmMM 1 KOMMPECCUM JUHAMUYECKOTO fyarna3oHa.

®uHarbHbIA 3Tan (puc. 10) BKAKOYaeT 3KCMOPT XapakTepucTWK, reHepauuio Men-
CMeKTporpammbl, MCNO/b30BaHWe 60NbLLOI A3bIKOBOM Mogenn (BAM) Whisper, koTopas
nocne [eKOAVMPOBaHMA L(POBbLIX BEKTOPOB reHepupyeT TEKCTOBOE OMUCaHUE 3BYKOBbIX
XapaKTepUCTUK.

A(deKTUBHOCTL MeToAa NOATBEPXKAEHA IKCMEpUMEHTaMM Ha faTa-ceTax SpEAR un
Clotho. Pe3ynbTaTbl NOKasaM 3HaUMTENbHOE YNYULLEHWe KayecTBa OMUCaHWA MO BCEM
MeTpukam B cpefiHeM Ha 13,5% (1abn. 2) npu yBennyeHUM BpeMeHW 06paboTkM Ha
9,42%.

Puc. 9. NpoLecc 04ACTKM LLIYMOB 1 MOBbILLIEHWA KAYecTBa B 3BYKOBOM CUTHasie
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Puc. 10. Cnocob NoNy4YeHNa TEKCTOBOro onmcaHna 3ByKOBbIX XapakKTEPUCTUK U3

BMAEOMaTEPUaIoB
Tabmua 2
CpaBHUTeNbHbIE pe3ynbTaTbl KauecTBa TeKCTOBbIX ON1CaHuii
McxogHblii C npepobpaboTKoii
MeTpuka
CpepHee Makc. CpenHee Makc.
CroEr-b 041 0,45 0,46 0,51
BbEu-4 0,32 0,35 0,36 0,4
METEObB 0,37 0,41 0,42 0,46
BOWOE-b 0,48 0,53 0,54 0,6
BUCE 0,12 0,13 0,13 0,15
LUn-P 0,72 0,79 0,82 0,9

MeTog, ONTUMU3ALMN BbIYMUCIIUTEbHBIX PECYPCOB C NpUMeHeHeM TensorRT u
cTpaTerum  Moc/efoBaTe/lbHOW  3arpyskuM  MyTeM  COBMECTHOIO  aHa/m3a
MY/IbTUMOAA/TbHbIX OMUCATE/bHBIX TEKCTOB

MpeaoXeHHbIi MexaHU3M OCHOBaH Ha KOMM/IEKCHOM aHa/u3e OMMUcaTeNbHbIX
TEKCTOB, NO/TyUYeHHbIX U3 Pa3/IMUHbLIX MOJA/IbHOCTE BUAEOMATEPUANIOB, C MPUMEHEHMEM
ONTUMN3MPOBAHHBIX A3bIKOBbIX MoZeneid. Kak nokasaHo Ha puc. 11, MeTos o6beanHseT
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TPWU OCHOBHBLIX MCTOYHMKA MH(OPMALMK: BU3YaslbHbIA OMUCATENbHBIA TEKCT, ayaumo-
OnucaTeNbHbIM TEKCT U TEKCT Avasiora.

Puc. 11. KombuHpoBaHne onucaHnii pasnnyHbIX MOAalbHOCTEN

[nsa cosgaHnsa obbeHeHHOro Habopa AaHHbix (OH/) npounsBefieHO CNsHUE fBYX
CTaHAapTHbIX HA60POoB fAaHHbIX - MELD 1 IEMOCAP, ¢ rapmoHu3auueid ux CTpyKTypbl
n cofepxaHus. lMpouecc YHUMMKaLMU BKIOYa CTaHAAPTU3aLMI0 (DOPMATOB [aHHbIX,
COrfiacoBaHune KnaccoB aMouuidi U cbanaHcMpoBaHHOe pacnpefeneHue [AaHHbIX Mo
pasfenaM 00yyeHus, BampauMnm u TecTmpoBaHus. Ocoboe BHVMMaHWe YAenanocb
paBHOMEPHOMY pacrpefeNneHno 3MOLMOHa/IbHBIX KNacCcoB Mexay pasfenamu Habopa
[laHHbIX.

