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AHHOTaIIUA

ABTOoMaTHYIeCcKOe U3BJIEUEHNE JIYUIIero n300paykeHus JTUIa U3 BAIC03AINCH ABJISIETCI BasK-
HOI U CJIOXKHOM 3aj1aveii, KoTopasi uMeeT OOJIbIIoe IIpaKTHIeCKoe 3HAUYeHNe B KU3HU. B 1aHHOM
MIPOEKTE PACCMATPUBACTCS AJITOPUTM, KOTOPBIH MO3BOJISIET PENINTh IMOCTABJICHHYIO 3a/1ady C I10-
MOIIBIO HEHPOHHON CeTU M BCTPOEHHBIX MeTo0B bubmorek DIib m OpenCV.

AjtropurT™ BKJIIOYAET TPHU 3Tala: JeTeKTHpOBaHue Jinia npu momomm get  frontal
face detector() uz 6ubsmorexku Dlib, mpoBepky Kajipa 110 TaKUM KPUTEPHsIM, KaK OTKPBITOCTH
rJ1a3 U pTa, YPOBEHb PAa3MBITHS M300parkKeHus, HAIPABJICHNE B3IJIA/a U [IPUBJIEKATETbHOCTD JTH-
1a, ompejesseMas HeWpoHHOH ceTbio. M300pakeHus, He MPOXOJAIINE PEIbIIYIINE STAIbl, HE
paccMaTpuBalOTCA B cucTeMe jajiblie. 11o Kaxk oMy KpuTepuio ObLjIa yCTaHOBJIEHA METPUKA, Olle-
HUBaHUsI, KOTOPasi BHOCUT IOJIOYKUTEIbHBIN MJIN OTPUTIATEIbHBIN BKJIa/I B UTOTOBYIO oreHKy. Hau-
JIYUIIAM U300pakKeHueM CUUTACTCA TOT KaJIp, KOTOPBI HabupaeT Hanbobinuii 6ast. s onenn-
BaHUs KpacoThl JIUIL ObLIa UCIIoIb3oBana HeiiporHas cerh EfficientNet V2, oOyuennas na jratacere
SCUT-FBP5500 ¢ dyukiueit morepu SmoothL1Loss. KadecrBo paboTsl ajropurma ObLIO TPOTE-
ctupoBato ¢ rmomortbio 100 Buieo-hparMeHTOB UHTEPBBIO JIJIMTEIBHOCTHIO B pailoHe IMATH MUHYT
ot crynenToB [IIkoaer Bocrokoenernns HUY BIID. Pesynbrars! mokasasum, 9To BEIOpaHHBIE KPHU-
Tepun ObLIN 3MMEKTUBHBI B ONpEIE/IEHUE HAWIydIero n3obparkenus Jnma. Toropas Bepcust

IIPOrPAMMHOTO ObecIedeHNsT pa3MeleHa Ha caiiTe.

KiroueBbie ciioBa

ﬂeTeKTHpOBaHI/Ie JINIT, ITorck KJIIOYEBBIX TOYUEK JINITa, MCCJIG,ZLOB&HHG ,H‘BI/I}KGHI/II'/JI a3, OHeH-

Ka IpuBJiekarebHoCTH Juiia, OOpadoTKa BeO-TIPUIOKEHUS


http://1462839-cj10416.tw1.ru

1 BBeaenme

3a roceiHne rojIbl BUACOKJIUIIBI HAOUPAIOT OOJIBIIYIO MOIMYJIsIPHOCTD CPEIM BCEX TPYIII
HacesjieHus OJiaroapst uX CrocoOHOCTH OBICTPO, HAIVIAIHO U 3(DPEKTUBHO 1epeiaBaTh nudopMa-
U0 110 CPABHEHUIO C JPyruMu ucrodHukamu wHdopmarun. C pasBUTHEM COIUAIBHBIX ceTeil u
BHJICO TIaTdopM, Takux Kak Youtube, Tiktok n VK, Bumeopo/imku craHOBATCS JOCTYITHBIMUA JIIs0
KasKJIOTO Y€JIOBEKA U SABJIAIOTCA HEOTHEMJIEMOIN YacTbIO KU3HU.

B cBsi3u ¢ B3pBIBAOIUM KOJIMYECTBOM HOBBIX KJIUIIOB, OJHON M3 CAMBIX BaXKHBIX 3314
SIBJISIETCST CO3/IaHMe OOJIOKKN BUJICO3AIICH, IIOTOMY 9TO Ka9eCTBEHHOE MTPEBBI0 MOXKET CyIIEeCTBEH-
HO BJIUATH HA KOJUYIECTBO IMPOCMOTPOB U MOJIUCIUKOB. BOJILITUHCTBO MUHUATIOP BHICOPOJIHKOB
MIOKA3bIBAIOT JIUIIA, IOTOMY YTO OHU CIIOCOOHBI CO3/IaTh SMOIMOHAIBHYIO CBSI3b CO 3PUTEJISIMU, €CTe-
CTBEHHBIM 00pA30M MPUBJIEKAs BHUMAHWS JIIOJIEl 1 ycTaHAB/IMBasA 00OJIee TECHBIN KOHTAKT MEZKLy
aBTOpoM u ayauropueit. HecMorps na JOMUHUDYIONLYIO POJIb BUIACOPOIUKOB B KU3HU JIIOJCH, aB-
TOMAaTUYECKOEe M3BJICUEHHE JIydIIero m300parkenus JIMIa U3 KJIUIA BCE €Ile dABJISAeTCH CJI0YKHOIM
3a1a4€i.

Ha manHBII MOMEHT CyIIECTBYIOT B OCHOBHOM J[Ba CIIOCODA TOJIyU€HUsI OOJIOKKHU BUJIEO:
JIIOJTH JTHOO CaMU 3arpyzKaloT 3apaHee CO3/IAHHOE MPEBDLIO, JIMOO0 BHIOUPAIOT JIYUIIUil KaIp U3 aBTO-
MAaTHUYIECKHN CreHePUPOBAHHBIX n300pazkenuii. Pasubie Buieo m1aTdopMbl IPUMEHSIOT Pa3JIMIHbIe
MIOJIXO/IbI K TeHepaIuu OOJIOXKEK i BUJICOK/IUIIOB. HeKoTophle U3 HUX UCIOJIB3YIOT HEHPOHHBIE
CeTH JIJId aBTOMATUYIECKOH (DUIHTPAINN HEKAYECTBEHHBIX KAJIPOB, HO B CBI3H C PA3HOOOPA3HBIM
coJiep2KaHeM BUJIEOKOHTEHTA, KAYeCTBO N300PaKeHUs JINIA He SABJISIETCS CaMbIM BayKHBIM (haKTO-
poM Jijist BBIOOpa MUHHUATIOPHI. J[pyrue cepBepbl MPEI0CTaB/ISIIOT BO3MOXKHOCTD BBIOPATDH IIPEBBIO
3 HAbOpa CJIyYIaiHBIX KaJIPOB, OJHAKO TOJIy9IeHHe MTO/IXOISINEero M300parKeHnsl JINIA TOJTHOCTHIO
[I0JIATAETCA Ha yIady.

