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AHOTALIS

Keamikamiitna poborta Ha TeMy «Moaysib po3Mi3HaBaHHs BIKy Ta CTarTl JIOACH
Ha OCHOBI HEHPOHHHX MEPEXK» Ha 3M00yTTS OCBITHBOTO CTyNEHs «OakanaBp» 31
cnemiasibHOCTI 122 «KoMm'roTepHi Haykm» OCBiTHBOI mporpamu  «Komn roTepHi
HayKW» HanmucaHa o0csAroM B 33 CTOPIHKM 1 MICTHTh 8 utrocTpaniii, 1 Tabmuito ta 11
BUKOPUCTAaHUX JoKepes. Metorw poboT € po3poOka Ta ONTHMI3aAIlss MOAYJIsS
PO3MI3HABAHHS BIKYy Ta CTarl JOACH Ha OCHOBI HEHPOHHHX Mepex. Mertomamu
pO3poOSICHHS O00paHO METOA aHamizy (s JOCHIDKEHHS ICHYHUMX MIAXOAIB J0
PO3MI3HABAHHS ), METOJT CHHTE3Y (JIJ1s1 MOEHAHHS MIEPEBAr ICHYFOUUX METO/IIB), METOM
MOJICTFOBAHHS (AJ1s1 MPEACTABIEHHS Ta JOCTIIKEHHS MPOLECIB PO3MI3HABAHHS ), METOT
NOPIBHSUTBHOTO aHaMi3y (UIsl OLIHKOBAHHS AJEKBATHOCTI MOJENI PO3IMiI3HABAHHS).
Bracnigok BUKOHaHHS pPOOOTH OOIPYHTOBAHO PALIOHAILHUH MIAXiA 10 PO3POOICHHS
MOJIEJICH PO3Mi3HABAHHS BIKY Ta CTaTI JIFOACH Ta pO3pOOIEHO MPOrpaMHuii 3aci0, SIKui
J03BOJISIE CTBOPIOBATH 1 JOCIHILKYBAaTH MOJENI PO3MI3HABAHHS BIKY Ta CTarl.
Pesynbraty 10 i KeHHS MOXKYTh Oy TH BUKOPHCTAHI B HAYKOBO-AOCTIAHUX YCTAHOBAX
1 MAPO3aUIaX NIAMTPUEMCTB, IO 3aiMatOThCS PO3POOJICHHIM MOJAEIEH pO3Mi3HABAHHS.

Kirouosi ciosa: PO3IIIBHABAHHS BIKY TA CTATI, HEMPOHHI MEPEXI,
[TIMBMHHE HABYAHHA, KOMIT'TOTEPHWUA 31P, MOJIEJIb AIEKBATHOCTTL.



ANNOTATION

Qualification work on the topic «Age and gender recognition module based on
neural networks» for Bachelor’s degree on speciality 122 «Computer Science»
educational and professional program «Computer Sciencey is written on 33 pages and
it contains 8 figures, 1 table, and 11 sources.

The purpose of the work is to develop and optimize a module for age and gender
recognition based on neural networks.

Research methods include analysis (to study existing approaches to recognition),
synthesis (to combine the advantages of existing methods), modeling (to represent and
study recognition processes), and comparative analysis (to evaluate the adequacy of
the recognition model).

As aresult of the work, a rational approach to the development of age and gender
recognition models was substantiated, and a software tool was developed that allows
creating and researching age and gender recognition models.

The research results can be used in research institutions and enterprise
departments involved in the development of recognition models.

Keywords: AGE AND GENDER RECOGNITION, NEURAL NETWORKS,
DEEP LEARNING, COMPUTER VISION, MODEL ADEQUACY.
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BCTVII

AKTyaJIbHICTh JaHOT pOOOTH 0OYMOBJICHA IUPOKHM 3aCTOCYBAHHSIM CHCTEM
PO3MI3HABAHHS OOJIMY Y PI3HUX aCMEKTaX CYyYaCHOTO >KUTTA. 3aBASKH MOCTIHHOMY
3POCTAaHHIO OOCATIB LH(PPOBUX MAHWX Ta IIBHUAKOMY PO3BHTKY TEXHOJIOTIH
WITYYHOTO 1HTENEKTY, CUCTEMH pO3MI3HABaHHA OOJMY CTAKOTh BCE OUIBLI
BOKJIMBUMH B PI3HUX cepax, Takux K Oe3neKa, MEIUIUHA, MAPKETHHT, PeKiama,
Ta 6ararto iHWMX. Po3ni3HaBaHHs BIKY Ta CTaTl 0COOM € KJIFOUOBHMH 3aBAAHHIMH Y
TaKMX CHUCTEMaX, OCKUIbKA 1[I JaHl MOXyTb OyTH BHUKOpUCTaHI st
NEPCOHAII30BAHOI AHANITUKK, aaantanii TPOAYKTIB Ta MOCIYT, TapreTOBaHOI
pEKJIaMU Ta THIIKUX IICH.

Opnniero 3 akTyambHuX nOpoOneM y cdepl po3mizHaBaHHS OOIMY €
3a0€e3MeUeHHs] TOYHOCTI Ta €(QEKTUBHOCTI AITOPUTMIB, OCOOMMBO B yMOBax
PI3HOMAHITHOCTI 0Ci0, 3MI1HM OCBITJICHHS, & TAKOK HASIBHOCTI apTedakTiB ado 3M1H
y 3OBHIIIHBOMY BHIJISAl. PO3BUTOK HOBUX METOMIB Ta TEXHOJOIM s
po3Mi3HaBaHHs OOMMY, 30KpeMa BHKOPUCTaHHS TJMOMHHOTO HABYaHHS Ta
HEHPOHHUX MEPEIK, € aKTYATBHOIO Ta NEPCIEKTUBHOKO TaTy33K0 JOCI1IKEHb.

Kpim TOro, i3 3pocTaHHsM 0O013HAHOCTI MPO €TUYHI Ta MPUBATHI ACHEKTH
BUKOPHCTAHHS CHCTEM PO3MiI3HABAaHHs OONMWY, yBara AOCTIJIHUKIB Ta CYCIHLIbCTBA
3BEPTAETHCS JI0 PO3POOKH METOJIB Ta AITOPUTMIB, SIKI HE TUIBKU €(PEKTUBHO
(YHKIIOHYIOTh, ajie i 3a0e3MeuyroTh KOHPIACHIIHHICTD Ta 3aXUCT NEPCOHATbHUX
JaHUX KOPHUCTYBayiB. TakMM YMHOM, aKTYaJbHICTH POOIT y cepl po3Mi3HABAHHS
004 MPOAOBXKY€E 3pOCTATH, BUKIMKAIOUM HEAOMSKHN 1HTEPEC Y HAYKOBUX Ta
NPUKIIATHUX KOJAX.

MeTtoro poboTH € po3po0ka Ta ONTHMI3alllss MOIYJIsS PO3MI3HABAHHS BIKY Ta
CTaTl JHOJIEH Ha OCHOBI HEHPOHHUX MEPEK. {151 TOCATHEHHS 1I€i METH HEOOX1THO
BUPIIIATH HACTYITHI 3aBJAHHS:

1. AHani3 npeaMeTHOi 00J1aCTl Ta MOCTAHOBKA 3124l JOCIIHKEHHSI.

2. Orsz ICHYHUHX PilleHb y c¢epl po3ni3HAaBaHHS BIKY Ta CTATI.



8
3. Po3pobOka anropuTMiqHOro Ta iHpopMaiifHOro 3a0€3MneYeHHs CUCTEMHU.
4. Po3poOka MporpaMmHO-TEXHOJIOTTYHOTO 3a0€3NEYECHHS.
5. Amnaii3 pe3yabTariB Ta BaIlAALIsl CHCTEMHU.

O0'ekTOM MOCHIPKCHHS € TMPOLEC PO3MI3HABAHHS BIKYy Ta CTarl JIIOACH Ha
OCHOBI HEHPOHHUX MEPEXK.

[IpeamMeroM  OOCHIDKEHHS €  QIrOPUTMHM  Ta  TEXHOJOrI,  1I0
BUKOPHCTOBYIOTHCS /ISl PO3MI3HABAHHS BIKY Ta CTaTl HA OCHOBI 300pa’KEHB O0IHY.

MeToan 10CKEHHS BKITFOYA0Th aHAITI3 ICHYFOUMX METO/IIB PO3M13HABAHHS,
€KCIICPUMEHTAJIbHI TOCII/IKEHHS 3 BUKOPUCTAHHIM PEaJIbHUX JTAHUX, PO3POOKY Ta
BATIAALIKD HEHPOHHMX MEPEXK JUIs PO3MI3HABAHHSA BIKYy Ta CTaTl, a TaKOX
NOPIBHSHHS PE3YJIbTATIB 3 ICHYOUMMH PIILICHHSIMH Y LIi ramysi.

[IpakTHuHe 3HAYEHHS JaHOi POOOTH MOJSTAaE B CTBOPEHHI 1 ONTHMI3Alii
MOAYJISl PO3MI3HABAHHS BIKY Ta CTaTl JIFOACH HAa OCHOBI HEUPOHHUX MEPEK.
Opepkani pe3ysibTaTH MOXKYTh 3HANTH MIMPOKE 3aCTOCYBaHHs y Pi3HUX c(epax,
BKJIFOUAKOUYH B1ICOCTIOCTEPEIKEHHS, MAPKETUHTOBI JOCHIIPKEHHS, IEPCOHATI30BAHY
peknamy Ta Oe3neky. Hanpukian, BIIOMOCTI PO BIK Ta CTaTh OCOOU MOXKYTh OyTH
BUKOPHMCTAH1 JUIsl aHAJI3y MOBEMIHKM MOKYIIIB y Mara3uHax, miadopy LUIbOBOI
ayIATOPii AJI1 PEKJIAaMHUX KaMOaH1d, a TakoX JUIsl MIJBUIICHHS PIBHS O€3MEKU B
IrPOMAJCHKUX MicUsx. Takuii MOIYyJIb MOKE CTaTH MOTY>KHAM 1HCTPYMEHTOM JJIst
013HECY Ta CYCHNUIBCTBA, CIPUSIIOYM BIOCKOHAJIEHHIO MPOIECIB YIIPABJIIHHS, aHATI3Y
Ta OE3MEKU 3 BUKOPUCTAHHSAM CYYaCHUX TEXHOJIOTIH IITYYHOTO 1IHTEIEKTY.

Onuc cTpyktypu Ta 00csry podotu. KeamidikauiitHa podoTra BKIrOYae B ceOe
BCTYII, TPY PO3/I1IH, BACHOBKH Ta COMCOK BUKOPUCTAHUX JIKEPEN. 3arajabHuii 00csr
poboTu cknanae 33 CTOPIHKH TEKCTY, KM MICTUTh 8 pucyHKiB Ta 1 Tabnumro. ¥V
CIHUCKY BUKOPUCTaHMX JHKEPEIT BKa3aHo 11 mkeper, o 3aiMaroTh 2 CTOPIHKH.