Puc. 12. MeTog fo06yyeHus LORA
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[nsa aHanu3a MynbTUMOAANbHBIX OMNMCaTe/bHbIX TEKCTOB NPOBELEHO UCCNef0BaHMe
Tpex Manbix BAM: Gemma-2B, Llama-3.2-1B v Phi-2. CpaBHUTeNbHbI aHaM3 nokasan,
4yTo Gemma-2B LeMOHCTPMPYET HauyuLune pesynbTaTbl 61arofaps CBOei apxuTeKType
N GO/MbLIOMY KOHTEKCTHOMY OKHYy (8192 TokeHa). [JanbHelilwas onTMMM3aLys
napametpos Mogenn LORA (r=32, a=64) nossonuia CHWU3UTb 3HaueHue (yHKLUM
notepu fo 0,468 (puc. 12).

[ins noBsbILWEHWA NPOM3BOAUTENBHOCTU Mogenn Gemma NprMeHeHa onTuMmusaLus ¢
ncnonb3oBaHWeM TensorRT (puc. 13), Bkovatowas KoHeepTaumio B opmar ONNX,
KBaHTU3aLMIO napameTpoB Ao FP16 u nocTpoeHWe OnNTUMM3MPOBAHHOIO [BWDKKa. 3TO
Mo3BO/INNO YCKOPUTL Mofenb B 3,2 pasa (¢ 112 mMc fo 35 MC Ha BbIBOf) U COKPaTUTb
1CMonb30BaHMe namsTv B 2,7 pasa (c 4,6 b go 1,7 'b) npy MWHMManbLHONM noTepe
TOYHOCTW.

Puc. 13. OnTummnsauus mogen Gemma ¢ NOMOLLLI0 TensorRT

OueHKa 3(hdeKTUBHOCTY MPeSIoXEHHOro MeToZa MPOBOAW/ACL C UCMOJb30BaHWEM
CTaHOApTHbIX METPUK: TOUYHOCTb WM B3BelleHHas F1-mepa (w-F1-score). Pe3ynbTatbl
nokasanu, 4to 6asoBas mMofens Gemma JOCTUraeT TO4HOCTM 78,2% u w-F1 76,5%, a
ONTMMM3KPOBaHHasA Bepcus - 77,4% n 75,3% COOTBETCTBEHHO (Tabn. 3).

Tabmmua 3
MokaszaTenu NpeaoXKeHHON Mogenu
OHZL (%)
Mogenb BX 3X ™ TOUHOCTD Wl
Gemma 78,2 76,5
OnTUMMU3NPOBaHHaA 774 753
Gemma
Tabnuua 4
CpaBHeHue € U3BeCTHLIMW MOAENAMU
MELD (%) IEMOCAP (%0)
Mogpene BX 38X TX ToyHOCTb w-f1 TouHocTb  w-fl
DialogueLLM X 71,9 71,9 70,6 69,9
InstructERC X X - 69,1 - 71,3
MMATERIC X 66,6 65,2 70,5 70,5
CORECT-6 - - 69,9 70
ChatGPT X X - 63 - 58

CpaBHeHVe C CYLLECTBYIOLMMM PELLEHWNAMM MOKa3a/1o, YTO NPeAIOXEHHbIA MeTos,
NPeBOCXOAUT aHanorn B cpefHemM Ha 8,15% (1abn. 4), HECMOTPA Ha BbIYUCAUTENBHYHO
CMOXHOCTb Napa/ifieflbHoro NPYMEHeHUs Tpex OTAeNbHbIX Mogeneid. [ns pelueHus
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npo6nembl PECYpPCOEMKOCTM BHefipeHa CTpaTervs nociefoBaTelbHON 3arpy3kn Mogenei
(Apollo ~  Whisper A ontumusnpoBaHHass Gemma), YTO MO3BOIA/IO 3HAUUTENIBHO
CHU3UTL TPe6OBaHMA K BbIUMCNTENBHBIM Pecypcam Npu COXpaHeHUW BbICOKOV TOUHOCTU
aHam3a.