B cBsa3u ¢ sTuMu npudnHaMu Jannas paboTa uMeeT OOJIBIIYIO IIPAKTUIEeCKYI0 3HAYUMOCTbD,
TaK KaK B JAHHBIII MOMEHT HET ONTHUMAJILHOTO BEO-TIPUIOKEHST, KOTOPOE TI03BOJISIET aBTOMATH e~
CKY TIOJIYIUTD JIydiiee n300pazkeHne Jnna u3 Kinmna. s oneHuBanms mo/Ixo/IsImero Kaipa obiia

ycranossiena ¢opmysa (1):
sz'nal - aObeauty + Boear + ’YOgaze + QOblur - 6Oma7‘a (1)

r7e Opequty - OLIEHKA IIPUBJIEKATEIbHOCTH JUIA, Ocqr - YPOBEHB OTKPHITOCTH ITa3, (gqze - OLIEHKA
Hanpapjenus: B3rAna, Oy, - cTeneHb pa3MbITus Kajapa, .. - YPOBEHb OTKPBITOCTH PTa, U (v,

B, v, 0, 6 - cooTBeTCTByIONINE HOPMUPOBOIHBIE KOI(DDHUITHEHTHI.



Henn B 3a1a9e OLpEIeICHAs JIyUIIero N300parKeHus JIMIA 3aK/II09AeTC B MAKCUMU3AIH
UTOTOBOM OIEHKH Kajpa (2).

Ofinal — max (2)

B 3ajiade npejickazanus MpUBICKATEILHOCTHU JIMIA Oy/IeM MUHIMU3UPOBATH PA3HUILy MEXK-

JIy UCTHHHOI OIIEHKO¥ KPAacoThl JIMIA U MPEJICKa3aHHbIM OasioM (3).

N
ZH%‘ = gill| = min, (3)
i=1

rje 4 - OTBeT BBIOPAHHOW MOJE/H, Yy - HCTUHHOE 3HAaUeHNe IPUBJICKATEILHOCTH JIAIIA.
[IposyKToM JIaHHOTO IIPOEKTa siBJIsieTcs pa3paboTaHHOe BeO-IIPUJIOZKEeHNe, KOTOpOoe IIPUHU-
MaeT Ha BXO/I BUJICOPOJIMK OT IT0JIb30BaTe/Id U BO3BpAIIAET JIydlllee n300pakeHue JIUIa U3 BUJIE0.

[Topsiok paboThl ajnropurmMa n300pazkeH B BHUe OJIOK-CXxeMbl Ha pucyHke 1.1.
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Puc. 1.1: Aysroput™ TOJTyYI€HUS JIYUIIEro n300parKeHusl JIUIa U3 BUICO

2 0O0630p NOX0XKNX MPOTrPAMMHBIX PelIeHnii

2.1 Iloaxoabl BLIOOpPaA 0OJIOXKKU

ITosryyenue 06JI02KKM C TIOMOIIBIO HEMPOHHOU ceTn

UccnenoBanne or komamasl YouTube Creator team mokaswiBaer [5], 4To mcmoib3oBanme



Takoii HeifiporHoit cetn, Kak DNN Momesn, sBiigerca 3(hbHeKTUBHBIM I0IX0I0M JIjIsI BBIOOPa 00710~
ek Bujieo Ha YouTube. Mogesb peraer 3agady OuHapHO KiaaccuduKaium, KOTopas OInpeaeisi-
€T, SABJIAETCs JIM TIPEJIJIOXKEHHBIN Ka/JIp Ka9eCTBEHHBIM n300pazkenueM. [IpuMeps! 1Mo10KuTe/ 1IbHOTO
KJ1acca OBLIN MOJIyYeHbl U3 MUHHUATIOP BUJIEO ¢ OOJIBIIHM KOJUIECTBOM IIPOCMOTPOB, a O0JIOXKKHI
IJIOXOI'0 KavdecTBa ObLIM B3ATHI caydaiiHo u3 Kiuia. [Ipu 3arpyske Bujieo Ha YouTube, cucrema
COCTaBJISIET BHIOOPKY Ka/POB € YaCTOTOMN OJTHO m300paykeHne B ceKyH1y. KaxkIplit KaHuaaT-Kajap
OIIEHUBAETCS MO/IEJIBIO, U CHCTEMa BHIOMPAET M300paykKeHne ¢ HAUBBICIIEH OIEHKOI.

Ha mpakTuke BBIACHUIOCH, 9TO O0JIOXKKH, co3manuble mogenabio DNN, na 65% mpemmo-
YTUTEJIbHEe, YeM MHUHHATIOPHI, CO3JIaHHBIE MPEIBIIYIINM AJTOPUTMOM IS aBTOMATHIECKON Te-
HepaIn TIpeBbio Ha IaTdopme Youtube. Onmako IpH IPOBEIEHNN SKCIEPUMEHTOB! Ha BHIe0-
dparMenTax HHTEPBBIO OBLIO BBISIBJCHO, UYTO JAHHBIN aJITOPUTM HE yJIe/IsdeT JOCTATOTHONO BHIMA-
HIUsI BBIPAXKEHUIO JINIIA, 9TO IPUBOIUT K BBIOOPY M300parKeHHsI JINIA ¢ HEIOAXOIAIIEH SMOIIei.

[Ipumeps! Takux KapoB m3o0Oparkenbl Ha pucynke 2.1. Takmm oOpas3oMm, JaHHBIN TOJIXOJT HE pe-

ImaeT IIOCTaBJICHHYIO 3a/1a4y.
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Puc. 2.1: Kaapsl, crenepupoBaHHbIe ¢ IIOMOIIbIO Youtube

ITony4yenue 00JIOKKM M3 PaHJIOMHBIX KaJPOB

JIpyrum Moty sIsipHBIM TIOIXO/IOM SIBJISIETCs T€HEepaIus CIydaiiHbIX Kapos. Hampumep, Bu-
Jieo wiaTdopma Vimeo mpegocTaBisgeT BOBMOXKHOCTD BBIOPATh 00JIOKKY M3 HAOOpa CIydailHo co-
3/IaHHBLIX Ka[POB KJIHIAa. J[pyroe mporpaMMHoe peleHne? nMeeT ITOXOXKYIO UIei0: BeO-IIPIIoZKeHHe
BBIOWPAET CJIyYaifHbIii MOMEHT M3 3arpyKeHHOT'O BUJIEO W CO3/aeT W3 HEro BBICOKOKAYECTBEHHOE
JPG-u3obpakenne. B oryimune ot apyrux Bujieo miardopM, JTaHHOE TPUIOKEHHE MTO3BOJIAET 3a-
I'PY3UTH Cpa3y HECKOJbKO BUJIEO U CKAYATH CI'€HEPUPOBAHHBIC N300PaKEHUS, UTO SABJIACTCH OOJIb-
UM IIJIFOCOM CpeJn KOHKYPEHTOB.

O tHIM U3 JIOCTOMHCTB JJAHHOTO METOJA sIBJISIETCSA €r0 BBICOKAs CKOPOCTh paboThl. OHAKO,

B IIpo1ecce 3KCIIEPpUMEHTOB Ha lemeo-cbparMeHTaX NHTEPBbIO OBLIO 06Hapy>KeHo, 9TO IIOJIydIEHHbIE

I Buieokntbt JIOCTYIIHBI 110 CCBLIKe: https://www.youtube.com/watch?v=KMWx15HOSFs&t=12s,
https://www.youtube.com/watch?v=E1258eprZFM&t=143s,
https://www.youtube.com/watch?v=WLQ6HyFbfKU&t=3s

’IIpunoxkeHne JOCTYIIHO MO cChbLIKe: https://olfu79.github.io/thumbnail-generator/, mara 06p.
10.05.2023


https://www.youtube.com/watch?v=KMWx15H0SFs&t=12s
https://www.youtube.com/watch?v=E1258eprZFM&t=143s
https://www.youtube.com/watch?v=WLQ6HyFbfKU&t=3s
https://olfu79.github.io/thumbnail-generator/

Ka/IPbl MOT'YT OBITH Pa3MbIThIMEU. KpoMe Toro, ajiropuT™ He JIe1aeT aKIeHT HA BBIPAXKEHUU JIUIIA,
YTO MOXKET IPUBECTU K BBIOOPY HEINOJIXOJAIIEro Kajpa. [IpuMmepbl TaKMX MOMEHTOB U300pazKe-
Hbl Ha pucyHke 2.2. CjieoBaTeIbHO, JAHHBIA METOJ| He sBJsieTcd MDMEKTUBHBIM J1JIsI PEIIeHUsT

OCTaBJIECHHO HpO6JI€MI:>I.

|3

Let me take a look. Oh, you're right.
It looks like the wrong price tag was placed on this item.
1 apologize for the confusion. I'll make sure to fix it.
The correct price for this gum is $3.99.