AnpoOariiss pe3yapTaTiB AOCHIKEHHS. OCHOBHI TEOPETHYHI MOJIOKCHHS
poOOTH #i MpaKTHYH1 PE3YJbTATH TOCHIPKEHHS AOMOBIANKCS i oOroBoproBaymcs V

BceeykpaiHChkoi MYyJTbTHAMCHMILIIHAPHOT CTYJEHTCHKOI HAyKOBOI KOH(epeHuii
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«HaykoBuii mpocTip: aHaii3, Cy4yacHUil CTaH, TPEHAM Ta MEPCIEKTUBWY, SKa

BinOynacs 17 tpaBHs 2024 poky y micti KuiB, Ykpaina.
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1 AHAJII3 [MTPEAMETHOI OBJIACTI I TIOCTAHOBKA 3ATAUI
JOCJIIJDKEHHA

1.1 Ornsan npeameTHOi 001acTi

PosmizHaBaHHs 00pa3iB — L€ rajiy3b KOMO'FIOTEPHHUX HAYK, KA BKIIKOYAE
METOJM JIJISl IHTEPIPETALlii Ta aHATI3y 300paXKE€Hb 3 METOO 17IEHTU(IKAIllT 00'€KTIB,
JOACH, HAMKCIB, CLIEH 1 0araTto 4oro iHWoro. Icropis wiei qucuumiiam Oepe CBii
no4aTok 3 1960-x pokiB, KOJMM BUEHI MOYAIXA PO3POOIATH MEPIII CUCTEMH, 3aTHI
00po0saTu 1 dposi 300pakeHHs. CoYaTKy BOHU OyJIM JOCUTh MPUMITUBHUMH 1
OOMEKEHMMH JI0 TMPOCTUX TEKCTYp 1 (opM, ane 3 4acoMm, 3aBASKH PO3BUTKY
OOUYUCITIOBATLHOT TEXHIKK Ta aIrOPUTMIB MAIIIMHHOTO HABYAHHS, MOMJIMBOCTI IIUX
CUCTEM 3HAYHO PO3LIAPHIIHCS.

VY cydacHOMy CBITI po3Mi3HaBaHHS 00pa3iB CTaJO HEBII EMHOK YaCTHHOIO
0araTbOX TEXHOJIOTIYHUX PIMIEHb, [0 3MIHIOKOTH HAINE MOBCAKACHHE >KUTTS.
3acTocyBaHHS i€l TEXHOJOTII BapIFOEThCSA BIJ OE3MEKW Ta HAMISAY, MEAUYHOI
JIarHOCTHKH, 10 aBTOHOMHHMX TPAaHCHOOPTHUX CHCTEM 1 PO3yMHOro aomy. Take
HIMPOKE BIPOBAIKEHHS € MOXKIIMBHAM 3aBISKW MPOrpecy B OOYHMCIIOBAIBHIN
NOTY>KHOCTI, 30UIBLIEHHIO OOCATIB  JAaHUX 1 BIOCKOHAICHHIO AJITOPUTMIB
INIMOMHHOTO HAaBYaHHS, SKI MABUINYIOTH TOYHICTH Ta MMBUAKICTE OOPOOKH
300pakeHb.

OCHOBHMMH JOJATKaMH PO3MI3HABAHHS O0pa3iB € CUCTEMU O10METPHUYHOI
1AeHTU(]IKALL], SIKI BAKOPUCTOBYIOTh BIIOMTKM MAJIbLIB, CKAHYBAHHS CITKIBKH OKa
ad0 po3mi3HaBaHHS OONMY JUIsS TMEPEBIPKH OCOOMCTOCTI. B  aBTOMOOUIBHIM
MPOMHUCIIOBOCTI, aJITOPAUTMK PO3Mi3HABAHHS 00pa3iB 3aCTOCOBYIOTHCS B CHCTEMAX
JOMOMOTH BOJI0 Ta PO3poO0Il aBTOHOMHMX TPAaHCHOPTHUX 3aco0iB. Y cdepi
3I0POB's, LSl TEXHOJIOTIS] BUKOPUCTOBYETHCS AJIi aHANI3Y MEIUYHHAX 3HIMKIB 3

METOK) BUSIBJICHHS 3axXBOPIOBaHb. A B pO3aApiOHIA TOPriBil Ta pekiami
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po3Mi3HaBaHHs O00pa3iB JomoOMara€ B aHali3l MOBEMIHKK CIOXXHMBA4ylB Ta
nepcoHaTi3alii peKJIAMHUX MaTepialliB.

AHai3 BiKy Ta cTati 0coOu 0a3yeThCsl Ha KOMILIEKCT aTTOPUTMIB MATUHHOTO
30py Ta HABYaHHS, IKI BAKOPHCTOBYIOTh AHATOMI4HI Ta (Pi310J0T14HI OCOOIMBOCTI
o0nMuYYsl 1711 BU3HAYCHHS eMOTpadiuHuX XapakTepucThK. Meroam knacugikanii
Ta perpecii y NOE€IHAHHI 3 TEXHOJIOTISIMH KOMI'FOTEPHOIO 30PY JO03BOJISHOTH
1ACHTU(IKYBATH CTaTh Ta OLIHUTH BiK, BUXOJASYM 13 CTPYKTYPHHX BIAMIHHOCTEMH
00nMYYsl, IO 3MIHIOKOTHCS 3 YACOM.

AHani3 BIKYy Ta CTarl Ma€ BEIUKE COLIAJIbHE Ta KOMEPIIHE 3HAYCHHS,
OCKUTbKM BUKOPUCTOBYETHCS B IIMPOKOMY CHEKTP1 TOAATKIB, BiJI L{UIbOBOT PEKTIAMU
Ta NEPCOHAII30BAHAX PEKOMEHALH 10 MOKPALIEHHS CUCTEM OE3MEKH Ta HATTISY.
Y MapkeTUHroBii cepi, e MOKE TONOMOITH KOMIAHISM Kpalle 3pPO3yMITH CBOKO
ayJIATOPIO, a B Tajy3l OXOPOHU 3JI0POB'S — J03BOJISIE MIJBUIIUTH TOYHICTh
MEIMYHUX TarHOCTHK.

[Tonpu 3HauHWi Tporpec, aHali3 BIKY Ta CTaTl 3IMIIAETHCS CKJIAJIHUM
3aBJAHHSIM YEPE3 PIZHOMAHITTS JIFOACBKUX OOJMY, BKJIOYAOYM Bapiailii B
OCBITJICHHI, M03aX, EMOLIAX Ta aKcecyapax. [CHye TakoK BHKIIMK Yy 3a0€3MECUEHHI
TOYHOCTI TPOTHO3YBaHHS 4Y€pe3 Pi3HI1 BIKOBI IPYMU Ta €THIYHI OCOOIMBOCTI, IO
BUMAarae po3poOKH OLIbII YHIBEPCATbHUX Ta aJATUBHUX CUCTEM.

B nomeni po3nizHaBaHHs 00aMYYsl, CydacHl TEXHIUHI PIMICHHS 1HTETPYHOTh
MIUPOKUI CHEKTP AJITOPUTMIYHUX MIAXOMAIB, IO OXOIUTIOKOTH IIAOTOHHUI aHai3,
BUSIBJICHHS CTPYKTYpHMX aTpuOyTIB 0OJMY4Ysl Ta 3aCTOCYBaHHS METOJIB
rMOMHHOTO HaBYaHHS. 30KpeMa, KOHBOJIIOMINHI HeliponHi mepexki (CNNs) Ta
pEKypeHTHI HelpoHH Mepexkl (RNNs) 3a0e3meuyroTh nepeoBl MOKIMBOCTI JUIs
aBTOMAaTH3allli po3Mi3HaBaHHs Ta Kiacu(ikailli 00J1d 3a JOMOMOT 00 1ACHTH (KL
CKJIQJIHUX O3HaK 13 300paskeHb. HOBITHI AOCHIIKEHHS AKIEHTYIOTh Ha CTBOPEHHI
TAKUX QJITOPUTMIB, SIKI MOXKYThb QJaNTUBHO (PYHKLIOHYBATH 3 OOMEKCHUMHU

HabOpaMH JaHHX, IO BIAKPUBAE MOKIMBOCTI Ui 3aCTOCYBAHHS B PI3HOMAHITHHX
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Ta JUHAMIYHUX YMOBax, MIABUILYIOYA €(PEKTUBHICTH T JOCTYMHICTh TEXHOJOTIH
PO3Mi3HABaHHS 00JIMY Ha r100AJIbHOMY PIBHI.

OuiHOBaHHS NPOAYKTHBHOCTI MOJENEH PO3Mi3HABAaHHS BIKYy Ta CTaTi
3AIACHIOETHCS 34 JONOMOIOK PALy KITbKICHUX METpUK. Jns 3anau kinacudikamii
CTaTl 4YacTO BUKOPUCTOBYIOTh TOUHICTH (accuracy), F1-ckop ta AUC-ROC kpusy,
K1 B1TIOOpaXkaroTh 30aJIaHCOBAHICTh MK Uy TJIMBICTIO Ta CENU(PIYHICTIO MOael. 3
HIIOro OOKY, aHami3 BIKY, SIK MPaBWJIO, BUMArae perpeciiHuX METPUK, TaKUX SIK
cepenns adconmorHa nomuika (MAE) Ta cepennbokBanpariuna nomuika (MSE),
1100 BUMIPSTH BIIXWIECHHS TPOrHO30BAHOTO BIKY Bl ICTHHHOTO 3HAUYEHHSI.

EdexktuBHi crparerii Bamijgaimii € KJIOYOBMMM JUIsl  OLIHIOBAHHS Ta
MOKpAIICHHS TPOAYKTUBHOCTI Mojenel. XpectoBa nepeipka (cross-validation)
J03BOJISIE OLIIHATHU CTIHKICTh MOJEINI 10 IEPEHABYAHHS, 3a0€3MEUy UM ii HaIHHICTh
Ha PI3HUX BUOIpKAX JaHUX. BHUKOpUCTaHHS PO3AIIEHUX HAOOPIB NAaHWUX IS
TPEHYBaHHS, Bajijalli Ta TECTyBaHHS MOJENl Ja€ 3MOry TOYHO BW3HAYUTH ii
3ITHICTh Y3araJibHIOBATH HA HOBUX JAHHMX, IO € KPUTUYHO BAKIWUBAM IS
pPEATbHUX 3aCTOCYBAaHb.

BuUKOHAHHS OIIHKA MOJENl y pealbHUX CLEHApISIX BUMArae JIETAJIBHOTO
PO3YMIHHSI KOHTEKCTY 3aCTOCYBaHHs. Mojesi MOBUHHI OYTH OLIIHEHI HE JIUMIC 3
MOTJISIy CTATUCTUYHOI MPOAYKTHBHOCTI, aj€ i 3AaTHOCTI MPalioBaTH B PIZHUX
pEATbHUX YMOBAX, BKIOYAKOUYH PI3HOMAHITHICTE AEMOrpaiyHUX XapaKTEPUCTHK
0ci0 Ta 3MIHJIMBICTE YMOB 3HOMKH. CTpeC-TECTYBaHHS Ha PI3HHX [aHUX 1 B
CEPENOBUIIAX 3 PI3HOKO OCBITIEHICTIO, MO3UIIIAMU OOIMYYS Ta THIIUMHA MOKJIMBUMH
BaplallisiMU € BRKJIMBUAM JUIsl 3a0€3MEUCHHS MIITHOCTI Ta aJaTUBHOCTI CUCTEM.

['nOuHHE HAaBYAaHHS MPOJOBXKYE BIIKPUBATH HOBI TEPCIECKTUBU IS
po3mi3HaBaHHs 00pa3iB, MPOMNOHYIOUM OUIBII CKJIaJHI Ta €(PEKTUBHI MOACII, SKI
MO>KYyTh BUKOPUCTOBYBATHChH y IIUPOKOMY CIEKTPl AOJAATKIB. MIKIMCUHUIUTIHAPH]
JOCHIKEHHS, iK1 00'€THYIO0Th KOTHITUBHY HAyKy, HEHPOO10JIOTiH0 Ta KOMM'TOTEPHI
HayKu, OOIIAI0Th HOBI 1HHOBAIIT B 00j1acTl. OHAK, 3 PO3BUTKOM IIMX TEXHOJIOTIH,

3pocTtae moTpeda B yBasi A0 €TUYHUX MUTAHb, MOB'SI3aHUX 13 KOHDIICHIIHHICTIO,
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3JIOBKMBAHHAM Ta YHEPEIKEHICTIO B CUCTEMaX pPO3Mi3HaBaHHS 00pasiB, IO Mae

CTaru NpcaIMCTOM PCTC/IbHOIO BUBUCHHA TA PCTYJIIOBAHHA.