B TpeTbeli rnaee npeAcTaBneHO pa3paboTaHHOe NPOrpamMMHO-UHCTPYMEHTaIbHOE
cpeactBo “ERC System”, peanmsytollee MeTOAbl, MPEeLIOKeHHbIE BO BTOPON rnase.
CvcTema aBTOMAaTU3MpyeT BeCb MNpoLecc O6HAapYXXeHUs 3MOUMiA  OT  3arpysku
BUleOMaTePUa/IOB [0 NPeACTaBNeHNs pesy/bTaTos.

MporpamMmHoe o6ecreyeHne WMMeEeT MOAYNbHYHO apXWUTEKTYpY, OCHOBaHHYIO Ha
WwabnoHe NPOEKTUPOBaHWSA “MOfenNb-NpeacTaBneHne-KoOHTpoIiep”, Yto obecneymsaeTt
ueTKOe pasfeneHne Mexay [faHHbIMM, GU3HEC-NOTMKOM U MO/b30BaTENbCKNM
UHTepgeiicom. Takoi MoAXof NOBbIWAET FMBKOCTb, MOAYNMBHOCTb M PacLUMPSEMOCTb
cucTeMbl. B OCHOBe cuUCTEMbl NnexaT Tpu Kao4eBble Mogenu: Gemma-2B  ana
COBMECTHOI0 aHa/M3a My IbTUMOAANbHbIX JaHHbIX 1 06Hapy>xeHus amouuii, Apollo-1.5B
[J19 TeHepauuy onucaTteNlbHOro TeKCTa U3 BU3yaslbHbIX XapakTtepucTuk u Whisper ana
aHasn3a 3BYKOBbIX XapaKTePUCTUK.

Pvc. 14. Mopgpasaen Bu3yanbHoi 06paboTKM BuaeOMaTepPUanoB

Mpouecc paGoTbl CUCTEMbI BK/IHOUAET YEThbIPE OCHOBHbIX 3Tana. [lepBblii 3Tan
BK/IHOUAET 06HAPYXXEHUE N CErMEHTALMIO BbIPaXKEHWIA NOC/E NPefOCTaBNEHNUS! BXOAHOMO
(haiina. Ha aTOM 3Tane BbIMOMHAETCA 0GHAPY)KeHWe PeyeBoii aKTUBHOCTM C MOMOLLLHO
mogen Whisper, uTo N03BONSET BblAENUTL YYacTKU BUAEOMATEPUAsoB, COAepXaLliye
peyb, W PasfeNnnTb UX Ha OTAeNbHblE BbIPAXKEHUS. TakKe C MOMOLLbIO TOl e MOJenm
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BbIMO/HAETCA WAEHTU(MKALMA TOBOPALLMX, UYTO BaKHO ANA 3afayu pacrnosHaBaHus
aMoumii B gnanorax (P3M). BTopoii aTan (OKycMpyeTCs Ha reHepauum onucate/bHbIX
TEKCTOB W3 BU3YaslbHbIX W 3BYKOBbIX XapaKTepUCTUK [N BCEX CErMEHTUPOBAaHHbIX
BbIpaXXeHU. TpeTuil aTan 06befuHseT BbIXOAHbIE JaHHble MpeaplayLyX 3Tanos A
PO/ ¢ MynbTMMOAANIbHON KOMaHAo. MocneaHnii aTan BKAOYaeT peamsaumio P3[ ¢
MY/bTUMOZLA/IbHOM KOMaHZO C MCcnonb3oBaHWeM [006y4eHHO Mogen Gemma-2B.

t {motion Detection from\Video

Input Processing Results ERC Result
© ©
Analysis complete 4 utterances processed BQotC/  BpatlSON  BqortTed
d) Utterance *1 (0.055:8) 0S—r—