Puc. 2.2: Kagpsl, crenepupoBaHHbIe ¢ TIOMOIIBLIO Bed-mipuiozkenus olfu79

2.2 CpaBHeHHne KavecTBa pabOThI JABYX II0JIX0J10B

s mcenmeioBanus KadecTBa padbOTHI aJI'OPUTMOB, OBLIM ITPOBEJEHBI TPU IKCIIEPUMEHTa,
C BU/JIEOPOJIMKAMHU JIJINTETBHOCTBIO 7 MUHYT 15 cekyHn/, 4 MuHyTHI 51 cekyHsa n 5 MUHYT 6 ce-
KYyH/I cOOTBeTCTBeHHO. [lo pe3ysibTaraM BBISCHUIOCH, YTO TOJIXO/I ¢ IPUMEHEeHNeM HEeHPOHHOI ce-
TH CO3/IaI0T KAYeCTBEHHbIE KAJIPhI, & TeHepaIusd CIyJallHbIX KaIPOB ropas3ao owbicTpee. [Ipumepnr
MOJIYYEHHBIX KaJIPOB M300parkeHbl Ha PUCyHKax 2.1 m 2.2, cpaBHEHHE BPEMEHU BBITIOJTHEHUS

aJITOPUTMOB TIpEJICTaB/IeHO B Tabuie 2.1.

Youtube Olfu79
Video 1 89.83 1.02
Video 2 125.15 0.97
Video 3 88.17 1.13

Tabsuma 2.1: Bpemst BBITIOJTHEHUST aJITOPUTMOB B CEKYHIAX

3 Omnmcanue mmpeajiaraeMoro MeToaa

3.1 Ilepssriit 3tan: /leTrekTupoBaHue JInIL

[esnp 9TOTO TMara 3ak/ro9aeTcsd B (pUIBTPAIMNA KaJIPOB, He cojepKammux Juil. /s sToro
PEIIeHO UCIIOIL30BaTh JIeTeKTop Jnna get_frontal _
face_detector () u3 6ubsmoreku Dlib, kotoTpsiit ocroBan va HOG nu SVM.

HOG, i rucrorpanvma HaIIPaBACHHBIX IPAJIMEHTOB, IPEJICTABIISICT COOOM TOMYIAPHBIN jie-

CKPHUIITOD, HOSBOJIHIOHH/Iﬁ yupomaTb I/I306pa}KeHI/I€ " U3BJIEKATH U3 HEI'O ITIOJIESHYIO HHClDOpMaHHIO.



Nnesa neckpunropa HOG zakiodaercss B TOM, 9TO pacipejie/ieHue IPaIMeHTOB TUKCeIei orpe/ie-
JIsieT BHEITHWI BUJ 00beKTa, TaK KaK Ha TpaHUIlE HaOJIOIaeTcst DOJIBINOe N3MEHEHNEe BeJTUIMHbI
rpajimeHToB. UToObI co3arh jgeckpuntop HOG, m3obparkenne cHavdaa pa3dMBAeTCs HA STIEHKH,
JUTA KaKJIOM 13 KOTOPBIX BBIYUCJISIOTCA TOPH30HTAJIBHBIC U BEPTUKAJIBLHBIC I'PAIUEHTBI §y, §y, UX
Be/IMIMHA ¢ = /g2 + g2 U Hanpabenue 0 = arctcm(g—z). [Tocsie 3Toro siueiiku oObEeINHAIOTCA B
6JIOKM, U BBIYUCJIAETCS THCTOIPaMMa TPaJMeHTOB Ha HUX. V13 HOPpMUPOBAHHBIX OJIOKOB CTPOUTCS
pUHAIBHBIN BEKTOP MPU3HAKOB I N300parKeHUst, KOTOPBIl MCIIOIB3yeTCs It OOHAPYKEHUS U
paciio3HaBaHusi 00BEKTOB € HMOMOIIBIO MeToja onopHbix Bekropos (SVM). Kinaccudbukarop SVM
OCHOBAH Ha TIOCTPOEHUH ONTHUMAJIHLHON TUIEPILIOCKOCTH, Pa3Ie/IAoNeil 00beKThl Pa3HbIX KJIACCOB.
Takum 06pazoM, Jjisd JIeTEKTUPOBAHNUS JINIA B K& Ipe ObLIT UCII0JIb30BaH MeTo get_frontal_face
u3 6ubmoreku Dlib, moromy 4ro oH ObICTpee JeTEKTUPYET JIUIA [0 CPABHEHUIO C JIPYTHUME CITO-
cobamu [3]. ITocste 3aBeprteHnst mepBOro srama Bee KaJIPhl, HE COJEPKAIINE JIUIA, He JOITYCKAIOTCS

U1 JaJibHeIel IpoBepKu.

3.2 Bropoii atam: IIpoBepka Kajipa Mo >KeCTKUM KPUTEPUsIM
3.2.1 OobuapyxKeHune KJIIIOYEBbIX TOYEK JINIA

Haxoxk ienne KIio4eBbIX TOUEK JTUIA OCYIIECTBIISIeTCs ITPU IIOMOIN MeTo1a shape_predictor
u3 bubsmorekn Dlib. Anropurm Ha BX0T IpUHUMAET 00JIaCTD JINIIA, IOy IeHHYIO Ha IEPBOM JTAlTe,
u Bo3BparaeT 68 KOOp/IMHAT KJIIOYEBBIX TOYEK, B TOM YHUCJIE BXOJIAT KOHTYD JINIA, BEPXHHAI U HUXK-
Hsisl TyObl, JIEBBII U PAaBbBIN YIJIBI PTa, Y9€II0CTh, JIEBBI U MpaBblil T1a3a u T.;1. MecTomnomoxenust

BCEX KJIIOYEBBIX TOYEK JIMIA N300parKeHbl Ha PUCYHKE 3.1.
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Puc. 3.1: 68 kio4eBbIX TOUYEK JIUIIA



ITo 3aBEplIICeHUU JJaHHOI'O 9Talla OBbLIX BBIYUCJICHBI KOOPDAUMHATBI KJIIOYEBBIX TOYEK JIMIa JIJIA
aHaJIn3a CTEIIeHW OTKPBLITOCTHU IVIa3 U PTa, YTO ABJIAETCA BaKHBIM KPpUTEpUEM JIJId OIIpeae/ICHUA

HauJIydHiero I/I306p&}KeHI/IH JINITa.