1.2 Ornsia iCHYyrOUMX PILIEHB

HocmipxeHHss [1] po3rismae METOAUKY MependadyeHHs BIKy Ta CTarl 3a
JIOTIOMOTOK0  AJITOPUTMIB TJIMOOKOTO HaBYAaHHS HAa OCHOBI 300pa’keHb 00aMY. Y
JOCIPKEHH] BUKOPUCTOBYIOTHCS IEPEIOB] TEXHIKH €KCTPAKIIii O3HAK Ta HABYAHHS
MOJENEN AJis OLIHKA TOYHOCTI Kinacuikamii. Pe3ynprath BUSBAIM 3HAUYYILI
nepeBarn TJIMOOKOTO HABYAHHS B MOPIBHSAHHI 3 TPAIUMUIAHUMU METOJAMHU
MalIUHHOTO HABYaHHS Y KOHTEKCTI 00pOOKH 300pakeHb 0011 Y.

Y  nmocmimkenni [2] npencraBneHo GRA Net, 1HHOBaIiiHY MOJENb
IMIMOOKOrO HaBYaHHS AJis Kilacu(ikamii BIKy Ta CTaTl HA OCHOBI 300pa’keHb O0IHY.
Mopenb BUKOPUCTOBYE MOIM(PIKOBaHY MEPEKY 3 YBAroro, 10 MOKpPaIly€ 3/1aTHICTh
10 PO3MI3HABAHHS CKIAJHUX O3HAK HAa OOIMYYSX 3a JAOMOMOIOK CHELIAIBHO
po3pobiieHoro 'Gate' MexaHi3my.

Jocnikenass  [3]  30CepeKyeTbcss HAa  BUKOPUCTAHHI  TNIMOOKHMX
KOHBOJTIOLIIHHAX HEHPOHHUX MEPEXK Ta TPAHC(PEPHOTO HABYAHHS [Tl NEPEA0AUCHHS
BIKY Ta CTaTi 3 300paXkeHb 00JIMY. ABTOPH NMOPIBHIOKOTH Pi3H1 apXITEKTYPU MEPEK,
Bkmoyaroun VGG f ta ResNet50 f, nemoHCTpyrouw, SK HalalITyBaHHS Ta
ONITUMI3ALlisl MEPEXK] MOXKYTh BIUIMHYTH HA TOYHICTh KJIach(ikarii.

JlocniokenHss [4] BHBYAa€ 3aCTOCYBAHHS IOTYYHOTO 1HTENEKTY JUIs
nepeadavyeHHsl BIKy Ta CTari Ha OCHOBI 300pakeHb 00nu4y. Po3polbiieHa mopaens
BUKOPUCTOBYE KOMOIHAIlIl0 O101I0TeK TMOOKOro HaBuyaHHs, Takux sk Keras 1
TensorFlow, 3 MeTO MOKpamEHHS TOYHOCTI Ta €(EKTHUBHOCTI MPOLECY
KiacuQikartii.

VY mocnipKeHH1 [ 5] MpONOHY€ThCs HOBUM MAX1 10 BU3HAYEHHS BIKY Ta CTaTl
3a JOMOMOrOK TJIMOOKMX HABYAIBHUX MEPEXK 3 MEXAHI3MOM YyBaru. ABTOPH

BUKOPHCTOBYIOTh YBary JJjisl IMiABUIIEHHS TOYHOCTI PO3MI3HABAHHS, IEMOHCTPYOUN
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3HAUHI TMOMNIMIIEHHS B IJIaHI TOYHOCTI MEPEAO0AYEHHS MOPIBHSHO 3 ICHYHOUMMH
METOJIAMHU.

JocnimkenHs [6] aHamizye €(DEKTUBHICTh CUCTEM OLIIHKM BIKY Ta CTaTl 0e3
BUKOPUCTaHHA (IIbTpIB Ha 300paKEHHSIX OONMY. ABTOPH BOPOBAIKYIOThH
METOJMKH TJIMOOKOTO HABYAHHS 3 BUKOPUCTAHHIM TE€XHIK BIIMOBHM HABYAHHS IS
NOKPALIEHHS TOYHOCTI Nepea0aYeHHSI.

VY nocniipkeHH1 [7] mpencTaBieHo NMO0KE HABYAHHS 3 MEXAHI3MOM yBaru
JUIs pO3Mi3HABaHHs BIKY Ta crari "y aukid npuponi”. BukopucranHs
NEPEATPEHOBAHNX KOHBOJIIOLIIMHAX HEMPOHHUX MEPEK AJIsl PO3IMI3HABAHHS O0JIAY
JO3BOJIMJIO 3HAYHO MIABUILUTH TOYHICTh CUCTEMHU.

HocmixeHHs [8] pokyCyeThCcsi HA BAKOPUCTaHHI NIEPEIABAIBHOIO HABYAHHS
3 MUOOKAMHU KOHBOJIIOLIIMHIMKM HEHPOHHUMH MEPEKAMHU JUTsl PO3MI3HABAHHS CTATI
Ta OUIHKH BiKy. 3okpema, BukopuctanHs VGGFace ta VGG16 3 Baramum ams
PO3Mi3HABAHHS O0JIMY 3HAYHO MOKPALIUIIO PE3YIbTATH.

HocmipxeHHss  [9] po3poOnse  mOKpamieHWd miaXil Jg0 [IMOOKHX
KOHBOJIFOLIIHHAX HEHPOHHUX MEPEXK AJIs OLIHKM BIKY Ta CTaTi, BAKOPUCTOBYIOUH
00anyusl. ABTOPU 30CEPEKYIOThCSI HA TOYHOCTI Ta €()EKTUBHOCTI MOJECHEH Y
CKJIQJIHAX YMOBAX, TAKUX K 3M1HA BIKy a00 0COOIMBOCTI 00IMYYs.

Jlam mpoBeaeMo MOPIBHIHHS IUTHOCIB 1 MiHyciB (Tabmmug 1.1) wist BuGpanmx
JOCIIKEHb MPO MepeadavyeHHs BIKY Ta CTaTi Ha OCHOBI 300pakeHb 00WY 3a
JIOTIOMOT OO AJITOPUTMIB MIMOOKOTO HABYAHHSI:;

Tabmuist 1.1 — TTopiBHSIHHS JOCTIHKEHD

JdocaigxeHHst ILaocu Minycu

Haseena et al. | Bukopucrosye iHHOBaiitHI | OOMekeHa NOCTYIHICTh aeTanel
(2022) [1] METOIU eKCTPAKIIii O3HAK. MOIEJIL.

Garain et al. |Ilintpumka Residual Attention | Bucoka ckianHicTh peami3ari.
(2021) [2] Network.

Sheoran et al. | 3acrocyBaHHs tpaHceproro | OCHOBaHO  JMIle HAa  JBOX
(2021) [3] HaB4YaHHS g nokpamenHs | monessix (VGG 1 ResNet).

pe3yJIbTaTIB.
Ghildiyal et al |Bemuka yBara gm0 TouHOCTi | Moxke moOTpeOyBaTH 3HAYHUX
(2020) [4] Kaacuikawyi. OOYKCIIIOBAJILHUX PECYPCIB.

Abdolrashidi et al. | Bukopucranns mexanizmy yBaru | JlocmimkeHHs Ha paHHIH cramii,
(2020) [5] IUTSA T ABHUINEHHS TOYHOCTI. obOMesxeHa nepeBipka Ha
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PI3HOMAHITHHUX JAHHX.
Eidinger et al. | Posrnsgae "HatypanbHi" | BincyTHiCT  pmeranieii mpo
(2014) [6] 300paskeHHs O6e3 ¢inpTparii. JATACETH, BUKOPHUCTaHI y
JOCIT JUKEHHI .
Rodriguez et al. | ['mubokuit aHasi3 13 | Cneungika Momem MoOxe He
(2017) [7] 3aCTOCYBAHHSIM MEXaHi3My yBard. | mpamoBatu  nodpe 3 ycima
TUTIAMH TAHHX.
Smith & Chen | OuiHroBaHHS BUKopucTtanHs | OOmexxeHa 1H(opMaris OI0
(2018) [8] VGGFace ta VGG16. MPAKTUYHOTO 3aCTOCY BAHHSI.
Sharma et al. | [lokpameHHss TOYHOCTI 3aBASKH | MOXIIHBa NePEHABUAHICTh
(2022) [9] nokpameHiiit CNN apxiTekTypi. Moze oe3 HAJIEXKHOTO
peryJIrOBaHHSL.

3 nopiBHsIbHOT TaOmuii 1.1 BuUAHO, MO po3poOka MoAeNeld TITUOOKOro
HABYaHHs JJs nepeadaveHHss BIKy Ta CTari 3a JOMOMOTO 300pakeHb 00nHu4
NOCTIHHO €BOJIIOLIOHY€ 3 BAKOPUCTAHHSIM PI3HOMAHITHUX IMIIXOIB Ta TEXHOJOTIH.
bibIicTe AOCHIKEHb AEMOHCTPYIOTh BUCOKY €(PEKTUBHICThH 3aBASKU 1HTErpari
HOBITHIX TEXHIK, TaKUX SK MEXaHI3MHM yBaru Ta TpaHC(EpHE HaBUaAHHS, aje
BOJHOYAC CTUKAIKOTHCS 3 BUKIMKAMH, MOB'I3aHUMU 31 CKJIQJHICTIO MOJENEH Ta iX
ajanTtaiierd g0 PI3HOMAHITHUX YMOB. Takuii aHami3 JomoMarae BH3HAYUTH
NOTEHIIa] KOKHOTO MIAXOAY B KOHTEKCTI crienr(PiuHuX JOJATKIB 1 MOKIMBOCTEH
MOJAJTLIIOT ONTUMI3AIIIT Ta MOKpalICHHS. BaXX/IMBOIO € Takok MOTpeda B YBAKHOMY
BUOOpI [JaTaceTiB Ta NEPEBIPLI MOJEJICH HA PI3HOMAHITHOCTI JAHWX, WI00
3a0€3MeUnTH  iXHIO YHIBEPCAIBHICTE Ta TOYHICTH Y PEAIBHHX CLEHApisiX
BUKOPHCTAHHS.

Hamie nocmikeHHs BIAPI3HAETHCS IHTErPALI€X0 HARCYYACHIIIMX TEXHOJIOTTH
Ta AITOPUTMIB TJIMOOKOrO HaBYaHHS JJisi CTBOPEHHsS OUlbLI €(PEKTHBHHMX Ta
aJJaNTUBHAX MOJENIeHi, sIK1 3JaTHI TOYHO BH3HAYaTH BIK Ta CTaTh 0coOM Ha
300pakeHHl. OcoOnMBICTE Hamoi poOOTH MOJIArae B 3aCTOCYBaHHI TIOPHIHUX
M1XO0/1B, M0 00'€AHYIOTh KOHBOJTIOLIMHI HEUPOHHI MEPEKI 3 MEXaHI3MaMK yBaru
JUIS TIABMINEHHS TOYHOCTI Ta PEAyKUli TMOMWIOK, OCOOIMBO B yMOBax
BaplaTMBHOCTI 30BHIMIHBOIO BUIMSAY JoAci. KpiM TOro, MM akueHTyeMO Ha

onTuMizaiii 00UHCITIOBANIBHUX PECYPCIB, [0 POOUTH HAIIE AOCHTIPKCHHS HE TUTbKH
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TEXHOJIOTTYHO IIPOAYKTUBHUM, ajiC %1 AOCTYIIHUM JI1 BUKOPUCTAHHA B PCAJIbHUX

YMOBAaX 13 PI3HUM 00JIaTHAHHSIM.