Transcription

Speaker 1 Or we could go to the bank close out accounts and cut them off at the

= Visual Description

Thebee stays mostly the same vithittle change: The hands move afewtimes duringthe
conversation

| Audio Description

Utterance *2 (6.45-7.15)
Transcription
Speaker 2 Youfre a genius

= Visual Description

sight smile No sukden rovenerts

| Audio Description

Utterance U (8.05-10.35)
Transcription
Speaker 1 Aw men but then vie wont be back buddies

= Vhiual AWrmtinn

Puc. 15. Pa3genpesynbTaTtos P3O/

WHTYWTUBHO MOHATHBIA rpadmnyeckunii MHTepdeiic cucteMbl paspaboTaH ¢ y4eTom
yA06CTBa MCMOMb30BaHNS U BK/OYAET TPU OCHOBHbIX pasgena: “Bsog”, “PesynbTaTbl
06paboTkn” n “PesynbTatel PO, B pa3gene “BBoA” nonb30BaTe/lb MOXET 3arpyXarb
Budeoalinbl M NpocMaTpmBaTb UX TeXHUYECKMe XapakTepucTuku (puc. 14). Pasgen
“Pe3ynbTaTbl 06pabOTKM” COAEPXMUT Tpu moapasgena: “BusyanbHblii”, “3BYKOBOI” 1
“TeKCTOBOW”, KOTOpPblE MO3BOMISIOT OLEHUTb KauyecTBO 06paboTKM COOTBETCTBYHLLMX
XapakTepuctuk. B pasgene “PesynbTatel PO/” 0TO6paXatoTCs UTOroBble pesynbTaThl
CUCTEMbI, NPeJOCTaBNAA /11 KaKLOro pPasroBOPHOr0 3/EMEHTA  3MOLMOHANBHYIO
KnaccuumKaumMio 1 COOTBETCTBYOLWME onucaHua (puc. 15). Monb3osaTtefb MOXET
3KCMOPTMPOBAaTL Pe3y/bTaThl B pa3fiMyHbIX hopMarax, Bkioyas CSV, JSON u TXT.

[na oueHK 3h(eKTUBHOCTM MPOBEAEHO TECTMPOBaHME Ha 06bLEeVHEHHOM Habope
[aHHbIX, e cucTemMa CaMOCTOATENIbHO BbINOMHAMA Bce 3Tanbl 06paboTku (Tabn. 5).
CHXeHVe athheKTUBHOCTM NporpaMMHoOro cpepcTsa (¢ 77,4% po 67,8% no TOYHOCTK)
06YyCNOBNEHO HETOYHOCTAMM B OMpedeneHUW rpaHuL, BblpaXeHUid U owKnbkaMu npu

WAEHTU(MKALN FOBOPSILLMX.
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Tabnuya 5
Oyenxa npozpammnozo cpedcmea

OHJ (%)
Merox BX X X TouHocTh w-fl
IIpumeHeHue
HPEJIOAKEHHOTO METO 1A 4 v v 77,4 75,3
IIpumeHeHue
IPOIPaMMHOTO CPEACTBA v v v 67,8 65,4

HeCMOTpH Ha 5TO, CUCTEMa AECMOHCTPHPYET JIOCTATOYHBIN YPOBE€HL TOUHOCTH JJIA
IIPAKTHICCKOI'O IIPUMEHEHNS B PCAJIBHBIX Y CJIOBHAX.

OCHOBHBIE BBIBO/JIBI IO TUCCEPTATIMOHHOM PABOTE

1. TlpeanmoxeHbl MOAXOJABI K pa3paboTKe CPEJCTB aBTOMATHU3AIMU OOHApY KeHHUS
SMOITMI U3 BUAEOMATEPUAIOB, KOTOPhIE O1arojaps reHepaliy OIMcaTebHbIX
TEKCTOB U3 BU3YAIBHBIX UM 3BYKOBBIX XapaKTEPUCTHUK, COBMECTHOMY aHAIU3Y
STUX TEKCTOB M TeKcTa JAWaiora, a Takke IPUMEHeHMIO 3(QdeKTuBHOM
SI3BIKOBON MOJIENH Y IOBIETBOPSIIM OBl COBPEMEHHBIM TPECOBAHMSIM C TOUKHU
3pEHMSI TOUHOCTH PE3YJIHLTATOB U 3aTPaT BEIMUCIUTEIBLHBIX pecypceoB. 1, 6]