3.2.2 OmnpeaesieHnne oTKPbITOCTU IJIa3a

JJ1st oneHMBaHUST OTKPBITOCTHU TIa3a BBIYKUC/IAETCsT cooTHOIeHne cropon a3 (EAR), ko-
TOPOE TIPEJICTaB/IIET cOOOIT OTHOIIEHNE CYMMBI JJTHH BEPTUKAJIBHBIX OCell IJ1a3a K JIJINHE TOPH30H-

TAJBHON OCH ¥ BBIUYHCIIsierTcst 110 dopmyite (4):

EAR = ||p2_p6||+||p3_p5|| (4)

2|[p1 — pall 7
rjie 3HAYEHUA 1, P2, D3, P4, P5, P6 COOTBETCTBYIOT KOODAHMHATAM KJ/IOUEBBIX TOYEK IJIa3, IIOJIydeH-
HbIM u3 shape_predictor Gubsmorekn Dlib. Corsacuo crarbe 2], EAR st OTKpBITBIX Ivias3
IIPe/ICTaB/IsgeT COOOM yCTOWYNBOE 3HAYEHNE, OJIHAKO [P MOPraHHU JIAHHOE YHUCJIO PE3KO IaJlaeT
umke 0,25 n npubimxkaercs kK mHymo. [Ipumepsr 3navenuit EAR s oTKpBITOro m 3aKpBITOrO
r71a3a IpeJcTaBiiensl Ha pucynke 3.2. Takum obpasom, Beraucienue EAR me Tonpko duibsrpyer

HEIIOAXOAIINE KaJAPbl, HO U OLIEHUBACT YPOBEHL OTKPBLITOCTHU IJia3a.

Puc. 3.2: EAR oTKpBITOrO 1 3aKpBITOrO riia3a

3.2.3 OmnpeneneHue OTKPBITOCTA PTAa

st onipeiesienust cTerenn OTKPBITOCTH PTa UCTIOJIB3yeTcst cooTHoIerne cropos pra (MAR),
KOTOPOE IIpeJICTaBIsgeT cOO0i OTHOIIIEHNE CyMMBbI JIJTUH BEPTUKAJIbHBIX OCeil pTa K JIJTMHE TOPU30H-

TasbHON ocH (5):

lp2 — psll + llps — prllllpa — sl
(5)

MAR - )
2|lpr — ps|l
rje sHadeHusd py, pa, ..., Pg B3ATbI U3 Ha6opa KJ/IIOYEBBIX TOYEK JIUIAQ, ITIOJIYYE€HHBIX Ha IIPpEAbIIYIITNX
dTallaXx. ZLJIH HUCKJ/IIOYCHNA BJIMAHHUA PasMepa Fy6 Ha COOTHOIIIEHHE, UCIOJIb3YIOTCA KOOPAMHATHI

BHyTpeHHel obactu pra. VumocTpaliust COOTHOIIEHUST CTOPOH PTa IoKa3aHa Ha PUCYHKe 3.3.



Puc. 3.3: MAR otkpsiToro pra

Boicokoe 3natenne MAR ykasbiBaeT Ha 60jiee MIUPOKOE OTKPBITHE PTa, 9TO MOYKET CBU-
JIeTeJILCTBOBATL O TOM, YTO YeJIOBEK T'OBOPHUT B JaHHbI MomenT. Huskoe snauenne MAR coor-
BETCTBYET 3aKPbLITOMY WJIN C2KaTOMY PTY, YTO CHUTACTCA IIPUEMJICHHBIM JJId ITOJIyY€eHUA JIYIIIETro

n300paKeHus JTUIIA.

3.2.4 Wror BTOpPOTrO 3Talla

[Tocne Beramciennss EAR u MAR s paccMaTpuBaeMoro Kajpa, IMPOBOJUTCS WX CPaB-
HEHNE C MOPOTOBBIME 3HAYEHWSMU, OIPE/IeIEHHBIMI Ha OCHOBE KCIepruMeHTOB. Kajpbl, B KOTO-
peix EAR wimmr MAR Huzke TOPOroBBIX 3HAYEHUN, CIUTAIOTCS HETIOIXOIATIUMEI U OTOPACHIBAIOTCS.
B pesysibrare manHoro sramna moJIydaloTcsl KOOPJIMHATHI KJIIOUYEBBIX TOYEK JIMIA W MTPOU3BOUTCI

CbI/IJIpraLLI/IH HEIIOAXOJAIINX Ka/JAPOB II0 TaKUM 2KECTKHUM KpUTEPpUAM, KaK OTKPBITOCTD IVia3 1 pTa.

3.3 Tpernii stan: IIpoBepka Kaapa 1m0 MATKAM KPHUTEPUSIM
3.3.1 Omnpenenenue HanpaBJIEHUsT B3IJIs/1a

B cBasu ¢ aBymsa npudnHaMu ObLIO MPUHATO PeENIeHUe IMPOBEPUTH HAIlPABJICHUE B3IJISIA.
OiHEM U3 OCHOBAHUIA ABJISIETCS YKeJIaHHe 0TOOPaTh N300parkeHus JINIa, B KOTOPBIX 9eJI0BEK CMOT-
PUT IPSAMO B Kamepy. Ipyras npuauHa 3ak/1I09aeTcst B 0OHaPyKEHNH HEKOPPEKTHOT'O OITPeIe/IeHI S
KOOP/IMHAT TJIa3, MOJIY9eHHBIX ITPU TTOMOIIH JIETEKTOPa KJII0YEBBIX TOUEK JIUIA, 9TO MOYKET IIpUBe-
cTh K 3aBbiieHHoMy 3Hadennio EAR. s pemenus maHHONE TPoOIeMbl OBLIO PEIeHO TPOBEPUTH
HaJIM4INe PaJLy>KHOI 000JIOUKHU TJIa3a, UTO SBJIAETCd IEePBBIM MIArOM B OIIPeIeIeHUN HAIIPaBICHUS
B3TJI1A.

[IpoBepka HampaB/ieHus B3IJIs1a OCHOBAaHA Ha OTHOIICHUH ILJIONIA el CKJIEPhI JICBOM U TIpa-
BOil JacTu rja3a. Eciam oTHoIeHne mpub/mKkaeTcss K eJIMHATE, TO €CTh ILIOMA/Iu CKJIephl 00enx
JacTell MPUMepPHO OJIMHAKOBBI, TO B3IJISLJ] HAIIPABJIEH IIPsIMO BIlepe/. B IpOTUBHOM ciiydae MOXKHO
¢/IeIaTh BBIBOJI, YTO Y€JIOBEK CMOTPUT B cropony. MinmocTparusa Takux IpUMepOB IOKa3aHa Ha

pucynke 3.4.
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Puc. 3.4: [1nomaap ckiiephl JIeBOii U IIpaBoil YacTu IJa3a IPHU Pa3HBIX CTOPOHAX B3TJIAIA

Takum 0O6pa30oM, ¢ TTOMOIIBIO OIPEJIEe/IeHNsT HAIpABJICHUS B3IJIsA/Ia, KaJIpPbl, B KOTOPOM dYe-

JIOBEK CMOTPUT IIPSAMO B KaMepy, UMEIOT 60Jiee BBICOKYIO OICHKY.

3.3.2 OmneHka cTeneHn pa3sMbITUsI N300parKeHUs

B c¢Bs13u ¢ BO3MOXKHBIM JIBUKEHIEM IOJIOBBI IIPU PaccKase, n300parkeHne JInia MOKeT ObITh
pasMbITBIM. Takue MOMEHTBI KJIUII& He COOTBETCTBYIOT KaTeropuu "JIydIinero Kajapa ro3ToMy ObLIO
IPUHATO BBECTH OIEHKY, OIPEIEISIONIYI0 CTEeIIeHN PasMbIThA n300parkeHus. MeTo ocHOBaH Ha
BBIUNC/IEHUN JTUCIIepCun Jaiiacnana kajapa. Omeparop Jlamraca mcrmomb3yercs: s BbIIEIEHUsT
rpaHUIbl 00bEKTa, TaK KaK B TAKUX 00JIaCTsX MHTEHCUBHOCTD IIMKCEIel pe3Ko MeHseTcss. Pa3Mbl-
TO€e N300parkKeHne He UMeeT YeTKO OIpPeIe/IeHHBIX IPAHUIIL, ITT09TOMY JIallJIACHaH TaAKOro Kajpa Oyaer
IPUMEPHO ONMHAKOBBIM Be3e. CiieoBaTe/lbHO, UCIEPCHs JAHHOIO 3HAYEeHHUsT OyIeT MeHbIIE.