1.3 TlocranoBka 3ama4i JOCIIIKEHHS

AKTyaJIbHICTh TEMH MOJYJISl PO3IMI3HABAHHS BIKY Ta CTaTl JIFOJEH HA OCHOBI
HEHPOHHUX MEPEX BU3HAYAETHCS ii INMPOKKAM 3aCTOCYBaHHSAM B Oaratbox cepax,
BKJIFOYAOUYM O€3MEKYy, MAPKETUHT, OXOPOHY 3JI0POB's Ta coliaibHl Meaia. Po3BuTOK
TEXHOJIOT1 KOMI'IOTEPHOTO 30Py Ta MAIMHHOTO HABYAHHSI JI03BOJIMB CTBOPIOBATH
BCE OUTBLI TOYHI Ta €()EKTUBHI CUCTEMH, 3JaTHI aHAI13yBaTH JIFOACHKI 00IMYYs 1
BU3HAYATH JeMOrpadivyHi XapakKTEPUCTHKHU 0CI0 3 BACOKOKO TOUYHICTIO. B1AMOBIIHO,
AKTYyaJIbHICTh TAKUX CHCTEM CTa€ BCE OUIbII BIAYYTHOK Ha (POHI 3pOCTAKOUOro
MOMUTY Ha MEPCOHAJII30BAH1 CEPBICH Ta 3aco0M 1eHTUDIKAaI1i OC1O.

HayxoBuii 1HTEpEC 1O aBTOMATH30BAHOI'O PO3IMMI3HABAHHS BIKY Ta CTaTl €
BUCOKMM, OCKUIBKM sl 00JIACTh BKJIFOYAE CKJIAAHI 3amadi 0OpoOKH 300pakeHb 1
aHaI3y JaHWX. 3aBASKH MPOrPecy B AITOPUTMAaxX IMTMOOKOrO0 HABYAHHS, Cy4acHi
JOCIIIKEHHST 30CEPE/LKYIOTHCS HAa MIABUIICHHI TOYHOCTI 1 HIBUJKOCTI 0OPOOKH
JAHUX, 10 B CBOK 4YEpry BIJKPUBAE HOBI MOXKIMBOCTI Ui peam3arii
ABTOMATHU30BAHUX CHUCTEM, SIKI MOXKYyThb OyTHM IHTErPOBaHI B IIMPOKHI CHEKTP
3aCTOCYHKIB.

OnHi€0 3 BAKIMBHAX ACTIEKTIB 3aCTOCYBAHHS TEXHOJIOTTH PO3MI3HABAHHS BiKY
Ta CTaTl € MIJABHIIEHHS PiBHS OC3MNEKH B IPOMAJCHKHAX MICHSX Ta MOKPAIICHHS
CUCTEM BI1JIEOCMOCTEPEKECHHS. [HTErpalliss HEHPOHHUX MEPEK T03BOJISIE PO3POOIATH
CUCTEMH, SIKI MOXKYTh B peaJlbHOMY dYacl 11eHTU(IKyBaTH OCI0 Ta aHami3yBaTu
NOBENIHKY, CHPUSIOYM MIABHILICHHIO €(PEKTHBHOCTI MPABOOXOPOHHUX 3aXO[1B Ta
CUCTEM OE3MEKH.

VY cdepi MapKeTHHIy Ta PEKJIaMM aBTOMATWU30BAHE PO3MI3HABAHHS BIKY Ta
CTaTl BIAIrpae KIOYOBY PpOJIb Yy TEPCOHANI3ANI] PEKJIAMHUX KaMmmaHIH.

BukopucTaHHs 1uX TEXHOJIOTIHA JO3BOJISIE KOMMOAHISIM TOYHO HAIIUTFOBATH CBOi



17
PEKJIaMHI 3BEPHEHHS, ONTHMI3YHOUM MAPKETHMHIOBI CTpaTerii Ta 3ade3medyrouu
BHUIIly B3a€EMO/III0 3 MOTEHIIHHUMU KiTieHTaMu. Lle, B CBOIO Hepry, MOKe CYTTEBO
MIJBAIIUTH €(DEKTUBHICTH PEKIIAMHUX BUTPAT.

KpiMm TOro, o0macte OXOpPOHM 3I0POB'S TAaKOXK MOXKE BUIpaTH BiX
BUKOPDHCTAHHS TEXHOJOTHA PO3MI3HABAHHS BIKY Ta CTari. ABTOMAaTHU30BaHE
BU3HAUEHHS [MX MAapaMETPIB MOXKE COPHUATH OUIbIN TOYHIM JIarHOCTHLI Ta
ajanTaili JIKyBaJbHUX TPOLEAYP, 30PIEHTOBAHUX HA TIEBH1 BIKOB1 Ipynu a0o cTari,
OIABUIIYIOYM TAKAM YWHOM €(EKTUBHICTh MEIMYHOIO OOCITYyrOBYBaHHs 1
JOMOMOTH.

Meroro mi€i OakamaBpchbkoi poOOTH € po3poOKa Ta ONTHMI3AIIST MOJYJIS
PO3MI3HABAHHS BIKY Ta CTaTl JIFDACH HA OCHOBI HEMPOHHMX Mepex. Llel mpoekt
nependayae CTBOPECHHS €(PEKTUBHOI CUCTEMH, 3JaTHOI TOYHO aHaIi3yBaTH
300pakeHHsT OOJIMY A BU3HAYEHHS JEMOrpaiuyHMX XApaKTEPUCTHK OCI0, M0
BKJIFOUYAKOTh BIK Ta CTaTh. J{J1s1 JOCATHEHHS 11€] METH HEOOX1/THO BUPILIMTH HACTYITHI
3aBJAHHS:

1. AHajmiz mpeaAMETHOI 00J1acTi Ta MOCTAHOBKA 3a/1a4l JOCIKEHHS: BUBUEHHS
CYy4aCHOTO CTaHy TEXHOJIOTIM po3Mi3HABaHHS OOJIMY Ta BU3HAYCHHS
KJIFOYOBMX MNPOOJIEM Ta MOKIMBOCTEH, K1 MOXYTh OyTH BHMPIIIEHI 3a
JOMOMOTOK TTTHOOKOrO HAaBYaHHS.

2. Ormsin  ICHYyrOuMX pimeHb y cdepl po3mi3HaBaHHS BIKYy Ta CTari:
[TpoananizyBaTi NOTOYHI HAYKOBI Ta MPAKTHYHI MiIXOAU A0 PO3IMI3HABAHHS
BIKY Ta CTaTl, BKJIKYAKUX TPAIUL1iiHI METOAH 1 HOBITHI PO3POOKH HAa OCHOBI
MAIIMHHOTO HABYAHHSI.

3. Po3poOka anroputmiyHOro Ta 1H(GOpMAIAHOTO 3a0€3MNEYECHHS CUCTEMMU.
CrpoekTyBaTty apxiTEKTypy MOAyJs Ta BHOpaTH apXiTEKTypy TITUOOKOi
HeilipoHHOoi Mmepexi, 30kpema VGG16, ResNet152V2, ta Xception, s
PO3MI3HABAHHS BIKY Ta CcTari. PO3po0MTH alrOpuT™M pO3Mi3HABAHHS BIKY Ta

crari.
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4. Po3poOka mporpaMHO-TEXHOJIOTTYHOTO 3a0€3NeYeHHS . BUKOHATH MIATOTOBKY
JaHWX, HABYAHHS MOJEII, OLIIHKY OTPUMAHUX PE3YJIbTATIB Ta ONTHUMI3ALI0
mozeni. 3abe3neunT AOKYMEHTAIIKD BCHOTO MPOLECY PO3pOOKH Ta
PE3YJIBTATIB €KCIIEPUMEHTIB,

5. Anami3 pe3ynbTariB Ta Bamijgamis cuctemu: [IpoBecTw TeCTyBaHHs
PO3POOJICHOI CUCTEMU HA PEAIbHUX JAHUX, aHATI3YBATH ii €(PEKTUBHICTH Ta
TOYHICTh. 3aMpOMOHYBATH PEKOMEHJAIl [MOA0 MOJAIBIIAX HAMPSMKIB
JOOCTIKEHHS Ta MO>KITMBOCTI KOMEpIiami3anii NpoeKTy.
3aBnaHHs 1-2 MaroTh OyTH PO3MIISIHYTI B TEOPETUUHUX PO3ALIAX poboTH, a

3aBJaHHA 3-5 — y MPAaKTUYHMX PO31LIaX, 10 OXOIUIOKTH PO3pOOKY, OLIHKY Ta

TECTYBAHHS aJITOPUTMY .
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Pozninenns nanux (SplitData()): Llg gyHkiis aimmte HaO1p JaHUX Ha
TPEHYBaJIbHI, TECTOBI Ta BajifaliiiHi HaOopu, 100 3a0e3MeUnuTH

HAJICKHE PO3MOAIEHHS 71l TPEHYBAHHS MOJAEI Ta OL[IHKH.

3. Tlonepennst 0OpoOKa naHuX:

O6po6ka 300paxens (ImageHandling()): Peanmizye ¢ynkii oOpoOku
300pakeHb, Takl SK 3MIHA PO3MIPY, HOpMaTi3alis Ta MOMIJIMBO
ayrMeHTallis, s MIATOTOBKKM  300pakeHb 10  €(EKTHUBHOTO
TPEHYBAHHS MOJIENI.

[TinroroBka manmx (PrepareData()): [linroroBntoe ¢iHambHuii HAOIp
JaHUX, OPraHi30BYOUM 00pOOIEH] 300paKeHHS Pa3oM 3 iX MITKaMu y

(opmari, NpUAATHOMY JUIsl TPCHYBAHHSI.

4. HanawmryBaHHSI MOJENI:

Bubip apxitekrypu (SelectArchitecture()): BuOupae apxitekrypy
HelipoHHoi mepexi (Hampukinan, VGG16, ResNet un Xception), sika
OyJie BUKOPUCTOBYBATHCS SIK OCHOBA JIJIs1 3aBJaHb PO3MI3HABAHHSI.

Kondirypariiss moaeneit (ConfigureModels()): Hamamropye BuOGpany
MOJIENIb JJIsi KOHKPETHMX 3aBAaHb, HAJAIITOBYIOYM wLIapu, (QyHKIIT
AKTUBAIIIl Ta KOMITLJTIOKYKM MOJIEIb 3 BIANOBIAHUME (DYHKIIISIMU BTpaAT

Ta ONTUMI3aTOPAMH.

5. TpeHyBaHHS MOJENI:

TpenyBannst moaeni (TrainModel()): Kepye npoiiecoM TpeHyBaHHS
MOJEI,  BUKOPHCTOBYIOUM  MIJTOTOBJAEHI  HAOOpH  JIaHHX,
3aCTOCOBYIOUM KOJIOCKH, TaKl SIK paHHs 3yMHHKA Ta KOHTPOJIb TOYOK
30epeKEeHHST MO, UTsl ONTUMI3aLii TPEHYBaHHS.

Momnitopunr npoayktuBHocTi (MonitorPerformance()): Cniakye Ta
pEECTpPYE MPOAYKTUBHICTH MOJCII M Yac TPEHYBaHHS IS

BIJICTCKEHHS MOKPAIICHb 1 BHECEHHSI HEOOXITHUX KOPUTYBaHb.

6. OruiHKa Moaeni;
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« Ominka moaeni (EvaluateModel()): OniHroe mpoyKTUBHICTh HABYCHOT
MOJEIl Ha OKPEMOMY TECTOBOMY HalOopi, mo0 BUMIpATH il
€(PEKTUBHICTh y PEAIIbHUX CLICHAPISX.

o TecryBanna TouHoCcTl (TestAccuracy()): KoHKpeTHO BuMIpHOE
TOYHICTh MOJEII 3 TOUYKM 30py NependadeHHst BIKY Ta kinacuikamii
cTari.