2. Pa3paboTaH MeToji T€HEpalyd OIMCATEIBHOIO TEKCTa U3 BHU3YIBHBIX
XapakTepPUCTHK  BHEOMATEpPUaOB,  OOECICUMBAIONMIT B pe3yJbrare
[IPUMEHEHVS IIPE/IBAPUTEIBHBIX STalloB 0OpaGOTKU II0 OYHCTKE IIyMOB U
BHIOOpPY KIFOUEBBIX KaJIpOB COKpallleHHE KOJIMYECTBa paccMaTPUBAEMBIX
KaJipoB Ha 96,6%, a Tak)ke yCKOpPEHHE STOTO IIpollecca B J[Ba paza 3a CueT
norepH HekoTophIx Jeranel (BLEU-4: 0,46 u METEOR: 0,38), coxpansist ipu
3TOM OOIIYIO ceMaHTHUYecKyIo TouHocTh ormcaHuit (CIDEr-D: 0,89 u Wu-P:
0,81). [4]

3. Co3yaH MeTo I TeHepalMy OIIMCATEFHOTO TEKCTa U3 3BYKOBBIX XapaKTEePUCTHK
BUJICOMATepUaoB, Onarojaps KOTOpOMY IIyTeM IIPUMEHEHHSI 53TalloB
IIpe/IBApUTENIBHON 00paboTKH 10 OYUCTKE 3BYKOBBIX IIYMOB U IIOBBITICHUIO
KauyecTBa B CpEJHEM YIYUIICHBI OCHOBHBIE ITOKa3aTelId OIEHKU KauecTBa
ormcaHuit Ha 13,5% 3a cueT JOIOIHUTENBHBIX BpEMEHHBIX 3aTpar B 9,42%. |3,
7l

4. llpeanokeH MeXaHM3M COBMECTHOIO aHAIW3a OIMCATEIbHBIX TEKCTOB,
CTCHEPUPOBAHHBIX M3 Ppa3iMYHBIX MOJAIbHOCTEH, M TeKcTa JHAlora,
o0ecrieunBaONMil B pe3yibraTe IpUMEHEHHs oIrummsaiid lensorRT u
CTpaTeru MocieioBaTelbHON 3arpy 3Ky yckopeHue Moeimm Gemma B 3,2 pasa,
COKpaIl[eHHe UCIIONF30BaHUS IIaMATH B 2,7 pasa 3a cueT CHIDKEHMS! TOUHOCTH
Beero Ha 0,8% u nokazarens w-F1 Ha 1,2%. JlaHHBI MeXaHU3M IIPEB3OIIIEN
CYIIIECTBYIONIME PEIIeHUs B cpejHeM Ha 8,15% 3a cueT BBIUMCIUTEIBHOU
CJIO’KHOCTH [IapaJUIEFHOTO IIPUMEHEHHUS TPEX OTIEIBHBIX MOJIeNEi. |3, 8, 9]

5. Pa3paGoTaHo mporpaMMHOE CPEJCTBO OOHApy>KeHHUs sMoImid B Bujpeo «ERC
System», xotopoe BHegpeHo B OO0 «Tytop Ilmardopm» wu ycmenrHo
TIPUMEHSIETCS ST SMOIMOHAIIHOIO aHall3a ayAHOBU3YAIBHOIO KOHTEHTA, U
Onmarojapss BHEJPEHUIO MHKPOCEPBUCHOM apXUTEKTYpPhl U IIOTOKOBOH
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00paboTku 0GecHeuio MOJYJIBHOCTh CHCTEMBI M BO3MOKHOCTH JIETKOH
3aMEHbl  OT/EJIBHBIX  KOMIIOHEHTOB (€3  HeoOXOJUMOCTH  ITOJHOTO
TIeperpoeKTUpoBanusl  cucteMbl. OrnieHka 3(QEeKTUBHOCTH IPOrPaMMHOTO
CpejicTBA B pealbHBIX YCIOBIEIX IIOKa3ana, uTo Olarojapsi aBTOMaTHIECKOMY
PACIIO3HABAHMIO PEYM M aBTOMATHYECKOHM HJIEHTHU(UKAIIMH TOBOPSIIMX OHO
IIpUMEeHNMO 0€3 HalM4usl STaJOHHBIX JIAHHBIX, 3a CUET IOTEPU TOUHOCTH
TIpeUI0KEHHOTO MeTo1a Ha 9,5%. [2]
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EDUARD ANDRANIK HARUTYUNYAN