OCHOBHBIMU TIPENMYIIECTBAMI JAHHOTO METOJIa SBJISIIOTCS BBICOKAasi CKOPOCTh POBEPKU 1
yJI00CTBO peaiu3aliy ¢ UCIOJIb30BAHIEM BCTPOEHHOTO MeTojia cv2.Laplacian() uz 6ubiamorekn
OpenCV. Bo3M0OKHBIM HEIOCTATKOM MOXKET ObITh 1yBCTBUTE/ILHOCTH METO/IA K IIYMY U300parke-
HUsI, OJHAKO 9TO He sIBJIIeTCsT KPUTUIECKON MPOOJIEMON, MOCKOIBKY KadeCTBO KaJIPOB OCTAETCs
CcTabUILHBIM B T€UYeHHEe OJIHONO M TOI'O YK€ BUICOKJIMIIA.

O tHEM CJIOBOM, IIyTeM pacuera JJUCIEPCUH JalllacuaHa N300parKeHns MOKHO OIPEJIeINTh

CTeIIeHb €ro pasMbITHUI.

3.3.3 OmneHKa NPUBJIEKATEJILHOCTH JIAIIA

Onucanme ucnosib3oBanHoro garacera laracer SCUT-FBP5500 [1], npemocrasiien-
ubiit FOxkuo-KuraiickuMm TeXHOJIOrHYeCKUM YHUBEPCUTETOM, ABJISIETCS IMIHPOKO M3BECTHBIM HAbO-
POM JIAaHHBIX JIJIs OIIPE/Ie/IeHHs TTPUBJIEKATEeIbHOCTH JTUIT YesioBeka. Habop cocrout u3 5500 dppon-
TaJIbHBIX M300pazkeHuii Jiui B Bo3pacte oT 15 10 60 JyieT u pasjie/ieH Ha 9eThbipe MOJIMHOKECTBA C
pa3IunIHbIME pacamu u 1moJyioM, Bkaodasd 2000 azmarckux )kenmuH, 2000 a3uaTcKux MyK4InH, 750
eBporeiickux eHmuu u 7H0 eBporneiickux Myk4nH. Kaxkiaoe m3odparkeHrne MOMEYeHO OIEHKOMN
KpPacoThl B JMAIa30He OT 1 J0 5, rJie 5 COOTBETCTBYET HamboJiee MPUBJICKATEILHOMY JIUILY, & 1

- HauMenee Kpacuomy. Kazkioe nzobpaxkenue 0b110 orerneno 60 100poBOJIbIIAMU B BO3pacTe OT
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18 mo 27 jer, u cpejHee 3HAaUYEHUE BCEX OINEHOK CUYUTAJIOCH MCTUHHBIM 3HadeHueM. OIEeHKH, OT-
KJIOHATOIIECS OT 11eJIEBOT0 3HAaUeHUs DoJjiee 1eM Ha 2, pacCMaTPUBAJIMCh KaK BbIOpOCHI. [Ipumepnt

n300parkKeHuil JIUIL U WX OIEHOK IPEJICTABJICHBI Ha PUC. 3.5.

(b) Onenka = 1.1 (c) Ounenka = 4.5  (d) Ouenka = 1.2

(e) Omenka = 4.2 (f) Ouenka = 1.3 (g) Onenka = 4.4 (h) Onenka = 1.5

Puc. 3.5: [Ipumeps! su1 pa3HbIX pac U MMOJ U WX OIEHKU ITPUBJIEKATETbHOCTH

Corutacao aBTopam crarbu |1, mosst BEIGpOCOB MaJsia: B IIOJMHOXKECTBE eBPOIEHCKUX YKEeH-
IIMH IPOLEHT BBIOpocoB cocTasisieT 0.32% oT Beex OLEHOK, B IIOJIMHOKECTBE eBPOIEHCKIX My ?KINH
- 0.40%, nna asmarckux xenmud - 0.29%, nia asuarckux myzxqnf - 0.42%.

AyrmeHrarus n3obpakeHuii

B cBa3u ¢ MajeHBKIM pa3MepoM JaTaceTa OBbLIO PEIIeHO MIPUMEHNUTH PsiJT METOJIOB ayTMeH-
TaIy JTaHHBIX.

[Tepsorit MmeTo, HazBanubiii RandomRotation, 3ak/oyaercs B cydaitHoMm moBopoTe m300-
parkKeHWil Ha OIpEJIeJIEHHBIN yTroJI JIJIsd CO3/IaHusI HOBBIX Bapualuii JaHHbIX. B manHoM uccienoBa-
HUM n300parkeHus MoBopaduBa/nuch Ha yroj ot -30 10 30 rpaiycos.

Bropoit merosn, mazsannbiit GaussianBlur, npesicrasisier coboit omeparuio pasMbITHS
n300pakeHusl ¢ UCIOJib30BaHueM (uabrpa [aycca, KOTOPBI yMEHbBIIAET PE3KOCTb IPAHUIL U IITy-
MOB Ha M300pazKeHUH. DTOT METOJ IPUHUMAET JiBa IapaMeTpa - kernel_size m sigma, KOTOpbIE
OIIPEJIEIIOT pa3Mep sapa (PUIbTPA U CTeleHb PAa3MbITH COOTBETCTBEHHO. deM 0OJIbIlle 9TH Ia-
paMmeTphbl, TeM OoJjiee PA3MBITBIM OyJIeT MOJIydeHHOe n3odpazkenue. B JTaHHOM ucC/IeI0BaHUN 3HA~
JeHHsI TapaMeTpoB ObLn yctanoBeHbl paBHbiME (5, 5) u (0.1,5). GaussianBlur 6611 BEIOpaH st
ayrMeHTallu N300parKeHwil ¢ TeJIbI0 TIOBBINIEHNs] TOYHOCTH MO/JIeNn Ha 0oJiee Pa3MbBITBIX M300pa-

KEHUAX.
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Tpernit meron, nazsanubsiii RandomHorizontalFlip, ocnoBan na ciy4aiinom orpakenun
N300paKeHus 110 TOPU3OHTAJIBHON OCH. DTO MO3BOJISIET MOJIEN 00YIAThCS Ha TOPU30HTAJIBHO TIe-
PEBEPHYTHIX M300PaKEHUX, YTO YIydIllaeT KadeCTBO HETPOHHO ceTH.