7. Bigyamizauis pe3yJibTaris:

o BinoOpaxenns  pesynabrarie  (DisplayResults()): Bizyanizye
pe3yJIbTaTi nepeadayeHb MOJIEN] 3a JOMOMOI O TpadikiB Ta aiarpam
JUTS SICHOTO YSIBJICHHS MepeadadeHb MOAECT1 y MOPIBHSAHHI 3 PEATbBHUMU
MITKaMH.

o Amnam3 pesyabrarie (AnalyzeOutput()): 3abe3neuye rnmuOmui aHami3
pPE3yJIbTATIB, BUSIBJISOYM TEHJCHIT, YIEPEKeHHST a0o 00iacTi, Ae
MOJIENTb MOYXKE MOKA3yBATH HEAOCTATHIO POy KTUBHICTb.

Ileii cTpykTypoBaHMH MiaXiA AO3BOJISIE CUCTEMATHYHO PO3pOOJATH 1
OLIIHIOBATH HAIHHY MOJEINb, 31aTHY TOYHO PO3MI3HABATH BIK 1 CTarh 3 OOMMYYS.
KoyxeH KOMIIOHEHT B apXITEKTY P BIAITPAE BAKIUBY POJIb Y 3a0€3MEUEHH] HE TIJIbKA

TOYHOCTI, aJI¢ ¥ 3arajibHO1 3aCTOCOBHOCT1 MOJEJI1 10 HOBUX, HEBIJOMUX JAHUX.

2.2 Mogeni qist nepenOayeHHs BIKY

2.2.1 VGGI6

Mognens VGG16, po3podiieHa OKCPOPACHKUM YHIBEPCUTETOM, € OJHIEI) 3
BIJOMHX KOHBOJIOLIHHUX HEHPOHHUX Mepek (CNN), sika 10cATIIa 3HAYHUX YCIIX1B
y 3MaranHi ImageNet. Bona Bxitovae 16 mapis, 110 MarTh Baru, y Tomy umcii 13
KOHBOJIIOLIMHAX IIapiB Ta 3 TOBHO3B's3HMX Miapu. Apxitektypa VGG16
BUPI3HSETBCS CBOEKD OJHOPIAHICTIO: BOHA BHKOPUCTOBYE JIMIIE KOHBOJIOLIHAHI

¢uibTpu po3mipom 3x33x3 3 kpokoM 1 Ta mamiHrom 1, a TakOX MakCHMAalbHI
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Moaynb Inception MO)KHa MareMaTHYHO BUPA3UTH SIK 3JIATTS KIJIBKOX
3rOPTKOBUX OMEPALliid:
y=Ily@),y(2),y(3) y(4)]
1€ KOXEH y(n) - 1e BHXIJ 3rOPTKOBOIO IIAPy 3 PI3HUM PO3MIPOM spa, a

3rOPTKH BUKOHYIOTHCS MAPAJIeIbHO Ta 00'€ THYIOTHCS PA30OM.

2.3.3 ResNet50V2

ResNet50V2 € BnockoHaIeHO Bepcieto opuriHaibHoi Moaen ResNet. L
MOJIETb BKITKOYAE YIOCKOHAJICHHS, TaK1 IK BAKOPUCTAHHSI MONEPEAHBOT aKTHBALLIT y
3QJIMIIKOBUX OJIOKax, IO NOKpallye HOPMaJI3aiild Ta PO3MOAUT OOYUYECHHS.
ResNet50V2 BukopuctoBye 50 mapiB 1 30epirae i1€r0 3aJIMIIKOBUX 3'€THAHb IS
O0pOTHOU 3 3aTyXaHHSM IPAIIEHTIB.

3anumkoBuii 010k y ResNet50V2 Moxe OyTu onucaHui sik:

y=x+F(x,{Wi})

ne F - QyHKis, sKa npeacTaBise MOCTIAOBHICTh 3rOPTOK Ta aKTUBALIH, a
3QJIAIIKOBE 3'€THAHHS JO3BOJISIE MPSAMUNA MPOX1J BXIAHOIO CUTHAITY X 4Yepe3 OJIoK,
110 MOKpANIy€ 31aTHICTh MEPEXKI 10 HABYAHHSI.

L{i Moaem AEMOHCTPYOTh Pi3HI MAXOAM 0 APXITEKTYPH HEHPOHHHUX MEPEK
Ta iX oNTUMIZAIIO Ui €PEKTUBHOI pOOOTH 3 BEIMKMMHM MAacHBaMHU JaHUX Ta
OOMEKECHUMH OOYHCITIOBAIbHUMM PECYPCAMH, LIO0 € KPUTHYHO BAKIMBUM JUIS

3aCTOCYBAHb y PEATBHOMY 4Yacl Ta Ha MOOITBHUX NPUCTPOSIX.

2.4 ANropuTM PO3MI3HABAHHS BIKY Ta CTaT1 JIFOJAEH HA OCHOB1 HEHPOHHUX MEPEXK

Y cydacHOMY CBITI TEXHOJIOTIM po3Mi3HABaHHS OOJHMY CTae BCe OLIbII
BOKJIMBUM 1HCTPYMEHTOM Yy PI3HUX rajiay3sx, Bia O€3Meku A0 NEepcoHajizailii
nocnyr. HeHWpoHHI Mepexi BiAIrparOTh KIOYOBY POJIb Yy LUX MPOLECAX,
3a0€3MEYY0YH TOUHICTh 1 €)EKTUBHICTh Y BUBHAYECHHI OCOOJIMBOCTEN 00JIMY, TAKNX

K BIK 1 CTaTh JIOJAUHU. JleTaJbHUN airopuTM, BUKOPUCTOBYE MEPEIOBI METOIN
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o PozpineHHs wuisxiB A0 300pak€Hb HAa TPEHYBAIbHI, TECTOBI Ta
BaJI1aI1iiH1 HAaOOPH.
3. Tlomepennst 06poOKa naHuX:
o CrBOpeHHs (YHKLIA Ui 3aBaHTAXCHHS Ta OOpPOOKHM 300pa’KEHb:
MacmTadyBaHHs T4 HOpMaTi3allis.
o ®opmyBanHs TensorFlow paraceriB s eQekTuBHOI podoTH 3
BEJIUKOIO KUTBKICTIO 300paXKEHb.
4. BuOip Ta HanamTyBaHH MOACIIL:
o Bubip OazoBux moneneidt s apxitektypu (Hanpukian, VGG16,
ResNet).
o HanamryBanns moneneil anms 3agad perpecii BiKy Ta Kiacugikariii
cTarl.
5. HaBuanus mozeni:
« HanamryBanHs nmapameTpiB HaBuaHHs ((PyHKIIT BTpaT, ONTHMI3aTOP).
o BukopuctanHs KoOJIOEKIB AJii PaHHBOI 3YNMHUHKU Ta 30€pEKEHHS
Kpalux Baris.
6. Ouinka e(peKTHBHOCTI MOJEI:
o TecTyBaHHS MOJIENCH HA TECTOBOMY HAOODI.
o AHai3 pe3yabTaTIB sl BUSBICHHS HaWKpanioi MOAEI.
7. Bigyamizauis pe3yJibTaris:
o BinoOpaxeHHs npUKIAAIB nNepeadaueHb MOJEICH HAa TECTOBHX
300paKeHHSIX.
o AmHam3 po3ODKHOCTEH MDK pEabHUMU Ta MepeadayyBaHUMU
3HAUCHHSMMU.
Lleli anropuT™M BUKOPUCTOBYE MOEAHAHHS MIAXOAIB 3 pi3HMX O107110TEK Ta
TEXHIK TTMOOKOTO HABYAHHSI JUIsl CTBOPEHHS €()DEKTHBHOI CUCTEMH PO3MI3HABAHHS

BIKY Ta CTaTl JKOJCH.
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3 TTPOI'PAMHO-TEXHOJIOI'TYHE 3ABE3ITEYEHHA

3.1 Onwuc Habopy JaHKUX

Jlis po3poOku Ta BUNPOOYBaHHS AITOPUTMY PO3MI3HABAHHS BIKY Ta CTaTl
0co0OM 3aCTOCOBYBAaTUMYThCs JBa HaOopu nanux. Ilepumit HaGip, UTKFace, €
BEJIMKOKO KOJIEKIIEK 300pakeHb 00y JiroeH pizHOro Biky (Bix 0 qo 116 pokis),
CTaTi Ta €THIYHOI MPUHAJICKHOCTI, M0 OXOIUTOE MUPOKHA CIIEKTP MOCTAaB, BUPA31B
00nHY, OCBITJIEHHS Ta 1HIIMX 3MIHHUX, 10 MOXKYTh BIUIMBATH HA PO3MI3HABAHHSI.
Lle#i waGip wmictute mnoHany 20,000 oO0poGieHnx 300pakeHb 1  YacTo
BUKOPUCTOBYETHCS JUISl 3aBJIaHb ACTEKI(1i 00114, OLIIHIOBAHHS BIKY, MPOTPECYBAHHS
Ta perpecii Biky, JokKaji3aiii 0COOJUMBUAX TOYOK Ta OararbOX IHIIUX JOCIHIIKEHD Y
rairy31 00poOkH 300pa’keHb 1 MAIIMHHOTO 30PY. PI3HOMaHITHICTH YMOB 300Pa’KEHB
pooute UTKFace imeanbHUM JUKEpENOM Jjisi TPEHYBaHHS Ta TECTyBaHHS
AIITOPUTMIB Y PEATICTUYHHX CLICHAPISAX, 3a0€3NEUy0UM MIHY OCHOBY UISl OL[IHKA
iX 3arajibHOi €(DEKTUBHOCTI 1 aAanTaii.

Hpyruit HaO1p nanux, "Age and Gender Prediction Models: Trained Weights
and Visualizations Dataset", BK/IFouae TpeHOBaHI Barv Jyisi MOJAENCH Ha OCHOBI
VGG16 ta ResNet152V2, crieniaabHO aaanToBaHl As 3a1a4 PO3Mi3HABAHHS BIKY
Tta crarl. Llei HaOip JaHWX MICTUTH TaKOXK Bi3yali3alii HABYATbHUX KPUBHX,
OPUKJIAIN JaHUX Ta IHOI KOPUCHI 300paXKeHHSs, K1 JOMOMAararTh Y TITUOOKOMY
aHai31 €PEKTUBHOCTI IrOPUTMIB. 3aBAAKM A00OpE AOKYMEHTOBAHIA CTPYKTYpi
0poro Habopy, MOCTIJHUKM MOXKYTh JIETKO BIATBOPUTH EKCIOEPUMEHTH Ta
aJanTyBaTH MOJEI M1 CBOi YHIKAJIbHI MOTPEOH, aHAII3Y UM Ta MOPIBHIOKYH Pi3HI
apXITEKTYPH Ta iX BIUIMB HA TOYHICTh MPOTHO3YBAHHSI.

I[Tix yac podotu 3 UTKFace, 3aBanTaskeHHs Ta 00poOKa X TaHWUX BUSBUIIA
KJIFOYOB1 0COOIMBOCTI PO3MOILTY BIKY Ta CTaTi, IO JEMOHCTPYETHCS HA ricTorpami
PO3MOLTY BIKY Ta Aiarpamax po3nojauty crari. Anami3 (puc.3.1) po3noauty crarTi Ta

BiKy B Habopi gannx UTKFace BusiBHB 1LikaBl BIAMIHHOCTI. 3riTHO 3 KPYTOBOKO
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NOKA3HUKH 30€pEriid BUCOKY POOACTHICTh. 3aCTOCYBaHHSI PaHHBO1 3ynuHKHU (early
stopping) Ta 30epekeHHs Kpauux BariB (model checkpointing) n03B0HMI0 BYaCHO
BIJIp€AaryBaTl Ha O3HAKW [EpPEHAaBYaHHS, W0 3'sBUIMCS Onu3bko 12-13 emox,

3a0e3neuyroun BUOIp HAlKpanoi MOJEM sl MOAAIBIIOT €KCILTyaTallii.