DEVELOPMENT OF AUTOMATION TOOLS
FOR EMOTION DETECTION IN VIDEO

SUMMARY

In the modem digital era, videos have become one of the main means of
communication and information transfer. The continuous growth in the number of videos
on social media, educational platforms, and security sectors has created a need for their
automatic processing and analysis. Particularly important is the problem of emotion
detection, which has wide application possibilities, ranging from consumer behavior
analysis to mental health monitoring and more.

The existing emotion detection methods are divided into 3 main groups, based on
visual, audio, or textual characteristics analysis. Visual methods mainly focus on facial
expressions, often ignoring body language. Audio methods, despite their effectiveness,
are highly sensitive to external noise and have limitations in mixed audio environments.
Text analysis methods are often ineffective when processing expressions containing
contextual nuances and multiple semantic layers but are limited by difficulties in
detecting ambiguous and double-meaning expressions.

Multimodal methods proposed in recent years, which try to combine different
characteristics, face a number of problems. Large models require enormous
computational resources, which makes their application difficult in real-time. In contrast,
lighter models compromise on accuracy and often cannot adequately perceive
interconnections between modalities.

Recent developments in artificial intelligence, especially in the field of large language
models, open new possibilities for emotion detection. These models can integrate
information received from different modalities, providing more comprehensive and
accurate analysis. However, these approaches still encounter problems related to input
data formatting and analysis efficiency.

The dissertation is dedicated to the analysis of issues related to the automation of
emotion detection from videos, solving challenges in this field, and developing new,
more effective algorithms and methods based on modem technologies.

Approaches have been proposed for developing automation tools for emotion
detection from video, which, through generating descriptive texts from visual and audio
characteristics, joint analysis of these texts and dialogue text, as well as the application of
an effective language model, satisfy modern requirements in terms of result accuracy and
computational resource costs.

A method has been developed for generating descriptive text from visual
characteristics of videos, which, thanks to preliminary processing steps of noise cleaning
and key frame selection, has provided a 96,6% reduction in the number of frames to be
examined, as well as a 2-fold acceleration of this process at the cost of losing some
details (BLEU-4: 046 and METEOR: 0,38), while maintaining the overall semantic
accuracy of descriptions (CIDEr-D: 0,89 and Wu-P: 0,81).

A method has been created for generating descriptive text from audio characteristics
of videos, which, through the application of preliminary processing steps for cleaning
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audio noise and improving quality, has improved the main quality assessment indicators
of descriptions by an average of 13,5% at the cost of an additional 9,42% time
expenditure.

A mechanism has been proposed forjoint analysis of descriptive texts generated from
different modalities and dialogue text, which, through the application of TensorRT
optimization and sequential loading strategy, has provided a 3,2-fold acceleration of the
Gemma model, a 2,7-fold reduction in memory usage at the cost of only a 0,8% decrease
in accuracy and a 1,2% decrease in the w-F1 indicator. It has surpassed existing solutions
by an average of 8,15% at the cost of computational complexity of parallel application of
3 separate models.

The "ERC System" software tool for detecting emotions in video has been developed,
which has been implemented in "Tutor Platform™ LLC and is successfully applied for
emotional analysis of audiovisual content, and thanks to the implementation of MSC
architecture and stream processing, has ensured the modularity of the system and the
possibility of easy replacement of individual components without the need for complete
system redesign. Evaluation of the software tool's effectiveness in real conditions has
shown that, thanks to automatic speech recognition and automatic speaker identification,
it is applicable without the availability of reference data, at the cost of a 9,5% loss in
accuracy ofthe proposed method.
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