DKCIIepUMEHTHI C MOJIEJIIMU

s BeIOOpa Jrydreit mojiesiv ObLH 1poBeienbl cpaBuenus Mexk 1y ResNet18, RegNet YS8OOMFE
u EfficientNetV2. /laracer ObL1 pa3jesen Ha TPEHUPOBOUHYIO U TECTOBYIO BBHIOOPKHU B COOTHOIIIE-
nun 60% k 40%. O6yuaronas Boibopka comepkut 3300 nzobpazkenuii, B TO BpeMs KaK TeCTOBast
BBIOOpKa BKJOUaeT B cebs 2200 uzobparkenuii. B KavecTBe MeTpuKu KadecTBa MOJIE/ ObLIa BbI-

Opana cpenss abeosoraas omuoka (MAE), kotopast Beraucsisiercs: o cieytomnieit opmyite (6):

N
1
MAE = — = il
v 2l = (6)

rJIe Y; - UCTUHHOE 3HAYEHHE U 1; - OTBeT Mojie/in. I[oCKOIbKY B JJAHHBIX CYIIECTBYIOT BHIOPO-
CBbI, B IIpoIecce o0ydeHusT HeoOXOAUMO BBIOpATh TaKyio (PYHKIIUIO OTePh, KOTOpas He CJAUIIKOM
JyBCTBUTEbHA K aHOMAJIbHBIM 3HadeHuAM. IMeHHO 1mo3TOMYy ObLia BbIOpaHa (PYHKIIHUS IIOTEPh

SmoothL1Loss (7):
l(l’,y) =L= (lla 7ZN)T7

ln =190.5(z, — yn)?/B, when|z, — yn| < BlTn — yn| —0.58, else (7)

Jlist oneHKM KadecTBa MOJEIN ObLIN Ucoab30oBaHbl He TOabKO MAE, o 1 RMSE n ko-
s¢pdunment [lupcona. Buibop JaHHBIX METPUK OOYC/IOBJIEH HEOOXOIUMOCTBIO OIECHKU MOJETU C
PA3/IMIHBIX TOYEK 3PEHUs, & TaK:Ke C IEJbI0 COIIOCTABIECHUsT PE3Y/IbTaTOB ¢ HCC/IeI0BAHIEM, ITPO-
BeJIHHBIM aBropamu craThi|l|. B pesymabprare mpoBeseHHOro 06ydeHnst ObLIIO YCTAHOBIEHO, UTO
apxutekTypa RegNetY800MF maunnaer nmposdBisaTh NpU3HAKHU Iepeodydenus mocsie 19 smoxu,
YTO COIPOBOXKJIAETCA HU3KUM KadeCTBOM MOJEIU. AHAJOTMYHBIE Pe3yJbTaThl ObLIN ITOJIY9IeHbI
upu obydenun apxutekTypbl ResNetl8. B wurore, namydmiue mokaszarejin IIPOIEeMOHCTPUPOBa-
na apxurektypa EfficientNetV2. Cpasuenne kadectsa Mojieseit goctymnsao B daitie Train. ipynb,
PACITOJIOKEHHOM B perosuTopuu Ha caiite Github.

O06yuenune BbIOpaHHOII MO/IEJIN.

[Toce cpaBHeHus: ¢ pa3sHbIMUI MozesssMu ObLTa BhiOpana EfficientNetV2 B kagecTBe ocHOB-
HOIl apXUTEKTYPHhI.

EfficientNet V2 [4] npezcrasiisier coboit HOBYI0 Mosiesib HeliporHoit cetn ot koMmnanuu Google
JIIsT PEIIeHns 3aJ1a9u B 00/IaCTU KOMIIBIOTEPHOro 3peHus. [lo cpaBHEHHUIO ¢ PEIbIYIIUMU MOJIe-

sgavu EfficientNetV2 nMeer MeHbIre mapaMeTpoB, W MOTOMY 00ydaeTcs OBICTpee, HO IPU STOM
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JIOCTUTAET BBICOKOI TouHOCTH. |'padurn m3menenus: pyuxmnun norepb SmoothLl1Loss u cpejueit

abCOJTIOTHOM OIMMUOKN M300pazKeHbl Ha, pUCYHKe 3.0.

1.4 4 16
—— Train — Train

val val
144

L2

10+

0.8 1

Loss
Metric

0.84
0.6

0.6 4

0.4 4 \-\\ .RL_

L 0.4+ V=il s,

0.2 e AN

el Y S e Ll A

Puc. 3.6: EfficientNetV?2

B nporecce obyuenus BXOIHBIE U300pParKeHUs MACIHITAOMPYIOTCS TaKUM 00Opa30M, YTOOBI
MaJias CTOPOHa paBHsIach 256 nukceseii. 3aTeM U300pazKeHns pa3pe3aroTcs Ha KBaJIpaT pa3Mepa
224 na 224 c nomompio Merojgia CenterCrop. [ ontumusarnum hyHKIIUN TOTEPh UCIOJIb3YETCA
Anam onTuMmmsaTop ¢ jymHoN mara 107* n xosdpdmmmentom L2 perymapusanmu, pasasiM 1073,
Mogenb comepxxkut 20178769 mapamerpoB m obydaercsd B Tedenme 70 310X ¢ pa3MepoM Oarda
32. B kadectrBe yHKIMHU 1MOTEPh UCIHOIB3yeTCs SmoothlLlLoss ¢ mapamerpom beta = 0.4, a B
Ka4deCcTBEe METPUK KadecTBa Mojiesn ucnoab3ytored MAE, PC, RMSE n1a cpaBHEHUA pe3yAbTaTOB C

Ka4eCTBOM MOJIEJIH, TIPEJIJIOKEHHON aBTOPOM B craThe |1].

EfficientNetV2 | AlexNet

pPC 0.8469 0.8298
MAE 0.2927 0.2938
RMSE 0.3782 0.3819

Tabmuma 3.1: CpaBHenne KadecTBa MoJjesieil Ha TECTOBOI BBIOOPKE

PesypraThl cpaBHEHUS IPOBEIEHHOTO aHAJIN3a ITPE/ICTaBIeHbI B Tabsmrle 3.1. BoisicHuocs,
gyro EfficientNetV2 numeer 6ostee Bhicokoe KadecTso 110 cpaBHennio AlexNet?, ojHako Ha npakTuke
BTOpasi MOJeIb paboTaeT ObicTpee. Y UNThIBas, 9TO aHAJIU3UPYEMbIe KaIpPbl IIOCTYIAIOT ¢ 9aCTOTO
3 m300parkeHus B CeKyH/Iy, mponspoanTeabHocTh EfficientNetV2 mozker cunrarbes nmpremaieMoii.

HpI/IMepr pa6OTbI MoAgeJ it IIpeJCKa3blBaHNsd KPAaCOThI JIMIa 9e/lOBeKa

306ygennas MOJIENTb JIOCTYTIHA 1o CCBLJIKE! https://drive.google.com/file/d/1un5CjTz_
49Lg6MTNQnO9WD7F jFQEJGoY/view, maposb nonydenus daiina: 12345, mara oo6p. 10.05.2023
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Ha PUCYHKE 3.7 IpeacTaBJ/ICHbI OICHKH ITPUBJICKATC/JIbHOCTHU JIUIL OJHOI'O 1 TOI'O 2KE€ Y€JIOBEKa

C Pa3HBIM JIMIIEBBIM BbIPpa2KCHHEM.

Puc. 3.7: CpaBHeHme OlleHKM KPACOTHI YeJIOBEKA C PA3HBIM BbIParKeHUEM JINIA

N3 1oj1y4eHHBIX PEe3yJ/IbTATOB CJIEJIYEeT, UTO OIEHKA IPUBJIEKATEILHOCTH JINIA YeJI0BEKa 3a-
BHCHT HE€ TOJIbKO OT CTPYKTYpPBI JIMIla, HO U OT €ro BblpakeHus. B cBa3m ¢ 3TuM, OleHMBaHUE
KpacoThI JIUIA YeJI0BeKa B JIAHHON paboTe sBJIAETCS 1e1ecO00pa3HbIM I JIOCTUXKEHUS HANUJTYU-

IIEr0 KavuecTBa N300PaKeHUil.