3.5 EMmnipuyHuii aHani3 nepeadaveHb MOAEIEH

B KOHTEKCT1 OCTaHHBOrO €Tany OLIHIOBAHHS MOJEI, BAKOHAHO PETEIIbHUI
aHaJli3 Pe3yJIbTATIB TECTYBaHHS HEHPOHHOI MEPEXl1 AJIT MPOrHO3YBaHHS BIKY Ta
crati. BukopucraHHs Mojenal, 3acHOBaHOT Ha apxiTekTypi ResNet152V2,
JEMOHCTPYE CYTTEBHN MPOTPEC Y TOUHOCTI Ta 3/1aTHICTh MOJEII 0 FeHepai3anii.
Ha tectroBomy Habop1 naHWX, BaTiJaliiiHa BTpaTa Juisi MOJEI PO3Mi3HABAHHS CTaTI
Oyna 3amxkeHa 1o 0.2540, a TouHicTh gocsaria 89.84%, 1o MigKPECITIOE BUCOKY
HAAIMHICTh Ta y3arajJbHIOYY 3aTHICTh MOJIEI.

[TporHo3yBaHHs BIKy 0cCi0, 3aCHOBaHE Ha THX € 3acajax, MoKas3aio, 10
BajIljalliiiHa BTpaTa Ha TECTOBUX JAHMX JOCATIIAa MokazHuka 5.9889. e Bkasye Ha
JOCTaTHBO BUCOKY SKICTh HABYaHHS TA 3AATHICTh MOJEII TOYHO OLIIHKOBATH BIK Ha
OCHOBI 300pa>keHHs O0NMYYS, O € BAKIMBHUM JUIsl TPAKTUYHOTO 3aCTOCYBAHHS B
PI3HUX J0JATKaX, K1 BAMArarTh BIKOBOI Beprdikarli abo aHamizy aemorpapiaaux
XapaKTEPUCTHK.

['padpiune mpeacTaBneHHs PE3yJIbTATIB, OTPUMAHMX Bl MOJENCH, Hamae
3HAUYIIMHA BHECOK Y OLIHIOBAHHs iX MPOMYKTUBHOCTI. Bisyamizamis nependavcHs,
HAJAaHA Y PUCYHKY 3.7 TPOrHO3YBaHHs, JO3BOJIsIE OAYUTH SIK MOJCIIb BU3HAYAE BIK
Ta CTaTh PI3HUX OC10, MOYMHAKOYM BiJ HEMOBJIST A0 JITHIX JIOACH. [Ijist OLIBIIOCTI
1HAMBI Ay ATBHAX BUMAJAKIB, MOJENb BUKOHY€E TOYHE 1IEHTU()IKYBAHHS CTaTi Ta BIKY,
aJie 3AJTMIIATHCS CKIIATHONII MPY PO3MI3HABAHHI MAJTFOKIB, JIE A1ana30Hu MOMUJIOK
€ BULLIUMHU.

3acTOCYBaHHS MOJENCH y pealbHMX yMOBAX BHMAara€ HeE JIMIIE BHCOKOi
TOYHOCTI, aJI¢ i 31aTHOCTI 0 aanTailii 10 PiI3HOMAHITHUX CLEHAPIiB. X04a TECTOBI

JaHl JIEMOHCTPYIOTh OOHAQIANKMBI  PE3YyJbTaTH, PO3MISAAETHCS MOTpeda Yy
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BHUCHOBKH

VY niacyMKy, po3mnizHaBaHHs 00pasiB 3aiiMae [IEHTPAIbHE MICIE B CYYaCHOMY
KOMI'FOTEPHOMY CBIT1, 3a0€3ME€UY0UM MHPOKUI CHEKTP MOKIMBOCTEH y PIZHUX
cepax >KATTs, BiJ OE3MEKN Ta METULMHH 1O MAPKETUHTY Ta TPAHCHIOPTY. 3aBISKH
NOE€JHAHHKO HOBITHIX TEXHOJIOTIH TMIMOOKOT0 HAaBYAaHHS 3 BJIOCKOHAJICHHSIM
IITOPUTMIB 1 OOUYUCITIOBAIIBHAX PECYPCIB, CYYaCHI MOJEN] PO3Mi3HABAHHS OOJIAY
MOXKYTh €(PEKTUBHO (PYHKIIIOHYBAaTH B PI3HMX YMOBAX Ta BIAMOBIIATH BHUCOKUM
CTaHJapPTaM TOYHOCTI Ta IBHAKOCTI. OJHAK, HEBNMHHWN PO3BUTOK Wi€i ramysi
BUMAra€ MOCTIHHOTO YJOCKOHAJIEHHS Ta YBaru 10 €THYHUX IMHWTaHb, LI0 CTa€
OPEIMETOM PETENIbHOTO BWBYEHHS Ta pPEryirOBaHHsA. Haie nocmimkeHHs,
COPSIMOBAHE HA ONTUMI3AIIIO Ta PO3POOKY NEPEAOBUX MOJIENCH PO3MI3HABAHHS BIKY
Ta CTaTli Ha OCHOBI TJMOOKOr0 HABUAaHHS, Ma€ IMIOTCHIUAA HE JIMIIE
PEBOJIIOIIIOHI3YBATH 110 Tajy3b, aj€ i MO3UTUBHO BIUIMHYTHM HA PI3HOMAHITHI
ACTMEKTH HALIOTO MOBCAKICHHOTO SKUTTSI.

VY pe3ynbrari, po3pobiieHa apXITEeKTypa MOAYJIs PO3IMI3HABaHHS BIKY Ta CTaTi
JHOJICH HA OCHOBI HEHPOHHMX MEPEXK BIAOOpPaKAE CUCTEMATUUYHWN MIAXIA A0
00poOKkM Ta aHami3y 300paxkeHb 00y, BoHa BKItOUae B ceOe €Tanu MiirOTOBKH
JaHWX, HATAITYBAaHHS MOJENI, TPEHYBaHHs Ta OLIHKHK ii edekTuBHOCTI. KOokeH
KOMIOHEHT I[I€1 apXITEKTYPH BIAIrPae BAXIIMBY POJb Yy 3a0€3MEYECHHI SKOCTI Ta
HAJIAHOCTI MOJENI, 10 JO03BOJISIE TOYHO PO3MI3HABATH BIK Ta CTarh 0oci0 Ha
300paKEHHAX. 3aCTOCYBaHHS LBOIO QJITOPUTMY B MPAKTUYHHMX 337a4aX MOXKE
3HAYHO MOJIETIIUTH TPOLEC ABTOMATHYHOTO aHaJTi3y OOJIAY 1 MATH IIMPOKHIA CIIEKTP
3aCTOCYBaHb y PI3HUX Cepax KUTTH.

Y 1poMy JIOCHIDKEHHI OYyJ0 TPOBEACHO AOKIAAHHWNA aHali3 apXiTeKTyp
0a30BHX MOJENEH sl pO3pOOKK CUCTEMM PO3MI3HABAHHS BIKY Ta CTaTi 0COOM Ha
OCHOBI 300paxkeHb 00Jmy. Pesynbratu nmokasanu, mo moaeab VGG16 BusBuiacs
HAlOUTbII €()EKTUBHOIO JUIsl BUPIIIEHHS 3aBJAHHS PO3IMi3HABAHHS BIKY, TOAL SIK

mozenb ResNet152V2 nemoHcTpyBasla BUCOKY TOYHICTH Y Kiacu(ikaiii crarti.
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Ontumizanis Mozaeneil Oyna 3A1MCHEHA LUISIXOM HATAINTYBAHHS MapaMeETpiB
HABYAaHHsS Ta BHKOPUCTAHHS PAHHBOTO MPUMNHMHCHHS HABYAHHS IJI1 YHUKHEHHS
nepeHaBuaHHs. EmmipuuHuii aHamiz nepeadadeHb MOJENCH MIATBEPAMB iXHIO
BUCOKY TOYHICTh, OCOOJIMBO B KOHTEKCTI Kiacu(ikarllii crari, xoua OyJi0 BUSBJICHO
JesKl CKJIQAHOLI TPU PO3MI3HABAHHI BIKY Y MOJIOAIIMX KaTeropisx. B mimomy,
PE3YyABTaTH CBIAYATH MPO YCHINIHE HAJIALITYBAHHS MOACIICH, aje s MOAAJIbIIOrO
BJIOCKOHAJICHHSI MOKE OyTH HEOOX1IHO POMMPUTH HAOIP JAHUX Ta BIOCKOHATUTH

M1X0U 0 PO3MI3HABAHHS BIKY Y MOJIOJIIAX Ipynax.
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JIOJIATOK A
TICEBJIOKO]T AJITOPUTMY

1. Initialize Environment
Import Libraries:
- 0s, keras, numpy as np, pandas as pd, tensorflow as tf
- plotly.express as px, matplotlib.pyplot as plt
Set Constants:
-BATCH SIZE=32
-IMAGE SIZE =224
2. Load and Prepare Data
Load UTKFace Dataset from Directory:
-dir_path = "/kaggle/input/utkface-new/UTKFace/"
-image paths = os.listdir(dir_path)
Initialize Gender Mapping:
-gender mapping =["Male", "Female"]
3. Preprocess Data
Define Functions:
- preprocess_image(image_path, age, gender) -> (image, age, gender)
Load Image
Decode and Resize Image to (IMAGE SIZE, IMAGE SIZE)
Normalize Image Pixel Values
Cenerate TensorFlow Datasets:
- Shuffle image paths
- Splitinto train, test, and validation sets
- Use tf.data.Dataset to manage batching and shuffling
4. Select and Setup Model
Initialize Backbone Models:
-VGG16, ResNetso, etc.
Setup Model Architectures:
- For Age Prediction:
Use a regression layer for age output
- For Gender Prediction:
Use a classification layer with sigmoid activation for gender output
5. Train Models
Compile Models:
- Loss Function: MAE for age, Binary Crossentropy for gender
- Optimizer: Adam
Implement Callbacks:
- EarlyStopping on validation loss
- ModelCheckpoint to save the best model weights
Train Models:
- Fit models on training data
- Validate using validation data
6. Evaluate Model Performance
Load Best Models:
- Load models with best weights from checkpoints
Test Models:
- Evaluate models on test dataset
- Print accuracy and loss metrics
7. Visualize Predictions
For a batch of test images:
- Predict age and gender
- Display images with predicted and actual labels
End Algorithm
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JIOIATOK B
KOJT 1151 PEAJII3ALTIT