3.3.4 KaiunbpoBKa OIleHOK

B ¢Ba3n ¢ BOBMOXKHBIMU PaCXOXKIEHUSIMU OIEHOK, OOYCJOBJIEHHBIMHU HHINBUIYAJbHBIMU
OCODEHHOCTSIMHU JIIOJIeN WM HU3KMM pa3pelieHueM BUJ1eo, ObLIa peajn30BaHa IIPOIeypa Kaaub-
POBKU OIIEHOK OTHOCHUTEJIFHO IIEPBOMY COOTBETCTBYIOIEMY KaJipy. Jlajiee, oTHOCHTEIbHBIE OIEHKN
ObLTH HOPMUPOBaHbI B uHTepBaje oT -1 g0 1. Takum obpaszom, GAJIbI 110 PA3IUIHBIM YCJIOBUAM
OKa3bIBalOT BJIMAHNE Ha UTOI'OBYIO OIICHKY B IIOJIO2KHTCJIBHOM MJIX OTPpHUIaTE/JIbHOM HallpaBJICHUH,
HO TIPU 9TOM aHOMaJIbHBIE OIEeHKHM KaKOIr'o-JTnO0 KpUTepHs He MOTYT UCKa3UTh OAJIaHC MTOrOBOM

OIIEHK.

3.3.5 Wror Tperbero sTamna

Kajpsi, mporemine na Tperuit dTar, ObLIA MOJABEPIHYTHI KECTKUM KPUTEPUSIM 0TOOPa
HAWJTYYIIero n300pazkenus juna. /g pamknpoBaHus TaKUX KaJIpOB ObLIO IPUHATO PEIIEHUE UC-
MIOJIL30BaTh OIICHKM II0 HECKOJIbKUM KPUTEPUAM, BK/IIOYasd HAIIPpABJICHUE B3IJIA1a, YPOBCHD IIPUBJIC-
KaTeJIbHOCTH JINIA U CTeleHb pa3MbITHA Kajpa. [lociie nmpoBenenns oneHKn 1Mo BceM KPUTEPUSIM,

KaJIp C HaluBbICIIINM O6H_[I/IM 0aJJIOM CUUTACTCH HaWJIy4dlInM 1/1306pa>KeH1/1eM JINIla B BUJCOKJINIIC.

4 TectupoBaHue U aHAJN3 IIOJYYEHHBIX Pe3yJIbTaTOB

B pamkax onenmBanusg KadecTBa paboThl ajqroputma ObLin mposepenbl 100 Bueo3armceit

or cryaeaTos Illkomsr Bocrokosegenus HIY BIID. B kaxoMm Kjuie MPUCYTCTBYET TOJIHKO
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OJIMH Y€JIOBEK, M HEKOTOPbIE BUICOKJIUITHI 3AIIMCAHbl B TEMHON KOMHATE C IIJIOXUM KadecTBOM. Bce
JIydIlie U300paxKeHusd JIUI, KOTOPbIe aJI'OPUTM I'eHepUPOBaJI, MOXKHO YBUJIETH 110 ITON CCHLIKE.
MokHO yBHZIETH, YTO BCE KaJIPhl COOTBETCTBYIOT ITOCTABJIEHHBIM KPUTEPHSM: I'JIa3a OTKPHITHIE,
POT 3aKPBITHIN WM CJIErKa TPUOTKPBITHIN, BbIpakeHnue HefTpasbHOE.

Ha pucynke 4.1 npejicraBjieHbl HEKOTOPBIE IIPUMEPHI MOJIYYeHHBIX n300pazkenuii. Kpome
Toro, B Tabsuie 4.1 oroOpazkeHbl BpeMeHHbIE XapaKTEePUCTHKU PadOThI ajroputma Ha 10 Bujeo-

3alliucdX, a TaKXKe UX cpeJHee 3HavdeHue.

Puc. 4.1: Jlyumne n3obparkeHust JInIl, OJIYIeHHbIE aJrOPUTMOM

JlmmrenbHOCTh Bueo | Pasmep Bumeo | Bpems BbIToiHeHUsT
1 4 mun. 12 cek. 15.96 MB 37.38 cek.
2 3 muH. 11 cek. 11.18 MB 29.86 cexk.
3 3 MuH. 27 CceK. 6.98 MB 28.49 cexk.
4 3 muH. 19 cek. 7.14 MB 27.45 cexk.
) 3 MuH. 14 cek. 12.61 MB 29.55 cek.
6 2 muH. 19 cek. 6.69 MB 20.45 cexk.
7 7 MuH. 23 CceK. 6.40 MB 57.13 cek.
8 5 MUH. 13 cek. 12.01 MB 43.12 cexk.
9 4 muH. 03 cek. 10.67 MB 35.37 cexk.
10 4 MuH. 23 cek. 11.58 MB 37.73 cex.
Cpemnee 4 mun. 07 cex 10.12 MB 34.65 cek

Tabnuia 4.1: Bpems BBITIOJTHEHUS aJITOPUTMA

5% CpaBHeHI/Ie C N3BE€CTHbLIMUN aHAJIOT'aMH

[To cpaBHEeHMIO ¢ JAPYTUMU AHAJIOTAME, BEO-IIPUJIOKEHUE JJAHHOTO IIPOEKTa 0dpariaeT 00Jib-
e BHUMAaHUs Ha KadeCTBO JIUIa. BoJjiee TOro, ¢ IOMOIIbIO BeO-TIPUJIOKEHHS TTOTb30BATE/ I TMEIOT
BO3MOXKHOCTB CKa4daTh JIydlliee M300paskeHue JIMia ¢ IMPOU3BOJILHBIM pa3dMepoM. Takast pyHKITUS

OysieT OOJILITUM ITPEUMYIIECTBOM JIJI TeX, KTO He YKeJlaeT 3arPy3UTh KJIUII B BUJIEO ILTAT(HOPMY.
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https://drive.google.com/drive/folders/1nHg2oilO7ESrAm8_E-uYkqJ-H3iGMbHQ?usp=sharing

Ha PUCYHKE 5.1 IpeacTaB/JICHO CpaBHEHUE I1I0JIYYEHHbIX 00J102KEK B JCOKOHTECHTa AJIMTEJIbHOCTBHIO

11 MuBYT 52 ceKyH/IbI, CTeHEPDUPOBAHHBIX TPEMSI TTOIXOIAMMT:
1 Tlonygenue npesbio ¢ omorbio DNN momenu. [Ipencrasurens: Youtube;
2 T'eneparus panjgomuoro kajpa. Ilpeacrasuresnns: BeO-npuioxkenue Olfu;

3 UzByievenue sydrero m3006parkKeHus JINIA 0 PA3HBIM KPUTEPUAM, PEATN30BAHHOE B JJAHHOM

IIPOEKTE.

00:00/11:52

Puc. 5.1: CpaBuenune kadecTBa Mo/ieseit

B Tabaume 5.1 npejicraBiieHbl BpeMeHHbIE XapaKTePUCTUKNA Pa3JINnIHbIX METOI0B 00paboT-
ku Bujeo. /g n3mepenus Bpemenu odbpaboTKu BujeoMaTepuasia Ha mardopme Youtube ObL1o

IIPUHATO pelleHrne Ha9YnHaTb U3MEPECHUE II0CJIC 3aBEPHICHNA 3al'PY3KU BUJICOKOHTEHTA.