# %% [code] {"id":"8Y0_sYPLATEb","execution":{"iopub.status.busy":"2024-02-10T08:59:53.573845Z","iopub.execute_input":"2024-02-
10T08:59:53.5742652","iopub.status.idle":"2024-02-10T709:00:12.623343Z","shell.execute_reply.started":"2024-02-
10T08:59:53.574233Z",'shell.execute_reply”:"2024-02-10T09:00:12.6219912"}}
# General
import os
import keras
import numpy as np
import pandas as pd
import tensorflow as tf
# Data
import plotly.express as px
import matplotlib.pyplot as plt
# Data Preprocessing
import tensorflow.data as tfds
from sklearn.model_selection import train_test_split
# Model
from keras.applications import VGG16
from keras.applications impaort Xception, InceptionV3
from keras.applications import ResNet50V2, ResNet152V2
from keras.applications import MobileNetV3Small, MobileNetV3Large
# Modeltraining
from keras impart Sequential
from keras.layers import Dense
from keras.layers import Dropout
from keras.layers import Flatten, GlobalAveragePooling2D
from keras.layers import InputLayer
# Model Callbacks
from keras.callbacks import EarlyStopping
from keras.callbacks import ModelCheckpaint
# %% [code] {"id":"LvF-vjKxeBww","execution":{"iopub.status.busy":"2024-02-10T09:00:12.625737Z""iopub.execute_input":"2024-02-
10T09:00:12.626511Z","iopub.status.idle":"2024-02-10709:00:12.632451Z","shell.execute_reply.started”:"2024-02-
10T09:00:12.626476Z",'shell.execute_reply”:"2024-02-10T09:00:12.631212Z"}}
# Setting constants for reproducibility
np.random.seed(42)
tf.random.set_seed(42)
# Constants
BATCH_SIZE = 32
IMAGE_SIZE =224
# %% [code]{"id":"DHkglyg2bjlw","outputld”:"5c93959d-327f-4867-d7f9-045b15b0b534","execution”:{"iopub.status.busy":"2024-02-
10T09:00:12.6340727""iopub.execute_input”:"2024-02-10T09:00:12.635184Z""iopub.status.idle":"2024-02-
10T09:00:13.844234Z7"'shell.execute_reply.started":"2024-02-10T09:00:12.635123Z",'shell.execute_reply":"2024-02-10T09:00:13.9433672"}}
# Initialize the directory path
dir_path = "/kaggle/input/utkface-new/UTKFace/"
image_paths = os.listdir(dir_path)
# Initialize a Gender Mapping
gender_mapping = ["Male", "Female”]
# Choose and load an image randomly
rand_image_path = np.random.choice(image_paths)
rand_image = plt.imread(dir_path + rand_image_path)/255.
sample_age, sample_gender, *_=rand_image_path.split("_")
print(f"Total number of images :{len(image_paths)}")
print(f"Sample Image path  :{rand_image_path}")
print(f"Sample Age :{sample_age}")
print(f"Sample Gender :{gender_mapping[int(sample_gender)[}\n")
# Showthe image
plt.figure(figsize = (5,5))
plt.title("Sample Image”)
plt.imshow(rand_image)
plt.axis("off")
plt.show()
# %% [markdown]{"id":"2SEhYduSjlws"}
# %% [code] {"id":"1_44RCxmjlpU" "outputld":"ed70067b-95¢c8-4419-9fca-49827ed0c695" "execution”{"iopub.status.busy":"2024-02-
10T09:00:13.946547","iopub.execute_input":"2024-02-10T09:00:13.9470947""iopub.status.idle":"2024-02-
10T09:00:16.578694Z"'shell.execute_reply.started":"2024-02-10T09:00:13.947062Z",'shell.execute_reply":"2024-02-10T09:00:16.577491Z2"}}
# Initialize a male counter variable
male_count=0
# Initialize variable to store all the ages.
ages =]
# Loop over the paths and check for male images.
for path in image_paths:
path_split = path.split("_")
if "0" == path_split[1]:
male_count+=1
ages.append(int(path_split[0]))
# Computee total female counts
female_count = len(image_paths) - male_count
# Visualizing The Class Imbalance
pie_chart = px.pie(
names = gender_mapping,
values = [male_count, female_count],
hole=0.4,
title = "Gender Distribution (Donut Chart)",
height = 500
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pie_chart.show()
bar_graph = px.bar(
y = gender_mapping,
x =[male_count, female_count],
title = "Gender Distribution (Bar Graph)",
color = gender_mapping,
height = 500
)
bar_graph.update_layout(
yaxis_title = "Gender",
xaxis_title = "Frequency Count"
)
bar_graph.show()
# %% [markdown] {"id":"Bvp2GtTOIERR"}
# %% [code] {"id":"S595_TTImXfT",'outputld":"4b039aa1-c13e-47cb-e4f5-06a1bb6656ec",'execution":{"iopub.status.busy":"2024-02-
10T09:00:16.580203Z""iopub.execute_input":"2024-02-10T09:00:16.5807447""iopub.status.idle":"2024-02-
10T09:00:17.023061Z"'shell.execute_reply.started":"2024-02-10T09:00:16.580696Z",'shell.execute_reply":"2024-02-10T09:00:17.021744Z"}}
# Histogram
fig = px.histogram(sorted(ages), title = "Age Distribution")
fig.update_layout(
xaxis_title = "Age",
yaxis_title = "Value Counts"
)
fig.show()
# Violin Plot
fig = pxviolin{x = sorted(ages), title = "Age Distribution")
fig.update_layout(
xaxis_title = "Age",
yaxis_title = "Distribution"
)
fig.show()
# Box Plot
fig = px.box(x = sorted(ages), notched=True, title = "Age Distribution")
fig.update_layout(
xaxis_title = "Age",
)
fig.show()
# %% [markdown] {"id":"2d6113YMkM3C"}
# %% [code] {"id":"qG52SXVridSr",'outputld":"87745e54-9b31-440c-843c-86164432bef6",'execution":{"iopub.status.busy":"2024-02-
10T09:00:17.0244877Z""iopub.execute_input":"2024-02-10T09:00:17.024872Z""iopub.status.idle":"2024-02-
10T09:00:17.092801Z"'shell.execute_reply.started":"2024-02-10T09:00:17.024838Z",'shell.execute_reply":"2024-02-10T09:00:17.091489Z7"}}
# SHuffling the Images
np.random.shuffle{image_paths)
# Split data into training, testing and validation set
train_images, test_images = train_test_split(
image_paths,
train_size = 0.9,
test_size =0.1
)
train_images, valid_images = train_test_split(
image_paths,
train_size = 0.9,
test_size =0.1
)
print{f"Training Size : {lentrain_images)}")
print{f"Testing Size : {len({test_images)}")
# Extract age and gender
train_ages = [int{path.split("_")[0]) for path in train_images]
train_genders = [int{path.split("_")[1]) for path in train_images]
valid_ages =[int{path.split{"_")[0]) for path in valid_images]
valid_genders = [int{path.split("_")[1]) for path in valid_images]
test_ages = [int(path.split("_")[0]) for path in test_images]
test_genders = [int{path.split("_")[1]) for path in test_images]
# %% [markdown] {"id":"3707BmRHsTHq"}
# Because we have a **huge number of images**, it will be better to use **Tensorflow data set** for **efficient processing**
# %% [code] {"id":"nXR61jOPsz98","execution":{"iopub.status.busy":"2024-02-10T09:00:17.094605Z","iopub.execute_input":"2024-02-
10T09:00:17.0950277""iopub.status.idle":"2024-02-10T09:00:17.108801Z",'shell.execute_reply.started":"2024-02-
10T09:00:17.094995Z")'shell.execute_reply":"2024-02-10T09:00:17.10729Z"}}
def show_image(image, show=False):

Displays the provided image without axis.
Args:
- image (array-like): The image data to be displayed.
- show (bool): If True, displays the image immediately. Defaults to False.
Returns:
- None
plt.imshow(image)
plt.axis("off")
if show:
plt.show()

def preprocess_age_data(image_path, age, gender, dir_path=dir_path, IMAGE_SIZE = IMAGE_SIZE):



Args:
-image_path (str): The path to the image file.
-dir_path (str): The directory path where the image is located. Defaults to " dir_path .
Returns:
-tuple: A tuple containing the preprocessed image as a TensorFlow tensor,
the age (int), and the gender (int) extracted from the image path.
# Load the Image
image = tf.io.read_file(dir_path +image_path)
image = tf.io.decode_jpeg(image)
# Resize and Normalize the Image
image = tf.image.resize(image, (IMAGE_SIZE, IMAGE_SIZE))
image = image / 255.
image = tf.cast(image, tf.float32)
return image, age
def preprocess_gender_data{image_path, age, gender, dir_path=dir_path, IMAGE_SIZE = IMAGE_SIZE):
Preprocesses an image for analysis by extracting age and gender from the image path,
loading and decoding the image, resizing it to (IMAGE_SIZE,IMAGE_SIZE), normalizing pixel values,
and returning the preprocessed image along with age and gender labels.
Args:
-image_path (str): The path to the image file.
- dir_path (str): The directory path where the image is located. Defaults to " dir_path .
Returns:
-tuple: A tuple containing the preprocessed image as a TensorFlow tensor,
the age (int), and the gender (int) extracted from the image path.
# Load the Image
image = tf.io.read_file(dir_path +image_path)
image = tf.io.decode_jpeg(image)
# Resize and Normalize the Image
image = tf.image.resize(image, (IMAGE_SIZE, IMAGE_SIZE))
image = image / 255.
image = tf.cast(image, tf.float32)
return image, gender
# %% [code] {"id":"VG28fSQ3sAIM""'execution":{"iopub.status.busy":"2024-02-10T09:00:17.111414Z","iopub.execute_input":"2024-02-
10T09:00:17.1118012""iopub.status.idle":"2024-02-10T09:00:17.8035372","'shell.execute_reply.started":"2024-02-
10T09:00:17.11176Z",'shell.execute_reply":"2024-02-10T09:00:17.8022332"}}
# Obtain training, testing and validation datasets
train_ds = tfds.Dataset.from_tensor_slices{(train_images, train_ages, train_genders)).shuffle(2000)
train_age_ds =train_ds.map(preprocess_age_data, num_parallel_calls=BATCH_SIZE).batch(BATCH_SIZE).prefetch(tfds. AUTOTUNE)
train_gender_ds =train_ds.map(preprocess_gender_data, num_parallel calls=BATCH_SIZE).batch(BATCH_SIZE).prefetch(tfds.AUTOTUNE)
valid_ds =tfds.Dataset.from_tensor_slices((valid_images, valid_ages, valid_genders)).shuffle(2000)
valid_age_ds = valid_ds.map(preprocess_age_data, num_parallel_calls=BATCH_SIZE).batch(BATCH_SIZE).prefetch(tfds. AUTOTUNE)
valid_gender_ds =valid_ds.map(preprocess_gender_data, num_parallel_calls=BATCH_SIZE).batch(BATCH_SIZE).prefetch(tfds. AUTOTUNE)
test_ds =tfds.Dataset.from_tensor_slices({test_images, test_ages, test_genders)).shuffle(500)
test_age_ds =test_ds.map(preprocess_age data, num_parallel_calls=BATCH_SIZE).batch(BATCH_SIZE).prefetch(tfds. AUTOTUNE)
test_gender_ds =test_ds.map(preprocess_gender_data, num_parallel calls=BATCH_SIZE).batch{(BATCH_SIZE).prefetch(tfds. AUTOTUNE)
# %% [markdown] {"id":"NE74kskww7gT"}
# We have **successfully processed and loaded the images™**. It's time to **visualize some of them**.
# %% [code] {"id":"JLJOO7Us8D8F",'outputld":"47264cb9-f021-434e-acda-fbdac4ed7b8e","execution":{"iopub.status.busy":"2024-02-
10T09:00:17.805305Z","iopub.execute_input":"2024-02-10T09:00:17.805701Z","iopub.status.idle":"2024-02-
10T09:00:22.3296772",'shell.execute_reply.started":"2024-02-10T09:00:17.8056682",'shell.execute_reply":"2024-02-10T09:00:22.327529Z"}}
plt.figure(figsize=(15, 10))
forimages, ages, genders in train_ds.batch(BATCH_SIZE).take(1):
for index in range(len({images)):
image =tf.io.read_file(dir_path + images[index])
image =tf.io.decode_jpeg(image)
plt.subplot{4, 8, index + 1)
plt.imshow(image)
plttitle(f"Age: {ages[index]\nGender: {gender_mapping[genders[index]]}")
plt.axis("off")
plt.tight_layout()
plt.show()
backbones =[
(
"VGG16",
VGG16(
input_shape = (IMAGE_SIZE, IMAGE_SIZE, 3),
weights = "imagenet",
include_top = False
)
)s
(
"ResNet50V2",
ResNet50V2(
input_shape = (IMAGE_SIZE, IMAGE_SIZE, 3),
weights = "imagenet",
include_top = False
)
)s
(
"ResNet152Vv2",
ResNet152v2(
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input_shape = (IMAGE_SIZE, IMAGE_SIZE, 3},
weights = "imagenet",
include_top = False
)
),
(
"Xception",
Xception(
input_shape = (IMAGE_SIZE, IMAGE_SIZE, 3),
weights = "imagenet",
include_top =False
)
),
(
"InceptionVv3",
InceptionV3(
input_shape = (IMAGE_SIZE, IMAGE_SIZE, 3),
weights = "imagenet",
include_top = False
)
),