Youtube | Project | Olfu
Bpewmst obpaborku (cex) | 108.26 | 61.45 | <1

Tabnuna 5.1: CpaBHeHUE BPpEeMEHH BBITIOJTHEHUS PA3HBIX aJITOPUTMOB

Wexonsg n3 MoIydeHHbIX PE3Y/IbTATOB, MOYXKHO CJEJIaTh BBIBOJ, UTO JIUIEBOE BBbIParKeHUE,
[IPEJICTABJICHHOE B KaJ[pe, CTeHEPUPOBAHHOM C HCIoIb3oBanneM BeO-pusioxkenus Olfu u Youtube,
sBJisieTcs nenpuemsieMbiM. Hamnbosiee kadecTBennoe nzodpazkenue Jjimiia ObLIO MOJIyYEHO HPU UC-
[IOJIb30BAHUN TIPOTPAMMHOIO PEITIeHUsT JIAHHOTO MPOEKTA, U CAMBIM OBICTPBIM AJTOPUTMOM OKa3a-
JIACh TeHepallnsi CJIyJIaifHoro Kajipa, BeCh IMPOIEecC KOTOPOro 3aHUMAJICA MeHbIe ceKyHibl. CTouT
OTMETUTH, YTO CKOPOCTH BBIIMOJHEHUS AJITOPUTMa JIAHHOIO ITPOeKTa oKazajach Ha 46.81 cekyH/
obIcTpee, yeM ajroputrMa Youtube. B 1esiom, MOXKHO yTBEpKJIATb, 9TO IIPOIPAMMHOE PEIIeHUE
JIAHHOI pabOThI JIEMOHCTPUPYET XOPOIIHE PE3YJIbTAThl KAK ¢ TOYKN 3PEHUs KadecTBa KaJipa, Tak

U ¢ TOYKU 3penus 3PHEKTUBHOCTU BBITIOJHEHUsT PAOOTHI.
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6 OmnmcaHue cucTeMbl C TOUYKH 3peHund 110JIb30BaTeJId

Pazpaborannoe mporpaMMHOe pellieHne ObLIO IIPOTECTHPOBAHO Ha OIEPAIMOHHON CHCTEeMe
Ubuntu 20.04 LTS ¢ ucnonbzoBanuem mporeccopa AMD Ryzen 5 3500U u o6bemom orrepaTuBHOI
namaru 8 I'6. IlpencrasiienHas cucrema dABJIgeTCs BEO-TIPUIOYKEHUEM, pealt30BaHHBIM C ITOMO-
mpio Flask. /g wcnosib3oBanus JTaHHON YTUINTHI MIOJIL30BATEIb MOXKET IEePefTH MO CChLIKE U
3arpy3uTh Bujieo B hopmarax ‘mp4’, ‘mov’, ’wmv’, ’avi’, ’mkv’. MakcumaJsibHbIII pazMep BU-
JIEOKOHTeHTa ObLT ycTaHoBjeH paBubiM 60 MB.

[Tonb3oBaTe/ b UMEET BO3MOYKHOCTDH BPYYHYIO HACTPOUTD JIBE IepeMeHHble: num_frames u
fps. Snadenne num_frames onpeessgeT KOJIMIECTBO MEPBLIX KaPOB, KOTOPBIE OY/IyT pacCMaTp-
BaTbCs mporpammoit. B ciydae, ecim cpesiu nepBbix num_frames He OOHAPYZKEHO MOJIXOJIAIIETO
KaJIpa, CUCTEMa aBTOMAaTUYEeCKHM aHAJU3UPYET cieayorime num_frames KaJpbl 10 TEX IOP, MOKa
He TI0JIy9eHO M300parkeHne, COOTBETCTBYIONIee KpuTepusM. [lepemennas fps ompenesrser Kommte-
CTBO K&JIPOB, KOTODPbIe IIpOrpaMma OyJleT aHAJM3UPOBaTh B eIUHUIy Bpemenu. Hanpumep, ecin
3HaUeHne nepeMeHHoit fps = 5, To cucTtema paBHOMEPHO BbIOUpaET H KaIpoB B cekyHy. 11o ymoi-
YAHUIO ITPOrpaMMa PACCMATPUBAET BCE BUJIEO M COCTABJISAET BHIOOPKY KaJIPOB € YaCTOTON 3 KaJipa
B CEKYH]LY.

JLst 3arrycka BeO-IPUJIOXKEHUsI Ha, JIOKAJIBbHOM KOMITbIOTEPE HEOOXOMMO 3arpy3uTh Bee (aii-
7Bl ¢ caitta Github® u mpoBepuThL cOOTBETCTBIE Bepcmii TAKeTOB, YKa3aHHBIX B (aiise requirements. txt.
Jl1st 3arpy3Ku HEOOXOJMMBIX MTAKETOB CJIeIyeT BBITIOJHATE KOMaHay "./boostrap.sh", a mida 3a-
IycKa BeO-npuiozkenus - "./start.sh".

JomnotauTeIbHAS UHGMOPMAIMSA O MPUIOXKEHUU MOXKeT ObITh HaiijeHa B JOKYMEHTAIuH,

pasMeIeHHoi Ha Beb-IpuyIoyKennn B pasaene About Project”.

7 3akJIrouyeHue

BuiBosibI, KOTOPBIE MOXKHO CAEIaTh HA OCHOBE JIAHHOTO MCCJIEIOBAHUS, CBUACTE/IHCTBYIOT O
TOM, 9TO aBTOMATUYIE€CKOE U3BJICUCHUE JIYHIIICI'O 1/1306pa>KeH1/151 JINITa U3 KJINIIa ABJIACTCA BaxKHOII
U aKTyaJIbHOM 3ajiadeil B 00J1aCTU BUJIeO aHam3a. PazpaboraHHoe BeO-TIPUIIOKEHHE MOYKET ObITh
MIOJIE3HBIM MHCTPYMEHTOM JIJIsI BCEX, KTO paboTaeT ¢ BUJCOKOHTEHTOM M XOUeT MOy YUTh Hanbojee
IPUBJIEKATEIbHYIO 0DJIOXKKY JJIsI CBOMX BHICOPOJINKOB.

O tHaKo, HEOOXOIUMO OTMETUTH, ITO CYIIECTBYET Psi/l OTPAHUYIEHUN B UCIO/IB30BaAHUN JTaH-

HOI'O aJIropuTMa. B JaCTHOCTU, OH OBLII IpoTecTupoBal TOJIBKO Ha BHUJ€0 C OJHUM Y€JIOBEKOM, IIO-

4Tlocrynmo no cewuike: https://github.com/mengsifei/CourseProject/tree/main
5 ITocTymHo 1O ceblike: http://1462839-cj10416.twl.ru/about
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9TOMY HEOOXOJIMMO JIONIOJIHATE/ILHOE MCCIIeI0OBAHNE JIJIsi PACIIMPEHUS €ro BO3MOXKHOCTe! Ha HoJtee
CJIOZKHBIX BUJICOKOHTEHTaxX. B XoJ1e mpoBejieHns TeCTUPOBAHKS eIlle ObLIN OOHAPY2KEHBI ITPOOJIEMBI,
CBsI3aHHBIE C HU3KNM Ka9eCTBOM BU/IEO3AIVICH W HAJIMIHEM MAKHIXKa, KOTOPble MOT'YT MPUBECTU K
HEIPaBUJILHLIM pe3ysibTaraM. B mepcrnekTuBe BO3MOXKHO 00ydeHue OTAeTbHBIX MOJIeNel s pac-
MO3HABAHUSA KJIIOUEBBIX TOYEK JIUIA U MOBBIIEHUs pa3pelieHnsd n300paKeHuns BbIOPAHHOIO KaJIpa.

Hecmotrpst Ha BBIIEYTIOMAHY ThIE OTpaHUYEeHUSA U TTPOOJIeMbI, Pa3pabOTaHHBIN AJTOPUTM AB-
JIsIeTCS BaXKHBIM IIArOM B aBTOMOTUYECKOI TeHepaIluu MPEBBIO BUJIEO U MOXKET OBITH UCIIOIb30BAH

JIJIsI CO3JaHus DoJiee MPOABUHYTHIX CUCTEM 00PabOTKU BHICOKOHTEHTA.
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