"MobileNetV3Small",
MobileNetV3Small(
input_shape = (IMAGE_SIZE, IMAGE_SIZE, 3},
weights = "imagenet",
include_top =False
)
),
(
"MobileNetV3Large",
MobileNetV3Large(
input_shape = (IMAGE_SIZE, IMAGE_SIZE, 3),
weights = "imagenet",
include_top =False
)
),
1
# %% [markdown]{"id":"netDJuY35iBd"}
# %% [code] {"id":"DdC8xZCH5TSR","outputld":"6ccdfbb6-ab49-4730-f670-076d c66ecdc5"}
BACKBONE_HISTORIES ={}
for (name, backbone) in backbones:
print(f"Testing : {name}")
# Freeze the Model weights
backbone.trainable = False
# Creating a base model
model = keras.Sequential([
InputLayer((IMAGE_SIZE, IMAGE_SIZE, 3), name = "InputLayer"}),
backbone,
Dropout(0.2, name = "SlightDropout"}),
Flatten(name = "FlattenEmbeddings"},
Dense(1, name = "Age")
D
# Train the model for few iterations
model.compile(
loss =["mae"],
optimizer = "adam”,
weighted_metrics=[]
)
history = modelfit(
train_age_ds,
validation_data =valid_age_ds,
epochs =5,
batch_size = BATCH_SIZE
)
BACKBONE_HISTORIES[name] = pd.DataFrame(history.history)
cls()
print("\n")
# %% [code] {"id":"SPU8-_-CDeZk","outputld":"b7{4b4fe-c971-41c5-afc6-ed8beb0d598""_kg hide-input":true}
metric = "loss"
plt.figure(figsize=(15, 5}))
fori, sub in enumerate(['Train’, 'Val']):
plt.subplot(1, 2, i+1)
plt.title(f"{sub}{metric} Plot")
for name, history in BACKBONE_HISTORIES.items(}:
plt.plot(history[metric] if sub=="Train" else history[f"val {metric}"], label = name}
plt.xlabel("Epochs"}
pltylabel{metric.title())
plt.legend()
plt.grid()
plt.tight_layout()
plt.show(}
# %% [code] {"id":"I3VWTQCbjUHW""outputld":"bf309da9-889f-49ed-aec2-a2a5ab8790e4"}
BACKBONE_HISTORIES ={}



for (name, backbone) in backbones:
print{f'Testing : {name}")
# Freeze the Model weights
backbone.trainable = False
# Creating a base model
model = keras.Sequential([
InputLayer({IMAGE_SIZE, IMAGE_SIZE, 3), name = "InputLayer"),
backbone,
Dropout(0.2, name = "SlightDropout"),
Flatten{name = "FlattenEmbeddings"),
Dense(1, activation="sigmoid", name = "Age")
D
#Train the model for few iterations
model.compile(
loss = ["binary_crossentropy"],
optimizer = "adam",
metrics = ['accuracy'],
weighted_metrics=[]
)
history = model.fit(
train_gender_ds,
validation_data = valid_gender_ds,
epochs =5,
batch_size = BATCH_SIZE
)
BACKBONE_HISTORIES[name] = pd.DataFrame(history.history)
cls()
print("\n")
# %% [code] {"id":"iwZfIVET9FhQ","outputld":"1db0a020-d532-40d6-c7f4-14866ebc5a96",'_kg hide-input":true}
metric = "accuracy"”
plt.figure(figsize=(15, 5))
fori, sub in enumerate(['Train', 'Val']):
plt.subplot(1, 2, i+1)
plt.title(f"{sub} {metric} Plot")
for name, history in BACKBONE_HISTORIES.items():
plt.plot(history[metric] if sub=="Train" else history[f"val {metric}"], label = name)
plt.xlabel{("Epochs")
plt.ylabel{metric.title())
plt.legend()
plt.grid()
plt.tight_layout()
plt.show()
# %% [markdown] {"id":"UXEvePL-kI8"}
# %% [code] {"id":"430u9f-0g14N"}
# Loading backbone
vgg 16 = VGG16(input_shape = (IMAGE_SIZE, IMAGE_SIZE, 3), include_top = False, weights = "imagenet")
# Freezing the backbone weights
vgg 16.trainable = False
# Creating a Age Network
age_net = Sequential([
InputLayer((IMAGE_SIZE, IMAGE_SIZE, 3), name="Imagelnput"),
vgg 16,
Dropout(0.4, name = "SlightDroput"),
Flatten(name="FlattenEmbeddings"),
Dense(256, activation="relu", kernel_initializer="he_normal"),
Dense(1, name="AgeOutput")
], name="AgeNet")
# Compiling Model
age_net.compile(
loss = "mae",
optimizer = 'adam,
weighted_metrics=[]
)
# %% [code] {"id":"oXSyxpZuFZWu",'outputld":"17f9df95-1a84-4f09-91a6-44e37ae9a26¢c"}
# Trining the Age Model
age_history = age_net.fit(
train_age_ds,
validation_data = valid_age_ds,
epochs =20,
batch_size = BATCH_SIZE,
callbacks = [
EarlyStopping(
patience = 5,
monitor = "val_loss",
restore_best_weights = True
),
ModelCheckpoint(
"Age-VGG16.keras",
save_best_only=True
)
1
)
# %% [code] {"id":"iXn4neZeHOT2""outputld":"312508cf-e79e-475f-ade3-2148f1fda3a3","_kg hide-input":true}
# Converting history into data frame.
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age_his_df = pd.DataFrame(age_history.history)
# Visualization
age_his_df.plot()
plt.title("Age Network Learning Curve")
plt.xlabel("Epochs")
pltylabel("Mean Abs. Error")
plt.grid()
plt.show()
# %% [markdown] {"id":"_uDJLbHKJJk8"}
# %% [markdown] {"id":"vW_KVWWzIOww"}
# # **ResNet152V2 Gender Network *x
# %% [code]{"id":"Pw3XFISGFtYs"}
# Initializing the backbone layer
resnet = ResNet152V2(input_shape = (IMAGE_SIZE, IMAGE_SIZE, 3), include_top = False, weights="imagenet"}
# Freeze the backbone weights
resnet.trainable = False
# Creating a gender model
gender_net = Sequential([
InputLayer((IMAGE_SIZE, IMAGE_SIZE, 3), name="Imagelnput"}),
resnet,
Dropout(0.2, name = "SlightDroput"},
GlobalAveragePooling2D(name="GlobalAvgPooling"},
Dense(1, activation="sigmoid", name="gender")
], name="GenderNet")
gender_net.compile(
loss = "binary_crossentropy",
optimizer = 'adam),
metrics = ['accuracy'],
weighted_metrics=[]
)
# %% [code]{"id":"0j5mv-mkKnBh",'outputld":"93d2a51f-8e1c-46fb-9fcc-35901bf7fb58"}
# Training the Gender Model
gender_history = gender_net.fit(
train_gender_ds,
validation_data = valid_gender_ds,
epochs =20,
batch_size = BATCH_SIZE,
callbacks =
EarlyStopping(
patience =5,
monitor = "val_accuracy",
restore_best_weights = True
),
ModelCheckpoint(
"Gender-ResNet152.keras",
save_best only=True
)
1
)
# %% [markdown] {"id":"ghMnLSqcf4WD"}
gender_his_df = pd.DataFrame(gender_history.history)
# Visualization
plt.figure(figsize=(10,5))
plt.subplot(1,2,1}
plt.suptitle("Gender Network Learning Curve")
plt.plot(gender_his_df['loss'], label="Loss"}
plt.plot(gender_his_df['val_loss'], label="Val. Loss")
plt.xlabel("Epochs")
pltylabel("$Loss$")
plt.grid(}
plt.legend(}
plt.subplot(1,2,2}
plt.plot(gender_his_df['accuracy'], label="Accuracy")
plt.plot(gender_his_df['val_accuracy'], label="Val. Accuracy"})
plt.xlabel("Epochs")
pltylabel("$Accuracy$")
plt.grid(}
plt.legend(}
plt.show(}
# %% [markdown] {"id":"Y_irgA6_XYUX"}
# %% [markdown] {"id":"5GYgnOLtlp_k"}
# # **Model Evaluation**
# %% [markdown] {"id":"Wo3djfnOOS1V"}
# %% [code]{"id":"N6&xrOroCYiH0","execution":{"iopub.status.busy":"2024-02-10T09:00:40.602385Z","iopub.execute_input":"2024-02-
10T09:00:40.602782Z""iopub.status.idle":"2024-02-10T709:02:18.9662257",'shell.execute_reply.started":"2024-02-
10T09:00:40.602752Z""shell.execute_reply":"2024-02-10T09:02:18.9648957"}}
# Loading saved models
age_net = tf.keras.models.load_model("/kaggle/input/age-and-gender-prediction-vgg16-resnet152v2/Weights/Age-VGG16.keras", compile=True)
gender_net = tf.keras.models.load_model("/kaggle/input/age-and-gender-prediction-vgg16-resnet152v2/Weights/Gender-ResNet152 .keras",
compile=True}
# %% [code]{"id":"n70YgFGQe8YN","outputld":"832dae58-b610-4b3f-a529-e8 1bbe2038ab","execution":{"iopub.status.busy":"2024-02-
10T09:02:20.844727""iopub.execute_input":"2024-02-10T09:02:20.845159Z""iopub.status.idle":"2024-02-
10T09:22:50.386646Z"'shell.execute_reply.started":"2024-02-10T09:02:20.845106Z","shell.execute_reply":"2024-02-10T709:22:50.385687Z"}}
# Evaluating test performance



age_net.evaluate(test_age ds}
gender_net.evaluate(test_gender_ds}
# %% [markdown] {"id":"rj2nSOzrGhQ4"}
# %% [markdown] {"id":"hQKdqiljPOzOT"}
# # **Model Predictions**
# %% [markdown] {"id":"m_m6&vgX3010n"}
# %% [code] {"id":"EjOJd)J95Ggdz","execution":{"iopub.status.busy":"2024-02-10T09:26:15.373315Z","iopub.execute_input":"2024-02-
10T09:26:15.373697Z""iopub.status.idle":"2024-02-10T09:26:44.370082Z""'shell.execute_reply.started":"2024-02-
10T09:26:15.373668Z",'shell.execute_reply":"2024-02-10T09:26:44.3689897"}}
plt.figure(figsize=(15, 10)}
forimages, ages, genders in test_ds.batch(BATCH_SIZE).take(1):
for index in range(len(images)):
# Image Processing
image =tf.io.read_file(dir_path + images[index]}
image =tf.io.decode_jpeg(image}
image =tf.cast(image, tf.float32})
image =image/255.
image =tf.image.resize(image, [224,224])
image =tf.reshape(image, [-1,224,224,3])

# Predictions
pred_age = tf.round(tf.squeeze(age_net.predict(image, verbose=0}), 2}
pred_gender = tf.round(tf.squeeze(gender_net.predict(image, verbose=0}}))
# Visualization
plt.subplot(4, 8, index + 1)
plt.imshow(image[0]}
plttitle(f"Age: {int(pred_age)}\nGender: {gender_mapping[int(pred_gender)]}"}
plt.axis("off"}

plt.tight_layout()

plt.show(}

# %% [markdown]
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